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Abstract 

Background 

Evidence on oncological treatment efficacy from randomised controlled trials (RCTs) forms the backbone to 

national guidance on clinical practice but their findings may have limited generalisability. This is a particular 

concern when applying guidance about treatments to older patient populations who can be poorly represented 

within RCTs.  

This thesis examined the value of routinely-collected data sources in evaluating oncological treatments for 

patients with invasive breast cancer (IBC).  

Methods 

Cancer Registration records for women aged 50+ years newly-diagnosed with IBC in England from 2014-2019 

were used, linked at patient/tumour-level to routine national datasets providing information on patient and 

tumour characteristics, treatment and survival outcomes.  

Initial work examined methodological challenges in understanding oncological treatments using routine data 

sources. Work then investigated clinical aspects of oncological treatments received in practice, focusing on their 

uptake, and the safety and benefit of trastuzumab-based treatment for HER2-positive early invasive breast 

cancer (EIBC) among older, less fit patients.  

Results 

There were systematic differences in oncological treatment recording within available national data sources, 

with records less complete for older patients. For endocrine therapy, completeness was excellent in primary 

care data but linkage to secondary care data identified initial hospital-based prescriptions, providing more 

comprehensive information about treatment timings.  

Use of oncological treatments was consistently lowest among older women, independent of other relevant 

factors. Trastuzumab-based treatment for HER2-positive EIBC had comparable overall safety among both 

younger and older women, although increasing age was associated with increased odds of cardiovascular 

problems. There was no evidence of differences in the effect of trastuzumab on survival by age.  

Conclusions 

This research has demonstrated the value of routine national data in understanding treatment use and 

associated outcomes among patients with IBC treated in routine care. Similar studies may address evidence gaps 

in other treatment areas where patient representation in RCTs is an issue.  
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1. Introduction 

 Background  

Oncological therapies are widely used for the treatment of invasive breast cancer. The majority of published 

evidence on the efficacy of these treatments is from randomised controlled trials (RCTs), which have applied 

strict inclusion or exclusion criteria, sometimes with an upper age limit. With the resulting trial populations 

differing from the general population of patients, RCT findings risk not being generalisable outside of a trial 

setting, to the “real-world” patient population.1 Previous work in this area has demonstrated that older, less fit 

patients are the most likely to be poorly represented within RCTs, despite being the largest patient group 

diagnosed with breast cancer; common reasons for this include protocols excluding patients based on their 

pattern of comorbidity and physician attributes having an impact on recruitment and subsequent trial entry 

among older patient groups.2-10  

The poor representation of older patients in RCTs means there is subsequently limited evidence on treatment 

effectiveness for this patient population.11,12 Clinical guidelines in older, more frail patients (with breast cancer) 

as such are scarce, leading to a lack of consensus in what treatment pathway to follow.13 Deciding on the 

appropriate treatment options for older patients often requires the treating clinician to extend RCT findings 

from a younger, fitter trial population, resulting in variation in the management of older patient groups.14 

Previous work has highlighted such variation in the treatment received by older patients with breast cancer in 

routine care.15-23 A 2012 Department of Health report looking at the impact of age on decision-making for cancer 

treatment found that “the absence of clinical trial data on the efficacy of treatments in older patients” was an 

influential factor in the challenges highlighted in treating older patients with cancer.24 

Along with a need for understanding the benefit and risk of treatments in patient groups that are 

underrepresented in RCTs, there is also a need for evidence on the uptake and “real-world” effectiveness of 

oncological treatments for breast cancer.25,26 Routinely-collected data present a potentially valuable resource for 

studies to address these evidence gaps.27  

The research presented within this thesis examines the value of routinely-collected data in the evaluation of 

systemic oncological treatments for patients newly-diagnosed with invasive breast cancer. The work approached 

this aim from two complementary perspectives. The first was to examine the recording of systemic oncological 

treatment information within routinely-collected national data sources, with a view to understanding the 

strengths and limitations of the datasets for evaluation and to ensure the information is accurate. The second 

was to evaluate the uptake of systemic oncological treatments, as recorded in the routine data, and look at 

associated clinical outcomes in terms of safety and effectiveness. 

The work within the thesis includes two methodological studies and four clinical studies, each of which used 

routine national data collected by the National Health Service (NHS) as part of their process of care and support. 

One of the main sources of treatment data was the Systemic Anti-Cancer Therapy (SACT) dataset; this is a 
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national dataset of systemic oncological treatment, which is designed to have whole population coverage in 

England and contains data items capturing drug name and administration date.28 This was the primary source of 

data on systemic oncological treatments used within this thesis and it provides comprehensive and detailed 

information on a national scale. 

The next sections within this Introduction provide an overview of invasive breast cancer in women and its 

treatment, an overview of the national routine data collection, including the data sources used within the work, 

and an overview of the evidence generation process and key considerations for addressing this with an 

observational design using routine data.  

 Overview of breast cancer in women 

 Epidemiology 

Breast cancer occurs where abnormal cells in the breast grow and divide in an uncontrolled manner, eventually 

forming a growth, known as a tumour. Breast cancer is typically grouped into two main types: non-invasive or 

invasive. Invasive breast cancer is where the cancer cells have spread beyond the lining of the ducts into the 

surrounding breast tissue. Based on the size of the primary tumour (tumour stage), the extent to which the 

cancer has spread to lymph nodes outside the breast (nodal stage) and if it has spread to other parts of the body 

(metastatic stage), invasive breast cancer is given a stage from 1 to 4 (Table 1).  

Table 1: TNM stage groupings 

Stage grouping Overall  
stage 

Tumour (T) 
stage 

Nodal (N)  
stage 

Metastasis (M) 
stage 

Ductal carcinoma in situ Stage 0 Tis N0 M0 

Early invasive breast cancer Stage 1A T1 N0 M0 

 Stage 1B T0 / T1 N1(mi) M0 

 Stage 2A 
T0 / T1 

T2 
N1 
N0 

M0 

 Stage 2B 
T2 
T3 

N1 
N0 

M0 

 Stage 3A 
T0,T1,T2 

T3 
N2 

N1,N2 
M0 

Locally advanced breast cancer Stage 3B T4 N0, N1, N2 M0 

 Stage 3C Any T N3 M0 

Metastatic (advanced) breast cancer Stage 4 Any T Any N M1 

KEY:  
Tumour stage (based on tumour size): Tis = in situ (cancer confined within the breast tissue ducts); T0 = no evidence of cancer in the breast;  
 T1 = 1-20mm; T2 = 21-50mm; T3 = 51+ mm; T4 = tumour spread to skin or chest wall. 
Nodal stage:  N0 = No cancer cells in lymph nodes; N1, N2, N3 increasing spread of cancer within the lymphatic system.  
mi = micrometastases 

Breast cancer is categorised as early invasive breast cancer (EIBC; stage 1-3A) if the primary tumour is at least 

1mm in size or the cancer has spread to the lymph nodes under the armpits but no further. EIBC is the most 



11 

commonly diagnosed breast cancer group, accounting for around 80% of women aged 50 years and over 

diagnosed with invasive breast cancer in England and Wales.29 Locally advanced breast cancer (LABC; stage 3B-C) 

is characterised by spread of the tumour to the skin or chest wall or high involvement of local lymph nodes. 

Breast cancer which has spread to other parts of the body is defined as metastatic breast cancer (MBC; stage 4), 

also referred to as advanced breast cancer.  

In addition to staging, the breast cancer cells of the primary tumour are tested to identify receptors for 

particular hormones or targeted drug therapy. Breast cancer cells which group in response to the hormones 

estrogen or progesterone are classed as hormone receptor-positive and are suitable for treatment with 

hormone (endocrine) therapy.30 Breast cancer cells with higher levels of human epidermal growth factor 

receptor 2 (HER2) are classed as HER2-positive; they are more aggressive, may grow more quickly and are 

suitable for anti-HER2 therapies such as trastuzumab.31 All of these characteristics of the primary tumour, along 

with if and to where it has spread in the body, patient factors (including comorbidity and fitness) and 

preference, inform treatment decisions for a patient.32  

Within the United Kingdom (UK), breast cancer is the most common type of cancer among women, with around 

55,000 new cases each year, and accounts for nearly a third of cancers diagnosed in women.33,34 Among women, 

breast cancer is the second most common cause of cancer death, with nearly 12,000 deaths annually.35 

Incidence rates increase considerably with age, with a third of new cases occurring in women aged 70 years and 

over (Figure 1).36 The ageing UK population means that the absolute number of cases in this subgroup of the 

population is projected to rise.37,38  

Figure 1: Invasive breast cancer (C50), number of new cases and age-specific incidence rates per 100,000 women, 

UK, 2017 
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 Treatment for invasive breast cancer  

For patients newly-diagnosed with invasive breast cancer, there are multiple treatment options with varying 

clinical outcomes and safety profiles.39,40 Treatment options for invasive breast cancer are determined by the 

characteristics of the tumour, including the size and grade, hormone receptor and HER2 status, as well as nodal 

involvement and metastatic status.41  

EIBC is potentially curable and requires treatment of the primary tumour, along with treatment of any nodal 

involvement as appropriate.42 Current options include surgery, chemotherapy, radiotherapy, endocrine therapy, 

biological therapy.43 For EIBC, surgical treatment is the main treatment option. Additional treatments may be 

provided before (neoadjuvant) or after (adjuvant) the surgical procedure. Using a combination of treatments, 

known as multimodal treatment, is common and includes chemotherapy around surgery, and radiotherapy, 

where it is indicated. There are two broad categories of chemotherapy drugs known as (i) taxanes and (ii) 

anthracyclines.44,45 Within the EIBC setting a combination of chemotherapy drugs is frequently used.46-48 Taxanes 

used for treating breast cancer are docetaxel (brand name Taxotere) and paclitaxel (also called Taxol). Adding a 

taxane drug to standard chemotherapy has shown improved survival, but is associated with an increased risk of 

serious adverse events (side effects/toxicity) including febrile neutropenia and neuropathy, and so an 

assessment of the balance of benefit and risks is required.49,50  

LABC is the most advanced breast cancer without metastases and is associated with increased risk of the cancer 

returning (recurrence).51 Treatment options for LABC are similar to those for EIBC, but in most cases, if the 

cancer has spread surgery is not an option.43  

Treatment options for MBC are more restricted because the cancer has spread beyond the breast, to other areas 

of the body. Treatments are typically given to try and control further growth and help manage symptoms of the 

cancer. Surgery is not a recommended treatment option for MBC however, chemotherapy, endocrine therapy, 

targeted biological therapy or immunotherapy may be suitable.52  

For HER2-positive invasive breast cancer there is the further option to use a HER2-targeting therapy, as part of 

treatment. The first HER2-targeting therapy available for use in routine clinical practice was trastuzumab (brand 

name Herceptin), which was approved by the National Institute for Health and Care Excellence (NICE) from 2002 

(for MBC) and 2006 (for EIBC and LABC).53,54 The aim of using trastuzumab is to reduce the likelihood of 

recurrence or of the cancer getting worse (progressing), and meta-analyses of RCTs have shown that treatment 

with trastuzumab (in addition to chemotherapy) considerably improves survival outcomes.55,56 Indeed, time to 

recurrence or progression has been shown to be reduced by one-third among women receiving trastuzumab 

compared to those who were not. Considering the balance of benefits and risks however, use of trastuzumab 

has been found to be associated with a three to five-fold increase in risk of severe heart problems, including 

congestive heart failure. 



13 

 National routinely collected data on patients with breast cancer  

Within the UK, individuals with a confirmed diagnosis of breast cancer are registered with the national cancer 

registration service in each country. Most registrations are for patients diagnosed and subsequently treated 

within the NHS but they may also cover people whose breast cancer was only identified from the death 

certificate. As well as cancer registration details, data on all aspects of care and treatment for patients diagnosed 

with breast cancer are routinely collected in various national healthcare datasets. For patients diagnosed and 

treated by NHS providers, these data provide information on the process of diagnosis, staging, and treatment as 

well as capturing information useful to understand clinical outcomes including complications, serious adverse 

events (SAEs) and death. Within England, these datasets are held by the National Cancer Registration and 

Analysis Service (NCRAS) at NHS England (previously Public Health England and then NHS Digital). 

Data on cancer diagnosis and staging, including pathology details, for patients in England are routinely collected 

within the Cancer Outcomes and Services Dataset (COSD).57 This information is also used in the cancer 

registration process. COSD and Cancer Registry data have the capability of providing in-depth information on 

patients diagnosed with breast cancer and treated within routine practice. 

Data on the use of systemic oncological treatments delivered within English secondary and tertiary care settings 

are routinely collected within the SACT dataset.28 Submission of data to the SACT dataset is mandatory for all 

NHS trusts providing systemic oncological treatments. Treatments recorded within the SACT dataset include 

chemotherapy (standard and oral), endocrine therapy and biological therapy. The SACT dataset captures data for 

each treatment administration including the date, regimen, and individual drug details (dose, route of 

administration). As such, the SACT dataset is a unique resource with the capability of providing in-depth 

information on the use of systemic oncological treatment regimens within routine practice.  

Along with the SACT dataset, there are multiple datasets related to hospital-based care and outcomes. In 

England, the Hospital Episode Statistics Admitted Patient Care (HES-APC) dataset collects hospital administrative 

data for all day case and overnight English NHS hospital admissions.58 With many treatments for breast cancer 

administered as a day case hospital admission, along with subsequent management of any treatment-related 

SAEs, HES-APC has the potential to provide information on these aspects of care.  

Data on medicines dispensed in a primary care setting, for cancer or otherwise, form the Primary Care 

Prescription Database (PCPD).59,60 For patients with breast cancer, treatment recorded within the PCPD includes 

endocrine therapy. The PCPD captures information on each time treatment is dispensed including date (month 

and year), drug name and dose.  

These datasets have national coverage of the NHS in England and so provide a unique opportunity to understand 

”real-world” clinical practice, patterns of care and outcomes. The information provided within these routine 

healthcare datasets creates the potential for evaluation of national oncological treatment patterns and 

associated issues and outcomes.  



14 

 Evidence of clinical effectiveness of breast cancer treatments 

Clinicians and patients are supported in making treatment decisions for breast cancer by available national 

clinical guidelines, which are typically based on evidence generated by RCTs. The following subsections describe 

the causal inference framework that underpins the process of generating evidence of effectiveness and the 

various statistical methods by which estimates of treatment effect size can be made. Many discussions of 

comparative effectiveness research focus solely on these statistical methods. However, this is to ignore the 

preliminary work that might be required to transform the raw data items in routine datasets into the variables 

required for the analysis. These aspects are considered in the final section. 

 Generating evidence of effectiveness 

Of primary importance in estimating clinical effectiveness is being able to confidently estimate the direct effect 

of a defined exposure (for example, systemic oncological treatment) on a defined outcome (for example, overall 

survival) rather than simply concluding there is a statistical association; that is, we are interested in the causal 

effect between an exposure and subsequent outcome.61  

Within the mathematical world, we can estimate the impact of exposure on outcome for each individual (i) 

under the scenario of them being exposed and (ii) under the scenario of them not being exposed. We can define 

the exposure of interest as “A” and then we give A the value 0 if the individual is not exposed and the value 1 if 

the individual is exposed. If we then define the outcome of interest as “Y”, we can give Y the value 0 if the 

individual does not experience the outcome and the value 1 if the individual does experience the outcome. We 

then refer to the annotation Y a=0 as the outcome if the individual is not exposed and Y a=1 as the outcome if the 

individual is exposed. Given that everything else remains the same, an individual causal effect exists if the 

outcome under exposure is not equal to the outcome under no exposure (or mathematically, Y a=0 ≠ Y a=1), that is 

the outcome differs according to whether the individual is exposed or not.  

Clearly the individual cannot be both exposed and unexposed at the same time, and so Y a=0 and Y a=1 are known 

as counterfactual outcomes. At a population level, we calculate the proportion of individuals with outcome Y 

under each exposure scenario as being Pr[𝑌𝑎 = 1]. Following the same principle as for an individual causal 

effect, a population-level causal effect exists if: 

Pr[𝑌𝑎=0 = 1] ≠ Pr[𝑌𝑎=1 = 1] 

This mathematical formulation is known as the Causal Inference Framework. 

The framework allows a clear distinction between a causal effect and an associational effect. We note that the 

causal effect is estimated in the whole population of individuals observed under both levels of the exposure. In 

contrast, an associational effect is estimated by observing the outcome in the subset of individuals who are 

exposed and comparing this with the observed outcome in the subset of individuals who aren’t exposed 

i.e., Pr[𝑌𝑎 = 1 | 𝐴 = 1]. This is called a conditional probability because observing the outcome is dependent on 
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observing the exposure status. Conversely, the population causal effect is an unconditional, or marginal, 

probability. Effect measures can be calculated which also provide a measure of the strength of a causal effect 

where it exists, including the causal risk difference, risk ratio and odds ratio.  

Study designs for evidence generation fall within the categories of experimental or observational, based on 

whether the exposure being studied is assigned or not.62 In general, experimental designs allow researchers to 

have greater control over the research design and therefore ensure the study has adequate internal and external 

validity. Internal validity is the extent to which the observed causal relationship between exposure and outcome 

is uninfluenced by unmeasured factors, whilst external validity is the extent to which study results can be 

generalised to other settings.63 Experimental studies can be randomised or non-randomised. 

 Using randomised controlled trials to generate evidence 

The traditional hierarchy of evidence used within medical research often considers RCTs to be the ‘gold 

standard’ study design for determining the efficacy of an intervention such as systemic oncological treatment, 

with randomised studies most commonly used in generating robust evidence of causal effects.64,65  

Design and analysis of randomised controlled trials 

An RCT is a comparative, controlled experiment, carried out prospectively, whereby within the context of 

evaluating the effect of a treatment for a specific disease patients with the selected disease are randomly 

allocated to one of two or more treatment groups (referred to as treatment “arms”).66 There is always a control 

group, within which patients are allocated either to the current standard of care or to placebo, depending on 

which is most appropriate. The other group(s) receives a novel intervention (or combination of interventions) 

which the investigators are interested in measuring the effect of. Random allocation to each group helps ensure 

any factors which might influence the outcome are balanced across the groups, so that estimation of effect is 

not unduly influenced by these. 

In some instances, it is ethical to “blind” participants to their allocated treatment group, to minimise the 

influence of this knowledge; knowledge which could bias measurements because of an expectation as to how 

the intervention will perform. There is greater need for blinding where the outcome of interest is subjectively 

measured and therefore might be unduly influenced by knowing the intervention assignment. In typical trials, 

where blinding is not used the random allocation of a patient should not be revealed (allocation concealment) 

until they have consented to be in the trial, to minimise selection bias. A meta-epidemiological study published 

in 2008 demonstrated that where trials had subjective outcomes estimates of effect were exaggerated in those 

situations where there was (i) inadequate or unclear allocation concealment or (ii) lack of blinding.67 By contrast, 

there was little evidence of bias in trials with objective outcomes such as overall survival (OS) due to these two 

methodological sources of bias.  

Upon randomisation each group of patients is followed up, at clearly defined intervals, until some pre-specified, 

measured end point. Relating this to the causal inference framework, previously described, the expected 
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outcome Y(A) and observed outcome Y are defined over a specified time interval. With random treatment 

allocation we can directly compare those individuals receiving treatment with those not. The average treatment 

effect (ATE) on the outcome can then be estimated as equal to the difference in expected outcomes based on 

treatment or not: 

𝐴𝑇𝐸 = 𝐸(𝑌(1) −   𝑌(0)) 

 = 𝐸(𝑌(1)) −  𝐸( 𝑌(0)) 

 = 𝐸(𝑌|𝐴 = 1) −  𝐸(𝑌|𝐴 = 0) 

With the random allocation of treatment we consider the two groups to be exchangeable, so that it is irrelevant 

which group got the intervention for estimating the value either of Pr[𝑌 = 1 | 𝐴 = 1]  𝑜𝑟 Pr[𝑌 = 1 | 𝐴 = 0], 

and the associational risk is the same as the counterfactual risk.61  

The approach to analysis of RCTs influences the interpretation of their findings. The primary method of analysis 

in many RCTs is an intention to treat (ITT) analysis, with patients analysed within their randomised group 

irrespective of adherence to allocated treatment. This form of analysis retains the balance of prognostic factors 

provided by the original random allocation. With an ITT analysis, RCTs are referred to as taking a pragmatic 

approach, recognising that in routine clinical practice patient preference and tolerance to treatment are factors 

in adherence to treatment, and (an oncological) treatment may be changed based on how a patient’s condition 

responds to it. An ITT analysis provides an estimated treatment effect largely in line with what we would expect 

to see overall in the population. By contrast, a per-protocol analysis considers patients in groups according to 

the treatment they received.  

Strengths and limitations of RCTs 

RCTs offer several methodological strengths. Randomisation reduces the risk of bias from confounding, wherein 

either an effect of treatment on the outcome is found where no treatment effect really exists, or conversely a 

true treatment effect is masked due to the relationship of both treatment and outcome with some other 

variable(s). In a well-designed RCT, the randomisation process should produce treatment arms balanced with 

respect to observed factors considered to influence the outcome(s) of interest. This process should also mean 

that unobserved factors, which might impact the outcome(s) of interest, are balanced across treatment arms. 

This increases our confidence that any observed difference in outcome(s) across treatment arms is solely due to 

the intervention offered.  

While well-run RCTs have excellent internal validity, a strong criticism can be poor external validity, with limited 

relevance to patient groups beyond the trial setting.68 Trial populations may differ from the general population 

of patients with breast cancer due to two main aspects of trial conduct: (i) trial patients are selected based on 

strict inclusion/exclusion criteria; (ii) enrolled patients receive more attentive follow-up than would be present 

in routine care, often receiving life-long care within the hospital research unit. Although these aspects aim to 

ensure the trial population remains homogenous and sufficiently monitored to measure any treatment benefit, 
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selection and care of patients in RCTs often differs from practice in routine care, meaning applying the results of 

RCTs to subpopulations of underrepresented patients, such as older patients, is often unclear.69,70 Older patients 

are often excluded from trial protocols, based on their chronological age, or because as an older person they are 

more likely to present with poor functional status or with comorbid conditions which may be contraindications 

for the treatment under investigation.6 Conversely, where age is not a specific protocol criterion the perception 

of the recruiting clinician may influence who is offered the trial.8 Some examples of this within breast cancer are 

seen in relation to the age profile of patients within RCTs looking at treatments for early breast cancer: 

specifically (i) only eight of 29 RCTs included within the Cochrane review of taxanes for early breast cancer 

clearly included patients older than 70 years, for 18 RCTs patients older than 70 were explicitly not eligible, and 

(ii) none of the six RCTs of adjuvant trastuzumab-based treatment in the Cochrane review included patients 

older than 80 years, whilst patients older than 70 were not eligible for half.50,55 Generalisability of trial results to 

the patient population within which treatment is ultimately to be used plays an important role in ensuring 

results translate into utilisation in clinical practice. A large part of this lies in ensuring the trial population is 

representative of the general patient population.  

To this point, although we benefit from estimating a treatment’s causal effect from an RCT, application of this 

evidence to the real world requires an understanding of treatment effectiveness, that is its benefit outside of a 

strict recruitment/highly monitored trial setting.71-73  

Improving generalisability of RCT findings  

Poor representation of older patients within RCTs has been a long-standing issue.2,74 However, efforts to conduct 

trials among older patients with breast cancer have generally struggled to recruit participants.75,76 The ACTION 

study, of adjuvant chemotherapy, reported that many eligible elderly patients who were approached for 

inclusion declined randomisation, largely due to not wanting to receive chemotherapy.75 A case-control study 

investigating the impact of age on being offered enrolment and participating in trials reported older patients 

with breast cancer were offered trials less often than younger patients.3 Age, comorbid conditions and stage 

were factors found to be independently predictive of whether a patient was offered a trial. They found no 

difference in participation by age among those offered a trial. Several systematic literature reviews looking at 

recruitment of older people into clinical trials, found protocol exclusions of comorbidities were commonly 

highlighted as barriers to recruitment of older patients, whilst the perceptions of physicians (or family) were 

important reasons in influencing older patients declining trial entry.4,5,8 77 More recently, in a UK setting, the Age 

Gap Trial reported difficulties in the recruitment and retention of older patients even with “age-friendly study 

design measures” in place.78  

With an underrepresentation of older patients or those with some level of comorbidity or frailty participating in 

trials, clinical guidelines typically do not provide information for clinicians on how treatment recommendations 

might be adapted for these patient populations. In this scenario, deciding on optimal treatment for these 

patients often requires clinicians to extrapolate the results of trials in younger, healthier patients to an older 

population with often multiple comorbidities.14 This extrapolation potentially leads to a lack of consensus in 
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treatment selection resulting in inappropriate variation in the provision of care. Previous research looking at 

receipt of treatment among patients with breast cancer has found high variation in use by patient age, with 

older patients typically less likely to receive standard care.15-18 In the case of adjuvant systemic therapy, 

examples have been found in relation to variation in the use of chemotherapy and HER2-targeting therapy, both 

in the National Audit of Breast Cancer in Older Patients (NABCOP) Annual Reports as well as in previous 

literature considering patient populations within and beyond the UK.15,19,29,79,80 Notably the NABCOP found use 

of adjuvant chemotherapy and trastuzumab for HER2-positive EIBC decreased from 70% among women aged 50-

69 years to 9% among women aged 80+, with similar patterns observed for adjuvant chemotherapy (in all 

women with EIBC and for ER-negative, HER2-negative, node-positive EIBC).79 A study of women in the United 

States (US) treated across six community-based settings found women aged 75 years or older and those with 

higher comorbidity burden were less likely to receive standard treatment, including chemotherapy.15 Another US 

study using routine data found less than half of women aged 66 years and older received guideline concordant 

care for EIBC, with lowest rates observed among the oldest age groups.19 Similar findings are reported for the 

use of adjuvant radiotherapy, with rates decreasing with age.17  

 Using observational studies to generate evidence 

Compared with RCTs, observational studies are widely considered lower ranking in providing evidence of 

treatment effect because of their potentially weaker internal validity. Consequently, an observational study 

requires a robust design and analysis. For studies looking to evaluate treatment effectiveness, accounting for 

potential systematic differences in the treatment groups, either in design or analysis, is crucial in minimising the 

bias within estimates of treatment effect. There are ways by which observational studies can be designed to 

emulate RCTs and provide causal estimates of treatment effects.81-84 There has been a particular focus on 

statistical techniques for removing the impact of confounders. Among observational studies estimating 

treatment effects, propensity scores and covariate adjustment in regression analysis are among the most widely 

used methods to account for confounding and non-random assignment to treatment.85-87 The principles of these 

and other methods are described below. 

Propensity scores 

First introduced in the 1980’s propensity score (PS) methods aim to balance the distribution of covariates across 

treatment groups and involve using a PS to balance covariates predicting treatment receipt.88 Scores are based 

on observed predictors for individual patients and are used to produce treatment groups largely 

balanced/comparable on observed variables of importance. This was an advance on traditional matching of 

individuals across groups with respect to shared single characteristics, which often required high numbers of 

control patients and a need to limit the number of covariates used to define patients as matched.89 Balancing 

propensity scores across groups enables estimation of the average treatment effect in the treated group (ATT) 

and can provide reliable causal effect estimates assuming no unmeasured confounding. 
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Propensity scores can be used in several ways.90 These include: 

1. Inverse probability of treatment weighting – based on calculated scores a counterfactual sample is 

created, these are patients with the opposite treatment assignment but assuming the same outcome as 

those in the original sample. We then have two groups, one in which everyone has the 

exposure/treatment of interest and one in which no one is exposed. 

2. Stratification on score – analysis of treatment effects within strata including patients with the same 

score; the average causal effect of treatment is calculated based on the weighted average of the within-

strata estimates of the exposure’s effect (weight for a stratum is equal to the fraction of the sample 

within that stratum). 

3. As part of the adjustment process in carrying out usual statistical analyses – including the PS within the 

regression model.  

4. To match individuals – there are a variety of methods proposed for this, with or without 

replacement89,91 

a. optimal matching (forms pairs based on minimising the within-pair PS difference),  

b. nearest neighbour matching (starts with a treated patient then selects a non-treated patient 

with the closest PS, picked at random where this applies to multiple patients), and  

c. caliper matching (which is the same as nearest neighbour matching but specifies the maximal 

distance, caliper distance, with the caveat that restriction on distance means not all subjects 

will necessarily be matched).  

Adjustment in regression analysis 

Adjustment of covariates in a regression analysis is a simple approach, although it can lead to increased bias in 

the estimate of the average treatment effect, especially where covariates are considerably imbalanced across 

treatment groups.87,92 This is likely to introduce most bias where imbalanced covariates have a confounding 

effect and are associated with differences in the outcome of interest. For example, in a breast cancer study 

looking at the impact of treatment on survival, in the case of groups where the treatment group has 

proportionally more patients with nodal involvement, which is a factor associated with the treatment choice and 

is also prognostic of poor survival. 

Table 2 provides some detail on the assumptions and strengths of the two statistical methods described above. 
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Table 2: Proposed statistical methods for analysing non-randomised/observational data to estimate the causal 
effect of treatment 

Method: Propensity scores (PS) Regression with adjustment 
for covariates 

Assumptions for 
comparative 
effectiveness 
research 

At any value of propensity score each individual with 
that score has the same probability of receiving 
treatment (conditional on observed confounders). 

All confounders are observed/measured. 

Adjustment for confounders.  

All confounders are 
observed/measured. 

Estimation in 
subgroups 

Where treatment assignment mechanisms differ by 
subgroup, subgroup-specific propensity scores should 
be estimated to ensure balance and valid treatment 
effect estimation within subgroups. 

Inclusion of interaction 
term(s) within the regression 
model. 

Handles missing 
data 

Multiple imputation techniques can be used to average 
the PS across each imputed dataset before creating a 
matched cohort.93  

Standard methods including 
multiple imputation 
techniques can be used. 

Strength If the outcome is independent of treatment assignment, 
conditional on measured confounders, we can view 
those patients receiving treatment as a random sample 
of all individuals with that PS. 

Using calculated propensity scores enables observed 
characteristics to be balanced, on average, across 
treatment groups. 

Robust to model misspecification, including mis-
modelling of non-linearity. 

Straightforward to 
implement.  
Allows for adjustment of 
measured confounders. 

Weakness Produces biased estimates of treatment effect in the 
presence of unmeasured and residual confounding. 

May result in a non-representative sample and loss of 
statistical power if PS matching is used and too many 
individuals are omitted. 

Robustness to model misspecification is unlikely to hold 
for applications of PS to covariate adjustment or inverse 
probability of treatment weighting as they use the 
actual value of the PS. 

Produces biased estimates of 
treatment effect when groups 
are considerably unbalanced, 

in the presence of 
unmeasured and residual 
confounding. 

Other methods 

Other methods that have applications within comparative effectiveness research, but are less commonly used 

and so less familiar to a non-statistical audience, include instrumental variables (IV) and entropy balancing.94,95  

Within IV analysis, estimates of treatment effect can be obtained when a pre-treatment variable (called an 

instrument) meets the conditions (i) it is associated with treatment (ii) it causes the outcome only through 

treatment and (iii) its effect on the outcome is not confounded.96,97 An advantage of IV analysis is that it can 

provide consistent estimates of the average causal effect even in the presence of unmeasured confounding.98 IV 

analysis however, is statistically inefficient compared to other methods, and the effective sample size is reduced 

when instrument(s) are defined at a higher level than patients (i.e. hospital level) which also alters the 

interpretation of estimates of treatment effect. An important limitation of this method when considering its use 

for survival analysis is that it ignores time to event and censoring.99  

Entropy balancing is another technique to achieve balance across treatment groups with respect to important 

covariates.95 Opposite to the process of creating propensity scores for weighting samples and checking balance 
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based on these, entropy balancing defines balance and then creates weights defined according to these criteria. 

It is a fairly new methodology and as such less commonly used within the applied literature. 

 Key considerations for using routine national data to generate “real-world” evidence 

The UK body which makes recommendations on the use of oncological treatments, NICE, defines “real-world” 

data as “data relating to patient health or experience or care delivery collected outside the context of a highly 

controlled clinical trial” and says it “can be routinely collected during the delivery of health or social care”.100 It is 

this working definition that will be used when referring to real-world data within the rest of this thesis.  

“Real-world” data has been successfully used to look at variation in care and compare NHS organisations within 

national clinical audits. For breast cancer, the NABCOP was an example of this, demonstrating how “real-world” 

administrative data can be used to provide information on the treatment and care provided to patients with 

cancer and encourage quality improvement both locally and nationally. Using routinely collected data for service 

evaluation and research, where these data are well completed and reflective of care, has the potential to be 

incredibly beneficial as (i) it does not involve the resources associated with further specific data collection and 

(ii) can be readily available for use, therefore providing timely information without contributing additional 

burden to healthcare providers or researchers. With data being collected as part of the care and management of 

patients, it is also less likely to come with the response bias associated with data entry where collection is 

specifically for evaluation purposes. 

Studies using routinely collected national data have the benefit of (i) providing information on effects of 

treatment across patient subgroups, such as those based on age and fitness, where RCTs have proven to be 

infeasible and (ii) evaluating use of treatments in routine care, along with their associated safety and subsequent 

survival.101 By their nature, the results of studies using routine national data would be generalisable to the “real-

world” patient population. This is of importance when considering evaluation of treatments for older, less fit 

patient groups, most often not included in clinical trials.  

When using any data, it is important to understand the primary reason for their collection and the 

characteristics of the information collected. Specifically, with routine data primarily collected for administrative 

purposes its use for service evaluation, understanding treatment utilisation and associated effectiveness, forms 

secondary use and as such there are a variety of potential limitations to consider.  

There are several conditions which need to be satisfied when trying to estimate treatment effectiveness that 

have direct implications when using information derived from routine national datasets. The research presented 

in this thesis explored some of these key conditions as part of the work of demonstrating how existing routine 

data can be used for service evaluation in the breast cancer setting. 

Firstly, it is important to understand the completeness of key information within the data, to 

identify/understand potential biases, to determine whether these are sufficiently complete for carrying out 

comparative effectiveness research (CER), and whether there are other data sources which might either enable 
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evaluation of this or contribute to improving completeness. This applies both to data on treatment as well as 

data on key confounders / explanatory variables. Secondly, understanding patterns of treatment utilisation are 

required both to help design the CER study and also to highlight what real-world patterns of care look like 

compared with those in RCTs. Finally, in order for a CER study to provide a robust evaluation of treatment effect, 

it is important for there to be sufficient uptake of the treatment of interest. For this, not only are good levels of 

treatment data completeness required but also a relatively steady state of use in order for a description of "real-

world" utilisation to be considered reliable. 

Understanding the completeness and accuracy of data on variables such as the characteristics of the tumour 

forms part of the diagnosis work up of all patients and so estimation of completeness is straightforward. This 

information forms part of the cancer registration process, for which there are validation steps taken by the 

cancer registration service to minimise coding errors. By contrast, information on treatment requires more 

investigation to understand how complete and accurate this is in within routine data sources. The SACT dataset 

forms the primary source of data on oncological treatment and previous work in colon cancer and lung cancer 

has both highlighted patient groups with lower than expected data completeness within this data source and 

also demonstrated how hospital administrative data can be used to identify information on chemotherapy, in 

those instances where the data collection in this treatment-specific data source may be incomplete.102,103 

Comparisons of information captured across data sources can be an effective way of understanding data 

completeness, and for oncological treatment hospital admissions data is one such data source. Within hospital 

admissions data standardised coding is used for each admission with details of treatments given, coded based 

on the Office of Population Censuses and Surveys (OPCS) procedure codes.  

There may be aspects of treatment use which are either poorly captured or not directly captured within routine 

data. Within breast cancer, patient fitness and treatment toxicity are two such examples. For both aspects, 

studies have developed and validated coding frameworks using (diagnostic and procedural) codes within 

hospital administrative data to allow the identification of patient fitness (comorbidity and frailty) and also 

chemotherapy-related toxicity.104-107   
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2. Aims and Objectives 

 Overview 

This research was designed to address the need for “real-world” evidence on the use, effectiveness and safety of 

systemic oncological treatments for patient populations under-represented in clinical trials.  

The work used the available prospectively-collected routine national data to investigate use of systemic 

oncological treatments in patients with invasive breast cancer and identify groups of patients underrepresented 

in RCTs. In doing this, my PhD investigated the strengths and limitations of the available routinely collected 

treatment data, and explored ways of augmenting this information from other routine data sources. In addition 

to this, the research focused on the subgroups of patients with invasive breast cancer where evidence of 

treatment effectiveness was lacking because they were not represented in the clinical trials. In particular, older 

patients and those with comorbidity or frailty. 

The output from this research has been written up in high quality, peer-reviewed journal publications, with 

further dissemination at relevant clinical conferences. 

 Aim 

The broad aim of the thesis was to examine the value of routine healthcare data in the evaluation of systemic 

oncological treatments for newly-diagnosed invasive breast cancer. To fulfil this aim, the studies presented 

within this thesis addressed two perspectives. The first was to evaluate the completeness and concordance of 

treatment information within routine healthcare data, by comparing details recorded in multiple data sources. 

The second part of the research focused on the clinical application of observational methods to (i) evaluate the 

utilisation of systemic oncological treatments in clinical practice and (ii) estimate the uptake, safety and 

effectiveness of adjuvant trastuzumab-based treatment for HER2-positive EIBC.  

The research used routine healthcare data from English Cancer Registration records linked at patient- and 

tumour-level to other cancer and administrative datasets including detailed information on patient and tumour 

factors, systemic oncological treatments and subsequent outcomes. For estimation of the effectiveness of 

trastuzumab-based treatment appropriate statistical methods were applied to provide estimates for the cohort 

overall and within patient subgroups underrepresented in RCTs, particularly older patients and those with 

comorbidity or poor fitness.   
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 Objectives 

The work presented in this thesis addressed the following research questions: 

Understanding recording of treatment information in routine data: 

1. Does information on use of cancer drug therapy (CDT) in routinely collected hospital admissions data 

provide information that complements the SACT dataset? 

2. Can we combine information recorded in the Primary Care Prescription Database (PCPD) and within 

secondary care data to provide valid estimates of endocrine therapy use? 

Understanding systemic oncological treatment in clinical practice: 

3. How do utilisation levels of NICE-recommended systemic oncological drugs vary among women 

diagnosed with invasive breast cancer in England? 

4. What factors are associated with the use of adjuvant trastuzumab-based treatment for HER2-positive 

EIBC?  

5. How does the patient population receiving adjuvant trastuzumab-based treatment for HER2-positive 

EIBC in clinical practice compare to the trial populations, in relation to cohort characteristics and 

experience of severe toxicity?  

6. How do survival outcomes following adjuvant trastuzumab-based treatment for HER2-positive EIBC 

compare across patient groups?  
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3. Research Design 

 Data sources and patient population 

The work presented in this thesis made use of the routine data used within the NABCOP. Data were based on 

information prospectively collected by the NHS, as part of the care and support of patients with cancer. Patient-

level data on many aspects of breast cancer care are routinely collected in hospitals and mandatorily submitted 

to national organisations. These existing electronic data flows were used by the NABCOP in order to reduce the 

burden of data collection on staff and patients. For patients in England, the data are collated, maintained and 

quality assured by NCRAS, which is part of NHS England (previously Public Health England and then NHS Digital 

during the time period of this thesis). All patients with a confirmed diagnosis of cancer have been registered 

since 1971, with national coverage.108  

The NCRAS provided data from its Cancer Analysis System (CAS), which collates patient data from a range of 

national data feeds across all NHS acute hospitals. Cancer Registration records were provided, linked to multiple 

other data sources, via a pseudonymised patient and tumour ID provided within each. This patient and tumour 

ID was created and applied by NCRAS, who performed the initial data linkage of patients (and registered breast 

cancer tumours) across each data feed requested. 

These linked data were used to understand the patient and tumour characteristics at diagnosis, the care and 

treatment received by patients and subsequent outcomes. This process of data extraction and release was 

repeated by NCRAS on an annual basis, with a full refresh of data provided each time along with an additional 

one year of patients diagnosed. The data feeds, broad content and structure of each dataset are detailed in 

Table 3. 

All data provided were the raw data extracted from the CAS, but released to the NABCOP with various levels of 

cleaning, labelling and processing required to enable analysis. Many of the datasets were provided with 

information spread across multiple rows per patient/tumour, which required further processing to create 

manageable, “one-row-per-patient” datasets for analysis, containing the key information required. I completed 

this work as the NABCOP Research Fellow/Methodologist, which involved extensive statistical data 

management, and responsibility for preparing data for annual reports. 
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Table 3: Routine data sources used within the research.  

Data 
source 

Record 
level 

Content Provided data files used in the research & rows per record level 

Cancer 
registry 

Tumour Data within Cancer Registry included information on all 
aspects of the cancer registration including information 
from hospital pathology systems and from the Civil 
Registration (death) records which contained details on 
date and cause of death, along with a vital status date 
at which patients not known to have died were 
considered to have been alive. 

Provided as multiple data files to cover different aspects of a cancer registration.  

File 1:  Data on patient characteristics (including age, ethnicity & calculated 
 deprivation quintile), tumour diagnosis details (including grade, ER/PR/HER2 
 status, tumour size, nodal involvement), provider information, death (date & 
 cause) & censoring information. One row per tumour ID. 

File 2:  Data on aspects of treatment for cancer, including imaging (described as 
 events). Multiple rows per patient & tumour ID, with one row for each aspect 
 of the recorded event. This allowed the individual aspects to be recorded such 
 as several imaging techniques used on the same date. 

File 3:  Details of previous breast cancer, used to define the NABCOP cohort. Provided 
 as one row per patient ID, with wide format used where patients had more 
 than one previous instance of a breast cancer registration. 

COSD Tumour Cancer Outcomes and Services Dataset (COSD) data 
items are submitted routinely by service providers via 
multidisciplinary team (MDT) electronic data collection 
systems to the National Cancer Data Repository (NCDR) 
on a monthly basis.  

Data were provided on all aspects of diagnosis, care 
and treatment, including imaging, pathology, staging, 
demographics. 

Provided as multiple data files to cover different aspects of cancer diagnosis, care, 
treatment and outcomes and allow for some files to have multiple rows per patient & 
tumour ID.  

Imaging file: Data on imaging modality, anatomical site & side, date, result, provider, 
 outcome, radiological lesion size. Multiple rows per patient & tumour ID, with 
 one row for imaging type and associated date. 

Stage file: Data on staging type (final pre-treatment, pathological, integrated), overall 
 stage, TNM components, staging date. Multiple rows per patient & tumour ID, 
 with one row for stage type and associated staging date. 

Treatment file: Data on treatment modality, intent, start date, surgical procedure 
 information (date, OPCS code, discharge date), radiotherapy detail (dose, 
 fractions). Multiple rows per patient & tumour ID, with one row for each 
 aspect of the recorded treatment. 

Pathology file: Data on diagnostic pathology including grade, ER/PR/HER2 status, 
 tumour size, nodal involvement. 

Recurrence file: Data on date of recurrence, type, site of metastases, care plan/key 
 worker/palliative care specialist indicators. Multiple rows per patient & 
 tumour ID. 

Non primary cancer pathway file: Data on non primary cancer diagnosis date, 
 pathway type and recurrence type. Multiple rows per patient & tumour ID. 
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Table 3: Routine data sources used within the research.  

Data 
source 

Record 
level 

Content Provided data files used in the research & rows per record level 

SACT Tumour Systemic Anti-Cancer Therapy (SACT) data contained 
information on systemic oncological treatment 
prescribed in a secondary or tertiary care setting. 
Details included dates, regime(s) and dose. 

Provided as a single data file of multiple rows per patient & tumour ID – one row for 
each drug administered in a treatment cycle i.e. a cycle including 3 drugs would be 
detailed across 3 rows of information. This allowed the individual drug aspects to be 
recorded such as dose. Also, it allowed for dates to differ where drugs were part of 
the same cycle but administered on different days. 

RTDS Tumour Radiotherapy dataset (RTDS) contained information on 
radiotherapy treatment including dates, prescription 
region and dose. 

Provided as a single data file of multiple rows per patient & tumour ID – multiple rows 
for each radiotherapy fraction administration to allow details of fractions delivered on 
the same date to differ, for example with relation to the number of teletherapy fields, 
the region irradiated and the prescribed/administered dose. 

Data captured in a nested format with individual radiotherapy fractions within 
prescriptions, which fall within radiotherapy episodes.  

HES-APC Tumour Hospital Episode Statistics Admitted Patient Care (HES-
APC) is the administrative database of all NHS hospital 
admissions in England.  

Provided as a single data file of multiple rows per patient & tumour ID – one row for 
each aspect of a hospital admission episode. This allowed for each clinical speciality 
involved with the admission to be recorded.  

PCPD Patient The Primary Care Prescription Database (PCPD) 
contained information on prescriptions dispensed 
within community pharmacies. Data were provided on 
endocrine therapy prescriptions from April 2015 
onwards. The PCPD, captures a core part of cancer 
treatment and became available to the NABCOP during 
the course of my PhD. 

Details of endocrine therapy prescriptions were provided as a single data file of 
multiple rows per patient ID – one row for each drug prescribed. This allowed the 
individual drug aspects to be recorded such as dose.  

CWT Tumour Cancer Waiting Times (CWT) data included information 
on the first definitive treatment received by a patient 
for new, progressive or recurrent cancer. 

Provided as a single data file of one row per patient & tumour ID. 
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The following subsections provide detail on the content and validity of each of the main routine data sources 

used within this thesis, along with any known limitations.   

 National Cancer Registry data 

Data on all aspects of the cancer registration, including information on staging and the results of diagnostic tests 

from hospital pathology systems, were provided within Cancer Registry data. This information is collated and 

processed by NCRAS who use an event-based registration model with registrations coded to international 

standards and a detailed quality assurance process to ensure data are as accurate as possible. For England, 

Cancer Registry data have national coverage with estimated 98-99% case ascertainment.109 Cancer registration 

records are initiated from a COSD record highlighting a new primary cancer, and so the completeness of data 

items are initially dependent on COSD data completeness, with subsequent input from registry staff who can 

directly access NHS systems to ascertain values for missing information required to register the cancer. 

 Cancer Outcomes and Services Dataset (COSD) 

Cancer service providers are required to provide information for all patients diagnosed with cancer or receiving 

treatment for cancer funded by the NHS in England within the COSD.57 The data collected within COSD provides 

information required to support the national registration of cancers. This data collection covers all aspects of the 

cancer diagnosis including information on staging and the results of diagnostic tests from hospital pathology 

systems with information submitted by trusts, on a monthly return basis, for all patients diagnosed from 2013 

onwards.  

 Systemic Anti-Cancer Therapy (SACT) data 

Data collection for the SACT dataset started in April 2012, with data returns mandatory from April 2014.28 The 

dataset contains longitudinal data (including drug name, dose, administration dates and administration route), 

recorded on prescribed systemic oncological treatments, including standard and oral chemotherapy, 

immunotherapy and targeted biological therapy, for NHS patients treated for cancer in England. It has whole 

population coverage and high case ascertainment (94% of patients reported as receiving CDT in the National 

Cancer Waiting Times dataset were identified in SACT data).110 Data completeness of drug name field and 

administration date was excellent, reported at 100%.28 Data in the SACT dataset describe prescribed regimens 

rather than dispensed and so there may be instances in which treatment was recorded in the SACT dataset but 

never administered to the patient. 

 Hospital Episode Statistics Admitted Patient Care (HES-APC) data 

HES-APC is the administrative database of all NHS hospital admissions in England.58 For the research presented 

within this thesis records were supplied by NHS Digital to NCRAS. HES-APC data cover all aspects of hospital 

admissions, and a HES-APC record contains information on surgical procedures (Office of Population Censuses 

and Surveys [OPCS] codes, date of procedure) and patient comorbidities (ICD-10 codes), the details of which are 

entered by hospital coders from discharge summaries. HES-APC has provided the basis of “payment by results” 
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since 2004/5, and has universal coverage. It has longitudinal data linkage (data for each episode of care linked at 

patient-level), with a low missed match rate (estimated as 4%) and low opt-out (2.3%). Limitations associated 

with the HES-APC database are that it only captures admitted and day case patients, there is geographical 

variation in match rates and it is not possible to distinguish between conditions that were present prior to 

admission and those that arose during an admission based on ICD-10 information (recorded within the diagnosis 

fields). 

 Primary Care Prescription Database (PCPD)  

The PCPD was made available to the NABCOP from 2020, initially as part of a collaborative feasibility study 

between the audit and NCRAS to understand whether the linkage of these data to Cancer Registration records 

helped further understand the treatment of patients diagnosed with breast cancer. The PCPD has population 

coverage of all community pharmacy dispensed prescriptions within England.59 Endocrine therapy is amongst 

the routinely recorded prescriptions captured within the PCPD, being one of the main treatments given for 

hormone receptor-positive invasive breast cancer. 

 Data preparation and management 

 Data extraction and provision 

The NCRAS extracted all the data described in Section 3.1 for patients fulfilling the following criteria.  

Inclusion criteria: 

 Women 

 Aged 50 years and over at the point of diagnosis (no upper age limit) 

 Registered diagnostic ICD-10 code of C50 (invasive breast cancer) or D05 (non-invasive breast cancer) 

 With a diagnosis date from 01/01/2014 onwards 

Exclusion criteria: 

 Instances where breast cancer was only reported on the death certificate 

Eligible women diagnosed with breast cancer were identified from Cancer Registration records and linked to 

national electronic health records data. Only women diagnosed and treated in NHS organisations were included 

in analyses due to the lack of data flows from independent hospitals. Men were not included, primarily due to 

the low incidence meaning any conclusions about hospital performance from analyses would be unreliable.  

 Data storage 

The linked datasets were received, stored, managed and analysed at the Clinical Effectiveness Unit (CEU) at the 

Royal College of Surgeons of England (RCSEng). The CEU is a collaborative unit between the RCSEng and LSHTM, 

and Professor David Cromwell is the CEU Director. The CEU has established a secure data server to hold datasets 

containing patient-level information. The server is protected by a firewall and intruder detection equipment that 
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guards the server against access from users from outside, and is physically located in one of two access-

controlled server rooms within the RCSEng, incorporating environmental controls (power, temperature, fire, 

etc.). The data were stored in a restricted access folder on this secure server and only those with a legal basis to 

access the data are allowed in to this folder. Access to the RCSEng is restricted to staff, members of the College 

and visitors. Everybody in the building is required to wear a name badge. Visitors need to be announced in 

advance. There is 24-hour on-site security and the premises are controlled with electronic security barriers and 

CCTV. Users only have access to specific areas of the CEU server, with access controlled by Windows Server User 

and Group Permissions. Users of the server are obliged to use a password-protected screensaver, which is 

activated 5 minutes after the computer has been left idle. All data were destroyed securely according to 

information governance standards held by NABCOP and the CEU in October in line with the end of the data 

sharing agreement. 

 Preparing data for analysis  

Data were imported from Excel into Stata and saved in .dta format, to be processed and prepared for analysis. 

This was done in several stages. All preparation of the data for this thesis was conducted using Stata (StataCorp 

LP, College Station, Texas USA).111  

An initial step, upon receipt of the data files released by NCRAS, was to (i) plot the percentage of patients with a 

record in each data file, over time (based on their month of diagnosis within Cancer Registry data) to ensure 

there were no issues with data linkage over the period and (ii) check all dates were provided in a usable format.  

This section describes the steps taken to clean, label and further process the data files provided, in advance of 

them being used for analysis.  

Data were extracted and released by NCRAS in a raw format (string or numerical, depending on the column 

content). Initial steps in the data cleaning and labelling process were to:  

1. format all dates from string format to Stata dates; 

2. give an underlying name to all variables; 

3. work through all categorical variables to derive numeric and labelled variables, based on categories 

defined with the associated data dictionary provided online – this was to ensure consistency of labelling 

and the associated underlying value either across datasets or across data refreshes – within this, checks 

were carried out to highlight any values provided which didn’t fit with those expected from the 

associated data dictionary coding; 

4. label all variables with the data source, in capitals at the start of the variable name for those raw 

variables and in lower case at the end of the variable name for derived variables (e.g. COSD_stage would 

denote the raw stage variable whilst stage_cosd would denote the processed variable); 

5. save individual data files as a new Stata dataset with the suffix “_clean” to differentiate this from the 

original raw dataset. 
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The second set of steps were to process the data files to put them in a suitable format for analysis. This stage of 

processing constituted a large component of the work due to the way the routine data were provided with 

information spread across multiple data files and most files being long format, with multiple rows per patient 

and tumour ID. Such files, particularly those used to extract treatment information, required extensive 

manipulation to draw out the top level information whilst retaining sufficient detail for more in-depth analysis. 

For example, for chemotherapy information contained within the SACT dataset, processing covered multiple 

levels. These ranged from creating a basic flag for chemotherapy use (based on a known chemotherapy drug 

recorded in the drug name variable) with a start date (based on the earliest recorded date of administration for 

a chemotherapy drug), to creating variables detailing full chemotherapy regimens with a list of all the drugs 

involved, associated numbers of cycles, start and end dates and the weekly frequency of the cycles.  

Initial work preparing data from the SACT dataset for analysis highlighted various features to navigate. These 

included determining which variable to use for drug details and administration dates, as well as the value of 

provided data on cycle number, cycle/regimen dates. For the work presented in this thesis the SACT dataset 

required the most processing; the work done for this, along with associated principles and implications, are 

presented in Table 4 below. 

Table 4: Steps in SACT dataset processing. 

SACT processing Principle Implication 

Step 1 – set up code for data cleaning 

Define the drugs/regimens of 
interest for analysis 

The SACT dataset captures information 
on all systemic oncological treatment 
prescribed, of which not all may be of 
interest. 

Drugs (and drug types) of interest were 
defined and categorised into 
chemotherapy, her2-targeting therapy, 
hormone therapy, other. 

Define a minimum set of 
variables of interest 

The SACT dataset captures many aspects 
of treatment prescribing which may not 
be of use within the analysis so to 
maximise computing power and reduce 
analytical burden it is beneficial to only 
retain those variables to be used in 
analysis, within a final cleaned dataset. 

Variables on administration date, drug, 
dose, administration route were retained 
as the key elements for analysis. 

Write code to label 
categorical variables 

Data are provided in raw format either 
as text or values with no label attached. 
To make sense a degree of processing is 
required. 

The final dataset becomes usable without 
having to remember or know what each 
value of a variable refers to. 

Define checks and rules to deal with 
missing or conflicting information: 

  

Administration vs cycle date The SACT dataset includes several 
variables containing date information. 
The level of information of interest will 
likely determine which to use.  
At the level of individual drugs 
administration date may be the same or 
differ, depending on whether multiple 
drugs are given and if a drug is given on 
the first day of a cycle or not. 

A useful check to decide which date 
variable to use for defining the first date 
of a therapy/regimen is whether  
regimen start date = earliest cycle start 
date = earliest date of administration. 
For analysis only wanting to understand 
the cycle level detail use administration 
date where this is >=7 days from cycle 
start date; use more accurately reflect 
cycles of a drug & enables collapsing 
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Table 4: Steps in SACT dataset processing. 

SACT processing Principle Implication 

Cycle number The SACT dataset captures the 
associated cycle number for each drug. 
These have the potential to be useful to 
understand the number of cycles and 
what is given in each. 

In practice cycle number was out of sync 
with dates in many instances. As such it 
made more sense to calculate this using 
administration/cycle dates.  

Planned number of cycles The SACT dataset captures the planned 
number of cycles for each drug. This 
would be useful to understand planned 
vs actual numbers of cycles. 

In practice planned number of cycles may 
be inconsistent across drugs and would 
require understanding how this came to 
be recorded to understand value.  

Treatment intent Intent of each regimen of drugs can be 
recorded, based on the surgical setting 
or drugs given with curative vs palliative 
intent. 
 

This would be useful to understand 
utilisation of drugs given with specific 
intents, for example in a palliative setting.  
The options for this have changed so it’s 
important to be aware of the history of 
this variable. Also, it can be poorly 
recorded and sometimes inconsistent. 
Define treatment intent definitions for the 
study and rules created e.g. based on 
timing; based on drugs and doses. These 
are likely to be disease-specific 

Drug details The SACT dataset provides 3 variables 
with drug details recorded: Benchmark 
group & analysis group, provide top 
level mapped details on the intended 
regimen prescribed, which in principle 
give the group detail of drugs recorded 
within drug group; Drug group provides 
details of each individual drug.  

Benchmark and analysis group are 
mapped regimen details. As such it is 
worth checking that the contents of this 
match the individual drugs recorded in 
drug group. For breast cancer, where 
there are many different multi-drug 
regimens this was not always the case and 
so drug group was used.  
Using drug group allows for counting of 
cycles for each drug and is most useful to 
understand sequencing or switching of 
drugs over time. 

Step 2 – carry out data cleaning and checks 

Put all date variables in the 
same format 

Data are provided in raw format which 
require processing to be useable. 

Check all dates are in an expected and 
useable format 

Check completeness of 
variables 

The SACT dataset has many capabilities 
for capturing information around the 
provision of systemic oncological 
treatment and so will invariably have 
some variables with lower than 
expected completeness, particularly 
those referring to peripheral 
information. 

The minimum set of variables might need 
to be updated to flag any with poor 
completeness.  
For example, staging information within 
the SACT dataset is of fair completeness 
but not recorded in a consistent format. 

Check records are for breast 
cancer 

The SACT dataset captures information 
on systemic oncological treatment for 
any cancer. Within the data collected is 
the ICD-10 code associated with 
treatment. 

It is worth checking the drugs in the data 
files are all for breast cancer and removing 
those which are not. 

Label variables and flag odd 
categories not in the data 
dictionary 

The SACT dataset has been in use since 
2014 and so for some variables the 
codes used may have changed over 
time. 

Create new, labelled variables of expected 
values. Write in checks to highlight any 
codes not expected. 
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Table 4: Steps in SACT dataset processing. 

SACT processing Principle Implication 

Check the consistency of 
information within 
patient/tumour ID, regimens, 
cycles. 

The definition of consistency will depend 
on the level of the variable and expected 
values across individual drug records. 
Checking consistency across expected 
record levels will contribute to 
understanding on the reliability of the 
data in a variable. 

Decide on rules for dealing with 
conflicting information across records 
where information would be expected to 
be consistent e.g. diagnosis code, 
treatment intent. 

Drop variables not of use or 
interest 

The SACT dataset contains a lot of 
information across many variables. To 
improve analytical experience it is good 
practice to only retain variables which 
are to be used.  

Save a new data file at each key step in 
data processing to remove the need to do 
everything again if the variables of 
interest change over the course of a 
project.  

Drop rows with no drug 
information 

The primary value of the SACT dataset 
lies in knowing the prescribed drug 
name. Without this information details 
of date, dose etc. are largely redundant. 

Remove records containing no (useful) 
drug information: 

 "NOT CHEMO" – associated drugs 
given at the time (e.g. anti-nausea) 
provides no info except possibly dose 

 "TRIAL" – no detail of the drug  

 "MULTIPLE" – multiple 
drugs/regimens that didn't fit into the 
drug groups set up 

 "NOT MATCHED" – abbreviations used 
could have matched several drugs or 
bad spelling so not possible to identify 

 Records missing the drug name. 

Unify drug names Most recording of drug names within 
the SACT dataset is standardised and so 
there are no variations based on 
misspellings however, some drugs might 
have various names which are mapped 
and pulled through in the raw data. 

Remove variations of the same drug for 
calculation of numbers of cycles etc. For 
example the chemotherapy nab-paclitaxel 
can be renamed paclitaxel, as the name 
being most commonly used. 

Code up drugs of interest into 
types. 

The SACT dataset captures drugs which 
fall into multiple category types. For 
initial analysis, it is helpful to have drugs 
grouped together to answer questions 
such as whether a particular type of 
treatment was used. 

Drug category types for breast cancer 
captured in the SACT dataset cover: 
chemotherapy; her2-targeting therapy; 
endocrine therapy; bisphosphonates; 
immunotherapy; CDK 4/6 inhibitors  
The granularity of the groups created will 
be determined by the work being done 

Check all drugs have been 
coded to a group.  
 

The drugs available for use in breast 
cancer are regularly being updated and 
new types may become available. 

Keep a check on any new drugs not 
grouped by listing those not assigned to a 
type to see if anything has been missed. 
These might form another group, be 
coded as “other”, or dropped if not of 
interest.  

Further work was then done drawing together all information on recorded treatments to create a variable 

describing the sequence of treatment for each patient. This was done to establish ordering, to understand use of 

treatments around surgery, where given, which was used to define cohorts for analysis, as well as to understand 

sequential or concurrent chemotherapy use, alongside trastuzumab, and use of radiotherapy during systemic 

oncological treatment cycles. 
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 Defining the NABCOP cohort 

Final data processing steps were taken to draw together all information from across the multiple data files, to 

create final data files of patient characteristics, tumour characteristics, treatment and outcomes, and extract the 

NABCOP cohort. Table 5 details the criteria which were applied by the NABCOP to define the audit cohort. 

Table 5: Steps taken to define the NABCOP cohort. 

Criteria Defined by Exclude if 

Breast cancer was not diagnosed 
at point of death 

ONS date of death and date of 
diagnosis 

ONS date of death same as date of 
diagnosis 

Breast cancer was newly 
diagnosed 

Flag in Cancer Registry Patient has a previous diagnosis of 
breast cancer prior to 01/01/2014 

Patient had only one breast 
cancer tumour 

One tumour ID in Cancer Registry 
OR 
Laterality is bilateral 

Patient has multiple tumour IDs 
 
Tumour laterality is recorded as 
bilateral 

Patient provided by NCRAS was 
diagnosed in an English NHS 
trust 

Diagnosing trust ID* Patient has no reported place of 
diagnosis 
OR 
Reported place of diagnosis is 
outside of England 
OR 
Trust is not part of the NHS** 

Patient diagnosed within an NHS 
trust where at least 30 women, 
aged 50+ years, were registered 
with breast cancer each year 

Count of the number of patients 
registered for a trust each year, from 
the data provided by NCRAS. 

Patient diagnosed within an NHS 
organisation with less than 30 
allocated registrations of breast 
cancer, in women aged 50 years 
and over, per year 

Patient was diagnosed with DCIS 
or invasive disease 

ICD code reported as C50 or D05.1 in 
Cancer Registry 

Tumour ICD code is not recorded as 
C50 or D05.1 (ductal carcinoma in 
situ) 

*Note: where no trust of diagnosis was reported in Cancer Registry, the trust providing breast conserving surgery or 
mastectomy was used; where this was also not reported or the patient did not receive such surgery the trust where the MDT 
discussion occurred was used. 

**Note: patients diagnosed and treated solely within the private sector were not included.  

 Statistical Methods 

Full details of the statistical methods used for each study are outlined within the associated research paper. This 

section provides an overview of the main statistical methods used which were common to all papers. All 

statistical analysis for this thesis was conducted using Stata.111 

 Logistic regression modelling of clustered data 

For analysis of binary outcomes, logistic regression models were used. Estimated measures within these logistic 

regression models were interpreted as odds ratios (ORs), whereby the OR indicates the odds of experiencing an 

outcome given a specified value or level of an exposure, compared with the odds of either not experiencing the 

exposure or a reference category of the exposure.  

Models were typically multivariable, to enable identification of independent risk factors and also to adjust for 

potential confounders, such as factors associated with treatment decisions or other prognostic factors linked to 
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a clinical outcome. Details of variables used and the associated routine data source from which the information 

was taken are presented in Table 6. 

The information presented within this thesis is for patients diagnosed and treated within NHS organisations, and 

so can be considered as being hierarchical or clustered. This is because patients within a single NHS organisation 

are more likely to be treated/cared for in a similar way than compared with patients in a different NHS 

organisation. As such, outcomes amongst patients diagnosed and treated within the same NHS organisation are 

likely to be correlated, and so standard errors estimated from conventional logistic regression models which 

don’t account for this clustering will typically be underestimated and therefore provide incorrect estimates of 

variation. Underestimation of standard errors will subsequently increase the likelihood of a Type 1 error (false-

positive), and so there is the increased possibility of finding evidence of an association between exposure and 

outcome where there is no true association. There are several methods for statistical modelling where we want 

to describe associations between patient-level factors and binary outcomes and also account for 

correlated/clustered data. Within a standard regression model, robust standard errors can be used. Using this 

technique will only account for the clustering within the standard errors but not within estimates of ORs. 

Alternatively, we can use multi-level mixed effects (MLME) models, and include a random intercept for NHS 

organisation. Using MLME models will account for clustering when estimating both the ORs and standard 

errors.112  
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Table 6: Details of the data variables used within the research and associated rules where multiple data sources provided information. 

Variable 
Primary data 

source  
Rule 

Age at diagnosis Cancer Registry Age at diagnosis as reported in Cancer Registry was never missing due to the way data were extracted and provided by NCRAS. 

Ethnicity Cancer Registry Only one source of information on ethnicity was available for this research. 

Deprivation Cancer Registry Index of Multiple Deprivation (IMD) quintiles were calculated by NCRAS and provided within the data. 

Charlson comorbidity 

index (CCI)106  
HES-APC 

ICD-10 codes within the diagnosis field in HES-APC were identified for the following conditions: Myocardial infarction, Congestive 

cardiac failure, Peripheral vascular disease, Cerebrovascular disease, Dementia, Chronic Pulmonary disease, Rheumatological 

disease, Liver disease, Diabetes Mellitus, Hemiplegia or Paraplegia, Renal disease and AIDS/HIV. 

The condition was included in the CCI calculation if it was present within a patient’s diagnosis field, at any stage, in the TWO years 

before the date of diagnosis. The presence of malignancy or metastatic solid tumour was not included in the score. 

Secondary Care 

Administrative Records 

Frailty (SCARF) Index107  

HES-APC 

ICD-10 codes within the diagnosis field in HES-APC were identified for conditions defined in Jauhari et al.  

A condition was included in the SCARF Index calculation if it was present within a patient’s diagnosis field, at any stage, in the TWO 

years before the date of diagnosis. 

Year of diagnosis Cancer Registry  Based on date of diagnosis provided within the data. 

Overall stage Cancer Registry 

Details were provided in both Cancer Registry and COSD data files. 

Start with stage reported in Cancer Registry; calculated in the following order: 

1. _best 

2. Pathology 

3. Imaging  

Observations which were missing or reported as “Unstageable” or “Unstated/Not staged” were updated with a ‘final’ value from 

those reported in COSD pathology; derived from stage values in (preference order): 

1. stage_integrated   

2. stage_pretreatment 

3. stage_pathology 

Where stage remained missing or reported as “Unstageable” or “Unstated/Not staged” the value was calculated using the final 

derived ‘T | N | M’ variables using UICC (v6) rules. In addition Stage was calculated as 0 for those individuals with DCIS disease and 

no stage reported. 
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Table 6: Details of the data variables used within the research and associated rules where multiple data sources provided information. 

Variable 
Primary data 

source  
Rule 

Tumour stage Cancer Registry 

Details were provided in both Cancer Registry and COSD data files. 

Start with T stage reported within ‘T_best’. 

Observations not reported as T1-T4 or Tis were augmented with values from (in order) 

1. T_path 

2. T_imaging 

Observations which were missing or reported as “TX” were updated with a ‘final’ value from those reported in COSD pathology; 

derived from T stage values in (preference order): 

1. tstage_integrated   

2. tstage_pathology 

3. tstage_pretreatment  

Nodal stage Cancer Registry 

Details were provided in both Cancer Registry and COSD data files. 

Start with N stage reported within ‘N_best’.  

Observations not reported as N1-N3 were augmented with values from (in order) 

1. N_path 

2. N_imaging 

Observations which were missing or reported as “NX” were updated with a ‘final’ value from those reported in COSD pathology; 

derived from N stage values in (preference order): 

1. nstage_integrated   

2. nstage_pathology 

3. nstage_pretreatment  

Any observations which were still missing or reported as NX were finally updated based on available details on the number of 

positive nodes (N0 = 0 nodes positive; N1 = 1-3 nodes positive; N2 = 4-9 nodes positive; N3 = 10+ nodes positive) 
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Table 6: Details of the data variables used within the research and associated rules where multiple data sources provided information. 

Variable 
Primary data 

source  
Rule 

Metastases stage Cancer Registry  

Details were provided in both Cancer Registry and COSD data files. 

Start with M stage reported within ‘M_best’.  

Observations not reported as M0 or M1 augmented with values from (in order) 

1. M_path 

2. M_imaging 

Observations which were missing or reported as “MX” were updated with a ‘final’ value from those reported in COSD pathology; 

derived from M stage values in (preference order): 

1. mstage_integrated   

2. mstage_pathology 

3. mstage_pretreatment  

Any observations remaining missing are updated based on an overall tumour stage value where known (M0 if Stage 0-3; M1 if 

stage 4) 

HER2 status Cancer Registry 

Details were provided in both Cancer Registry and COSD data files. 

Start with HER2 status as reported in Cancer Registry. 

Update any observations which are missing or reported as “not performed” or “unknown” with the reported value from – COSD 

pathology derived from recorded values in the following specimens (in order of preference): 

1. Excision  

2. Biopsy 

3. Cytology 

4. Unknown 

5. HER2ish status 

ER status Cancer Registry 

Details were provided in both Cancer Registry and COSD data files. 

Start with ER status as reported in Cancer Registry. 

Any observations remaining missing or reported as “not performed” or “unknown” were updated using the ER score reported in 

the relevant primary source (negative = 0-2; positive = 3+). 

Further updates of any observations which remained missing or reported as “not performed” or “unknown” were with the 

reported value from - COSD pathology derived from recorded values* in the following specimens (in order of preference): 

1. Excision  

2. Biopsy 

3. Cytology 

4. Unknown 

*Note that COSD pathology values, where missing, followed the same process of augmentation with ER score where reported. 
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Table 6: Details of the data variables used within the research and associated rules where multiple data sources provided information. 

Variable 
Primary data 

source  
Rule 

PR status Cancer Registry 

Details were provided in both Cancer Registry and COSD data files. 

Start with PR status as reported in Cancer Registry. 

Any observations remaining missing or reported as “not performed” or “unknown” were updated using the PR score reported in 

the relevant primary source (negative = 0-2; positive = 3+). 

Further updates of any observations which remained missing or reported as “not performed” or “unknown” were with the 

reported value from - COSD pathology derived from recorded values* in the following specimens (in order of preference): 

1. Excision  

2. Biopsy 

3. Cytology 

4. Unknown 

*Note that COSD pathology values, where missing, followed the same process of augmentation with PR score where reported. 

Invasive grade Cancer Registry 

Start with invasive grade as reported in Cancer Registry. 

Observations which are missing, reported as GX or incorrectly reported are augmented with –  

A ‘final’ invasive grade reported within COSD pathology. This is derived from specimen results from (in order): 

1. Excision  

2. Biopsy  

3. Cytology 

4. Unknown 

Receipt & type of 

surgery 
HES-APC 

Defined based on OPCS codes recorded within the operation fields. See Appendices of Supplementary material for Research Paper 

4 for detail of the codes (Appendix 5). 

Details on surgery/surgical procedure were also provided in both Cancer Registry and COSD treatment data files, however the 

information in these were not as extensive and were not used as HES-APC was considered to be the primary source of information 

on this aspect of treatment. 

Receipt of 

radiotherapy 
RTDS 

Radiotherapy details recorded in RTDS. 

Detail on radiotherapy as part of cancer treatment were also provided in Cancer Registry and COSD treatment data files, however 

the information in these were limited and RTDS was considered to be the primary source of information on this aspect of 

treatment. 

Receipt of 

chemotherapy 
SACT 

Recording of a chemotherapy* drug within drug group. 

Details on chemotherapy treatment were provided in Cancer Registry and COSD data files. Additionally it would be possible to 
determine use of chemotherapy treatment within HES-APC records based on OPCS codes recorded within the operation fields. 
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Table 6: Details of the data variables used within the research and associated rules where multiple data sources provided information. 

Variable 
Primary data 

source  
Rule 

Receipt of endocrine 

therapy 

COSD, Cancer 

Registry, SACT, 

PCPD 

Defined where either  

1. COSD/Cancer Registry had hormone therapy recorded as a cancer treatment; 

2. SACT had any of aminoglutethimide, anastrozole, buserelin, exemestane, formestane, fulvestrant, goserelin, gtx-024, 

letrozole, leuprorelin, megestrol, medroxyprogesterone, tamoxifen, toremifene, triptorelin recorded in drug group; 

3. A record was available in PCPD. 

Receipt of trastuzumab SACT 

Recording of trastuzumab within drug group. 

It might be possible to determine use of trastuzumab treatment within HES-APC records based on OPCS codes recorded within the 

operation fields. 

NOTE:  

For all final pathology variables created, Cancer Registry values were taken as preference for the primary source due to: 

I. NCRAS data origin rules 

II. Better data completion (compared to COSD) 

III. Some variables were better quality based on the data range 

 

*Chemotherapy drugs included: cabazitaxel; capecitabine; carboplatin; cisplatin; cyclophosphamide; docetaxel; doxorubicin; epirubicin; Eribulin; etoposide; fluorouracil; gemcitabine; 

methotrexate; mitomycin; mitoxantrone; paclitaxel; vinorelbine. 
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 Time-to-event analysis 

When an outcome was defined as a time to an event (including time to initiating treatment or time to death), 

standard survival analysis methods were used. Kaplan-Meier methods were used to estimate survival or time-to-

event curves. Cox models were used to estimate hazard ratios (HRs) in many situations. Flexible parametric 

models were fitted to understand the presence of any non-proportional hazards violations and whether this 

impacted the findings.  

For analysis of survival outcomes, overall survival (OS) was defined where death was recorded, regardless of the 

cause. Cause of death was recorded using ICD-10 codes and provided within the Cancer Registry data files, based 

on civil registration and mortality data feeds. Breast cancer-specific survival (BCSS) was defined where the 

underlying cause of death was recorded as the ICD-10 code for breast cancer (C50). Cause of death was coded as 

non-breast cancer where the patient was recorded as having died but the underlying cause of death was 

recorded as something other than breast cancer. 

For estimating the effect of treatment on BCSS, competing risks analysis is most appropriate.113 Within this 

analysis framework, other causes of death are accounted for as a competing risk. Where the primary outcome is 

death from breast cancer, but a patient dies from something other than their breast cancer, in a traditional 

survival analysis, the patient would be censored at this point and not considered to have experienced the event 

of interest/primary outcome. However, this patient no longer has a chance of dying from their breast cancer, 

and this is important to take into account. A competing risks analysis can be used to minimise overestimation of 

the risk of the primary outcome where patients are censored after experiencing a competing event. The 

underlying cause of death was used for competing risks analysis. The Fine and Gray competing risks regression 

model was used to estimate adjusted subdistribution HRs (subHRs), adjusting for multiple explanatory factors.114  

 Ethics 

The research presented within this thesis ran alongside the National Audit of Breast Cancer in Older Patients 

(NABCOP), of which I was a member of the project team. Specifically, the research was conducted within the 

broader work of NABCOP and carried out under the NABCOP data permissions through my role as the NABCOP 

Research Fellow/Methodologist.  

The NABCOP was exempt from the UK National Research Ethics Committee approval because it involved analysis 

of data for services. The NABCOP had Section 251 approval from the UK Ethics and Confidentiality Committee, 

for the use of routinely collected, patient-level data (reference number: 16/CAG/0079) for all patients, aged 50 

years and over, diagnosed with breast cancer in England and Wales. This covered research in to trends and 

variation in numbers of patients treated, differences in characteristics, treatments given and outcomes. The 

NABCOP evaluated the care received by women aged 50 years and over, diagnosed in England and Wales from 

2014 onwards. Work conducted within this thesis falls under the remit of the audit work and is therefore 

covered by pre-existing approvals. I only had access to de-identified patient-level data meaning that individual 

patients were not identifiable, with patients linked across the datasets provided by a pseudonymised ID. The 
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NABCOP had approval for the processing of data under articles 6(1)(e) and 9(2)(i) of the General Data Protection 

Regulation (GDPR).  

This research was therefore exempt from UK National Research Ethics Committee approval. However, as part of 

the PhD upgrading process, research plans were reviewed by the LSHTM Ethics Committee. Ethics approval was 

granted on July 5th 2021, reference 22508 (Appendix 1). 

 Additional Outputs 

Within my role as the NABCOP Research Fellow/Methodologist, I was involved in further work which has not 

contributed directly to this thesis, but has given me the opportunity to lead on research and audit work, provide 

methodological input and contribute to improvements in care for patients with breast cancer. These additional 

research papers, national audit reports, and presentations that I have contributed to during the course of my 

research are listed in the following sections. 
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Concordance of cancer drug therapy information derived from routinely 
collected hospital admissions data and the Systemic Anti-Cancer Therapy 
(SACT) dataset, for older women diagnosed with early invasive breast 
cancer in England 
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d Department of Breast Surgery, St James’s University Hospital, Leeds, UK 
e National Cancer Registration and Analysis Service, NHS Digital, 2nd Floor, 23 Stephenson Street, Birmingham, UK   

A R T I C L E  I N F O   
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A B S T R A C T   

Background: Evaluating uptake of oncological treatments, and subsequent outcomes, depends on data sources 
containing accurate and complete information about cancer drug therapy (CDT). This study aimed to evaluate 
the consistency of CDT information in the Hospital Episode Statistics Admitted Patient Care (HES-APC) and 
Systemic Anti-Cancer Therapy (SACT) datasets for early invasive breast cancer (EIBC). 
Methods: The study included women (50 + years) diagnosed with EIBC in England from 2014 to 2019 who had 
surgery within six months of diagnosis. Concordance of CDT recorded in HES-APC (identified using OPCS codes) 
and SACT was evaluated at both patient-level and cycle-level. Factors associated with CDT use captured only in 
HES-APC were assessed using statistical models. 
Results: The cohort contained 129,326 women with EIBC. Overall concordance between SACT and HES-APC on 
CDT use was 94 %. Concordance increased over the study period (91–96 %), and there was wide variation across 
NHS trusts (lowest decile of trusts had concordance≤77 %; highest decile≥99 %). Among women receiving CDT, 
9 % (n = 2781/31693) of use was not captured in SACT; incompleteness was worst (18 %=47/259) among 
women aged 80 + and those diagnosed in 2014 (21%=1121/5401). OPCS codes in HES-APC were good at 
identifying patient-level and cycle-level use of trastuzumab or FEC chemotherapy (fluorouracil, epirubicin, 
cyclophosphamide), with 89 % and 93 % concordance with SACT respectively (patient-level agreement). Among 
cycles of solely oral CDT recorded in SACT, only 24 % were captured in HES-APC, compared to 71 % for 
intravenous/subcutaneous CDT. 
Conclusions: Combining information in HES-APC and SACT provides a more complete picture of CDT treatment in 
women aged 50 + receiving surgery for EIBC than using either data source alone. HES-APC may have particular 
value in identifying CDT use among older women, those diagnosed less recently, and in NHS trusts with low 
SACT data returns.   

1. Introduction 

National guidelines for women diagnosed with early invasive breast 
cancer (EIBC) recommend the use of chemotherapy (in addition to 
surgery), along with targeted therapies where tumour and patient 

characteristics suggest those treatments would improve survival out-
comes. For women diagnosed with human epidermal growth receptor 2 
(HER2)-positive EIBC, the targeted therapy trastuzumab is recom-
mended in combination with chemotherapy [1]. The evidence under-
lying such recommendations is primarily from clinical trials in relatively 
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fit, selected age cohorts which may be limited in their generalisability to 
older “real world” patient populations [2,3]. Consequently, it is desir-
able to be able to evaluate the uptake of oncological treatments, and 
subsequent outcomes, using national data sources to understand the 
risks and benefits of treatment outside of a trial setting [4]. Such eval-
uations depend on the data sources containing accurate and complete 
information about cancer drug therapy (CDT). 

Patient-level data on aspects of breast cancer care are routinely 
collected in hospitals and mandatorily submitted to national organisa-
tions, as part of the care and support of patients with cancer. The Sys-
temic Anti-Cancer Therapy (SACT) dataset collects patient and tumour- 
level data on CDT (such as chemotherapy and targeted therapy) deliv-
ered within secondary and tertiary care settings [5]. Previous publica-
tions using the SACT dataset have highlighted incomplete data capture 
and hospital-level variation in data returns and quality [5,6]. Studies of 
patients with lung cancer and colon cancer have compared chemo-
therapy recorded in the SACT dataset with information in the Hospital 
Episode Statistics Admitted Patient Care (HES-APC) dataset [7,8]. These 
identified that the recording of chemotherapy cycles in the SACT dataset 
was incomplete, with additional cycles identified in HES-APC and dif-
ferences in data capture according to patient age and fitness, indicating 
that both data sources should be used to derive information about 
chemotherapy. For breast cancer, most CDT treatment is delivered as 
day case admissions in the secondary care setting, therefore HES-APC 
may provide an additional data source for identifying CDT use [9]. 

Improvement in cancer treatment outcomes requires the translation 
of recommendations on optimal treatment into delivery of those drugs to 
patients but there is evidence of considerable variation in this practice 
[10,11]. One aspect of the verification process of what happens in 
routine care is to examine complete, reliable information on CDT pre-
scription at a patient-level. This has traditionally been a difficult task. 
The introduction of SACT in England greatly improved the quantity and 
quality of CDT information available nationally but there remain some 
gaps. NHS trusts with lower levels of SACT data returns require targeted 
approaches supported by data derived from other sources to ensure poor 
data returns do not mask deficiencies in care. Similarly higher levels of 
variation in cancer care including receipt of CDT are reported for older 
patients [10,12,13]. SACT alone does not currently meet all these data 
needs. 

The aim of this study was to evaluate the consistency of CDT infor-
mation recorded within SACT and HES-APC for a cohort of women aged 
50 years and over newly-diagnosed with EIBC in England from 2014 to 
2019. The rationale for the study was to determine the value of HES-APC 
in identifying CDT use, and whether it could provide information that 
complements the SACT dataset. 

2. Materials and methods 

2.1. Data and study population 

This population-based cohort study was undertaken as part of the 
National Audit of Breast Cancer in Older Patients (NABCOP). Linked, 
pseudonymised patient records were provided for all women aged 50 
years and over, with a BC diagnosis recorded in Cancer Registry data, 
diagnosed and treated within a NHS trust in England, between 1 January 
2014 and 31 December 2019. Cancer Registration records were linked at 
tumour-level to the Cancer Outcomes and Services Dataset (COSD) for 
details of patient and tumour characteristics, to HES-APC data, and to 
SACT records with an IBC International Classification of Diseases, 10th 
revision (ICD-10) diagnosis code. The Cancer Registration dataset was 
used to define the study cohort, while the HES-APC and SACT datasets 
provided information on the use of systemic therapy. The study cohort 
was defined as all women newly-diagnosed with EIBC (stage 1–3a), who 
had surgery within six months of diagnosis. For analysis looking at the 
capture of trastuzumab we identified a subgroup of women with HER2- 
positive EIBC for whom this targeted treatment is recommended. 

2.2. Socio-demographic and clinico-pathological variables 

Data on the following patient and tumour characteristics were taken 
from the Cancer Registry and COSD datasets: age at diagnosis (years), 
ethnicity, overall stage (1–3a), tumour stage (T1, T2, T3), nodal stage 
(N0, N + ), HER2/ER status (positive or negative), tumour grade (G1, 
G2, G3). 

Deprivation was measured using the Index of Multiple Deprivation 
(IMD) 2019 rank which was derived from the patient’s postcode at 
diagnosis. The IMD rank was assigned to national quintiles of depriva-
tion, from most (group 1) to least (group 5) deprived. 

Comorbidity burden (0, 1, 2 +) was defined using the Royal College 
of Surgeons of England Charlson Comorbidity Index [14]. This Index 
counts the presence of specific chronic medical conditions (excluding 
malignancy), identified using ICD-10 diagnosis codes within patient 
HES-APC records for a period of two years prior to diagnosis. 

Patient fitness (fit; mild-moderate frailty; severe frailty) was defined 
using the Secondary Care Administrative Records Frailty (SCARF) index 
[15]. This describes frailty in relation to 32 different symptoms, signs, 
diseases and disabilities (referred to as deficits), identified using ICD-10 
diagnosis codes within patient HES-APC records for a period of two 
years prior to diagnosis. 

2.3. Measuring use of cancer drug therapy (CDT) 

NICE guidelines on chemotherapy for EIBC recommend taxane or 
anthracycline-containing regimens with the exact regimen decision 
decided locally [1]. All chemotherapy regimens were therefore consid-
ered eligible for this study, with clinical guidance used to identify 
chemotherapy drugs recorded in the drug name field in SACT. Records 
of HER2-targeted therapy (mostly trastuzumab) were also included, as it 
is predominantly used in conjunction with chemotherapy. CDT use was 
counted where the first recorded administration date was prior, or 
within four months after, date of surgery. 

2.3.1. CDT data sources – The Systemic Anti-Cancer Therapy (SACT) 
dataset 

Data collection for the SACT dataset started in April 2012, with data 
returns mandatory from April 2014. The dataset contains longitudinal 
data (including drug name, dose, administration dates, administration 
route), recorded on prescribed systemic anti-cancer therapies, including 
chemotherapy and targeted biological therapy, for NHS patients treated 
for cancer in England. It has whole population coverage and high case 
ascertainment (94 % of patients reported as receiving CDT in the Na-
tional Cancer Waiting Times dataset were identified in SACT data) [16]. 
Data completeness of drug name and administration date is excellent, 
reported at 100 % [5]. The study used linked SACT data for drugs with 
an administration date from 1 January 2014 up to 31 March 2021. 

2.3.2. CDT data sources - Hospital Episode Statistics Admitted Patient Care 
(HES-APC) dataset 

HES-APC is an administrative dataset of all NHS hospital admissions 
in England. Coverage is almost universal (opt-out rate=2.3 %), and in-
dividual treatments are attributed to the same patient using an anony-
mised identifier (estimated missed match rate=4 %) [9]. Data on 
inpatient and day-case chemotherapy administrations are captured via 
clinical coding, primarily through pre-specified Office of Population 
Censuses and Surveys Classification of Surgical Operations and Pro-
cedures (OPCS) codes, or alternatively through ICD-10 codes which 
specify use of chemotherapy at the admission (see Appendix 1). The 
study used the National Tariff Chemotherapy Regimens List guidance on 
the OPCS procurement and delivery codes for identifying chemotherapy 
admissions in the linked HES-APC data with admission dates from 1 
January 2014 up to 31 March 2021 [17,18]. Guidance on recording of 
combinations of regimens in HES notes that “in cases where a combi-
nation of regimens is prescribed and these are administered at the same 
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outpatient or day case attendance then the procurement code (X70, X71) 
and the corresponding delivery code (X72, X73) for each regimen must 
be assigned.” Only records with an associated IBC ICD-10 diagnosis code 
(C50) recorded were included in the analysis. 

2.4. Statistical analysis 

2.4.1. Agreement between data sources 
Contingency tables were used to explore patient-level agreement 

between SACT and HES-APC with respect to record of CDT. Concordance 
was defined as the percentage of women with agreement about CDT use 
(Yes/No) in both data sources. These were calculated for the overall 
cohort and within patient subgroups of age, comorbidity burden and 
year of diagnosis, identified in previous publications to have incomplete 
capture of CDT use in SACT [6–8]. Weighted kappa statistics were used 
to describe the strength of agreement between data sources, accounting 
for the degree of disagreement, and assess whether it was beyond that 
expected by chance alone. Kappa has a maximum of 1 (perfect agree-
ment), and values higher than 0.80 were considered to demonstrate very 
good agreement. 

Where patients had CDT recorded in both SACT and HES-APC, the 
percentage with agreement on the date of first cycle was calculated. 
Differences in agreement over time and by age were visually explored 
using bar charts. Funnel plots were used to assess variation in concor-
dance (overall and only in women with a record of CDT) by NHS trust of 
diagnosis. 

2.4.2. Identifying factors associated with additional treatment capture 
within HES-APC 

Patient and tumour characteristics, year of diagnosis, type of surgery, 
use of radiotherapy and the CDT setting of first recorded cycle were 
described for patients with a record of CDT captured in either dataset. 
Factors were selected from previous publications that found complete-
ness of capture of CDT use in SACT to vary between patient subgroups 
(age, fitness, year of diagnosis) or because they might be associated with 
the setting of CDT administration [6–8]. Ethnicity and deprivation were 
considered because of reported differences in cancer treatment accord-
ing to these factors [19,20]. For each factor, multilevel mixed-effects 
logistic regression models were used to statistically assess the likeli-
hood that HES-APC captures CDT use not recorded in SACT, accounting 
for the clustering of patients within an NHS trust. NHS trust was 
included as a random intercept, which estimates differences in the 
baseline percentage of women with a record in HES-APC only between 
trusts that are not explained by the factors in the model. 

2.4.3. Agreement on number of cycles 
Comparison of the number of CDT cycles recorded within each 

dataset was compared overall using overlapping bar charts. A patient- 
level comparison was conducted, within each CDT setting (neo-
adjuvant or adjuvant), among patients with CDT recorded in both SACT 
and HES-APC; agreement between the number of cycles recorded for a 
patient in each dataset was evaluated using a line of best fit from a 
Bland-Altman analysis [21]. Records within less than six days of each 
other were counted as being part of the same cycle. Neoadjuvant use was 
defined as all cycles with an administration date prior to date of surgery. 
Adjuvant cycles were counted from the first cycle within four months 
after surgery, up to the last cycle before a treatment break of more than 
three months or where no more cycles were recorded. 

2.4.4. Agreement of treatment regimens 
HES-APC does not directly record drug regimen names and so 

agreement was considered according to SACT-defined drug regimen. 
CDT records in SACT with an administration date that matched a CDT 
admission date recorded in HES-APC were used to identify the drug 
names most frequently recorded in SACT. The corresponding OPCS 
codes recorded in HES-APC were compared with expected tariff codes. 

OPCS codes associated with each of the most frequently recorded drug 
regimens in SACT (trastuzumab; paclitaxel; FEC (fluorouracil, epi-
rubicin, cyclophosphamide); EC; docetaxel) were used to flag each 
within HES-APC and cross-tabulated with drug details in SACT to un-
derstand what percentage of patients had matching drug regimens 
recorded in HES-APC. 

All data preparation and statistical analyses were conducted using 
Stata version 17.0. 

3. Results 

3.1. Recording of CDT use in SACT or HES-APC, overall and among 
patient subgroups 

The linked dataset contained 129,326 women aged 50 years and over 
diagnosed with EIBC in England from 1 January 2014 to 31 December 
2019 who had surgery within six months of diagnosis (Fig. A1). Among 
these, 25 % (n = 31,693) had a record of neoadjuvant or adjuvant CDT in 
either SACT or HES-APC. The recording of CDT use among women with 
different characteristics exhibited expected patterns (Table 1). Notably, 
recorded CDT use was highest for women with larger tumours, nodal 
involvement, grade 3, ER-negative or HER2-positive disease and 
following a mastectomy. The percentage of women with a record of CDT 
decreased with age at diagnosis and among women with more comor-
bidities and a greater level of frailty. 

3.2. Concordance in the recording of CDT use in SACT or HES-APC 

Overall concordance between the two datasets was 94 % (Table 2). 
Among women with CDT recorded in SACT, 81 % also had CDT recorded 
in HES-APC, whilst among women with CDT recorded in HES-APC, 89 % 
also had CDT recorded in SACT. Agreement between datasets was very 
good overall (weighted kappa=0.81) and varied little by age or co-
morbidity burden. Agreement improved slightly over time (Fig. 1). 

There was variation in overall concordance by NHS trust (lowest 10 
%=77 %; highest 10 %=99 %) with 14 % (n = 16/117) of trusts having 
less than 80 % concordance (Fig. 2). Of these trusts, 14 had no records of 
CDT in HES-APC. 

Among women with CDT recorded in either dataset, there was 
variation in the percentage of CDT captured only in HES-APC across 
NHS trusts. For six NHS trusts high percentages of CDT captured solely 
in HES-APC were due to low rates of CDT in SACT (<60 %; Fig. A2). 

3.3. Factors associated with additional CDT capture within HES-APC 

Of the 31,693 women who had CDT use recorded, 9 % (n = 2781) 
had CDT use captured only in HES-APC (i.e. not captured in SACT). 
Women with CDT use captured only in HES-APC were more likely to be 
older at diagnosis, with one in five (18 %; n = 47) women aged 
80 + who received CDT not captured in SACT (Table 1). Additionally, 
women diagnosed in 2014 were more likely to have CDT use captured 
only in HES-APC. Having ER-positive EIBC, HER2-negative EIBC, Grade 
1 EIBC and not having adjuvant radiotherapy were also statistically 
associated with CDT use captured only in HES-APC, even after adjust-
ment for each other and other factors. CDT use being captured only in 
HES-APC was unrelated to the underlying rate of CDT use when looking 
across patient subgroups. 

CDT use captured only in HES-APC decreased from 21 % among 
women diagnosed in 2014 to 2 % among women diagnosed in 2019; this 
pattern was seen regardless of age. However, of women aged 
80 + diagnosed in 2019 and with CDT use recorded, 9 % was captured 
only in HES-APC. 

3.4. Information on CDT cycles 

Among 23,493 women with CDT use recorded in both datasets, 88% 
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(n = 20,591) had the same first recorded cycle date; this percentage was 
largely comparable by age at diagnosis (88 % 50–69 years; 88 % 70–79 
years; 91 % 80 + years) but had increased over time for all ages (Fig. 1). 
8 % of first cycle dates were earlier within HES-APC whilst 4 % were 
earlier within SACT. The percentage with dates recorded in HES-APC 
first was lowest among women aged 80 + years (4 %). 98 % of first 
cycles with the same date in both datasets included CDT given 
intravenously. 

Among 21,763 women with adjuvant CDT use captured in both SACT 
and HES-APC, 58 % had the same number of cycles reported; where 
neoadjuvant CDT use was captured in both sources, 68 % (n = 1917/ 
2807) had the same number of cycles reported. Agreement between the 
numbers of cycles did not vary systematically according to the number 
of cycles (Fig. 3). Among women with CDT use recorded in both 

datasets, the distribution of number of cycles was similar (Fig. A3). 
Women with records in HES-APC only were more likely to have just one 
or six cycles recorded than women with records in SACT (Fig. A4). 

Although the majority of CDT use recorded in SACT was delivered 
intravenously or subcutaneously, the route of treatment administration 
(oral vs intravenous/subcutaneous) appeared to differ according to 
whether CDT cycles were captured only in SACT or in both data sources. 
Among 2138 cycles recorded in SACT with only an oral CDT adminis-
tered, 24 % were also captured in HES-APC. This was higher among 
women aged 70 + (32 %). Conversely of 298,879 cycles recorded in 
SACT where an intravenous/subcutaneous CDT was administered 71 % 
had a matching record in HES-APC. This decreased with increasing age, 
being 59 % among women aged 80 + . Overall there was more frequent 
recording of oral agents in SACT among older women. 

Table 1 
Breakdown of the recording of cancer drug therapy (CDT) use in SACT or HES-APC by characteristic, among women receiving surgery for early invasive breast cancer.  

Characteristic  Number of patients (column %) Patients with CDT use recorded (row %) 

Captured in either dataset Of which N/% were in HES-APC alone Adjusted p-value* 

Overall  129,326  31,693 24.5 % 2781 8.8 %  
Age at diagnosis 50–59 years 41,251 31.9 % 14,926 36.2 % 1209 8.1 % <0.0001 

60–69 years 45,802 35.4 % 11,667 25.5 % 1052 9.0 %   
70–79 years 30,317 23.4 % 4841 16.0 % 473 9.8 %   
80 + years 11,956 9.2 % 259 2.2 % 47 18.1 %  

Year of diagnosis 2014 21,083 16.3 % 5401 25.6 % 1121 20.8 % <0.0001 
2015 21,612 16.7 % 5537 25.6 % 704 12.7 %   
2016 21,661 16.7 % 5662 26.1 % 436 7.7 %   
2017 21,369 16.5 % 5286 24.7 % 302 5.7 %   
2018 22,274 17.2 % 5046 22.7 % 128 2.5 %   
2019 21,327 16.5 % 4761 22.3 % 90 1.9 %  

IMD 2019 1 - Most 18,524 14.3 % 4914 26.5 % 492 10.0 % 0.2378  
2 22,434 17.3 % 5658 25.2 % 530 9.4 %   
3 27,204 21.0 % 6714 24.7 % 599 8.9 %   
4 29,898 23.1 % 7208 24.1 % 630 8.7 %   

5 - least 31,266 24.2 % 7199 23.0 % 530 7.4 %  
Ethnicity White 114,184 88.3 % 28,056 24.6 % 2518 9.0 % 0.6324  

Mixed 509 0.4 % 145 28.5 % 10 6.9%   
Asian or Asian British 3847 3.0 % 1095 28.5 % 87 7.9 %   
Black or Black British 1839 1.4 % 662 36.0 % 47 7.1 %   

Other Ethnic Group 1597 1.2 % 435 27.2 % 25 5.7 %   
Unknown 7350 5.7 % 1300 17.7 % 94 7.2 %  

ER status Positive 104,265 80.6 % 20,350 19.5 % 1884 9.3 % <0.0001  
Negative 14,897 11.5 % 8854 59.4 % 740 8.4 %   

Unknown 10,164 7.9 % 2489 24.5 % 157 6.3 %  
HER2 status Positive 22,327 17.3 % 10,630 47.6 % 836 7.9 % <0.0001  

Negative 91,854 71.0 % 18,058 19.7 % 1703 9.4 %   
Unknown 15,145 11.7 % 3005 19.8 % 242 8.1 %  

Invasive grade G1 23,338 18.0 % 843 3.6 % 107 12.7 % <0.0001 
G2 71,154 55.0 % 12,611 17.7 % 1236 9.8 %   
G3 33,507 25.9 % 18,042 53.8 % 1423 7.9 %   

Unknown 1327 1.0 % 197 14.8 % 15 7.6 %  
Tumour stage T1 79, 904 61.8 % 13,016 16.3 % 1212 9.3 % 0.5409 

T2 44,237 34.2 % 16,169 36.6 % 1403 8.7 %   
T3 5076 3.9 % 2466 48.6 % 164 6.7 %   

Unknown 109 0.1 % 42 38.5 % 2 4.8 %  
Nodal stage N0 95,368 73.7 % 15,941 16.7 % 1392 8.7 % 0.1945  

N + 33,652 26.0 % 15,725 46.7 % 1386 8.8 %   
Unknown 306 0.2 % 27 8.8 % 3 11.1 %  

Charlson score 0 112,379 86.9 % 28,917 25.7 % 2506 8.7 % 0.1595 
1 11,074 8.6 % 2194 19.8 % 221 10.1 %   

2 + 4377 3.4 % 563 12.9 % 54 9.6 %   
Unknown 1496 1.2 % 19 1.3 % 0 0.0 %  

SCARF index Fit 103,641 80.1 % 27,192 26.2 % 2339 8.6 % 0.1594  
Mild-Moderate 21,819 16.9 % 4271 19.6 % 419 9.8 %   

Severe 2370 1.8 % 211 8.9 % 23 10.9 %   
Unknown 1496 1.2 % 19 1.3 % 0 0.0 %  

Primary surgery BCS 97,359 75.3 % 21,009 21.6 % 1849 8.8 % <0.0001 
Mastectomy 31,967 24.7 % 10,684 33.4 % 932 8.7 %  

Adjuvant radiotherapy No 30,284 23.4 % 4623 15.3 % 523 11.3 % <0.0001 
Yes 99,042 76.6 % 27,070 27.3 % 2258 8.3 %  

Key: SACT = Systemic Anti-Cancer Therapy data; HES-APC = Hospital Episodes Statistics Admitted Patient Care data; ER = estrogen receptor; HER2 = human 
epidermal growth receptor 2; SCARF = Secondary Care Administrative Records Frailty; BCS = breast-conserving surgery. 
*grouped p-value from multilevel mixed-effects logistic regression models including all factors in the table; outcome is CDT use in SACT (with or without HES-APC) vs 
HES-APC only. 
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3.5. Information on drug regimen within HES-APC 

3.5.1. Cycle-level agreement of drug regimen information 
Among 214,481 CDT administrations recorded in both datasets, 

trastuzumab, FEC/EC, paclitaxel and docetaxel were the most frequent 
drug regimens recorded in SACT, accounting for 83 % of administra-
tions. Table A3 presents the OPCS procurement and delivery codes ex-
pected for each of these treatments. 

In relation to the regimens specified within SACT, 88 % of trastu-
zumab administrations (for HER2-positive EIBC) and 94 % of FEC/EC 
administrations had the expected OPCS codes recorded in HES-APC 
(Table A3). Starting with the expected OPCS codes recorded in HES- 
APC, 99 % of administrations matched to a trastuzumab cycle in SACT 
and 92 % matched to a FEC/EC cycle in SACT. These were mostly where 
the SACT data identified that the drug (or combination) was given on its 
own. It was not possible to distinguish between administrations of FEC 
or EC (or its individual drug components) using just OPCS codes in HES- 
APC. 

58 % of paclitaxel administrations and 79 % of docetaxel adminis-
trations recorded in SACT had the expected OPCS codes in HES-APC 

(Table A3). Starting with the expected OPCS codes in HES-APC, pacli-
taxel was recorded in 71 % of matched administrations in SACT and 
docetaxel was recorded in only 26 % of matched administrations in 
SACT. In the case of docetaxel just under half of these administrations 
included at least one other drug recorded in SACT. 

3.5.2. Patient-level agreement of drug regimen information 
Among 23,493 women with treatment recorded in both SACT and 

HES-APC, comparisons of drug regimen recorded in SACT and OPCS 
codes in HES-APC, to identify patient-level use of treatment, found 
concordance was highest for trastuzumab-based, FEC/EC-based and 
paclitaxel-based treatment, whilst the kappa statistics demonstrated 
only very good agreement for FEC/EC-based treatment (Table 3). 

4. Discussion 

This population-based study used linked patient-level data to 
compare the consistency with which CDT treatment was recorded within 
SACT and hospital admissions data, among more than 129,000 women 
(aged 50 + years) diagnosed with EIBC in England from 2014 to 2019 

Table 2 
Agreement of the recording of cancer drug therapy (CDT) use, as identified in SACT or HES-APC, among women receiving surgery for early invasive breast cancer, 
broken down by age, comorbidity score and year of diagnosis.   

CDT recorded in SACT CDT not recorded in SACT Concordance (%) Weighted Kappa (95% CI) 

Characteristic No. of patients % with CDT in HES-APC No. of patients % without CDT in HES-APC 

All women 28,912 81.3 % 100,414 97.2 % 93.7 % 0.811 (0.807–0.815) 
Age groups: 50–59 years 13,717 80.8 % 27,534 95.6 % 90.7 % 0.785 (0.778–0.791) 

60–69 years 10 615 81.8 % 35,187 97.0 % 93.5 % 0.812 (0.805–0.818) 
70–79 years 4368 81.3 % 25,949 98.2 % 95.8 % 0.822 (0.813–0.831) 
80 + years 212 77.4 % 11,744 99.6 % 99.2 % 0.771 (0.727–0.816) 

Charlson score* : 0 26,411 81.4 % 85,968 97.1 % 93.4 % 0.810 (0.806–0.814) 
1 1973 80.7 % 9101 97.6 % 94.6 % 0.808 (0.794–0.823) 

2+ 509 80.9 % 3868 98.6 % 96.6 % 0.826 (0.799–0.853) 
Year of diagnosis: 2014 4280 81.7 % 16,803 93.3 % 91.0 % 0.729 (0.717–0.740) 

2015 4833 79.9 % 16,779 95.8 % 92.3 % 0.772 (0.762–0.783) 
2016 5226 80.8 % 16,435 97.4 % 93.4 % 0.811 (0.802–0.821) 
2017 4984 81.5 % 16,385 98.2 % 94.3 % 0.833 (0.824–0.842) 
2018 4918 81.4 % 17,356 99.3 % 95.3 % 0.856 (0.847–0.864) 
2019 4671 82.3 % 16,656 99.5 s % 95.7 % 0.867 (0.859–0.875) 

Key: SACT = Systemic Anti-Cancer Therapy data; HES-APC = Hospital Episodes Statistics Admitted Patient Care data. 

Fig. 1. Percentage with CDT details recorded in SACT or HES-APC (and agreement on first cycle date), among women receiving surgery for early invasive breast 
cancer, by age and date of diagnosis. Key: CDT = Cancer Drug Therapy; SACT = Systemic Anti-Cancer Therapy data; HES-APC = Hospital Episodes Statistics 
Admitted Patient Care data. SACT+HES = CDT recorded in both SACT & HES-APC; first dates match. SACT<HES = CDT recorded in both SACT & HES-APC; first date 
in SACT before first date in HES-APC. HES<SACT = CDT recorded in both SACT & HES-APC; first date in HES-APC before first date in SACT. SACT only = CDT 
recorded in SACT but not HES-APC. HES only = CDT recorded in HES-APC but not SACT. 
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and receiving surgery. We found that, for fact of delivery of CDT, overall 
agreement between SACT and HES-APC was high at 94 %. However, 
nearly one in ten women with a record of neoadjuvant or adjuvant CDT 
for EIBC were missed when just SACT data were used, with 9 % captured 
only in HES-APC. Although numbers were small, this increased to one in 
five among women aged 80 + . A potential explanation for this may be 
because they are more likely to have drugs delivered outside an onco-
logical setting, which has been shown to result in poorer SACT recording 
[5]. As well as differences in the recording of CDT use across data 
sources by age, differences were observed by year of diagnosis and type 
of CDT administration, with comparatively poor capture of oral CDT. 

SACT data returns were mandatory from April 2014, with full 

compliance reported from July 2014. However, lower than expected 
data returns for some NHS trusts may still be an issue. Analysis of HES- 
APC data identified an additional 20.8 % of patients diagnosed in 2014 
who had received CDT, and HES-APC also identified CDT use among 
those NHS trusts with no/lower than expected SACT returns. These 
findings demonstrate the value of using both SACT and HES-APC data 
particularly when looking at CDT use in these patient groups and 
situations. 

We found further differences across data sources in the recording of 
cycles, in coding of drug regimens and by drug administration route. 
Patients with CDT use only recorded in HES-APC were more likely to 
have just one cycle recorded, than those patients with treatment 

Fig. 2. Funnel plot showing the percentage concordance between SACT and HES-APC, among women receiving surgery for early invasive breast cancer, by diag-
nosing NHS trust. Key: CDT = Cancer Drug Therapy; SACT = Systemic Anti-Cancer Therapy data; HES-APC = Hospital Episodes Statistics Admitted Patient 
Care data. 

Fig. 3. Weighted scatter plot of agreement between the average numbers of CDT cycles recorded in SACT and HES-APC, and the difference in number of cycles 
recorded in each source, among women receiving CDT for early invasive breast cancer, by CDT setting. Key: CDT = Cancer Drug Therapy; SACT = Systemic Anti- 
Cancer Therapy data; HES-APC = Hospital Episodes Statistics Admitted Patient Care data. Note: the size of each data point represents the % of women in the cohort 
with that combination of average cycles and difference in number. Line of trend from Bland-Altman analysis. 
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recorded in both SACT and HES-APC or in SACT alone. Coding of drug 
regimens in HES-APC is guided by standardised rules and it was difficult 
to accurately distinguish between different drug regimens in HES-APC, 
particularly where a taxane (paclitaxel or docetaxel) was given. CDT 
treatment for breast cancer includes multiple drug options which can be 
given in combination with other drugs, and so this is likely to contribute 
to a poor ability of HES-APC data to distinguish between drug regimens 
in some cases. We found use of the targeted biological therapy trastu-
zumab was more easily identified, with 99% of administrations with the 
expected OPCS codes in HES-APC matching a trastuzumab cycle in 
SACT. Comparison of drug administration route found that recording for 
drug regimens with solely oral administration was poorly identified in 
HES-APC, which is likely to be explained by some patients not being 
admitted for such drug regimens. 

Comparison with other published studies evaluating agreement 
across the same routine data sources in different cancers, highlighted 
consistency of findings in relation to improvements in agreement be-
tween SACT and HES-APC over time and older patients being more 
likely to have CDT use captured only in HES-APC [7,8]. For this study, in 
breast cancer, we found higher concordance between SACT and 
HES-APC than reported by a previous study in colon cancer [8]. Several 
studies carried out in the United States comparing records across reg-
istry and claims data also found the combination of sources to be of 
value in identifying treatment use, noting registry data were more likely 
to have incomplete capture for older patients [22–25]. 

This study has a number of strengths. Firstly, it includes all women 
aged 50 years and over with a registered diagnosis of EIBC in England 
from 2014–2019. Secondly, both SACT and HES-APC data were avail-
able up to March 2021 giving at least 15 months of follow-up from initial 
diagnosis. 

There are some limitations. Firstly, data were only available for 
women aged 50 years and older, and so it was not possible to look at the 
recording of CDT across these datasets in younger women (<50 years) 
with EIBC. Secondly, this study restricted analysis to women receiving 
surgery for EIBC and so it is unknown whether our findings apply to 
other settings and other stage groups. Finally, CDT recorded in HES 
outpatient data was not considered in this analysis. This may have 
identified further patients recorded as being treated in an outpatient 
setting. 

The work presented in this publication was undertaken in order to 
inform the audit of breast cancer care in England (previously carried out 
as part of the NABCOP). The findings are likely to be of importance for 
others using routine data to look at CDT use in women with early 
invasive breast cancer. There are several implications for other users of 
the data sources which are important to highlight, but their relevance 
will depend on the aims of the data analysis. As a primary source of 
information on CDT use in routine care, the SACT dataset collects 

information beyond administration date and drug regimen, including 
drug dose, performance status through treatment, a clinical trial flag and 
reasons for regimen modification. This information is not collected 
within HES-APC and so it is important to highlight that the value of HES- 
APC lies in identifying additional CDT use not recorded in SACT rather 
than providing the full detail of this CDT use. The combination of data 
from HES-APC and SACT is important to understand the use of CDT in 
routine hospital care, particularly in those scenarios highlighted at the 
beginning of the discussion, when comparing across patient groups or 
where CDT administration is not solely oral. 

5. Conclusions 

Combining data from HES-APC with SACT in this cohort provided a 
more complete picture of the use of CDT treatment in women receiving 
surgery for EIBC, even among women diagnosed more recently. HES- 
APC may have particular value in identifying CDT use among older 
women, those diagnosed less recently and in NHS trusts where SACT 
data returns may be lower than expected. However, its value is limited 
for identifying oral CDT use. Rationalisation of routine cancer data 
collection within and between countries and across different health care 
systems is an important objective to simplify future analyses of care and 
outcomes with the objective of improving population health. The his-
toric and current use of different systems to contemporaneously record 
the same treatment intervention presents complexity, but is an inevi-
table consideration for the analyses of care delivered in the past and 
does allow for improved data completeness and an opportunity for 
quality assurance. Current efforts should continue to improve SACT 
completeness, but the addition of HES-APC is currently necessary to 
provide a more complete picture on the use of CDT and is particularly 
helpful in the assessment and analysis of variation in care of patient 
subgroups and where an individual trust SACT return is deficient. At the 
core of service evaluation is understanding what happens in practice and 
the accurate capture of data is crucial to ensure services have confidence 
in evaluation findings to support local quality improvement and the 
delivery of better care to patients. 
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This study was exempt from NHS Research Ethics Committee 
approval because it involved analysis of pseudonymised linked data 
collated for the purpose of service evaluation as part of the National 
Audit of Breast Cancer in Older Patients. 

Consent for publication 

Not applicable. 

Table 3 
Agreement of drug regimen details identified either in SACT or with expected OPCS codes in HES-APC, among women receiving surgery for early invasive breast cancer 
with CDT use recorded in both datasets.   

CDT regimen in SACT CDT regimen not in SACT Concordance 
(%) 

Weighted Kappa 
(95% CI) 

SACT-defined drug 
regimen 

No. of 
patients 

% with expected OPCS codes 
in 
HES-APC 

No. of 
patients 

% without expected OPCS codes 
in 
HES-APC 

Trastuzumab 
(HER2 + pts only) 

5203 92.0 % 606 63.9 % 89.0 % 0.487 
(0.453–0.521) 

FEC/EC 17,854 96.5% 5639 81.7% 92.9 % 0.801 
(0.791–0.810) 

Paclitaxel 4418 88.8 % 19,075 86.1 % 86.6 % 0.631 
(0.620–0.643) 

Docetaxel 8423 87.3 % 15,070 36.3 % 54.6 % 0.193 
(0.184–0.202) 

Key: CDT = Cancer Drug Therapy; SACT = Systemic Anti-Cancer Therapy data; HES-APC = Hospital Episodes Statistics Admitted Patient Care data; OPCS = Office of 
Population Censuses and Surveys Classification of Surgical Operations and Procedures; HER2 + = human epidermal growth receptor 2 positive; pts = patients; FEC 
= fluorouracil, epirubicin, cyclophosphamide; EC = epirubicin & cyclophosphamide. 
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Completeness of endocrine therapy information in the Primary Care 
Prescription Database (PCPD) and secondary care treatment datasets: A 
national population-based cohort study using routine healthcare data 
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A B S T R A C T   

Background: Endocrine therapy (ET) is a widely used treatment for breast cancer. In the UK, use is typically 
initiated in secondary care, with subsequent treatment in primary care. Evaluating use of ET depends on data 
sources containing accurate and complete information. This study aimed to evaluate the completeness and 
consistency of ET recorded in primary and secondary care data (SCD) and determine the value of combining data 
sources in describing use of ET. 
Methods: This cohort study included women (50 + years) diagnosed with hormone receptor-positive invasive 
breast cancer in England, April-2015 to December-2019. Concordance of ET recorded in SCD and the Primary 
Care Prescription Database (PCPD) was evaluated. Factors associated with recording of ET in each setting were 
assessed using statistical models. 
Results: Overall 110,529 women were included. 94% had ET recorded in either SCD or PCPD. ET captured in SCD 
varied from 3% (in Systemic Anti-Cancer Therapy data) to 52% (in the Cancer Outcomes and Services Dataset; 
COSD). By contrast, 93% of patients had an ET prescription in PCPD. Among patients with ET recorded, this was 
not captured in COSD for 45%. Capture in COSD was lowest for younger women, those with no comorbidity/ 
frailty, with lower stage or HER2-positive disease, or with other treatments recorded. Overall concordance be-
tween COSD and PCPD was 57%, but varied substantially across NHS trusts (lowest decile≤28%; highest dec-
ile≥86%). Among women with ET recorded in both settings, the earliest record was in COSD for 97%; 59% of 
initial ET prescriptions recorded in COSD were not captured in PCPD. Combining PCPD and COSD data enabled 
estimation of ET duration. 
Conclusions: PCPD is vital for understanding the use of ET within this population. Completeness of SCD could be 
improved by ensuring information on first ET prescription is recorded. PCPD (linked to SCD) is a valuable 
resource for examining patterns of care for patients with cancer, including treatment duration and adherence.   

1. Introduction 

National guidelines recommend treatment with surgery and adju-
vant endocrine therapy (ET; for 5 years) for estrogen receptor (ER)- 
positive early invasive or locally advanced breast cancer (EIBC/LABC) 
and first-line treatment with ET for the majority of patients with ER- 
positive metastatic breast cancer (MBC) [1,2]. Guidelines also advise 

that women newly-diagnosed with breast cancer are given the option of 
primary ET (PET) instead of both surgery and ET, when anticipated life 
expectancy is short [3]. Despite ET being widely prescribed, little is 
known about patterns of use among women with breast cancer in En-
gland, nor how well such patterns are captured in national cancer data. 

In the UK, although ET for ER-positive breast cancer is initiated in 
secondary care, subsequent treatment is often prescribed within primary 
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care. Patient-level data on oncological treatments, including ET, deliv-
ered in secondary care are collected in multiple national healthcare 
datasets, including cancer registration datasets and the Systemic Anti- 
Cancer Therapy (SACT) database. Within primary care, the Primary 
Care Prescription Database (PCPD) captures all prescriptions dispensed 
by community pharmacies in England, with population coverage [4]. 
There is no gold standard data source on ET, however as ET can be 
delivered in secondary and primary care settings, comparison of infor-
mation in secondary care datasets and PCPD could highlight where 
completeness in either dataset is lower than expected. Given the typical 
ET prescribing patterns, combining data from both settings has the po-
tential to provide a more complete picture of ET use. 

Previous publications describing levels of ET use in England used 
only cancer registry or routine secondary care data and none included 
data from primary care [5–10]. To date only two journal publications 
have used PCPD data, using four-months of data, linked to cancer reg-
istry data, as access has previously been limited [4,11]. They highlight 
the value of PCPD in understanding the patient pathway, but neither 
study compared ET recording across PCPD and secondary care data. 

This study aimed to evaluate the completeness and consistency of ET 
information recorded in PCPD and secondary care data, and determine 
the value of combining information from these data sources in 
describing use of ET, for women aged 50 + years newly-diagnosed with 
invasive breast cancer in England from April-2015 to December-2019. 
We hypothesised that each dataset would capture different aspects of 
ET use, and that using both data sources would provide a more 
comprehensive picture of treatment. We also aimed to look at factors 
associated with recording of ET in secondary care data to understand 
which patient groups might be underrepresented if only secondary care 
data are used to ascertain use of ET. 

The study was designed to evaluate agreement between different 
care settings on recording of ET and identify the benefits and limitations 
of each data source when attempting to define use of ET (Yes/No), date 
of ET initiation, type and duration. 

The study is reported according to the RECORD extension to STROBE 
guidelines for observational studies using routinely collected data [12]. 

2. Methods 

2.1. Data sources 

This population-based cohort study was undertaken as part of the 
National Audit of Breast Cancer in Older Patients (NABCOP). Full details 
of the NABCOP can be accessed via www.nabcop.org.uk. Pseudony-
mised Cancer Registration records were provided for women aged 50 +
years, newly-diagnosed with breast cancer within an NHS trust in En-
gland, between 1-January-2014 and 31-December-2019 [13]. These 
data were provided by the National Cancer Registration and Analysis 
Service (NCRAS), who linked registration records at tumour-level to (i) 
the Cancer Outcomes and Services Dataset (COSD); (ii) SACT records 
from January-2014 to October-2021; (iii) Cancer Waiting Times (CWT) 
treatment data records from January-2014 to December-2020; (iv) na-
tional Radiotherapy Dataset (RTDS) records from January-2014 to 
April-2021; and (v) Hospital Episode Statistics Admitted Patient Care 
(HES-APC) data from two years prior to a patient’s date of diagnosis up 
to March-2021 [14,15]. Registration records were linked at patient-level 
to PCPD records of ET prescriptions dispensed from April-2015 to 
March-2021. 

2.1.1. Defining and identifying ET in each data source 
Information on ET for breast cancer is collected in several secondary 

care datasets and PCPD. The data items collected within each varies 
(Table A1) but each collects an instance of ET and date. 

COSD collects data on treatment modality (e.g. surgery, chemo-
therapy, radiotherapy, ET) and start date. CWT treatment data contain 
only first treatment received. Cancer Registry data include basic 

information on receipt of ET, date, drug name (91% missing), and are 
predominantly collated from COSD data at the point of cancer regis-
tration. SACT contains longitudinal data (including drug name, dose, 
administration dates), on prescribed SACT, including ET [15,16]. 

PCPD has population coverage for drug therapies dispensed in 
community pharmacies within England [4,11]. PCPD includes longitu-
dinal data on Virtual Medicinal Product (VMP) name, dose, month and 
year dispensed. 

We compiled a list of ET used for treatment of hormone receptor- 
positive invasive breast cancer in England, based on clinical input, to 
identify ET in data sources where drug/VMP names are completed 
(SACT, PCPD). This list was used by NCRAS to extract and provide in-
formation on ET prescriptions in PCPD from the VMP name field, whilst 
we used the list to identify ET in SACT from the drug name field. The list 
of ET identified in SACT and PCPD is provided in Table A2. For all other 
data sources, only fact of ET and date were available. 

2.2. Study population 

The study included women aged 50 + years diagnosed with hormone 
receptor-positive invasive breast cancer (Stage 1–4) from 1-April- 
2015–31-December-2019. Breast cancer was classified as hormone 
receptor-positive if either ER or progesterone receptor status were re-
ported as positive. The following exclusion criteria were applied: (i) 
women with ductal carcinoma in situ or unknown stage, (ii) diagnosis 
date prior to April-2015, (iii) unknown, borderline or negative hormone 
receptor status, (iv) death date prior to the first PCPD prescription date. 
The start of follow-up was the date of breast cancer diagnosis. The end of 
follow-up was the earliest of date of death or March-2021. 

2.3. Study outcome 

The study outcome was record of ET in each dataset and concordance 
of ET records across datasets. As ET is recommended as part of initial 
treatment following a diagnosis of breast cancer, the study looked at ET 
within 12 months of diagnosis. For EIBC/LABC, type of ET (neoadjuvant, 
adjuvant, PET) was defined within each dataset based on month of 
earliest ET record in that dataset and month of surgery (where appli-
cable) to understand the information provided in each setting as ET can 
be initiated at different points in relation to surgery. Type of ET was 
classified as: neoadjuvant if earliest ET record was within eight months 
prior to surgery; adjuvant if earliest ET record was within 12 months of 
diagnosis but after surgery; and PET where use was recorded with no 
record of surgery or where surgery was recorded more than eight 
months after earliest ET record. For PCPD if the earliest record of ET was 
in the same month as surgery it was not possible to know if ET started 
before or after surgery and so this was classified as “same month as 
surgery”. 

2.4. Study exposure variables 

The following variables were used to describe the cohort and 
examine which factors were associated with differences in ET recording 
across data sources. Age at diagnosis (years), disease stage (EIBC=1–3a; 
LABC=3b/c; MBC=4), tumour stage (T1–4), nodal stage (N0, N + ), 
HER2 status (positive, borderline, negative), tumour grade (G1–3) and 
deprivation. Deprivation was measured using the Index of Multiple 
Deprivation 2019 rank, where each patient is allocated to national 
quintiles of deprivation (from most deprived = 1 to least deprived = 5) 
based on their postcode at diagnosis. This allocation was done by NCRAS 
and only the calculated deprivation quintile provided within the data. 
All variables were provided within Cancer Registry/COSD. 

Comorbidity and patient fitness were also calculated. ICD-10 codes 
recorded in HES-APC within two years prior to diagnosis were used to 
determine comorbidity burden (0, 1, 2 +; defined according to the Royal 
College of Surgeons’ of England Charlson Comorbidity Index) and frailty 
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(fit, mild-moderate frailty, severe frailty; defined using the Secondary 
Care Administrative Records Frailty index) [17,18]. 

Primary surgery was defined as either breast-conserving surgery 
(BCS) or mastectomy occurring within six months of diagnosis, identi-
fied within HES-APC. Use of radiotherapy was identified based on re-
cords within the RTDS. Use of chemotherapy was identified from SACT. 

2.5. Statistical analysis 

All data preparation and statistical analyses were conducted using 
Stata version 17.0 [19]. 

Descriptive statistics (numbers, percentages) summarise the char-
acteristics of women with ET recorded overall and in each dataset. Bar 
charts display recorded ET use by age and disease stage. Kaplan-Meier 
plots were used to show time to earliest ET record in each dataset, by 
disease stage and type of ET (for EIBC/LABC). Median time from diag-
nosis to earliest ET record was calculated based on months, due to PCPD 
not containing information on day. 

Contingency tables were used to explore patient-level agreement 
between data settings with respect to record of ET.   

Women with ET 
recorded in PCPD 

Women with no ET 
recorded in PCPD 

Women with ET recorded in 
secondary care data 

A B 

Women with no ET recorded in 
secondary care data 

C D  

Concordance was defined as the percentage of women with agree-
ment about ET (Yes/No) in PCPD and secondary care data [(A+D)/ 
(A+B+C+D)]. Funnel plots were used to assess variation in concordance 
by NHS trust. For this analysis patients were grouped based on their NHS 
trust of diagnosis. NHS trust of (a) surgery or (b) MDT was used where 
no trust of diagnosis was recorded. We also calculated weighted kappa- 
statistics to describe the strength of agreement between recording of ET 
in PCPD and secondary care data, and assess whether agreement was 
beyond that expected by chance alone. The kappa-statistic has a 
maximum of 1 and values < 0.21 are considered to show poor 
agreement. 

Patient and tumour characteristics, record of surgery (and type), 
radiotherapy, and chemotherapy were described for women with ET 
captured in either secondary care data or PCPD. Additionally the per-
centage of women who had ET recorded only in PCPD was described for 
each patient factor to understand poor recording in the secondary care 
data, with higher percentages indicating poor recording in the second-
ary care data whilst a lower percentage indicated better recording in 
secondary care data. Multilevel mixed-effects logistic regression models 
were used to assess the likelihood that these factors were associated with 
poor recording in secondary care data (outcome: ET recorded in sec-
ondary care data vs in PCPD only), accounting for the clustering of pa-
tients within NHS trust. NHS trust was included as a random intercept, 
which estimates differences in the baseline percentage of women with a 
record in PCPD only between trusts, not explained by factors in the 
model. Missing information for patient/tumour factors was included as 
“unknown” categories to contribute to understanding the likelihood of 
ET recording only in PCPD, with complete case analysis conducted as a 
sensitivity analysis. Methods accounting for the clustered nature of the 
data were used to account for patients diagnosed within the same NHS 
trust being likely to be treated more similarly than those in other NHS 
trusts. 

For patients with ET recorded in both secondary care data and PCPD, 
timing (month and year) of earliest ET record was compared to establish 
sequencing of ET recording. A patient-level comparison of month of ET 
initiation across datasets was conducted for each type of ET (neo-
adjuvant, same month as surgery, adjuvant, PET), among patients with 
EIBC/LABC. Differences by age were visually explored using bar charts. 

The percentage of women with multiple ET records in each dataset, 
along with information on which dataset picked up first record, were 
investigated to describe patterns of ET initiation and duration captured 
using only one dataset or by combining information across datasets. To 
understand whether combining data across settings provides estimates 
of ET duration in line with clinical expectation, treatment duration was 
calculated only among women diagnosed from April-December 2015 
and alive at 1-April-2021, who were alive long enough to have received 
5 years (60 months) of ET. 

3. Results 

Of 138,973 women aged 50 + years diagnosed with invasive breast 
cancer in England from 1-April-2015–31-December-2019, 80% (N =
110,529) had hormone receptor-positive disease (Figure A1). These 
110,529 patients formed the main study cohort. Median follow-up was 
50 months (interquartile range: 36–64). 

3.1. ET recorded in SCD 

ET was recorded within 12 months of diagnosis in secondary care 
data for 53% (n = 58,296/110,529) of all women in the cohort. The 
recording of ET varied greatly across datasets: SACT 3%, CWT 17%, 
Cancer Registry 52%, COSD 52%. There was considerable overlap of ET 
recording, with ET recorded in CWT and SACT being a subset of ET 
recorded in Cancer Registry and COSD, regardless of age (Figure A2). As 
COSD had the highest and most complete capture of ET in secondary 
care data, only this dataset was used for the remainder of the analysis. 
Only 210 women (0.2%) had first ET recorded more than 12 months 
after diagnosis. 

ET recording in COSD was associated with age (Fig. 1a), increasing 
from 45% among women aged 50–69 years to 76% among women aged 
80 + years, and disease stage (EIBC 52%; LABC 60%; MBC 64%). 

Among women with EIBC/LABC with ET recorded, type of ET was 
classified as neoadjuvant for 11%; this percentage was similar across age 
groups (11% 50–69 years; 14% 70–79 years; 10% 80 + years). Overall, 
67% of ET initiations were classified as adjuvant while 22% were PET. 
The percentage of patients with ET initiation classified as adjuvant 
decreased with older age (84% 50–69 years; 68% 70–79 years; 26% 
80 + years), whereas PET increased with age (5% 50–69 years; 18% 
70–79 years; 64% 80 + years). Type of ET also differed by disease stage 
(Fig. 1a), with higher rates of PET for LABC (51%). 

3.2. ET recorded in PCPD 

ET was recorded within 12 months of diagnosis in PCPD for 93% 
(n = 103,076/110,529) of all women in the cohort. Recording was 
largely consistent across ages but was lower for MBC (94% EIBC; 91% 
LABC; 79% MBC-Fig. 1b). Only 1% (n = 1089) had ET recorded more 
than 12 months after diagnosis. 

Among women with EIBC/LABC with ET recorded, type of ET was 
classified as neoadjuvant for 6%, with low rates for all ages (4% 50–69 
years; 8% 70–79 years; 7% 80 + years). ET was classified as adjuvant 
(after the month of surgery) in 76% of women, but this decreased with 
age (87% 50–69 years; 75% 70–79 years; 36% 80 + years); a further 5% 
of ET prescriptions were dispensed in the same month as surgery (similar 
for all ages). 13% of ET was PET, and this increased with age (4% 50–69 
years; 11% 70–79 years; 52% 80 + years). Type of ET also differed by 
disease stage (Fig. 1b), with higher rates of PET for LABC (35%). 

3.3. Comparing ET recorded in secondary care data or PCPD 

Among the full cohort of women, 94% (n = 104,389) had ET 
recorded in either COSD or PCPD; this percentage was high regardless of 
age or other characteristics (Fig. 2/Table A3). There were 56,531 
women with ET recorded in both COSD and PCPD, while 6140 had no ET 
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recorded in either COSD or PCPD. This produced an overall level of 
concordance of 57% (weighted kappa=0.10). 

Of 104,389 women with ET recorded, the percentage with records in 
COSD alone was negligible (n = 1313; 1.3%). In contrast, 45% 
(n = 46,545) had ET recorded only in PCPD. Within Fig. 2 and Table A3, 
the percentage of women with ET recorded only in PCPD (45%) and the 
percentage with ET recorded in either COSD or PCPD (94%) are 
compared; patterns of recorded ET across different factors can be seen, 
in relation to the percentage only in PCPD as well as differences across 
variable levels. Women with ET in PCPD alone (and not recorded in 
COSD) were more likely to be younger, have lower comorbidity burden/ 
frailty, less advanced disease, HER2-positive disease, increasing grade, 
or a record of other treatment (surgery, radiotherapy, chemotherapy). 
Differences by patient factors in the likelihood of ET being captured only 
in PCPD remained statistically meaningful after adjustment for other 
factors. Excluding women with “unknown” information for factors in the 
model did not change this finding. 

Patterns of agreement varied substantially by NHS trust. Overall 
concordance was 28% for the 10% of NHS trusts with lowest concor-
dance values, and 86% among the 10% with highest values. Out of 117 
NHS trusts covered by the analysis, 54% (n = 63) had less than 60% 
concordance (Fig. 3). 

3.4. Comparison of time to first ET record across secondary care data and 
PCPD 

Among 56,531 women with ET recorded in both COSD and PCPD, 
the earliest record was in COSD for 59% (n = 33,634). By contrast, the 
earliest record was in PCPD for 3% (n = 1608). For 38% (n = 21,289) 
the earliest ET record was in the same calendar month in COSD and 
PCPD. 

Median time from diagnosis to ET recorded in COSD was around 2 
months, with shorter times for more advanced breast cancer (<1 
month). Median time from diagnosis to ET recorded in PCPD was typi-
cally longer, at around 3 months (Figure A3). 

3.5. Comparison of type of ET for EIBC/LABC across secondary care 
data and PCPD 

Among the full cohort of 106,028 women with EIBC/LABC, the main 
reason for lack of agreement was the larger percentage of COSD records 
missing information on ET (Table A4). Among patients with ET recorded 
in PCPD, COSD records missed the largest percentage of information for 
ET classified as adjuvant (54%; n = 41,129/76,094) or in the same 
month as surgery (45%; n = 2177/4882). However, restricting to re-
cords where both PCPD and COSD contained ET information, we found 

Fig. 1. Type of endocrine therapy (ET) recorded in each data source, by age at diagnosis and disease stage, among all women with hormone receptor-positive 
invasive breast cancer. Key: COSD = Cancer Outcomes and Services Dataset; PCPD = Primary Care Prescription Database; EIBC = Early invasive breast cancer; 
LABC = Locally advanced breast cancer; MBC = Metastatic breast cancer. 
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that of records classified as adjuvant in either source 97% were classified 
as adjuvant in both COSD and PCPD, whilst for records classified as PET 
in either source 99% were classified as PET in both COSD and PCPD. 
This was lower where ET was classified as neoadjuvant (72% of records 
agreed on type where classified as neoadjuvant in either source) or in the 
same month as surgery (55%). 

The percentages of women receiving each type of ET varied with age 
however the overall level of “disagreement” by age did not differ greatly 
when both datasets contained information on ET (Fig. 4). The dominant 
source of “disagreement” in type of ET was missing information within 

COSD, and because the percentage of missing data decreased with 
increasing age the overall level of agreement increased with increasing 
age. 

3.6. Patterns of ET duration 

Information on ET within secondary care data was found to typically 
document start of treatment only, with 3% (n = 1691) of patients with 
ET recorded in COSD having more than one instance recorded. In 
contrast, if a patient had information on ET in PCPD, 99% had more than 

Fig. 2. Recording of endocrine therapy across COSD and 
PCPD, by patient subgroups, among all women with hor-
mone receptor-positive invasive breast cancer. Key: COSD 
= Cancer Outcomes and Services Dataset; PCPD = Primary 
Care Prescription Database; IMD = Index of Multiple 
Deprivation; CCI = Charlson Comorbidity Index; SCARF 
= Secondary Care Administrative Records Frailty; Mild- 
Mod = Mild to moderate; EIBC = Early invasive breast 
cancer; LABC = Locally advanced breast cancer; MBC 
= Metastatic breast cancer; HER2 = Human epidermal 
growth receptor 2; BCS = Breast-conserving surgery.   
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one dispensed prescription captured. 
Comparing earliest ET dates among patients with information in 

both COSD and PCPD confirmed COSD tends to capture ET initiation, 
with 97% (n = 54,923/56,531) of first recorded prescriptions captured 
in COSD. Specifically, the earliest month of ET was in COSD only for 
59% (n = 33,634), in both COSD and PCPD for 38% (n = 21,289), and 
in PCPD alone for 3% (n = 1608). 

A final analysis focused on women diagnosed in 2015, who could 
have received 5 years (60 months) of ET, to evaluate whether use of 
PCPD alone or combining data from across settings provides estimates of 
ET duration in line with clinical expectations. Among women with ET 
recorded in PCPD (n = 13,109), median ET duration was 60 months 
(interquartile range: 56–62), with little difference by disease stage 
(EIBC/LABC/MBC). Including available information from COSD re-
cords, median duration remained the same, whilst the interquartile 
range increased by one month (57–63 months). 

4. Discussion 

This population-based study used linked patient-level data to un-
derstand the completeness and consistency of ET recording within 

secondary care data and the PCPD, among 110,529 women (aged 50 +

years) diagnosed with hormone receptor-positive invasive breast cancer 
in England from April-2015 to December-2019. 

Among the various secondary care datasets that capture ET, COSD 
had the highest level of ascertainment. Nearly all patients (94%) had ET 
recorded in either COSD or PCPD. This is in line with clinical expecta-
tion, as some patients may choose not to have ET even if it was rec-
ommended. However, overall agreement on ET across datasets was 
poor. This was primarily due to ET not being recorded in COSD for 
nearly half of women (45%) with ET identified in PCPD. The predomi-
nance of care and initial treatment of patients with cancer is carried out 
within secondary care, with the decision to use ET being made in this 
setting. From this perspective we would expect any patient with ET 
captured in PCPD to also have a record in COSD, however this was not 
the case for 45%, suggesting that COSD data are incomplete on this 
aspect of treatment. We found 1.3% of women had ET recorded only in 
COSD. It is unclear why this might be the case but some potential rea-
sons could be that their ET was always provided within secondary care, 
whilst some may have died whilst in hospital, may not have tolerated ET 
or may have discontinued for another reason. 

Where ET was recorded in both datasets we found that COSD 

Fig. 3. Funnel plot showing the percentage concordance in recording of endocrine therapy between COSD and PCPD, by diagnosing NHS trust, among all women 
with hormone receptor-positive invasive breast cancer. 

Fig. 4. Type of endocrine therapy (ET) 
for hormone receptor-positive EIBC/ 
LABC, based on timing of the earliest ET 
record in secondary care data (COSD) or 
PCPD, by age at diagnosis, among all 
women. Key: ET = endocrine therapy; 
EIBC = early invasive breast cancer; 
LABC = locally advanced breast cancer; 
NET = neoadjuvant endocrine therapy; 
SM = Same month as surgery; Adj 
= adjuvant endocrine therapy; PET 
= primary endocrine therapy; No ET in 
both = no endocrine therapy recorded 
in COSD or PCPD. Colour labels: The 
first listed type of ET is based on earliest 
ET record in COSD and the second is 
based on earliest ET record in PCPD (e. 
g. “NET:ADJ” = ET before surgery in 
COSD but ET after surgery in PCPD). 
“Conflicting type” is where type of ET 
differs in COSD and PCPD or ET is only 
recorded in COSD/PCPD; all are cate-

gories with < 1%: PET in COSD only = 0.2%; Adj in COSD only = 0.7%; NET in PCPD only = 0.7%; PET in COSD, NET in PCPD = 0.1%; Adj in COSD, NET in PCPD 
= 0.2%.   
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demonstrated value in providing earliest ET date for around two-thirds 
(59%) of patients. This was not captured in PCPD records, which limits 
its utility for estimating time to starting ET. Conversely the lack of in-
formation in COSD beyond ET initiation means the most accurate figures 
on ET duration or adherence would be derived when combining PCPD 
and COSD because of the tendency for the earliest records to be captured 
only in COSD. 

Comparison of ET records across care settings served to highlight 
that information from PCPD is vital in identifying and describing ET in 
this population. Although secondary care data were most complete for 
those patient groups where ET is given without surgery, such as for older 
patients, PCPD data are still required to look at aspects such as duration 
and adherence [20]. Our study demonstrates the benefit of PCPD data in 
highlighting the poor recording of ET in secondary care data and 
providing more accurate estimates of use across patient groups. Further 
use of the linked PCPD data would add to the research published on ET 
initiation and adherence in different patient groups, which have used 
various data sources including prescribing data and patient-reported 
adherence [20–23]. 

Where ET was recorded in both datasets we found that around one- 
third (38%) of patients had the earliest ET record in the same month in 
COSD and PCPD, whilst 3% had the earliest ET record in PCPD. This 
might reflect that ET was prescribed for a month, so that in the case of 
these 38% the two data sources are capturing the same prescription. 
Although some hospital prescriptions can only be collected from the 
hospital pharmacy, others can be collected from a community setting 
and so we would see the ET recorded in PCPD as well as being captured 
in COSD as part of the patient’s cancer treatment. It is unclear why for 
3% of patients with ET recorded in both COSD and PCPD the earliest 
record was in PCPD. 

This study found ET was less likely to be recorded in COSD for 
younger women, women with no comorbidity/frailty, less advanced 
disease, HER2-positive disease, and patient groups with other treat-
ments recorded (surgery, radiotherapy, chemotherapy). All of these 
groups implicitly or explicitly include patients who are more likely to 
have surgery or other treatments first. During the initial multidisci-
plinary team meeting, where treatment decisions are made, those pa-
tients who proceed immediately to surgery or neoadjuvant treatment 
might be less likely to have ET recorded as this is typically commenced 
after these treatments are completed. These findings are similar to those 
reported by a study carried out in the United States comparing the 
recording of ET within Surveillance, Epidemiology, and End Results 
(SEER) breast cancer data and that in pharmacy dispensing [24]. They 
reported higher recording of ET in pharmacy data along with differences 
by age, disease stage and use of chemotherapy. 

The PCPD represents a valuable source of national coverage on in-
formation pertaining to other cancer drugs not well recorded in sec-
ondary care data, including ET in other cancers and bisphosphonates. 
Improved understanding of adherence to these drugs is important to 
evaluate treatment-related morbidity and outcomes. Use of PCPD, as 
demonstrated in this study, will support studies of treatment duration, 
compliance, adherence to guidelines, cost-effectiveness (whether 
cheaper or more expensive drugs are being routinely used) and allow a 
level of quality assurance between secondary care data and PCPD where 
data collection is duplicated. There are further potential applications 
beyond cancer drugs, with classes of drugs such as hormone replacement 
therapy (HRT) or supportive drugs (e.g. analgesics, anti-emetics, ste-
roids) largely prescribed and dispensed within primary care. In these 
settings, PCPD could be used to improve our understanding of re-
lationships between HRT drug use and breast cancer incidence, or to 
provide national estimates on the use of supportive drugs and allow an 
improved appreciation of comorbidity in patients with cancer [25–30]. 

This study has many strengths. Firstly, it provides robust estimates 
on the consistency of ET recording across COSD and PCPD by including 
all women aged 50 + years diagnosed with hormone receptor-positive 
invasive breast cancer in England from April-2015 to December-2019, 

which provides a large national patient cohort. Secondly, this study 
was able to explore the comparability of ET recorded across PCPD and 
COSD and highlight those factors associated with poor recording in 
COSD by using linked patient-level data from multiple datasets covering 
all aspects of patient care. Finally, with prescriptions data collected via 
electronic prescribing systems, estimates of ET prescribing from PCPD 
will most accurately reflect practice where ET is dispensed within pri-
mary care. 

There are some limitations. Firstly, with data only available for 
women aged 50 + years it was not possible to look at ET recording 
across datasets for younger women. A previous publication including 
pre-menopausal women however demonstrated PCPD provided ET es-
timates in line with clinical expectation [11]. Secondly, as PCPD only 
captures prescriptions dispensed in the community and secondary care 
data is largely incomplete, with significant bias in recording, it is unclear 
at what point PCPD starts capturing ET use. Furthermore, type of ET for 
EIBC/LABC was classified based on dates of ET in either dataset and date 
of surgery, rather than clinical treatment intent (as this was not 
routinely available). Therefore definitions may vary, and where PCPD 
does not capture the first ET dose, the type of ET may be misclassified 
where ET was started in secondary care prior to surgery. However the 
purpose of these classifications was to compare where ET was picked up 
in each dataset, in relation to surgery where this was part of primary 
treatment. Finally, as PCPD does not include day, calculations of time 
are approximate. There are some further limitations relating to datasets. 
Drug indication is not captured in PCPD, as it is not recorded on pre-
scriptions, therefore data from PCPD may include instances of ET pre-
scribed for something other than breast cancer (e.g. for fertility 
treatment or other gynaecological diseases, although use in these cir-
cumstances is rare). Linkage to primary care information captured in the 
Clinical Practice Research Datalink or The Health Improvement 
Network may be useful in determining drug indication, however popu-
lation coverage is typically low (13% and <10% respectively) [31–33]. 
Additionally, as non e-prescribed hospital prescriptions are not captured 
in PCPD, and won’t be recorded in SACT, ET dispensed via this route is 
not reflected in this analysis. Numbers relating to this means of 
dispensing however are likely small so should have negligible impact. 

The work presented in this publication was undertaken in order to 
inform the audit of breast cancer care in England (previously carried out 
as part of the NABCOP). The findings are likely to be important for 
others using routine data to look at ET in women with hormone 
receptor-positive invasive breast cancer, but will depend on the aims of 
the data analysis and the patient groups of interest. The combination of 
data from COSD and PCPD is important to understand the use of ET in 
routine care, particularly in those patient groups where ET capture is 
poorer than might be expected. 

5. Conclusions 

Secondary care data alone should not be used to evaluate ET for 
hormone receptor-positive invasive breast cancer as they provide an 
inaccurate representation of use, particularly among younger women in 
this cohort of women aged 50 + years, those with comorbidity/frailty, 
less advanced disease, HER2-positive disease or other treatments 
recorded. PCPD data are currently vital for identifying comprehensive 
information on use of ET within this population, and describing attri-
butes such as duration and adherence. Completeness of secondary care 
data should be addressed to improve the available information on first 
ET prescription and to allow it to be a useful source to estimate use of ET. 
Our findings suggest PCPD (linked to secondary care data) is a valuable 
resource for examining patterns of care. 
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Evidence into practice: a national cohort study of NICE-
recommended oncological drug therapy utilisation among
women diagnosed with invasive breast cancer in England
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BACKGROUND: Multiple drug treatments are approved for invasive breast cancer (IBC). We investigated uptake of NICE-
recommended oncological drugs and variation by age, comorbidity burden and geographical region.
METHODS: Women (aged 50+ years) diagnosed with IBC from 2014 to 2019, were identified from England Cancer Registry data
and drug utilisation from Systemic Anti-Cancer Therapy data. Interrupted time series analysis assessed national-level changes in
drug use after publication of NICE recommendations. Regression models analysed variation in use.
RESULTS: This national cohort included 168,449 women. Use of drugs recommended for first-line treatment varied, from 26.6% for
CDK 4/6 inhibitors to 63.8% for HER2-targeting therapies. Utilisation of drugs with a NICE recommendation published between 2014
and 2019, increased among patients diagnosed around the time of publication, except in the case of pertuzumab for metastatic
breast cancer (MBC) which was previously accessible via the Cancer Drugs Fund (though use of pertuzumab for MBC increased from
34.1% to 75.0% across the study period). Use of trastuzumab and neoadjuvant/adjuvant pertuzumab varied by geographical region.
Use was low for ribociclib (2.2%), abemaciclib (2.3%) and for drugs recommended beyond the first-line setting. For all drugs, use
after NICE recommendation varied by age at diagnosis and increased as stage increased.
CONCLUSIONS: Use of NICE-recommended drugs for IBC in routine care is variable, with lowest use among women aged 70+
years. Improving access to effective treatments is an important step in improving outcomes.

British Journal of Cancer; https://doi.org/10.1038/s41416-023-02439-z

BACKGROUND
The National Institute for Health and Care Excellence (NICE),
established in 1999, is responsible for providing evidence-based
guidance to support commissioning decisions within the National
Health Service (NHS) in England [1]. NICE conducts health
technology assessments as part of a technology appraisal (TA)
process. The TA process assesses the clinical and cost-
effectiveness of drugs submitted for approval and determines
which drugs should be funded for use in the routine care of
patients, including those with cancer [2, 3]. Based on the findings
of this TA process, NICE publishes guidance on the recommended
use of the appraised treatment. Drugs recommended by NICE are
routinely commissioned by the NHS and should form part of the
treatment options for patients.
Over the past two decades, multiple treatments for invasive

breast cancer (IBC) have been recommended by NICE. However,
there is limited information on the translation of these recom-
mendations into use of the drugs among eligible patients,
particularly at a national level [4–9]. Improving the outcomes of
cancer treatment requires the translation of national

recommendations on optimal treatment into delivery of those
drugs to patients. Understanding the utilisation of such treatments
in the patient population they were intended for is a vital first step
in understanding this process.
This study aimed to investigate the utilisation of NICE-

recommended oncological drugs for IBC in routine care, among
women aged 50 years and over diagnosed with IBC in England
from 2014 to 2019. We also describe the extent to which
utilisation varied by age at diagnosis, comorbidity burden and
geographical region.

METHODS
Data sources and study population
This population-based, national cohort study was undertaken as part of the
National Audit of Breast Cancer in Older Patients (NABCOP).

Identification of NICE-recommended drugs. NICE Technology Appraisal
Guidance (TAGs) published from January 2002 (the first TAG published for
IBC) to 31 December 2019 were reviewed on 17 March 2022. We identified
drugs recommended by NICE for use in routine care. Full details of the
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process of identifying NICE-recommended drugs can be found in
Appendix 1.

Routine data. Data on all aspects of diagnosis and care for patients with
cancer are routinely collected by the NHS as part of their care and support.
This study used pseudonymised cancer registration patient records for all
women aged 50 years and over diagnosed with breast cancer in England
between January 2014 and December 2019. Data were linked at tumour-
level to the Cancer Outcomes and Services Dataset (COSD), which
provided information on patient and tumour characteristics, and Hospital
Episode Statistics Admitted Patient Care (HES-APC) data for surgical and
comorbidity details. Records were linked at patient-level to data in the
Primary Care Prescription Database, for information on endocrine therapy
use [10]. Linkage of tumour-level records to Systemic Anti-Cancer Therapy
(SACT) data provided information on prescribed oncological drugs [11].
SACT data were available for drugs with an administration date from 1
January 2014 up to 28 February 2022. We used SACT data to flag use of
oncological drugs recommended by NICE, based on a record of either the
drug’s brand or generic name in the drug name field. For analysis involving
trastuzumab, Herceptin and other trastuzumab biosimilars (herzuma;
ontruzant; trazimera) were included [12]; trastuzumab-emtansine was
considered separately because it had its own NICE TAG.

Patient inclusion/exclusion. Women were included in the study if they had
a registered diagnosis of IBC (ICD-10 code C50) and recorded stage 1–4.
Women were excluded if they had a date of death within six months of
diagnosis or a previous registration of breast cancer.

Definition of study variables
Data on the following patient demographics and tumour characteristics
were taken from Cancer Registry and COSD: age at diagnosis (years),
ethnicity (White, Mixed, Asian or Asian British, Black or Black British, Other
Ethnic Group, Not Reported), level of deprivation, overall stage (1, 2, 3a, 3b,
3c, 4), tumour stage (T1, T2, T3, T4), nodal stage (N0, N1–3), invasive grade
(G1, G2, G3), estrogen receptor (ER)/progesterone receptor (PR)/human
epidermal growth receptor 2 (HER2) status (positive or negative).
Deprivation was measured using the Index of Multiple Deprivation 2019
rank, derived from the patient’s postcode at diagnosis, with ranks assigned
to national quintiles of deprivation, from most (group 1) to least (group 5)
deprived. This allocation was done by NCRAS and the calculated
deprivation quintile provided within Cancer Registry data.
Stage groups were defined as early invasive breast cancer (EIBC; stage

1–3a), locally advanced breast cancer (LABC; stage 3b–c) and metastatic
breast cancer (MBC; stage 4).
IBC was defined as hormone receptor-positive if either ER or PR status

were recorded as positive.
Comorbidity burden (0, 1, 2+) was calculated according to the Royal

College of Surgeons of England Charlson Comorbidity Index [13]. This
counts the presence of specific chronic medical conditions (excluding
malignancy) which are identified using ICD-10 diagnosis codes recorded in
HES-APC data for episodes in the two years prior to diagnosis.
To identify the use of drugs recommended by NICE as part of first-line

treatment, we counted any administration of the drug recorded in SACT
either within 12 months of diagnosis or within the first treatment episode
(defined by consecutive treatments with no more than an 8 month break
between them). For drugs recommended by NICE for use in a surgical
setting, use was defined as (i) neoadjuvant where the earliest recorded
administration date was within six months of diagnosis and prior to
surgery or (ii) adjuvant where the earliest recorded administration date
was within six months after the date of surgery. For drugs recommended
by NICE for relapse/recurrence, progression or after previous treatment,
any drug administration after diagnosis was counted.

Statistical analysis
All data preparation and statistical analyses were conducted using Stata
version 17.0.
Descriptive statistics were used to summarise the percentage (number)

of eligible women initiating each NICE-recommended drug. Eligibility for
each drug was defined based on stage group and HER2 and/or hormone
receptor status as applicable. Use of each NICE-recommended drug was
described overall and within patient subgroups defined by stage group,
age, year of diagnosis and time from diagnosis to first record.
Multilevel mixed-effects (MLME) logistic regression models were used to

analyse differences in drug utilisation across patient subgroups defined by

age, comorbidity burden and geographical region, for drugs recom-
mended as part of first-line treatment. MLME models were fitted among
eligible women diagnosed after publication of the NICE TAG (referred to as
“post-publication” in the results). Models were adjusted for factors
associated with treatment decision-making including stage group (as
applicable), tumour stage, nodal stage, HER2/hormone receptor status (as
applicable) and grade. Deprivation and ethnicity were also included in the
models. Missing values were included as unknown categories. MLME
models accounted for clustering of patients within Government Office
Regions (GORs). Each GOR was fitted as a random intercept, representing
differences between GORs not explained by the factors in the model. NHS
trusts were aggregated into GOR, due to relatively low levels of activity at
NHS trust level, to understand variation by geographical region. MLME
models were only fitted where rates of use among eligible women
diagnosed after NICE TAG publication were at least 5%, to allow for robust
estimates.
For drugs with a NICE TAG published during the period when patients in

the study were diagnosed (January 2014 to December 2019), we used
interrupted time series analysis (ITSA) to examine the impact of NICE
guidance on national-level uptake. ITSA was only used for drugs
recommended for use as part of first-line treatment and where rates of
use among eligible women diagnosed after NICE TAG publication were at
least 5%. The ITSA model allowed for rate of drug initiation to change
smoothly over time, as well as abruptly following NICE TAG publication,
and for changes due to seasonality [9, 14]. The ITSA model for each drug
defined an “intervention” time point that began with the first full month
following NICE TAG publication. The model also incorporated a short
“transition” period (defined as 6 months prior to NICE TAG publication for
neoadjuvant drugs and 12 months otherwise) to account for the fact that
the time-series was defined based on month of diagnosis and treatment
could occur months later. We used the ‘itsa’ command in Stata to test for
statistical evidence of changes in the monthly trends in the number of
patients starting treatment from one time period to the next (i.e., pre-
publication, transition, post-publication) [15]. Seasonality was adjusted for
by including the calendar month as an independent variable in the
models. Monthly rates of drug initiations were calculated as the number of
eligible women with a record of the drug starting in SACT divided by the
number of eligible women diagnosed in the month, multiplied by 1000 (to
give rates per 1000 women).

RESULTS
Patient cohort
Among 209,968 women aged 50 years and over diagnosed with
breast cancer in England from 1 January 2014 to 31 December
2019, 80.2% (N= 168,449) had invasive disease with a recorded
stage, and did not die within six months of diagnosis (Fig. A1). Of
this cohort, women were predominantly diagnosed with EIBC
(91.8%), whilst 4.3% had LABC and 3.9% had MBC. Nearly two-
thirds were aged 50–69 years at diagnosis (61.3%), whilst 22.9%
were 70–79 years and 15.9% were 80+ years.
We identified 13 TAGs which recommended oncological drugs

for use in IBC (Table 1). Of these, one TAG had been updated and
replaced by NICE guideline NG101 [16, 17]. An additional six
published TAGs of oncological drug regimens including bevaci-
zumab, fulvestrant, and lapatinib, were identified where NICE did
not recommend treatment and so were excluded from this study
(Appendix 1) [18–23].

Utilisation of drugs recommended by NICE for first-line
treatment
Table 2A describes the percentage of eligible women with a
record of starting each of the drugs recommended by NICE for
use as part of first-line treatment. Rates of use for HER2-targeting
therapies were found to be the highest, regardless of age, with
63.8% of women (all stages) with HER2-positive IBC having a
record of receiving trastuzumab or pertuzumab as part of first-
line treatment (63.3–64.1% EIBC/LABC; 71.8% MBC). Among
women newly-diagnosed with HER2-negative, hormone
receptor-positive LABC or MBC from 2018 to 2019, 26.6%
received one of the three recommended CDK4/6 inhibitors (7.8%
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LABC; 49.4% MBC). Palbociclib was most frequently used,
accounting for 87.2% of CDK4/6 inhibitor-based first-line
treatment.
For all drugs, post-publication use varied. Use was highest

among women aged 50–69 years (Table 2A) and increased with
increasing stage group (if use was recommended across stage
groups). The findings for each drug are presented in the following
sections.

Trastuzumab. Trastuzumab, a HER2-targeting therapy, was
recommended by NICE for HER2-positive MBC in 2002, and
HER2-positive EIBC or LABC in 2006 (included in the 2009 NICE
guideline); both recommendations were published prior to 2014,
the first year for which the study had data, and so ITSA was not
possible. Among eligible women 63.7% (n= 10,766/16,897) had
a record of trastuzumab, with higher use for MBC (71.8%). Use
increased over time, most prominently for EIBC and MBC
(Fig. A2a). There was an increase in recorded use of trastuzumab
biosimilars among women diagnosed from July 2018 onwards
(Fig. A2b), forming 18.3% of trastuzumab-based treatment
among eligible women diagnosed in 2019 (15.9% EIBC; 33.3%
LABC; 39.2% MBC). Age and comorbidity burden were indepen-
dently associated with use, and there was evidence of variation
across GORs (observed range: 58.4–69.6%) (Table A1and A2),
from a MLME model. Use decreased with increasing age across
all GORs (Fig. A2c). Use had not increased over time among
women aged 80+ years (Fig. A2d).

Pertuzumab. Pertuzumab is a HER2-targeting therapy recom-
mended by NICE for neoadjuvant use for HER2-positive EIBC or
LABC in 2016, for HER2-positive MBC in 2018, and for adjuvant use
for HER2-positive EIBC or LABC in 2019; all recommendations were
published during the study period and ITSA was possible. The
following sub-sections describe use associated with each NICE
TAG recommendation.

Neoadjuvant use for newly-diagnosed HER2-positive EIBC or
LABC: Among women who had surgery for HER2-positive EIBC
or LABC within 12 months of diagnosis, 15.5% (n= 2263/14,633)
had a record of neoadjuvant pertuzumab. Use was higher for
LABC (22.6%; Table 2A). From ITSA we found an increase in
monthly initiations of neoadjuvant pertuzumab of 37.2 patients
per 1000 women diagnosed from July to December 2016, with
continued increase in monthly initiations of 1.9 patients per 1,000
among women diagnosed post-publication (Table A3, p < 0.0001;
Fig. 1a). Use increased over time across all GORs (Fig. 1b).
Among eligible women diagnosed post-publication 29.2% had

a record of neoadjuvant pertuzumab, with higher use for LABC
(42.1%; Table 2A). Fitting a MLME model, age, comorbidity burden
and GOR (observed range: 24.6–35.1%; Table A2) were all found to
be independently associated with variation in use (Table A1). Use
decreased as age increased across all GORs (Fig. A3a).

Use for newly-diagnosed HER2-positive MBC: Among 932
women with HER2-positive MBC at diagnosis, 52.0% had a record
of pertuzumab (Table 2A). Use increased over time from 34.1%
among women diagnosed in 2014–5 to 75.0% in 2019. Of women
starting pertuzumab 93.0% also had a record of treatment with
trastuzumab and docetaxel, in line with NICE guidance.
From ITSA, there was no evidence of a monthly increase in

initiations among women diagnosed post-publication (Table A3,
p= 0.33; Fig. 2a). Use increased over time across all GORs (Fig. 2b).
Among eligible women diagnosed post-publication 68.4%

(n= 175/256) started pertuzumab. Due to the small number of
women, it was not feasible to look further at variation in use. As
pertuzumab was accessible via the CDF prior to NICE TAG
publication a MLME model was fitted in patients diagnosed
2014–2019. Age and comorbidity were found to be independently
associated with differences in use. There was also evidence of
increasing use with increasing year of diagnosis, but no evidence
of variation by GOR (Table A1).
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Adjuvant use for newly-diagnosed HER2-positive EIBC or LABC:
Among 11,016 women who had surgery within six months of
diagnosis for HER2-positive EIBC or LABC, with no prior treatment
with pertuzumab or trastuzumab, 2.4% had a record of adjuvant
pertuzumab. Use was higher for LABC (7.0%; Table 2A). 93.5% also
had a record of adjuvant chemotherapy and trastuzumab.
From ITSA we found monthly initiations of adjuvant pertuzu-

mab increased by 8.1 patients per 1000, among eligible women
diagnosed between April 2018 and March 2019 (Table A3,
p < 0.0001; Fig. 3a), with an immediate increase in use among
women diagnosed post-publication (p= 0.017). This increase was
observed across all GORs (Fig. 3b). There was no evidence of
continued increase in use among women diagnosed from April
2019 onwards (p= 0.230).
Among eligible women diagnosed from April 2019 onwards

12.1% started adjuvant pertuzumab, with higher use for LABC
(28.3%; Table 2A). Fitting a MLME model, age and GOR (observed
range: 3.0–22.0%; Table A2) were both independently associated
with variation in use (Table A1). Low use among women aged 80+
was observed across all GORs (Fig. A3b).

Ribociclib or palbociclib. Ribociclib and palbociclib are CDK4/6
inhibitors recommended by NICE in 2017 for HER2-negative,
hormone receptor-positive LABC or MBC. Among eligible women
diagnosed post-publication 2.2% (n= 44/1962) had a record of
ribociclib; 81.8% of use was for MBC. Numbers were insufficient to
further investigate uptake of ribociclib.
Among women newly-diagnosed with HER2-negative, hor-

mone receptor-positive LABC or MBC from 2014 to 2019, 9.7%
(n= 591/6104) had a record of palbociclib, increasing to 23.2%
(n= 455/1962) among women diagnosed post-publication. Use
was highest for MBC (Table 2A). Of those starting palbociclib
93.6% (n= 88/94) of women with LABC and 89.9% (n= 447/
497) of women with MBC also had a record of ever being
prescribed an aromatase inhibitor. Among women with MBC,
over three-quarters started pablociclib within 4 months of
diagnosis.

From ITSA we found use of palbociclib increased among
eligible women diagnosed during the 12 months prior to NICE
TAG publication in December 2017 (monthly increase of 16.7
per 1000 patients, Table A3, p < 0.0001; Fig. 4a). Use continued
to increase among women diagnosed from January 2018
onwards (monthly increase of 3.5 per 1000 patients, p= 0.007).
Among eligible women diagnosed post-publication, use

varied by stage at diagnosis (6.2% LABC; 43.8% MBC; Table 2A).
Fitting a MLME model, age was found to be independently
associated with variation in use, but not comorbidity or GOR
(Table A1). Use had increased over time across GORs (Fig. 4b)
and for all age groups (Fig. A4a) but was lower among women
aged 80+ years in all GORs (Fig. A4b).

Abemaciclib. Abemaciclib was recommended for use in 2019, 14
months after publication of NICE TAGs for palbociclib and
ribociclib. Use among eligible women diagnosed after February
2019 was 2.3% (n= 18/795), with highest use for MBC. Numbers
were insufficient to investigate uptake of abemaciclib further.

Uptake of drugs recommend by NICE for use following
relapse/recurrence, progression or previous treatment
Table 2B describes the percentage of eligible women, among those
who did not die within 12 months of diagnosis, with a record of
starting each of the drugs recommended by NICE for use beyond a
first-line setting or following initial treatment. For all drugs, post-
publication use was highest among women aged 50–69 years and
those with MBC (where use was recommended across stage groups).
The findings for each drug are presented in the following sections.

Gemcitabine. Gemcitabine was recommended by NICE in Jan-
uary 2007 for MBC. 1.2% (n= 70/5739) of eligible women had a
record of ever starting gemcitabine. There was no use among
women aged 80+ years.

Everolimus or Eribulin. Everolimus (an mTOR kinase inhibitor for
HER2-negative, hormone receptor-positive MBC) and eribulin (a
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chemotherapy for LABC or MBC) were both recommended by
NICE in December 2016. Among eligible women diagnosed from
2017 to 2019, 4.4% (n= 55/1250) had a record of everolimus, and
2.0% (n= 122/6117) had a record of eribulin.

Trastuzumab-emtansine. Trastuzumab-emtansine, a HER2-
targeting drug, was recommended for LABC or MBC in July 2017
for use in patients previously treated with trastuzumab and a
taxane-based regimen. Among eligible women diagnosed August
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2017–December 2019, 12.7% (n= 87/684) had a record of
trastuzumab-emtansine. Use was highest for MBC (18.9%)
compared with LABC (7.0%). Rates of use for MBC were highest
in northern geographical regions (observed range across all
regions: 5.6–33.3%).

Neratinib. Neratinib is another HER2-targeting therapy, recom-
mended for HER2-positive, hormone receptor-positive EIBC by
NICE in November 2019, for use following previous treatment.
There were 114 eligible women diagnosed in December 2019, of
whom 3.5% (n= 4) had a record of neratinib. There was no use
among women aged 70+ years.

DISCUSSION
This population-based study used routinely-collected clinical data
to evaluate the use of NICE-recommended drugs. Data were
available for more than 160,000 women aged 50+ years
diagnosed with IBC in England from 2014 to 2019.
Thirteen NICE TAGs were published between March 2002 and

November 2019 where NICE made a positive recommendation.
Several drug types, including HER2-targeting therapies, CDK 4/6
inhibitors and chemotherapies, were recommended for use either
as part of first-line treatment or following recurrence/progression/
previous treatment. Where use was recommended across stage
groups, recorded use increased as stage group increased, with
highest rates for MBC (where treatment was indicated). Use varied
by age at diagnosis. Where numbers allowed for further analysis
(trastuzumab, pertuzumab and palbociclib) there was evidence that
differences by age were independent of other factors including
comorbidity burden and geographical region. There are likely
multiple reasons for this, including a lack of robust evidence for the
efficacy and tolerability of treatments among older patients, who
are under-represented in clinical trials. This might have led to a
reluctance among oncologists to use new therapies for older
patients. Other publications have reported reduced use of
treatment in older patients irrespective of comorbidity [24, 25].
Where NICE-recommended drugs were intended for first-line

treatment, utilisation among eligible women diagnosed post-
publication varied, with 63.8% recorded as having HER2-targeting
therapies (trastuzumab/pertuzumab), compared to 26.6% for CDK
4/6 inhibitors (ribociclib; palbociclib; abemaciclib). Highest rates of
recorded drug use were for trastuzumab, a drug first introduced
into clinical practice two decades ago and added to the World
Health Organization Model List of Essential Medicines in 2015 [26].
A change in use to trastuzumab biosimilars for some patients may
also have contributed to high use among women diagnosed in
2018 and 2019, demonstrating the continuing influence of drug
development and approvals on uptake of existing approved
drugs. This finding is echoed in an Italian study which reported
increased use, with trastuzumab biosimilars contributing to
around one-third of trastuzumab-based treatment among patients
diagnosed in more recent years [27]. Additionally a review of
biosimilars highlighted the value of their inclusion in trastuzumab-
based treatment in increasing access to anti-HER2 therapies,
particularly in relation to cost-saving [28].
Of three recommended CDK4/6 inhibitors, palbociclib was

predominantly used, accounting for 87.2% of CDK4/6 inhibitor-
based first-line treatment. This may be explained in part by
palbociclib’s existing approvals by the American Food and Drug
Administration (FDA) (2015) and European Medicines Agency
(EMA) (2016), whereas FDA/EMA approvals for ribociclib were in
the same year as the NICE approval. Use of neoadjuvant/adjuvant
pertuzumab and palbociclib, drugs recommended for first-line use
by NICE between 2014 and 2019, increased among women
diagnosed in the months around NICE TAG publication. The
increase among women diagnosed 6–12 months prior to
publication will be in part due to the timing of treatment in

relation to diagnosis but may also be due to these drugs being
previously approved for use by the EMA. Typically drugs with a
new therapeutic indication have been approved first by the FDA in
the US, followed by the EMA for use in Europe [29, 30]. Although
the EMA provides market authorisation for all drugs to be used
across Europe, within the UK NHS setting it is only following
publication of the NICE TAG that they are usually recommended
for use in routine practice [1]. There was no evidence that there
was a national-level change in use following NICE recommenda-
tion of pertuzumab for MBC, however this drug was already
available to patients through the NHS Cancer Drugs Fund (CDF).
The CDF is another means through which oncological drugs with
insufficient evidence of benefit at the point of appraisal are made
available to patients [31–33]. Access via the CDF and a subsequent
NICE recommendation meant there was an increase in use over
the study period.
Where drugs were recommended for use beyond a first-line

setting or following previous treatment, rates of recorded use
were generally low. Patterns of use among women diagnosed
post-publication were similar to those observed for first-line
treatment, with use decreasing as age increased and highest
for MBC.
There have been few previous studies looking at the translation

of nationally recommended oncological drugs for IBC into routine
care, with studies focusing on the safety and effectiveness of new
drugs [34–40]. A study in the US identified a marked increase in
the use of oral cancer drugs with no documented overall survival
benefit between 2011 and 2018 [41].
There are several strengths of this study. First, it provides real-

world evidence of utilisation in routine care by using routinely-
collected national data available for all women aged 50 years and
over with a registered diagnosis of IBC in England from 2014 to
2019. Second, linked patient-level data on drug utilisation were
available up to 28 February 2022, providing good follow-up (at
least 26 months). Third, it provides robust estimates of drug
utilisation as the study used drug information captured in SACT.
SACT is a national dataset of systemic therapy in cancer, with
whole population coverage in England and 100% data complete-
ness for the data items used in this study (drug name and
administration date) [11, 42].
We are aware there are also some limitations. First, it was not

possible to provide estimates of the use of NICE-recommended
drugs in women aged under 50 years who had IBC, as data were
only available for women aged 50 years and over. Second, data on
hormone receptor status, HER2 status and stage were typically less
complete as age increased. As this information is provided to
NCRAS through an automatic pathology feed it is likely that lower
completeness is reflective of a lack of testing of molecular markers
which therefore are not available to inform treatment decisions in
this group of older women. This should therefore not impact our
findings on the rates of treatment use among different age groups
defined according to this information. Third, as SACT data returns
may be low for some NHS trusts estimates for the use of new
drugs for recently diagnosed patients may be lower than in reality.
Finally, it was difficult to define cohorts of eligible patients within
the routine data for drugs recommended for use following
progression, relapse, recurrence or previous treatment. The study
cohort, representing relatively recently diagnosed cases is less
likely to provide a reliable estimate of the use of these drugs in
these clinical settings, and may underestimate their use in the
overall population. In addition to this there was low utilisation of
some drugs meaning that analysis of variation in use was not
possible. This is something which would benefit from further
research in the future, to identify any barriers to access.
For ribociclib and abemaciclib, the study found insufficient

uptake following the NICE TAG publication to carry out ITSA and
provide robust estimates of the impact of NICE guidance on
utilisation. Future research should evaluate longer-term uptake of

M.R. Gannon et al.

9

British Journal of Cancer



NICE-recommended drugs and carry out ITSA to assess the impact
of NICE TAG publication on use. Additionally future work to
understand the extent of non-concordant use of NICE-
recommended drugs would provide further insight into the drugs
investigated within this study.

CONCLUSIONS
The translation of evidence from trials into routine care, beyond
recommendations made in national treatment guidelines, is
difficult to study but is of profound importance in efforts to
improve population health. The findings of this population-based
study looking at uptake of oncological drugs highlight varied
utilisation of treatments recommended by NICE for IBC within the
last 20 years. Additionally it highlights lower use of NICE-
recommended drugs for first-line treatment as age increased,
regardless of geographical region or comorbidity burden. Future
work should further investigate geographical variation in access to
new drugs, to identify areas of the country where routine access
to new drugs is below what would be expected. Improving access
to effective treatments is an important step in understanding IBC
outcomes. At organisation level, NHS trusts are encouraged to
perform local audit of NICE-recommended drugs to ensure patient
fitness for treatment is assessed and age is not a barrier to access.
Providing patients with clear information on NICE-recommended
drugs may also improve engagement in decision-making where
this is a contributing factor.
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Background: Clinical guidance on recommended treatment for older patients with breast cancer is often ambig-
uous, particularly in the context of comorbidities and poor functional status. Older patients, aged 70 years and
over, account for a substantial proportion of womenwith breast cancer yet are underrepresented in randomized
controlled trials. This paper investigates the initiation of adjuvant chemotherapy and trastuzumab in older pa-
tients in routine care.
Materials and methods:Women, aged 50 years and over, newly diagnosed with human epidermal growth recep-
tor 2 (HER2)-positive early invasive breast cancer from January 2014 to December 2017were identified from the
England Cancer Registry. Chemotherapy and trastuzumab use was obtained from the Systemic Anti-Cancer
Therapy (SACT) dataset. Patient and tumor characteristics influential in treatment decision-making were in-
cluded in multilevel mixed-effects logistic regression models.
Results: 10% of women had HER2-positive tumors. Initiation of adjuvant chemotherapy and trastuzumab de-
creased with age from ≥70% amongwomen aged 50–64 years to b15% among women aged 80+ years. Initiation
varied additionally by tumor characteristics and number of comorbidities. Age remained a factor in treatment
decisions despite favorable other factors, with lower use amongwomen aged 70+ years. There was alsomarked
variation across geographical regions.
Conclusions: In women with operable HER2-positive early invasive breast cancer, adjuvant chemotherapy plus
trastuzumab was started less frequently as age increased, regardless of tumor characteristics or comorbidity
burden. There was substantial variation in the proportion of women who started these treatments across the
country.

© 2020 Elsevier Ltd. All rights reserved.
Keywords:
HER2-positive
Early breast cancer
Adjuvant trastuzumab
Older women
Regional variation
1. Introduction

Adjuvant (post-surgical) chemotherapy is a well-established treat-
ment for early breast cancer, with evidence of its efficacy derived from
multiple randomized controlled trials (RCTs) and subsequent meta-
analyses [1]. In the UK, the National Institute for Health and Care Excel-
lence (NICE) recommends that adjuvant treatment decisions should be
based on a balance between the risks and benefits of chemotherapy,
e & Tropical Medicine, 15-17

nnon).
particularly in people with comorbidities [2]. For patients with human
epidermal growth receptor 2 (HER2)-positive breast cancer, the
HERceptin Adjuvant (HERA) trial demonstrated a strong efficacy benefit
of trastuzumab, with a subsequent Cochrane review of eight RCTs
reporting a hazard ratio (HR) of 0.66 for improvement in overall sur-
vival [3,4]. As such, the European Society of Medical Oncology
(ESMO) guidelines recommend treatment with chemotherapy and
trastuzumab, regardless of estrogen receptor (ER) status [5]. This is ech-
oed in the NICE guidelines and the American Society of Clinical Oncol-
ogy (ASCO) guidelines as well as the International Society of Geriatric
Oncology (SIOG) and European Society of Breast Cancer Specialists
(EUSOMA) recommendations for the management of older patients
with breast cancer [2,6–8].
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The randomized trials on which guidance is based largely under-
represent patients aged 70 and over [9,10]. Specifically, the maximum
age of patients enrolled into the eight RCTs providing evidence of the ef-
ficacy of trastuzumab was 80 years at the point of randomization. This
means that clinical guidelines for older patients are often less definitive
than for their younger counterparts. A recent report from Cancer
Research UK highlights a need for better evidence of treatment effec-
tiveness in older patients [11]. Outside of the trial setting, age is a
well-documented risk factor for receipt of non-standard treatment
and there have been differences reported in the rates of access to treat-
ments among older patients, with subsequent poorer outcomes
[12–19].

N50,000 women in England are diagnosed with breast cancer each
year, with one third of cases occurring in women aged 70 and over
[20].With an aging population, this number is projected to rise, increas-
ing the need for evidence to support treatment use in older breast can-
cer populations [21]. In a population where trials have been initiated
and often failed to recruit [22,23], an alternative approach is to use the
wealth of routinely collected health data to evaluate the use of adjuvant
therapies for breast cancer. Indeed a recent study in the United States
used the Surveillance, Epidemiology and End Results (SEER)-Medicare
linked dataset to investigate disparities in treatment provision, and re-
ported that approximately a half of patients aged 65 years and older
did not receive trastuzumab for Stage I-III HER2-positive breast cancer
[24]. To our knowledge, there is no such study which has reported the
prevalence of HER2-positive early breast cancer in older women and
has identified predictors of adjuvant chemotherapy and trastuzumab
initiation among such eligible women in a large population-based En-
glish cohort.

The aim of this study was to investigate the initiation of adjuvant
chemotherapy and trastuzumab by age, in older women with HER2-
positive early invasive breast cancer newly diagnosed and treated in
England, to assess whether there is variation in the decision to use
post-operative chemotherapy and trastuzumab across England. We
did not consider the duration of adjuvant treatment, nor its impact on
survival.

2. Materials and Methods

2.1. Data

This population-based cohort study was undertaken as part of the
National Audit of Breast Cancer in Older Patients (NABCOP). Data for
this study are based on patient-level information collected by the
National Health Service (NHS), as part of the care and support of
patients with cancer. The data are collated, maintained and quality as-
sured by the National Cancer Registration and Analysis Service
(NCRAS), which is part of Public Health England (PHE). Cancer Registry
data was provided, linked to the Cancer Outcomes and Services Dataset
(COSD) for details of patient and tumor characteristics at diagnosis; the
Hospital Episode Statistics (HES) database which captured all NHS hos-
pital admissions, for details of surgical procedure; and the Systemic
Anti-Cancer Therapy (SACT) database for information on chemotherapy
and trastuzumab. The study is exempt fromUKNational Research Ethics
Committee approval as it involved secondary analysis of an existing
dataset of pseudonymized data. The NABCOP has approval for process-
ing health care information under Section 251 (reference number: 16/
CAG/0079) for all NHS patients aged 50 years and over diagnosed
with breast cancer in England and Wales.

2.2. Study Population

Linked, pseudonymized patient records were provided for all
women aged 50 years and over, with a new diagnosis of breast cancer
between 1 January 2014 and 31 December 2017, diagnosed and treated
within a NHS trust in England. For this analysis, we identified all women
withHER2-positive early invasive breast cancer (ICD-10 code C50; stage
1-3A UICC TNM staging classification, 7th edition), who received
primary surgery with no prior (i.e. neoadjuvant) chemotherapy or
trastuzumab. Women receiving neoadjuvant chemotherapy were not
included, to avoid the possible inclusion of patients with locally
advanced disease and to allow a better appreciation of the initiation of
chemotherapy and trastuzumab in the context of pathological variables
unaffected by any previous systemic therapy.Womenwere classified as
having HER2-positive breast cancer where the HER2 status was re-
ported as either positive or borderline but with a positive HER2-FISH
(fluorescence in situ hybridization) or equivalent test result. Primary
surgery was defined as either breast conserving surgery (BCS) or mas-
tectomy that occurred within six months of diagnosis, and was identi-
fied from Office of Population Censuses and Surveys (OPCS) procedure
codes entered within the HES patient records (see Appendix
Table A1). Patients were allocated to the NHS trust where they were di-
agnosed. If this informationwasunavailable, theNHS trustof (1) surgery
or (2) MDT was used.

2.3. Adjuvant Chemotherapy and Trastuzumab

The initiation of adjuvant chemotherapy and trastuzumabwas iden-
tified primarily from the SACT dataset. Treatment with chemotherapy
and trastuzumab was defined as adjuvant where the first cycle was
startedwithin sixmonths followingprimary surgery. Records of chemo-
therapy administration within HES and the England Cancer Registry/
COSD treatment files were examined where adjuvant chemotherapy
was not reported in SACT.

2.4. Explanatory Variables

The following patient and tumor characteristics were considered
likely to inform treatment decisions: age at diagnosis (years), tumor
stage (T1, T2, T3), nodal stage (N0, N1, N2), ER status (positive or nega-
tive), tumor grade (G1, G2, G3), social deprivation (1–5), number of co-
morbidities (0, 1, 2+), and performance status (0, 1, 2–4).

Social deprivation was measured using the Index of Multiple Depri-
vation (IMD) 2015 rank [25]whichwas derived from the patient's post-
code at diagnosis. The IMD rank was grouped into quintiles from most
(group 1) to least (group 5) income deprived.

Comorbidity burden was defined using the Royal College of
Surgeon's Charlson Comorbidity Index [26]. This counts the presence
of specific chronic medical conditions (excluding malignancy), identi-
fied using ICD-10 diagnosis codes within patient HES records for a pe-
riod of two years prior to diagnosis [27].

2.5. Statistical Analysis

The proportion of women who started adjuvant chemotherapy and
trastuzumab was calculated for the overall cohort and within patient
subgroups. The statistical significance of differences betweengrouppro-
portions was assessed using a t-test or chi-square test, as appropriate.

A multilevel mixed-effects logistic regression model was developed
to describe the relationship between receipt of adjuvant chemotherapy
/ trastuzumab and the patient factors. The model included age at diag-
nosis, tumor stage, nodal stage, ER status, tumor grade, social depriva-
tion, and number of comorbidities. A spline was used to describe the
relationship between treatment and age, with a knot defined at age
=70 years. Forwomen aged 50–69 years, the splinewas simply a linear
term; for women aged 70+ years, the spline also included a quadratic
term. The model was found to have good prognostic performance,
both in terms of its discrimination (concordance (C) statistic / ROC
value of 0.846) and calibration (see Appendix Fig. A2). The proportions
of women with different characteristics starting adjuvant chemother-
apy / trastuzumab were predicted from the model as marginal effects
(achieved using the margins command in Stata).
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Amultilevel model was used to account for the clustering of patients
within NHS trusts and geographical regions (in which NHS trusts were
aggregated into Cancer Alliances). Due to the relatively low levels of ac-
tivity at NHS trust level, the multilevel model was limited to geograph-
ical region, with each Alliance fitted as a random intercept [28]. These
represent differences between Alliances that are not explained by the
patient factors in the model.

As these variables contained few missing values, we conducted a
complete case analysis as the primary analysis. We conducted a sensi-
tivity analysis in which categories of “unknown” were created where
data items had missing, unintelligible or conflicting information.

3. Results

Of 103,568women, aged 50 years and over, diagnosedwith early in-
vasive breast cancer in England between January 2014 and December
2017, there were 10,109 (10%) with HER2-positive tumors. Prevalence
of HER2-positive cancer was found to be slightly higher in younger
women (those aged 50–69 years at diagnosis) at 11% compared with
8% among older women aged 70+ years. Of these, 7471 women re-
ceived primary surgery within six months of diagnosis (97% received
surgery within threemonths after diagnosis), with no prior chemother-
apy or trastuzumab. A final total of 6780 women (91%) had data on the
patient and tumor characteristics included in the regression models,
and these complete cases formed the primary analysis. Full details of pa-
tient selection are shown in Fig. A1.

Table 1 provides detail of patient and tumor characteristics for the
cohort. Over two-thirds of patients had ER-positive cancers and one-
third had malignant lymph nodes. Older women tended to have larger
Table 1
Patient and tumor characteristics inwomenwithHER2-positive, early invasive breast can-
cer, diagnosed in NHS trusts in England between January 2014 and December 2017 and
receiving primary surgery, overall and by age at diagnosis.

Characteristic All patients 50–69 years 70+ years P-value

N (%) N (%) N (%) (chi-squared test)

N = 6780 N = 4630 N = 2150 –
Stage at diagnosis
Stage 1 3015 (44%) 2318 (50%) 697 (32%) p b .0001
Stage 2 3246 (48%) 2029 (44%) 1217 (57%)
Stage 3A 519 (8%) 283 (6%) 236 (11%)

T stage
T1 3630 (54%) 2776 (60%) 697 (32%) p b .0001
T2 2903 (43%) 1722 (37%) 1217 (57%)
T3 247 (4%) 132 (3%) 236 (11%)

N stage
N0 4613 (68%) 3263 (70%) 1350 (63%) p b .0001
N1 1736 (26%) 1135 (25%) 601 (28%)
N2 431 (6%) 232 (5%) 199 (9%)

ER status
Positive 4875 (72%) 3433 (74%) 1442 (67%) p b .0001
Negative 1905 (28%) 1197 (26%) 708 (33%)

Tumor grade
G1 218 (3%) 162 (3%) 56 (3%) p b .0001
G2 2703 (40%) 1936 (42%) 767 (36%)
G3 3859 (57%) 2532 (55%) 1327 (62%)

Charlson comorbidity index
0 5936 (88%) 4204 (91%) 1732 (81%) p b .0001
1 613 (9%) 327 (7%) 286 (13%)
2+ 231 (3%) 99 (2%) 132 (6%)

IMD quintiles
1 - most deprived 1025 (15%) 721 (16%) 304 (14%) p = .218
2 1227 (18%) 852 (18%) 375 (17%)
3 1376 (20%) 915 (20%) 461 (21%)
4 1594 (24%) 1095 (24%) 499 (23%)
5 - least deprived 1558 (23%) 1047 (23%) 511 (24%)

Note: Percentages may not add to 100% due to rounding.
tumors and nodal involvement. Multiple comorbidities were also
more prevalent. Overall, 60% (N = 4051) of women were identified as
having started adjuvant chemotherapy and trastuzumab (Table 2). As
expected, there was greater initiation among women with higher
grade tumors, andwith higher T and N stage disease. Rates of treatment
initiation fell as age increased, andwere also lower amongwomenwith
more comorbid conditions.

The pattern of initiation amongwomenwith different combinations
of factors is described in Fig. 1. It shows that tumor characteristics (T
stage and ER status) seem to play a secondary role compared with the
influence of patient age, even taking account of the presence of comor-
bidity. In particular, a lower proportion of older women started chemo-
therapy and trastuzumab, even where no comorbidity was recorded.

Fig. 2 shows how the initiation of adjuvant chemotherapy and
trastuzumab varied by age across the 22 geographical regions, after
adjusting for the other patient factors. Among younger women (aged
50–69 years), there was considerable variation between the Alliances
in the pattern of treatment. These differences continued among
women aged 70–79 years before diminishing as the age at diagnosis in-
creased further. Only among women aged 85+ years did the rates be-
come more similar, being at a low level in all regions.

Among those women for whom chemotherapy and trastuzumab
was initiated, use of anthracyclines was observed to vary by age, with
use decreasing as age increased. Specifically, rates varied from 71%
among women aged 50-59 yrs.; 64% among women aged 60-69 yrs.;
45% among women aged 70-79 yrs.; to 13% among women aged 80
+ yrs.

The results of the sensitivity analysis were similar to those in the pri-
mary analysis. Including those womenwith “unknown” information for
the patient and tumor characteristics in the model did not change the
conclusion that age has a strong, negative associationwith the initiation
of adjuvant chemotherapy and trastuzumab, independent of other
patient factors.

4. Discussion

This study examined the initiation of adjuvant chemotherapy and
trastuzumabamongwomenwith breast cancer, a therapywhich clinical
trials have proven to be effective, both in terms of delaying time to
recurrence and lengthening overall survival. This study shows that the
initiation of these therapies is high among younger women with
HER2-positive early invasive breast cancer, a patient population that
largely corresponds to the patients enrolled in the clinical trials. The
analysis also shows lower rates of adjuvant chemotherapy and
trastuzumab among the older patients. This could reflect the impact of
reduced levels of patient fitness but the patterns of treatment were
not wholly consistent with this interpretation. First, the initiation of ad-
juvant chemotherapy and trastuzumab among older women was ob-
served to be low for those women with no comorbidity burden, and in
spite of the fact that all women in the cohort were considered fit to
have received surgery. Second, the initiation of such adjuvant treatment
was observed to vary across geographical regions in England. This
persisted after adjustment for measured patient and tumour character-
istics suggesting further regional factors responsible for variation; these
might include factors relating to work force, funding for adjuvant treat-
ment and cultural differences in shared decision-making.

The findings in this study are in linewith similar research in this set-
ting, which has shown marked variation in the treatment of older
women compared with younger women, both in terms of primary and
adjuvant treatment [15,24,29–31]. Several studies have been conducted
in theUnited States using the SEER-Medicare dataset to look at disparity
in the use of targeted therapy for breast cancer along with other treat-
ments such as surgery and radiotherapy. In 2013, an analysis published
by Reeder-Hayes et al. found that among women with HER2-positive
early breast cancer, who were aged 85+, years 15% received adjuvant
trastuzumab, compared with 60% of women aged 65–74 years [24].



Table 2
Proportion of women starting adjuvant chemotherapy and trastuzumab, by baseline characteristic; odds ratios (OR) from multilevel mixed-effects (MLME) logistic regression models.

Characteristic Number of patients % starting chemotherapy
and trastuzumab

Unadjusted ORa (95% CI) Adjusted ORa (95% CI) Grouped
p-value

6780 60% – –
Age Groups – 5-year bands
50–54 yrs 1221 76% 1.00 –
55–59 yrs 1110 74% 0.92 (0.75–1.13) –
60–64 yrs 1095 70% 0.70 (0.57–0.86) –
65–69 yrs 1204 63% 0.50 (0.41–0.60) –
70–74 yrs 820 57% 0.37 (0.30–0.46) –
75–79 yrs 660 36% 0.14 (0.11–0.18) –
80–84 yrs 428 14% 0.03 (0.02–0.05) –
85+ yrs 242 1% 0.00 (0.00–0.01) –

Age (continuous)
Age spline: 50–69 yrs – – – 0.95 (0.94–0.96) b.0001
Age spline: 70+ yrs – – – 0.89 (0.84–0.95) b.0001
Squared age spline 70+ yrs – – – 0.99 (0.98–0.99) b.0001

T stage
T1 3630 59% 1.00 1.00 b.0001
T2 2903 60% 1.11 (1.00–1.24) 1.43 (1.25–1.63)
T3 247 64% 1.23 (0.93–1.64) 1.89 (1.30–2.74)

N stage
N0 4613 57% 1.00 1.00 b.0001
N1 1736 65% 1.52 (1.34–1.72) 1.64 (1.41–1.90)
N2 431 68% 1.63 (1.30–2.04) 2.46 (1.84–3.30)

ER status
Positive 4875 59% 1.00 1.00 b.0001
Negative 1905 63% 1.27 (1.13–1.42) 1.41 (1.22–1.63)

Tumor grade
G1 218 35% 0.23 (0.17–0.31) 0.17 (0.12–0.23) b.0001
G2 2703 53% 0.57 (0.51–0.64) 0.49 (0.43–0.55)
G3 3859 66% 1.00 1.00

Charlson comorbidity index
0 5936 62% 1.00 1.00 b.0001
1 613 46% 0.49 (0.41–0.59) 0.68 (0.55–0.85)
2+ 231 32% 0.26 (0.19–0.35) 0.34 (0.24–0.49)

IMD quintiles
1 - most deprived 1025 59% 1.00 1.00 .0201
2 1227 59% 1.04 (0.86–1.25) 1.10 (0.89–1.36)
3 1376 59% 1.14 (0.95–1.37) 1.34 (1.08–1.66)
4 1594 61% 1.23 (1.03–1.47) 1.35 (1.09–1.66)
5 - least deprived 1558 60% 1.16 (0.97–1.39) 1.29 (1.04–1.60)

a MLME model with NHS trust as the cluster level.
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An earlier study in 2010 looking at variation in initial treatments re-
ceived, by Schonberg et al., found that among women diagnosed
with early (stage I-II) breast cancer, the effect of age on receipt of treat-
ment was stronger than the effect of a patient having multiple comor-
bidities [15]. This mirrors the findings from an integrated health care
system, reported by Enger et al. in 2010, highlighting women aged
80+ years were nearly six times more likely to receive non-standard
treatment for Stage I-II breast cancer, when compared to women aged
65–69 years [29]. Considering studies conducted in England, an analysis
of all women presenting with primary invasive breast cancer in 2007,
found that after the age of 70 years women were increasingly less
likely to receive surgery [30]. A more recent study, concentrating
on two English cancer registry areas, found that among women aged
70–79 years with stage I-III (or unknown) breast cancer treated with
surgery for each additional year of age, over the age of 70, the odds of
receiving chemotherapy reduced by 24% [31].

The study has a number of strengths. It used a large, population-
based sample, including women diagnosed over a period of four years.
Additionally, the data related to women diagnosed within the last five
years and so reflects current treatment patterns. Finally, the dataset
contained sufficient patient and tumor characteristics associated with
treatment decisions to produce a regression model with good discrimi-
nation and calibration.
There are various limitations of this study. Of primary concern is the
completeness and accurate reporting of adjuvant treatments within the
SACT database. Among women aged 50–69 years with HER2-positive
early invasive breast cancer who received surgery, 76% were recorded
to have received any drug treatment. There is potential for under-
reporting. The SACT database does not include treatments delivered
in private hospitals, although this corresponds to a small proportion of
care within England. Case-ascertainment may also be incomplete from
some NHS trusts. This might have lowered the recorded absolute rates
of use but there is no reason to believe it would produce either the
strong association with age or the extent of the regional variation. The
proportion of women considered to have received adjuvant chemother-
apy and trastuzumab included 803/4051 (20%) women for whom only
adjuvant chemotherapy was reported in SACT, along with a further
98/4051 (2%) women for whom only adjuvant trastuzumab was re-
ported in SACT. Including these 803 women in the surgery-only
group as a sensitivity analysis made no difference to the findings.
Of those 98 women with only trastuzumab details reported in
SACT, investigation from other sources including HES and COSD/En-
gland Cancer Registry suggested that 82/98 (84%) of such women
received adjuvant chemotherapy within six months of surgery. Ad-
ditionally, it is noted that SACT provides data on prescribed thera-
pies meaning there may be patients considered in this analysis as



T stage 0 1 2+ 0 1 2+
T1 73% 67% 53% 79% 73% 60%
T2 79% 73% 60% 83% 78% 67%
T3 83% 77% 66% 87% 82% 72%
T1 64% 57% 43% 71% 64% 50%
T2 71% 64% 50% 76% 70% 57%
T3 76% 69% 56% 81% 75% 63%
T1 46% 39% 26% 53% 45% 32%
T2 54% 46% 32% 61% 53% 39%
T3 59% 52% 38% 66% 59% 44%
T1 5% 4% 2% 7% 5% 3%
T2 7% 5% 3% 10% 7% 4%
T3 9% 7% 4% 12% 9% 5%

55 yrs

ER-posi�ve ER-nega�ve
Age at 

diagnosis
Charlson comorbidity score Charlson comorbidity score

65 yrs

75 yrs

85 yrs

Fig. 1. Predicted initiation of adjuvant chemotherapy and trastuzumab, from a multilevel mixed-effects logistic regression model, across four patient and tumour characteristics. Note:
Predictions based on women diagnosed between 2014 and 2017 and derived from a multilevel mixed-effects logistic regression model shown in Table 2. Higher percentages are
shown in dark blue with a gradient down to light blue for lowest percentages. N stage, grade and IMD included at overall means.
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having started adjuvant therapy where they did not receive it; how-
ever as this study aimed to look at variation around treatment deci-
sions the data provided is informative.

Another concern is the potential for errors in patient and tumor
characteristics within the England Cancer Registry and COSD datasets.
The cancer registration service has various validation steps when com-
piling the national registration data and the overall effect of coding er-
rors should be small. It is also possible that differing indications for the
use of neoadjuvant therapy between trusts over timemay have affected
the risk profiles of patients being considered for post-operative systemic
therapies.
Fig. 2. Predicted initiation of adjuvant chemotherapy and trastuzumab, from amultilevel mixed
Note: Each line in the above figure is a geographical region within England, defined based o
derived from a multilevel mixed-effects logistic regression model shown in Table 2.
Previous research findings have also noted the impact of unmea-
sured factors in receipt of treatment and that, in order to fully measure
variation in treatment utilisation, the potential confounding effect of
factors such as patient choice should be adjusted for [32]. The study de-
scribed here was unable to include all patient factors that influence
treatment decisions, such as performance status, expected tolerability
of treatment, patient frailty, and preference [33–35]. Omission of these
factors from the regression model would reduce its level of discrimina-
tion. However, putative differences in the prevalence of these character-
istics among NHS trusts are unlikely to account for the large variation
observed between regions.
-effects logistic regression model, by age at diagnosis within English geographical regions.
n Cancer Alliance. Predictions based on women diagnosed between 2014 and 2017 and
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5. Conclusions

The findings of this study show that fewer older women with oper-
able HER2-positive early breast cancer start the most targeted oncolog-
ical systemic treatment. While the initiation of adjuvant chemotherapy
was observed to vary by tumor characteristics, these factors did not
seem to be thedominant reason as towhya patient did not start chemo-
therapy and trastuzumab. Instead, the rates were strongly associated
with age at diagnosis independent of these clinical factors and the pres-
ence of comorbidities. This fact, together with the variation in the initi-
ation of adjuvant chemotherapy across regions, suggests there is a need
for breast cancer teams to review chemotherapy provision and the
criteria for selecting patients. This may lead to a reduction in the unex-
plained variation in the initiation of adjuvant treatment in older
women.
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ABSTRACT
Objective Although adjuvant trastuzumab- based 
treatment (TBT) improves survival for patients with HER2- 
positive early invasive breast cancer (EIBC), risk of toxicity 
grows as patient age increases. We examined use of TBT 
and associated severe acute toxicity event (SATE) rates to 
understand the real- world impact.
Methods and analysis Women (50+ years), newly 
diagnosed with HER2- positive EIBC in England, 
2014–2019, were identified from Cancer Registry data, 
linked to the Systemic Anti- Cancer Therapy dataset for 
TBT information. SATEs were measured using hospital 
administrative data. Statistical models were developed to 
identify potential predictors of SATE.
Results Among 5087 women who received trastuzumab, 
with median duration 11.7 months, 47.4% (95% CI 46.0% 
to 48.7%) completed treatment. Women aged 70+ years 
made up 20.2% of patients aged 50+ who received 
adjuvant TBT in routine care, compared with 5% of women 
aged 50+ across trials. 32.8% (95% CI 31.5% to 34.1%) 
had a record of any SATE. 6.8% (95% CI 6.1% to 7.5%) 
had a cardiovascular SATE. Congestive cardiac failure 
rate was 0.5% (95% CI 0.3% to 0.7%). High deprivation, 
anthracycline use, increasing frailty were associated 
with increased odds of any SATE. Older age, sequential 
chemotherapy, history of myocardial infarction/chronic 
pulmonary disorder/liver disease were associated with 
increased odds of cardiovascular SATE. Among two- thirds 
of women not eligible for trial cohorts SATE rates were 
lower than for trial- eligible patients, explained by baseline 
differences in patients.
Conclusion Evidence of treatment- related SATE among 
patients treated in routine care is needed to inform 
treatment decisions and counsel older patients. This study 
provides information on SATE rates for adjuvant TBT, and 
common types, overall and by age for such discussions.

INTRODUCTION
Patients with HER2- positive breast cancer 
had a poor prognosis until the development 
of effective HER2- directed therapy, shown 
in randomised controlled trials (RCTs) to 

improve survival.1 Guidelines recommend 
adjuvant trastuzumab in combination with 
surgery, chemotherapy and radiotherapy, 
for patients with HER2- positive early invasive 
breast cancer (EIBC).2–5

While improving survival, adjuvant trastu-
zumab is associated with increased cardiotox-
icity risk, particularly among older patients.6–8 
Older age was reported to be associated with 
an increased frequency of cardiac events, 
notably congestive cardiac failure (CCF) 
but trial evidence has been limited by the 
under- representation of older patients.7–9 

WHAT IS ALREADY KNOWN ON THIS TOPIC
 ⇒ Adjuvant trastuzumab- based treatment, given as 
a targeted therapy for HER2- positve early invasive 
breast cancer (EIBC), is associated with increased 
cardiotoxicity risk.

WHAT THIS STUDY ADDS
 ⇒ This study is the first comprehensive presentation 
of severe acute toxicity event (SATE) rates with 
adjuvant trastuzumab- based treatment for HER2- 
positive EIBC, with comparisons across patient sub-
groups defined by age and patient fitness. Data for 
5087 women diagnosed from 2014 to 2019 high-
lighted one- third had a record of any SATE, while 
around 1 in 15 had a record of a cardiovascular 
SATE with increased odds as patient age increased.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

 ⇒ Current evidence of treatment- related toxicity in 
older patients treated in routine care is vital in in-
forming clinical practice by providing reference of 
average SATE rates, broken down by patient sub-
groups including age. This information is valuable 
for discussions around treatment decisions and 
helping counsel older patients on the side effects 
of treatment.
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Patients aged 70+ years accounted for an estimated 2.5% 
of all patients in RCTs evaluating adjuvant trastuzumab, 
although at least one- third of patients diagnosed annually 
with BC are 70 or older. Observational studies describing 
toxicity, including cardiotoxicity, among patients who 
received trastuzumab- based treatment in the USA, 
Canada and Europe, have been in cohorts of patients 
diagnosed prior to 2010, or provided limited detail about 
specific toxicity events by age.10–23 Few studies have exam-
ined the safety of trastuzumab- based treatment given to 
older women in routine care, and there is a gap in our 
understanding of the treatment- related toxicity for this 
population. This information is valuable in informing 
treatment decisions and counselling older patients on the 
side effects of treatment.

This study aimed to characterise the cohort of women 
(50+ years) with HER2- positive EIBC who received adju-
vant trastuzumab- based treatment in routine care in 
England, and investigate treatment- related severe acute 
toxicity events (SATEs). The study is reported according to 
the REporting of studies Conducted using Observational 
Routinely- collected Data (RECORD) extension to the 
STrengthening the Reporting of OBservational studies in 
Epidemiology (STROBE) guidelines.24 Although SATEs 
are only one aspect of toxicity burden, they are of impor-
tance to understand in the management of patients as 
they are often the cause of early treatment discontinua-
tion which is associated with poorer outcomes.25

MATERIALS AND METHODS
Data source
This population- based cohort study was undertaken as 
part of the National Audit of Breast Cancer in Older 
Patients (NABCOP; full details can be accessed via www. 
nabcop.org.uk). NABCOP received pseudonymised 
Cancer Registry data for all women aged 50+ years, with 
a new BC diagnosis between 1 January 2014 and 31 
December 2019, and treated within an English National 
Health Service (NHS) trust.26 Data were linked at tumour 
level to data from Cancer Outcomes and Services Dataset 
(COSD), Hospital Episode Statistics Admitted Patient 
Care (HES- APC),27 Systemic Anti- Cancer Therapy dataset 
(SACT),28 national Radiotherapy Dataset (RTDS) and at 
patient level to the Primary Care Prescription Database 
(PCPD).29

Study population
We identified women diagnosed with HER2- positive EIBC 
(stages 1–3A; International Classification of Diseases, 
10th revisision [ICD- 10] diagnosis code C50), who 
received surgery within 6 months of diagnosis and had 
a record of receiving adjuvant trastuzumab- based treat-
ment (commenced within 4 months of primary surgery 
with no prior trastuzumab) in SACT. BC was classified as 
HER2- positive where HER2 status was reported as either 
positive or borderline with a positive HER2- FISH (fluo-
rescence in situ hybridisation) or equivalent molecular 

test result. To aid interpretation of SATE rates among 
these women, we defined a comparison group of women 
with HER2- negative EIBC, who had surgery (with no 
prior chemotherapy) within 6 months of diagnosis and 
adjuvant chemotherapy (commenced within 4 months of 
surgery) recorded in SACT.

Only patients with a recorded or calculated treatment 
window end date prior to 1 April 2021 and complete data 
on patient fitness, tumour stage, nodal stage and invasive 
grade were included.

Study outcome
Episodes of treatment- related SATE were identified from 
ICD- 10 diagnosis codes recorded in diagnosis fields associ-
ated with an overnight hospital admission within hospital 
administrative data (HES- APC) using a coding framework 
previously validated in patients with colon cancer (online 
supplemental table A1).30 The study limited the period 
during which an episode of SATE could occur to the time 
from the start of adjuvant treatment up to 8 weeks (56 
days) after the last reported cycle. The definition of SATE 
covered a wide range of possible events, including haema-
tological disorders, infection, cardiovascular disorders, 
neutropenic sepsis and gastrointestinal disorder. We also 
looked specifically at cardiovascular SATEs.

For the comparison group of patients with HER2- 
negative EIBC, the measure of SATEs included events 
captured in overnight admissions that occurred from the 
first reported cycle of chemotherapy up to 536 days later, 
which corresponded to the 90th centile of the duration 
of trastuzumab- based treatment for HER2- positive EIBC 
(online supplemental figure A1). Follow- up in HES- APC 
data was available up to 31 March 2021 for the HER2- 
positive cohort and comparison group. Deaths related 
to admissions were defined as those events with death 
recorded as the discharge method in HES- APC.

Study variables
Information on trastuzumab- based treatment was 
extracted from SACT. Trastuzumab was identified from 
records which contained either trastuzumab, Herceptin 
or trastuzumab biosimilar in the drug name field. Tras-
tuzumab treatment in which the first recorded cycle was 
after surgery, and either within 4 months of the surgery 
date or following chemotherapy, was defined as adju-
vant. Trastuzumab frequency was defined based on time 
between consecutive cycles. As the recommended interval 
between cycles is 3 weeks, cycles with a gap of 4–6 weeks 
since the previous cycle were labelled ‘delayed’, while 
a gap of 7 weeks up to 4 months between consecutive 
cycles was defined as a ‘treatment break’. Cycles given 
after a gap of more than 4 months were considered to 
be a different treatment episode. Cycles with a dose of 
zero recorded, with no associated hospital admission for 
treatment, were not counted. All sequential cycles were 
counted, and a complete course of treatment was defined 
as 18 cycles, or 17 cycles with a duration of at least 51 
weeks. Treatment was defined as discontinued where less 
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than 16 cycles were recorded. Administration route was 
categorised as subcutaneous where at least one cycle had 
this route recorded. Chemotherapy was categorised as: 
‘sequential’ where cycles were administered prior to the 
first trastuzumab date, with no cycles delivered during 
the trastuzumab cycles (online supplemental figure A2); 
and ‘concurrent’ where any cycles were administered 
either on the same day as trastuzumab or between tras-
tuzumab cycles (including chemotherapy started prior to 
and continued during trastuzumab). Trastuzumab and 
chemotherapy recorded in HES- APC was included as a 
sensitivity analysis to evaluate the impact of treatment not 
recorded in SACT, as described previously.31 32

Primary surgery was defined as either breast- conserving 
surgery (BCS) or mastectomy which occurred within 
6 months of diagnosis, identified from Office of Popula-
tion Censuses and Surveys procedure codes within HES- 
APC records. Radiotherapy use was identified based on 
records within RTDS that occurred during the initial treat-
ment episode following diagnosis. Endocrine therapy use 
was identified from the PCPD.29

Data on baseline patient and tumour characteristics 
were taken from Cancer Registry/COSD. Hormone 
receptor (HR)- positive breast cancer was defined where 
either ER or PR status were recorded as positive. Depri-
vation was measured using the Index of Multiple Depri-
vation 2019 rank, derived from the patient’s postcode at 
diagnosis and assigned to national quintiles of deprivation 
(most (1) to least (5) deprived). ICD- 10 codes recorded 
in HES- APC within 2 years prior to diagnosis were used to 
determine comorbidity burden (0, 1, 2+; defined using 
the Royal College of Surgeons of England Charlson 
Comorbidity Index—CCI) and frailty (fit, mild frailty, 
moderate- to- severe frailty; defined using the Secondary 
Care Administrative Records Frailty—SCARF index).33

Patients with HER2- positive EIBC were categorised as 
‘trial eligible’ (yes/no) where application of the inclu-
sion/exclusion criteria and recruited age range of RCTs 
conducted in the adjuvant setting, using the routine data 
available, flagged them as being ‘eligible’ for at least one 
trial (online supplemental table A2).

Statistical analysis
All data preparation and statistical analyses were 
conducted using Stata V.17.0.

Patient and tumour characteristics of women receiving 
trastuzumab- based treatment are presented for the 
overall cohort, as well as by age.

SATE rates are presented for the overall cohort as well 
as by age, comorbidity burden, sequential/concurrent 
chemotherapy use, and HER2 status (HER2- positive/
HER2- negative). Kaplan- Meier survival curves were used 
to visually assess differences in time to first SATE from 
start of adjuvant treatment/trastuzumab cycle. Multilevel 
mixed- effects logistic regression models were used to 
identify factors associated with odds of (cardiovascular) 
SATE and odds of treatment discontinuation. Models 
included baseline variables (measured at diagnosis) of 

age (50–59/60–69/70–79/80+), patient fitness (CCI, 
SCARF index), deprivation and comorbidity flags for 
history of myocardial infarction (MI), CCF, chronic 
pulmonary disease (CPD), liver disorder, renal disorder 
or diabetes, based on those created to calculate the CCI 
(online supplemental table A3). Additionally, chemo-
therapy details (sequential use and anthracyclines use) 
were included as predictors of SATE.

Further comparison of cohort characteristics and SATE 
rates was done across patient subgroups defined as ‘trial 
eligible’.

RESULTS
Among 156 375 women, aged 50 years and over, diag-
nosed with EIBC in England between 1 January 2014 and 
31 December 2019, 9.6% (n=14 936) had HER2- positive 
tumours. There were 11 584 of these 14 936 patients 
who had surgery within 6 months of diagnosis, of which 
45.0% (n=5215) went on to receive adjuvant trastuzumab- 
based treatment (not in combination with other HER2- 
targetting drugs) with no trastuzumab prior to surgery 
(online supplemental figure A3). A total of 5087 women 
had a treatment window ending prior to 1 April 2021 and 
information on patient fitness and tumour characteristics, 
and constituted the analysed study cohort. There were 
13 577 women diagnosed with HER2- negative tumours 
over the same time period who received adjuvant chemo-
therapy with a calculated treatment window ending prior 
to 1 April 2021. Median follow- up of both groups was 61.1 
months (IQR: 44.4–76.1).

Cohort characteristics
Table 1 provides patient and tumour characteristics plus 
treatment details for the cohort of women receiving 
adjuvant trastuzumab- based treatment for HER2- positive 
EIBC. The majority (79.8%) of the cohort was aged 50–69 
years, had no comorbidities (90.6%) and were fit (85.7%). 
Two- thirds had hormone receptor- positive cancers. The 
distribution of tumour characteristics differed by age, with 
a greater proportion of older women having higher grade 
disease, larger tumours and nodal involvement. Comor-
bidities or some level of frailty were also more prevalent 
in older age groups. Rates of BCS and radiotherapy were 
lower for women aged 80+ years. While nearly all women 
were recorded as receiving chemotherapy, the regimen 
type differed by age, with older women more likely to 
receive a taxane- only (paclitaxel use increased as age 
increased, while docetaxel use decreased).

Based on reported eligibility criteria for trials of adju-
vant trastuzumab, 35.6% of the study cohort were cate-
gorised as trial eligible. Comparison with reported 
characteristics of patients within RCTs highlighted that 
women treated in routine practice include a higher per 
cent of older women (5% of women aged 50+ in the 
RCTs were aged 70+ years, compared with 20.2% in this 
cohort), higher percentages with HR- positive, smaller, 
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Table 1 Distribution of patient, tumour and treatment characteristics in women with HER2- positive, early invasive breast 
cancer, diagnosed in NHS trusts in England between January 2014 and December 2019 and receiving adjuvant trastuzumab- 
based treatment, overall and by age at diagnosis

Total

Total 50–59 years 60–69 years 70+ years

5087 2153 1906 1028

Age group 50–59 years 2153 (42.3%)

60–69 years 1906 (37.5%)

70–79 years 941 (18.5%)

80+ years 87 (1.7%)

IMD 2019 1—Most deprived 15.2% 17.5% 13.9% 12.8%

4 16.7% 17.6% 16.4% 15.7%

2 21.4% 20.9% 22.3% 20.7%

3 22.8% 21.6% 23.6% 24.2%

5—Least deprived 23.8% 22.5% 23.9% 26.6%

Charlson Comorbidity 
Index

0 90.6% 93.6% 89.2% 86.9%

1 7.5% 5.3% 8.4% 10.2%

2+ 1.9% 1.0% 2.4% 2.9%

SCARF index Fit 85.7% 90.8% 84.2% 77.7%

Mild frailty 9.3% 6.8% 10.1% 13.1%

Moderate- to- severe 
frailty

5.0% 2.5% 5.7% 9.1%

Stage grouping 1 46.5% 49.4% 51.7% 30.8%

2 46.4% 44.3% 43.1% 57.0%

3A 7.1% 6.3% 5.2% 12.2%

Grade of disease G1 1.9% 2.6% 1.7% 1.0%

G2 36.7% 36.9% 39.7% 30.7%

G3 61.4% 60.5% 58.6% 68.3%

Tumour stage T1 56.3% 59.7% 60.7% 41.0%

T2 40.4% 37.3% 37.1% 52.9%

T3 3.3% 2.9% 2.2% 6.1%

Nodal stage N0 68.8% 68.8% 73.7% 59.7%

N1 25.4% 26.1% 21.8% 30.5%

N2 5.8% 5.1% 4.6% 9.7%

Positive hormone- receptor 
status

Yes 68.9% 72.5% 68.2% 62.5%

No/unknown 31.1% 27.5% 31.8% 37.5%

Surgery type BCS 68.4% 70.5% 72.1% 57.0%

Mastectomy 31.6% 29.5% 27.9% 43.0%

Radiotherapy reported/
setting

No 20.7% 20.3% 19.1% 24.7%

Yes—before trastuzumab 5.9% 5.2% 7.0% 5.5%

Yes—during trastuzumab 58.1% 60.3% 59.2% 51.8%

Yes—after trastuzumab 15.2% 14.3% 14.7% 18.0%

Hormone therapy 
prescribed (Y)

69.0% 72.4% 68.7% 62.4%

Chemotherapy reported 
(Y)

98.6% 98.9% 98.8% 97.5%

Anthracycline* only (Y) 18.2% 16.1% 21.4% 16.4%

Continued

 on S
eptem

ber 5, 2023 by guest. P
rotected by copyright.

http://bm
joncology.bm

j.com
/

bm
jonc: first published as 10.1136/bm

jonc-2023-000081 on 4 S
eptem

ber 2023. D
ow

nloaded from
 

http://bmjoncology.bmj.com/


5Gannon MR, et al. BMJ Oncology 2023;2:e000081. doi:10.1136/bmjonc-2023-000081

Original researchOpen access

node- negative tumours and undergoing BCS in contrast 
to mastectomy.

The cohort diagnosed with HER2- negative EIBC who 
received adjuvant chemotherapy had a similar distribu-
tion across most characteristics with small differences in 
relation to age, stage grouping, invasive grade, tumour 
stage, nodal involvement and use of radiotherapy (online 
supplemental table A4). The groups differed in the type 
of chemotherapy used, with more use of anthracyclines 
(with or without taxanes) and less use of paclitaxel in the 
comparison group of women with HER2- negative EIBC.

Trastuzumab treatment details
Median duration of trastuzumab (time from first to last 
recorded cycle) was 11.7 months (IQR=10.4–12.0), 54.1% 
of patients had 17–18 cycles and 95.8% (n=4873/5087) 
had a record of trastuzumab ever being administered 
subcutaneously. In patients who had more than one cycle 
of trastuzumab, the typical interval was 3 weekly for 96.1% 
(n=4802/4998), with only 64 patients (1.3%) having 
weekly treatment (online supplemental figure A4).

Of 5015 patients with a record of adjuvant chemo-
therapy, 21.9% (n=1099) commenced trastuzumab 
after chemotherapy (sequential), while 78.1% (n=3916) 
received concurrent chemotherapy, of which nearly all 
(98.9%) included a taxane (table 1). Concurrent taxane 
use was high across all age groups. Trastuzumab was 
started after an anthracycline and given concurrently with 
a taxane for 37.2% (n=1867), with highest use among 
younger women. Across all age groups, <1% received an 
anthracycline concurrently.

Severe acute toxicity events
Among women who received adjuvant trastuzumab- based 
treatment, 32.8% (n=1670; 95% CI 31.5% to 34.1%) had 
at least one SATE (table 2). The percentage of women 
with a cardiovascular SATE captured was 6.8% (n=346; 
95% CI 6.1% to 7.5%). Rates of CCF captured were low 
at 0.5% (95% CI 0.3% to 0.7%). Fifteen (0.3%) women 
were reported to have died during an admission with a 
SATE.

Admissions could contain several conditions related to 
the SATE. Treating these separately, the most common 
SATEs, captured among more than 10% of patients, were 
haematological disorder (15.2%; most commonly neutro-
penia), infection (15.2%), neutropenic sepsis (13.0%), 
gastrointestinal disorder (10.0%).

The odds of SATE were greatest during the first 18 weeks 
of treatment (figure 1). Although there was no difference 
in SATE rates over the full treatment course according 
to receipt of sequential versus concurrent chemotherapy 
(online supplemental table A5), SATEs recorded in over-
night admissions after trastuzumab started were higher 
where patients received concurrent rather than sequen-
tial chemotherapy (figure 2). Nearly all concurrent 
chemotherapy involved a taxane; anthracycline regimens 
were typically given sequentially. Figure 2 highlights that 
SATE among patients receiving sequential chemotherapy 
were lower during trastuzumab suggesting the majority 
were experienced during chemotherapy rather than tras-
tuzumab. SATE rates did not differ according to whether 
patients received the full course of trastuzumab treatment 
or not (33.4% vs 32.3%).

Total

Total 50–59 years 60–69 years 70+ years

5087 2153 1906 1028

Taxane* only (Y) 41.3% 31.7% 40.7% 62.8%

Anthracycline and 
taxane (Y)

39.6% 51.5% 36.8% 19.8%

Anthracycline prior, 
taxane concurrent (Y)

37.2% 48.7% 34.9% 17.4%

Docetaxel (Y) 49.5% 61.6% 45.6% 31.2%

Paclitaxel (Y) 32.7% 22.9% 33.4% 52.1%

Sequential chemo (Y) 21.9% 20.0% 24.8% 20.5%

Concurrent chemo (Y) 78.1% 80.0% 75.2% 79.5%

Concurrent anthracycline 
(% of concurrent chemo)

0.6% 0.8% 0.4% 0.5%

Concurrent taxane (% of 
concurrent chemo)

98.9% 99.3% 98.8% 98.3%

Trastuzumab discontinued (Y) 34.4% 32.9% 34.6% 37.1%

*Anthracyclines = doxorubicin, epirubicin, mitoxantrone recorded in SACT. Taxanes = docetaxel, cabazitaxel, paclitaxel, nab- paclitaxel 
recorded in SACT.
BCS, breast- conserving surgery; IMD, Index of Multiple Deprivation; NHS, National Health Service; SACT, Systemic Anti- Cancer Therapy 
dataset; SCARF, Secondary Care Administrative Records Frailty.

Table 1 Continued
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Comparison with the group of women who received 
chemotherapy for HER2- negative EIBC, overall SATE 
rates captured were higher for HER2- negative EIBC 
(37.7%, 95% CI 36.9% to 38.5%; Online supplemental 
figure A5 and table A6), and cardiovascular SATE rates 
were also higher (8.5%, 95% CI 8.1% to 9.0%). There 

were no evidence rates differed after accounting for base-
line differences in the two groups. A similar pattern from 
the first treatment cycle to the first SATE was observed for 
both groups (online supplemental figure A5).

Overall SATE rates were similar for patients of different 
ages (online supplemental figure A6). Rates among 

Table 2 Frequency of severe acute toxicity events (SATE), overall/by individual SATE type, among women receiving adjuvant 
trastuzumab- based treatment for HER2- positive, early invasive breast cancer, by age at diagnosis (ordered by most frequently 
recorded; only individual SATE with >5% presented)

Event

Total
N=5087

50–59 years
N=2153

60–69 years
N=1906

70–79 years
N=941

80+ years
N=87

N % N % N % N % N %

Any 1670 32.8 710 33.0 625 32.8 312 33.2 23 26.4

Haematological 774 15.2 325 15.1 304 15.9 142 15.1 3 3.4

  Neutropenia 714 14.0 302 14.0 287 15.1 124 13.2 1 1.1

  Anaemia 103 2.0 33 1.5 38 2.0 30 3.2 2 2.3

  Thrombocytopaenia 15 0.3 6 0.3 7 0.4 2 0.2 0 0.0

Infection 773 15.2 333 15.5 289 15.2 140 14.9 11 12.6

Neutropenic sepsis 659 13.0 279 13.0 267 14.0 112 11.9 1 1.1

Gastrointestinal 507 10.0 193 9.0 199 10.4 107 11.4 8 9.2

Cardiovascular 346 6.8 132 6.1 125 6.6 83 8.8 6 6.9

  Arrhythmia 106 2.1 43 2.0 36 1.9 23 2.4 4 4.6

  Hypertension 73 1.4 26 1.2 29 1.5 18 1.9 0 0.0

  Angina 7 0.1 2 0.1 3 0.2 2 0.2 0 0.0

  Congestive cardiac failure 25 0.5 2 0.1 12 0.6 9 1.0 2 2.3

  Cerebrovascular 14 0.3 6 0.3 3 0.2 4 0.4 1 1.1

  Other 175 3.4 65 3.0 72 3.8 37 3.9 1 1.1

Figure 1 Time from first treatment cycle to first severe acute toxicity event, any and most frequently reported individual 
toxicity group, among women receiving adjuvant trastuzumab- based treatment for HER2- positive, early invasive breast cancer, 
(A) overall and (B) by age at diagnosis. SATE, severe acute toxicity event.
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women aged 80+ were 26.4% (95% CI 17.6% to 37.0%; 
table 2). SATE rates increased with a greater comor-
bidity burden, particularly in relation to the SATE due 
to infection, cardiovascular disorders and gastrointestinal 
disorders (online supplemental table A7). The rates of 
cardiovascular disorders rose with increasing age.

High deprivation, use of anthracyclines and greater 
frailty were associated with increased odds of any SATE, 
even after accounting for each other and other factors 
(online supplemental table A8). Older age, history of MI, 
CPD and liver disease, as well as having sequential chemo-
therapy, were associated with increased odds of cardiovas-
cular SATE (online supplemental table A8).

Relationship between SATE and treatment discontinuation/
delay
Of all women in the cohort, 47.4% (95% CI 46.0% to 
48.7%; n=2409/5087) received the complete course of 
trastuzumab treatment (18 cycles or 17 cycles over at least 
51 weeks). A further 18.3% (n=930) had 16 cycles or 17 
cycles with less than 51 weeks duration. The remaining 
34.4% (n=1748/5087) of women were defined as having 
discontinued treatment (online supplemental figure 
A4; table 1). Discontinuation was higher among those 
receiving sequential chemotherapy (figure 3; 41.2% 
compared with 31.8% among women receiving concur-
rent chemotherapy). Additionally, odds of discontinu-
ation were higher among women aged 80+, those with 
a history of CCF and those who had a treatment break, 
while having a delay was associated with decreased odds.

Of 4998 patients who received more than one cycle, 
69.9% (n=3494) had at least one delay/break between 

cycles; 63.5% of patients had at least one cycle delayed 
while 21.1% had at least one break between trastuzumab 
cycles. Although there was no evidence of a difference by 
age, the percentage who either discontinued treatment 
following a SATE (figure 3) or had a delay/break before 
the next cycle increased with age (online supplemental 
table A9). Around two- thirds of patients had no SATE 
captured during trastuzumab cycles but still had a delay/
break in between cycles (online supplemental table A9).

Estimation of SATE rates when the cohort was limited to a 
‘trial-eligible population’
Applying the RCT eligibility criteria to our cohort 
receiving adjuvant trastuzumab- based treatment, 35.6% 
were defined as ‘trial eligible’. Comparisons of charac-
teristics found lower percentages of trial eligible patients 
among patient groups of moderate- to- severe frailty, with 
greater comorbidity burden, grade 1 disease, smaller, 
node- negative tumours, among women having BCS and 
by chemotherapy type (online supplemental table A10).

Higher rates of overall SATE were seen among those 
defined as ‘trial eligible’ compared with those not eligible 
(36.8% vs 30.6%, p<0.001). This difference was greatest 
among the group of patients who received concurrent 
chemotherapy (38.9% vs 30.0%, p<0.001). There were 
no evidence rates differed after accounting for baseline 
differences in the two groups.

DISCUSSION
This study examined the characteristics and treat-
ment safety profile of 5087 women (50+ years) with 

Figure 2 Time to severe acute toxicity event from (A) first treatment cycle and (B) first trastuzumab cycle, among women 
receiving adjuvant trastuzumab- based treatment for HER2- positive, early invasive breast cancer, by sequential or concurrent 
use of chemotherapy.
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HER2- positive EIBC who received adjuvant trastuzumab- 
based treatment. Median trastuzumab duration was 
11.7 months, in line with the expected duration of 12 
months. One in three women (32.8%) had at least one 
SATE captured within an overnight hospital admission 

throughout the course of their adjuvant trastuzumab- 
based treatment. SATEs were more likely among women 
with frailty and those receiving anthracyclines. One in 
15 women (6.8%) had a cardiovascular SATE captured, 
with increased rates among older women, and those 

0% 20% 40% 60% 80% 100%
Percentage of patients (%)
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Figure 3 Trastuzumab delays, breaks, discontinuation and SATE rates, among women with HER2- positive, early invasive 
breast cancer, diagnosed in NHS trusts in England between January 2014 and December 2019 and receiving adjuvant 
trastuzumab- based treatment, by cohort characteristics. BCS, breast- conserving surgery; CCF, congestive cardiac failure; 
CCI, Charlson Comorbidity Index; CV, Cardiovascular; IMD, Index of Multiple Deprivation; NHS, National Health Service; SATE, 
severe acute toxicity event.
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with a history of cardiovascular or liver disease. Compar-
ison with the group of women receiving chemotherapy 
for HER2- negative EIBC highlighted comparable SATE 
rates, after accounting for differences in the cohorts, 
suggesting trastuzumab did not add toxicity beyond that 
experienced from chemotherapy.

Comparison with RCTs highlighted differences in 
cohort characteristics, with women (50+ years) with HER2- 
positive EIBC treated in routine care, nearly all receiving 
3- weekly trastuzumab, including a higher percentage of 
older women (20.2% aged 70+, compared with 5% of 
patients aged 50+in the RCTs) and small, node- negative 
tumours.

Reviews of the four major adjuvant RCTs highlighted 
rates of CCF varied from 0.6% to 3.3%, with overall cardio-
vascular toxicity ranging from 5.7%–18.0% and higher 
odds as age increased.34 35 Rates of CCF SATE estimated 
for our study cohort were 0.5%, with overall cardiovas-
cular SATE rates of 6.8%.

Estimates of trastuzumab- based treatment use in this 
older population are in line with other studies in this 
setting.22 23 Nearly all had trastuzumab administered 
subcutaneously, in line with more recent advances which 
demonstrated clinical comparability with this delivery 
route.36 37 Women aged 80+ were more likely to discon-
tinue treatment, as reported in a previous population- 
based study in the USA.38 Cardiotoxicity and CCF rates 
reported in other population- based studies provide a 
mixed picture, with some studies reporting very low rates 
from 2.6% to 8.5%14–17 while others report higher rates up 
to 29.4%.13 18 39 This variation is likely to be due to differ-
ences in patient cohorts and data collection methods. 
Cardiotoxicity captured in hospital admissions data were 
lower than those reported across several studies, while 
CCF rates were similarly low: a Dutch study in a hospital 
setting, which defined cardiotoxicity using the same defi-
nition as the HERA trial reported 12.6% cardiotoxicity; 
a US study in older patients (66+ years) reported 1.2% 
admissions for CCF; the OHERA study reported 1.0% 
severe CCF and 17.5% cardiac events; a meta- analysis of 
studies reported 12% overall cardiotoxicity incidence; 
and a study across three NHS trusts reported 15.7% 
cardiotoxicity rates during treatment.10 12 38 40 41 Several 
studies have reported age differences in cardiotoxicity, 
with risk increasing with age.12–16 Additionally, sequential 
therapy use has been described in another population- 
based study to be associated with increased odds of cardio-
vascular SATEs.42 Prevalent hypertension captured in the 
data was low; however, recent publications highlight the 
risk of chemotherapy- induced hypertension.43 44

The study has a number of strengths. It used a large, 
population- based sample, which included women diag-
nosed over a period of 6 years (2014–2019) with HES- APC 
data to 31 March 2021 and so reflects current treatment 
practice. All data used in the study were linked at patient 
or tumour level, so all estimates of treatment character-
istics and SATE are for the same patients. The cohort in 
this study included more patients aged 70+ years than 

were included in the RCTs. The methodology used to 
identify systemic treatment- related SATEs incorporates 
toxicity recorded in all diagnosis fields within hospital 
administrative data and will, therefore, document both 
those severe events causing an overnight admission as well 
as symptomatic events experienced and flagged during 
an overnight admission but which were not the cause 
for the admission. Pre- existing comorbidities were also 
accounted for to avoid misclassification of chronic condi-
tions as toxicity, providing more certainty that SATEs 
were treatment related. Finally, the dataset contained 
longitudinal treatment information, along with sufficient 
patient and tumour characteristics associated with treat-
ment decisions to provide robust comparison with trial 
populations.

There are various limitations of this study. First, as 
estimation of treatment- related toxicity is based on an 
overnight stay captured in hospital admissions data, 
treatment- related toxicity which is either purely symp-
tomatic/less severe or identified via purposeful clinical 
observation and does not result in an overnight NHS 
hospital admission, or is managed in a non- NHS setting 
will not be counted. For this study, many of the toxicities 
captured will, therefore, predominantly relate to more 
severe events, the type of toxicity a trial would classify 
as a serious adverse event. This will result in an under 
estimate of the true toxicity burden of treatment and as 
such whether cardiac toxicity rates are different to those 
observed in the RCTs, which use a different method of 
measurement to that applied in this study, is unclear. 
Furthermore, it was not possible within the routine data 
to know whether the SATE was considered to be a reaction 
to treatment (serious adverse reaction), something which 
could be recorded by clinicians within an RCT. Addition-
ally, time to SATE will be an overestimate where the SATE 
is captured within an admission record but was not the 
reason for admission, as this will have developed prior to 
the admission. Second, the time frame for chemotherapy 
is typically substantially shorter than for trastuzumab- 
based treatment, therefore, a time window for counting 
treatment- related admissions among women receiving 
chemotherapy for HER2- negative EIBC may include 
admissions relating to any treatments given beyond the 
initial chemotherapy. Third, as this study used routine 
data, which were not created or collected to answer this 
specific research question, there may be issues such as 
misclassification bias, unmeasured confounding and 
missing data. As SACT provides data on prescribed ther-
apies, there may be a small number of patients included 
within the study cohort who were prescribed trastuzumab 
but for whom it was never administered. Additionally, 
estimates of treatment cycles/duration may be higher 
than in practice. As this study aimed to compare the 
patient cohort and SATE rates to those reported in the 
trials, where information was presented on an intention- 
to- treat basis so may also include patients randomised to 
treatment who never received it or who did not have all 
treatment cycles, the data provided is informative and 
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complementary. SACT also has various quality assurance 
processes carried out before data release, details of which 
can be found via: https://digital.nhs.uk/ndrs/data/data- 
sets/sact. Another concern is the potential for errors in 
patient and tumour characteristics within the England 
Cancer Registry and COSD datasets. The cancer registra-
tion service has various validation steps when compiling 
the national registration data and the overall effect of 
coding errors should therefore be minimal. We note 
that missing data for this cohort were small; in addition, 
sensitivity analysis using HES data to identify further treat-
ment information highlighted few patients were missed 
from the cohort. Finally, it was not possible to perform 
a comprehensive comparison of the patients treated in 
routine practice with those recruited to the RCTs. In part, 
this was due to the limited reporting of baseline charac-
teristics in the RCT publications and because many of 
the baseline function tests required prior to enrolment 
are either not routinely done outside of a trial setting or 
the details are unavailable within routine national data. 
As such the estimated number of patients fulfilling trial 
eligibility is likely to differ from reality. Additionally, this 
study did not have information on whether any patients 
in the study cohort were participating in RCTs, which 
might contribute to SATE rates being under- estimated 
and to some patients not being recorded as receiving 12 
months of treatment.45

This study estimated SATE rates for patients receiving 
adjuvant trastuzumab- based treatment for HER2- positive 
EIBC in routine care. Overall rates were comparable by 
age, suggesting patients were well monitored, with an 
increase in cardiotoxicity as age increased, most likely 
related to an increased susceptibility to cardiovascular 
problems due to reduced physiological reserve. Few 
studies have reported overall SATEs, or individual SATEs 
beyond cardiotoxicity. Reporting the full safety profile 
of trastuzumab- based treatment is important in under-
standing the impact of treatment in routine care, and 
acknowledging that chemotherapy is part of the treatment 
provided. Detail of SATE is also valuable in providing 
information for treatment discussions between clinicians 
and patients. We found that SATEs were higher among 
women receiving anthracyclines as part of their chemo-
therapy treatment, which were typically given sequen-
tially. The majority of this cohort treated in routine care 
received adjuvant chemotherapy, as is recommended 
practice, however, we note that more recent trials looking 
at use of trastuzumab monotherapy have suggested that 
it might be more appropriate for those patients who are 
more frail or where SATEs are a concern.46 47 Future work 
looking at SATE for patients receiving trastuzumab mono-
therapy would be beneficial to understand the safety 
profile of this among patients treated in routine care. 
Additionally, frailty rather than increasing age was associ-
ated with increased SATEs, re- enforcing the message that 
age alone should not determine treatment decisions.48

Since trastuzumab was first approved for use in 
this setting in 2005, there have been several further 

HER2- targeting therapies licensed and approved and a 
move towards use of trastuzumab biosimilars.49 Future 
research should characterise the cohort of patients 
receiving these newer treatments to understand the asso-
ciated benefits and harms from their use in routine care.

In conclusion, this national cohort study found that 
among patients who received adjuvant trastuzumab- based 
treatment for HER2- positive EIBC in routine clinical 
practice, one- third had any SATE recorded, with frailty 
and use of anthracyclines associated with increased odds. 
Rates of cardiovascular SATE increased with increasing 
age and use of sequential therapy. CCF rates were low. 
The addition of trastuzumab to chemotherapy added 
little to major SATE experienced, suggesting that where 
chemotherapy is recommended for HER2- positive EIBC 
trastuzumab should also be recommended. Two- thirds 
of patients were estimated to not be represented in trial 
populations; lower SATE rates among such patients were 
explained by baseline differences in patients.
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Survival following adjuvant trastuzumab-based treatment among older patients with HER2-positive early 

invasive breast cancer: A national population-based cohort study using routine data  

Melissa Ruth Gannon (M.R.G.)a b, David Dodwell (D.D.)c, Katie Miller (K.M.)a b , Jibby Medina (J.M.)a b, Karen 

Clements (K.C.)d, Kieran Horgan (K.H.)e, Min Hae Park (M.H.P.)a b, David Alan Cromwell (D.A.C.)a b  

a Department of Health Services Research & Policy, London School of Hygiene & Tropical Medicine, London, UK, b 

Clinical Effectiveness Unit, The Royal College of Surgeons of England, London, UK, c Nuffield Department of 

Population Health, University of Oxford, Oxford, UK, d National Cancer Registration and Analysis Service, NHS 

England, 5th Floor, 23 Stephenson Street, Birmingham, UK, e Department of Breast Surgery, St James’s University 

Hospital, Leeds, UK. 

ABSTRACT 

Background: Randomised controlled trials (RCTs) reported adjuvant trastuzumab-based treatment improved 

overall survival (OS) among patients with HER2-positive early invasive breast cancer (EIBC). Few RCTs included 

older patients or those with comorbidity/frailty. This study aimed to determine whether the effect of adjuvant 

trastuzumab-based treatment on survival outcomes varies by patient age and fitness, using national data from 

routine care. 

Methods: Women (50+ years) newly-diagnosed with HER2-positive EIBC between 2014 and 2019 were 

identified from England Cancer Registry data. Registration records were linked to Systemic Anti-Cancer Therapy 

data for treatment details and ONS death register for mortality details. A propensity score analysis employing 

the inverse probability of treatment weighting method was used to balance the patient variables across 

treatment groups. Cox models were used to evaluate whether the effect of treatment on OS was associated with 

patient age and fitness; competing risks regression models were used for breast cancer-specific survival (BCSS).  

Results: 5,238 women initiated adjuvant trastuzumab-based treatment. Median follow-up was 56.7 months. 

Comparison with 3,421 women who did not receive adjuvant trastuzumab highlighted differences at diagnosis in 

relation to age, fitness, grade, nodal involvement, surgery type and use of radiotherapy. Weighted survival 

analysis found trastuzumab was associated with improved OS (hazard ratio HR 0.56, 95%CI: 0.45-0.70) and 

improved BCSS (subHR 0.62, 95%CI: 0.47-0.82). We found no evidence of a difference in effect by age or patient 

fitness for either outcome. 

Conclusion: In this national dataset, adjuvant trastuzumab was associated with improvements in survival, with 

an OS effect size similar to RCTs evidence. The effect size was not found to vary by patient age or fitness. 

Chronological age and fitness alone should not be barriers to receipt of effective adjuvant targeted treatment. 
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Introduction 

Trastuzumab was approved for use within English NHS services for patients with HER2-positive early invasive 

breast cancer (EIBC) in 2006, following evidence of efficacy from several randomised controlled trials (RCTs), 

most notably the HERA trial.(1) A subsequent meta-analysis, which included 11,991 patients across eight RCTs 

with a median follow-up of 36 months, reported a hazard ratio (HR) of 0.66 (95% confidence interval [CI]: 0.57-

0.77) for overall survival (OS).(2)  National and international guidelines, including those published by the 

European Society of Medical Oncology (ESMO), NICE and the American Society of Clinical Oncology (ASCO), 

recommend treatment with chemotherapy and trastuzumab.(3-5) Additionally the International Society of 

Geriatric Oncology (SIOG) and European Society of Breast Cancer Specialists (EUSOMA) make comparable 

recommendations for the management of older patients with breast cancer.(6, 7) 

Women aged 70 years and older account for more than one-third of breast cancers diagnosed annually in 

England. However, the evidence base for trastuzumab in this population is narrow due to the limited number of 

older women participating in trials; an estimated 2.5% of all patients in RCTs evaluating adjuvant trastuzumab 

were aged 70+ years. An individual patient data meta-analysis found no evidence that the benefit of 

trastuzumab, compared with chemotherapy alone, differed by patient age but this result was based on trials 

that included few older women.(8) The resulting lack of outcome evidence in older patients can result in 

considerable variation of management in routine care according to age.(9, 10) In the context of trastuzumab, we 

have previously reported increasing age was associated with a reduced used of adjuvant trastuzumab, even after 

accounting for tumour characteristics and comorbidities.(11) 

Among patient populations where evidence is limited, observational studies can provide information to support 

treatment decision-making. Within a UK setting, a handful of small studies have described survival among 

women treated with adjuvant trastuzumab, but none looked at differences in treatment effect across age 

groups. For example, a study that included patients with HER2-positive EIBC treated with trastuzumab at a single 

London NHS trust from 2006 to 2008 reported an association between trastuzumab use and improved disease-

free survival at 3-years, but had insufficient deaths to look at OS and did not examine if effect size was 

associated with patient factors.(12) A study conducted in South-East Wales reported improved 3-year OS among 

women treated with trastuzumab, but did not report a formal estimate of possible treatment effect.(13) In the 

absence of trials to provide the evidence, an observational study can be designed to mimic a randomised trial 

and provide estimate of treatment effect from the hypothetical “target trial”, an approach that is advocated to 

reduce the risk of bias from limitations of study design.(14)  

The aim of this study was to evaluate whether the effect of adjuvant trastuzumab-based treatment on survival 

varies by patient age and fitness, among women aged 50+ years diagnosed with HER2-positive EIBC using a 

national, population-based dataset. We hypothesised that there would be no difference in treatment effect by 

age or fitness. The study also aimed to investigate factors associated with differences in survival following 

treatment with trastuzumab, to understand which patients had better/worse survival.  
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The study is reported according to the RECORD extension to STROBE guidelines for observational studies using 

routinely collected data.(15) 

Patients and Methods 

Study design 

This non-randomised, retrospective population-based cohort study was designed using the methodological 

framework of a target trial emulation approach.(14) Within this approach, the observational study is designed to 

emulate the set-up of a hypothetical RCT, i.e. the ‘Target Trial’ by applying analogous criteria relating to patient 

eligibility, treatment assignment, definition of the follow-up period and analysis plan.(14, 16, 17) Supplementary 

Table S1 summarises the steps followed to guide selection of the study cohort and the conduct of the statistical 

analysis. We adopt this method primarily to reduce the risk of bias in the estimated hazard ratio of initiating 

trastuzumab-based treatment versus not. The study results are not interpreted as estimating the causal effects 

of treatment. 

Data Source 

This study was undertaken as part of the National Audit of Breast Cancer in Older Patients (NABCOP; see 

www.nabcop.org.uk for full details). The NABCOP received pseudonymised patient-level Cancer Registry data for 

all women aged 50+ years, diagnosed with breast cancer (BC) from 1 January 2014 to 31 December 2019 within 

NHS trusts in England.(18) Records were linked at tumour-level to data from the Cancer Outcomes and Services 

Dataset (COSD); Hospital Episode Statistics Admitted Patient Care (HES-APC) (19); Systemic Anti-Cancer Therapy 

(SACT) dataset (20); national Radiotherapy Dataset (RTDS); and at patient-level to the Primary Care Prescription 

Database (PCPD).(21)  

Study cohort  

The study cohort was defined to include women aged 50+ years diagnosed with HER2-positive EIBC (stage 1-3A; 

ICD-10 C50) who received surgery within six months of diagnosis. BC was classified as HER2-positive where HER2 

status was reported as either positive or borderline but with a positive HER2-FISH (fluorescence in situ 

hybridization) or equivalent test result. Primary surgery was defined as either breast-conserving surgery (BCS) or 

mastectomy, identified from Office of Population Censuses and Surveys (OPCS) procedure codes entered within 

HES-APC.  

In line with the emulated trial design, the following exclusion criteria were applied. First, the records of women 

were excluded if they had: (i) neoadjuvant chemotherapy or trastuzumab recorded, (ii) adjuvant chemotherapy 

or trastuzumab started more than 4 months after surgery, or (iii) adjuvant treatment included other HER2-

targeting agents. Additionally records with missing information on patient fitness, tumour stage, nodal stage and 

invasive grade, or where the date of death or censoring was before the landmark point were excluded (see 

Statistical analysis section). 

http://www.nabcop.org.uk/
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Treatment assignment 

A clinically relevant defined grace period of 4 months to treatment assignment (initiated trastuzumab-based 

treatment or not) was applied, to reflect the time required for decision-making in routine clinical practice. 

Patients were defined as initiating adjuvant trastuzumab-based treatment if their SACT data records contained 

any of trastuzumab, Herceptin or trastuzumab biosimilar in the drug name field, within four months after 

surgery or after chemotherapy that started within four months of surgery. Records of trastuzumab-emtansine or 

other HER2-targeting therapy such as pertuzumab were categorised separately as “other HER2-targeting 

therapy”. 

Adjuvant chemotherapy, as part of trastuzumab-based treatment, was identified from SACT data where the first 

recorded cycle was within four months after surgery. It was categorised as: “sequential” where cycles were 

administered prior to the first trastuzumab date, with no cycles delivered during the trastuzumab cycles; and 

“concurrent” where any cycles were administered either on the same day as trastuzumab or between 

trastuzumab cycles (including when chemotherapy started prior to and continued during trastuzumab).  

HES-APC was used to supplement data on trastuzumab and chemotherapy from SACT.(22) This provided 

additional cycle-level information for use of adjuvant trastuzumab and/or chemotherapy and associated 

treatment initiation date.  

Outcome and follow-up period 

Overall survival was defined as death from any cause. BC-specific survival (BCSS) was defined where the cause of 

death was recorded as BC. Death details from linked Civil Registration (death) records, including date and cause, 

were provided within Cancer Registry data.  

Time zero (start of follow-up) was defined, based on the grace period, as 4 months after date of surgery. Each 

patient was followed up to date of death or administrative censoring (October 2021). Mortality data were 

available up to October 2021. 

Study variables 

Patient and tumour characteristics were taken from Cancer Registry/COSD. These were: age at diagnosis (years), 

deprivation, tumour stage (T0-3), nodal stage (N0-2), hormone receptor status (positive, negative/unknown), 

tumour grade (G1-3). BC was classified as hormone receptor-positive where either of estrogen or progesterone 

receptor status were recorded as positive. Deprivation was measured using the Index of Multiple Deprivation 

2019 rank, based on the patient’s postcode at diagnosis, and assigned to national quintiles of deprivation (most 

[1] to least [5] deprived).  

Patient fitness was measured based on comorbidity and frailty. Comorbidity burden (0, 1, 2+; defined using the 

Royal College of Surgeons of England Charlson Comorbidity Index - CCI) and frailty (fit, mild frailty, moderate-
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severe frailty; defined using the Secondary Care Administrative Records Frailty index – SCARF index) were 

determined using ICD-10 codes recorded in HES-APC within two years prior to diagnosis.(23)  

Other treatment characteristics were: type of surgery (BCS, mastectomy), receipt of radiotherapy and receipt of 

endocrine therapy (ET). Use of radiotherapy was identified based on records within the RTDS dated during the 

initial treatment episode following diagnosis, defined by sequential use of treatments with no more than an 

eight month gap. ET use was identified from the PCPD.(21)  

Statistical analysis 

All analyses were performed in Stata Version 17. 

Median follow-up was determined through reverse-censoring on death, in which survival is treated as the event 

and death as censoring.  

Initial analysis investigated whether patient factors were associated with differences in OS following treatment 

with trastuzumab and was carried out only among patients initiating adjuvant trastuzumab-based treatment for 

HER2-positive EIBC. Standard survival analysis methods were used to analyse time-to-event data, with OS/BCSS 

calculated as time from starting treatment to death/death from BC. Kaplan-Meier survival curves were used to 

visually inspect OS across patient groups. Cox proportional hazards models were used to analyse the association 

between OS and the study variables, and Fine and Gray regression models for BCSS.  

The main analysis estimated the association between use of adjuvant trastuzumab-based treatment and survival 

outcomes. Patients were included in treatment groups according to their assigned treatment strategy. We 

employed a landmark approach in which analyses were timed from 4 months after surgery, to allow for 

treatment to be started and reduce the risk of immortal time bias.(24) Patients were included if they had at least 

4 months’ follow-up from surgery and had not experienced the outcome of interest (death) within the first 4 

months.  

To balance the study variables across the treatment groups and thereby minimise bias due to measured 

confounders, a propensity score analysis employing the inverse probability of treatment weighting (IPTW) 

method was used.(25) The IPTW method used all patients in the cohort, and the propensity score corresponded 

to the probability of a patient receiving trastuzumab. The score was calculated for each patient using a logistic 

regression model that included all factors that could confound the relationship between treatment and the 

outcome, along with factors prognostic of the outcome.(26) The model included age, deprivation, patient 

fitness, tumour stage, nodal involvement, invasive grade, hormone receptor status, type of surgery, 

radiotherapy. Covariate balance was assessed using the standardised mean difference (SMD) with a value of 

greater than 0.1 taken to indicate significant imbalance.(27) Stabilised weights were calculated for each patient 

on the basis of the estimated propensity score (28) 
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Survival curves were created with IPTW-adjusted Kaplan-Meier plots. IPTW-weighted Cox proportional hazard 

models with a robust “sandwich” variance estimator were used to calculate an IPTW-adjusted HR as an estimate 

of the relative effect of trastuzumab-based treatment on OS. IPTW-weighted Fine and Gray regression models 

were used for competing risk analysis of BCSS. An HR below 1·00 favoured the use of trastuzumab. To determine 

whether the effect of trastuzumab varied by age and patient fitness, interaction terms with treatment were 

included in the weighted models.  

A sensitivity analysis was carried out looking at the impact of including patients with a record of chemotherapy 

initiation but not trastuzumab; patients were first included in the “trastuzumab” group and then in the “no 

trastuzumab” group. A further sensitivity analysis was carried out looking at the impact of the landmark time 

point. 

All tests were two-sided, with confidence intervals presented at the 95% level. 
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Results 

A total of 156,375 women aged 50+ years were diagnosed with EIBC between 1 January 2014 and 31 December 

2019. There were 14,936 women with HER2-positive EIBC, of whom 11,584 (77.6%) women proceeded to 

surgery within 6 months of diagnosis. 

A total of 2,014 women who received trastuzumab in combination with another HER2-targeting therapy, started 

adjuvant treatment more than 4 months after surgery or had received neoadjuvant treatment were excluded, 

along with 40 women who died within four months of surgery, and 187 women with incomplete data. This left 

5,238 women who received adjuvant trastuzumab-based treatment with no prior treatment and 3,421 who 

received no adjuvant treatment (supplementary Figure S1). 684 women who received adjuvant chemotherapy 

but no trastuzumab contributed to the sensitivity analysis of treatment assignment. 

Among 5,238 women receiving trastuzumab-based treatment median trastuzumab duration was 11.7 months 

(IQR 11.0-12.1). 22.2% received chemotherapy prior to starting trastuzumab. 20.2% were aged 70+ years, 30.6% 

were recorded to have node-positive EIBC. 68.3% had BCS and 79.3% received radiotherapy.  

Overall survival among patients receiving trastuzumab-based treatment 

Median follow-up from initiation of adjuvant trastuzumab-based treatment was 59.0 months (interquartile 

range: 41.5-73.9), at which point 6.5% (n=338/5,238) of the cohort had died. OS estimates were 99.5%, 96.7% 

and 92.9% at 1, 3 and 5 years respectively from the start of treatment.  

Supplementary Figure S2 shows Kaplan-Meier OS estimates overall and stratified by patient and tumour 

characteristics. For analyses stratified by age at diagnosis, 5 year OS estimates decreased with increasing age, 

being 96.2%, 94.2%, 84.8% and 64.3% for women aged 50-59, 60-69, 70-79 and 80+ respectively (supplementary 

Table S2). Estimates were lowest among those with any comorbidity (86.1%) or moderate-severe frailty (81.7%). 

OS estimates also decreased with increasing grade, increasing tumour stage, nodal involvement and 

negative/unknown hormone receptor status. Where chemotherapy was given, there was no difference in OS 

according to whether this was given sequentially or concurrently with trastuzumab. 

Adjusted hazard ratios (aHRs) of OS according to patient subgroups, estimated from proportional hazard models, 

highlighted differences by age with worse OS as age increased (p<0.0001). Worse OS was also associated with 

having any comorbidity (aHR 1.55, 95%CI 1.14-2.11), nodal involvement (aHR 2.00, 95%CI 1.58-2.53), and larger 

tumours (T2/3 compared to T1), independently of other factors. Conversely hormone receptor-positive EIBC, use 

of radiotherapy and use of taxanes were independently associated with improved OS. 

Association of trastuzumab-based treatment with overall survival 

Comparison of patients who received adjuvant trastuzumab-based treatment with those who did not receive 

treatment, among a total of 8,659 patients, highlighted substantial differences in characteristics (Table 1). 

Differences were seen in relation to age, fitness (CCI and SCARF Index), grade, nodal involvement, surgery type, 
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use of radiotherapy. Specifically a higher percentage of women not receiving treatment were older, had at least 

one comorbidity, had some level of frailty, had grade 1 tumours, no nodal involvement, had had mastectomy 

and didn’t have radiotherapy.  

Median follow-up from the landmark time (4 months after surgery) was comparable among women who 

received adjuvant trastuzumab-based treatment and those who did not receive treatment (overall 56.7 months, 

interquartile range: 38.2-71.9). Unadjusted OS estimates differed by treatment group, at 92.8% at five years 

from the landmark time among women who received trastuzumab-based treatment compared with 75.8% 

among women who did not.  

Of the ten variables used to produce the propensity score, seven exhibited substantial imbalance (SMD >0.1) 

pre-weighting. Following IPTW, the intra-group differences were substantially reduced, and a SMD of <0.1 was 

achieved for all variables (supplementary Figure S3). The distribution of propensity scores in the two groups is 

shown in supplementary Figure S4.   

In the IPTW Cox regression landmark analysis, we found use of adjuvant trastuzumab-based treatment was 

associated with improved OS, compared with no treatment (HR 0.56, 95%CI: 0.45-0.70). Use was also associated 

with improved BCSS (subHR 0.62, 95%CI: 0.47-0.82). 

Figure 1 presents overall survival estimates for treatment groups, by dichotomised age (50-69/70+). We found 

no statistical evidence of effect modification by age. Figure 2 shows the effect of treatment on OS across patient 

subgroups. We found no evidence of a difference by the presence of comorbidity (interaction p=0.822) or frailty 

(interaction p=0.923). Additionally, tumour stage (T1/T2/T3; interaction p=0.773), nodal involvement (N0/N+; 

interaction p=0.535285), grade (G1/G2/G3; interaction p=0.212), or hormone receptor-positive status 

(interaction p=0.853) were not associated with differences in OS. Similar associations were seen when looking at 

BCSS (Figure 3). 

Sensitivity analysis which included those women who received adjuvant chemotherapy but no trastuzumab 

firstly in the trastuzumab group and secondly in the no trastuzumab group did not alter these findings. 

Additionally both shorter and longer grace periods/landmark points did not alter the findings. 
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Discussion 

This population-based cohort study investigated the impact of factors including patient age and fitness on 

survival outcomes following initiation of adjuvant trastuzumab-based treatment, among women aged 50+ years 

diagnosed with HER2-positive EIBC in England.  

Five-year OS of women treated with adjuvant trastuzumab-based treatment (93%) was consistent with 

estimates from both RCTs (89% 4-year OS in HERA, ~90% in N9831 and NSABP B-31, 91-92% 5-year OS in BCIRG-

006) and several other population-based studies.(1, 29-34) Increasing age, comorbidity, nodal involvement and 

larger tumour size were linked to worse OS, whilst hormone receptor-positive EIBC, use of radiotherapy and use 

of taxanes were independently associated with improved OS. These findings are consistent with those reported 

by an Italian study looking at predictors of survival.(35)   

Adjuvant trastuzumab-based treatment was associated with improved OS (HR 0.56) and BCSS (subHR 0.62), 

when patients who received adjuvant trastuzumab-based treatment were compared with those who did not. 

Overall findings were consistent with evidence from RCTs. In particular, the HERA trial reported an unadjusted 

HR of 0.53 for OS at 4-year follow-up.(36) This study however included more than twice as many patients than 

were in the HERA trial. The findings are also consistent with other real-world studies estimating the effect of 

treatment on OS. A study in the Netherlands among patients diagnosed from 2005 to 2007 reported comparable 

5-year OS estimates and an associated adjusted HR of 0.48, whilst another study among women in the 

Netherlands from 2006-12 found adjuvant trastuzumab considerably improved OS for small tumours (adjusted 

HR 0.35).(30, 37)  

This study included patients with an upper age range older than in the RCTs, with 20.2% of women aged 70+ 

years. We found no evidence that the impact of treatment varied by patient age at diagnosis or fitness, as 

measured using comorbidity and frailty scores.  

The study has a number of strengths. Use of a large, population-based sample of women diagnosed with HER2-

positive EIBC over a period of six years (2014-2019) with mortality data to October 2021 means the findings 

reflect the diversity of women with breast cancer and current survival outcomes. The evidence from this study is 

more representative of the general population than previously published small observational studies or 

randomised trials. Use of the propensity score weighting and landmark analysis are recognised methods for 

reducing bias introduced by patient selection for treatment. The study demonstrated good balance among the 

prognostic factors associated with treatment selection and clinical outcomes, and this provides confidence in the 

possible treatment effect estimates. 

There are various limitations of this study. Firstly, the use of routine data raises the potential of bias from 

treatment misclassification, unmeasured confounding, and missing data. Misclassification might arise because 

some hospitals may not enter data into SACT on all treatments, however we used HES-APC data to identify 

patients who received treatment and thereby reduced misclassification. SACT provides data on prescribed 

therapies and some patients may not have received trastuzumab; which means that approach in this paper is 
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analogous to an intention-to-treat analysis as would be carried out within an RCT. There is potential for errors in 

patient and tumour characteristics within the England Cancer Registry and COSD datasets, however the cancer 

registration service has various validation steps when compiling the national registration data and the overall 

effect of coding errors should therefore be minimal. Secondly, propensity score analysis will not account for 

unmeasured confounding, and there may be residual bias. This should be small in comparison to the estimated 

treatment effect because of the large number of variables used to derive the propensity score. Finally, current 

NICE guidance (NG101) was changed in 2018 and recommended patients are offered neoadjuvant 

chemotherapy / HER2-targeting therapy for HER2-positive EIBC.(4) This might have had the effect of changing 

who was offered adjuvant therapy in later years, and increased the number of patients with better prognosis in 

the cohort for later years. Inclusion of year of diagnosis as a sensitivity analysis demonstrated no impact on the 

findings.  

Conclusions 

This study found the use of adjuvant trastuzumab-based treatment, initiated in routine care for women with 

HER2-positive EIBC, was associated with increased overall survival. This was seen regardless of patient age or 

fitness. Chronological age and fitness alone should not be barriers to the receipt of effective adjuvant targeted 

treatment. 
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Figures & Tables 

Table 1: Distribution of patient, tumour and treatment characteristics in women with HER2-positive, early 

invasive breast cancer, by receipt of adjuvant trastuzumab-based treatment. 

Trastuzumab-based 
treatment 

No treatment Chemotherapy only 

Total N=5,238 N=3,421 N=684 

Age 
50-59 years 2226 (42.5%) 587 (17.2%) 293 (42.8%) 
60-69 years 1952 (37.3%) 913 (26.7%) 235 (34.4%) 
70-79 years 970 (18.5%) 1010 (29.5%) 147 (21.5%) 

80+ years 90 (1.7%) 911 (26.6%) 9 (1.3%) 

IMD 
1 - Most deprived 794 (15.2%) 486 (14.2%) 141 (20.6%) 

2 886 (16.9%) 579 (16.9%) 131 (19.2%) 
3 1119 (21.4%) 678 (19.8%) 130 (19%) 
4 1200 (22.9%) 833 (24.3%) 146 (21.3%) 

5 - Least deprived 1239 (23.7%) 845 (24.7%) 136 (19.9%) 

CCI 
0 4744 (90.6%) 2760 (80.7%) 609 (89%) 
1 395 (7.5%) 416 (12.2%) 59 (8.6%) 

2+ 99 (1.9%) 245 (7.2%) 16 (2.3%) 

SCARF Index 
Fit 4478 (85.5%) 2453 (71.7%) 579 (84.6%) 

Mild frailty 492 (9.4%) 450 (13.2%) 71 (10.4%) 
Moderate - severe frailty 268 (5.1%) 518 (15.1%) 34 (5%) 

Grade 
G1 100 (1.9%) 232 (6.8%) 11 (1.6%) 
G2 1925 (36.8%) 1631 (47.7%) 279 (40.8%) 
G3 3213 (61.3%) 1558 (45.5%) 394 (57.6%) 

Tumour stage 
T1 2954 (56.4%) 1923 (56.2%) 341 (49.9%) 
T2 2113 (40.3%) 1385 (40.5%) 314 (45.9%) 
T3 171 (3.3%) 113 (3.3%) 29 (4.2%) 

Nodal stage 
N0 3633 (69.4%) 2607 (76.2%) 404 (59.1%) 
N+ 1605 (30.6%) 814 (23.8%) 280 (40.9%) 

Hormone receptor-positive 
Yes 3601 (68.7%) 2519 (73.6%) 487 (71.2%) 

No/Unknown 1637 (31.3%) 902 (26.4%) 197 (28.8%) 

Surgery type 
Breast conserving surgery 3577 (68.3%) 2072 (60.6%) 432 (63.2%) 

Mastectomy 1661 (31.7%) 1349 (39.4%) 252 (36.8%) 

Radiotherapy 
No 1082 (20.7%) 1333 (39.0%) 160 (23.4%) 
Yes 4156 (79.3%) 2088 (61.0%) 524 (76.6%) 

Endocrine therapy 
No 1627 (31.1%) 984 (28.8%) 199 (29.1%) 
Yes 3611 (68.9%) 2437 (71.2%) 485 (70.9%) 

Chemotherapy 

No 72 (1.4%) 3421 (100%) 0 (0%) 

Other chemotherapy 51 (1%) - 327 (47.8%) 
Taxanes 2120 (40.5%) - 52 (7.6%) 

Anthracyclines 969 (18.5%) 179 (26.2%) 
Taxane & anthracycline 2026 (38.7%) 126 (18.4%) 

Death reported (Y) 338 (6.5%) 741 (21.7%) 76 (11.1%) 
Key: IMD = Index of Multiple Deprivation; CCI = Charlson Comorbidity Index; SCARF = Secondary Care Administrative Records Frailty. 
Note: Anthracyclines = doxorubicin, epirubicin, mitoxantrone recorded in SACT.  

Taxanes = docetaxel, cabazitaxel, paclitaxel, nab-paclitaxel recorded in SACT. 
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Figure 1: Weighted Kaplan-Meier curves (including 95% confidence intervals) for overall survival in patients with 

HER2-positive EIBC receiving adjuvant trastuzumab-based treatment compared with no treatment, by age at 

diagnosis 
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Figure 2: Forest plot of estimated hazard ratios for overall survival (trastuzumab versus no trastuzumab) in patients with HER2-positive EIBC 
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Figure 3: Forest plot of estimated sub hazard ratios breast cancer-specific survival (trastuzumab versus no trastuzumab) in patients with HER2-positive EIBC  
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6. Discussion

The research presented within this thesis explored the value of routinely collected healthcare data in the 

evaluation of systemic oncological treatments for newly-diagnosed invasive breast cancer. This involved 

concentrating on two areas of research, firstly methodological work investigated the recording of treatment 

information within routine healthcare data and secondly analytical work evaluated the utilisation of systemic 

oncological treatments in clinical practice, with a focus on aspects of adjuvant trastuzumab-based treatment for 

HER2-positive EIBC. 

This chapter summarises the main findings of the work presented in this thesis, discusses the strengths and 

limitations of the work as a whole and then describes implications for clinical practice, policy and future 

research. 

Summary of findings 

Methodological Work  

Understanding recording of treatment information in routine data 

The SACT dataset is the primary source of information on systemic oncological treatment prescribed within 

routine care in the English NHS. 

The initial piece of research was designed to evaluate the consistency of cancer drug therapy (CDT; 

chemotherapy and trastuzumab) information recorded within the SACT and HES-APC datasets for women with 

EIBC in England (Section 4.1). The research used HES-APC as the independent data source against which the 

completeness of treatment recording in the SACT dataset could be assessed. This was feasible during the study 

period because the majority of systemic oncological treatments were administered to patients as a day case 

hospital admission. A secondary objective of the research was to assess whether HES-APC data might be 

valuable in supplementing information within the SACT dataset for certain patient subgroups whose treatment 

information was found to be incomplete in the SACT dataset.  

The analysis included a cohort of nearly 130,000 women aged 50 years and over diagnosed with EIBC in England 

from January 2014 to December 2019, with treatment data up to March 2021. Using linked patient-level data 

from the SACT dataset and HES-APC dataset the concordance of cancer drug therapy information across data 

sources was assessed for both the overall cohort and among patient subgroups. 

Overall agreement on CDT use was high across both data sources, at 94%. Where both data sources captured 

CDT use there was also reasonable agreement on the number of cycles.  

Among 31,693 women with CDT recorded in either source, 9% had CDT recorded only in HES-APC data. This was 

an important finding that highlights a potential limitation of using only the SACT dataset to describe CDT use in 

routine care. Moreover, it was older patients who were most likely to have CDT only recorded in HES-APC data. 
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Systematic differences in CDT capture in the SACT dataset were also highlighted by year of diagnosis, NHS trust, 

and type of drug administration (oral or intravenous/subcutaneous).  

This work found it was possible to identify trastuzumab and FEC (fluorouracil, epirubicin, cyclophosphamide) 

chemotherapy regimen from OPCS code combinations in HES-APC data, with good agreement in the SACT 

dataset; however, it was more difficult to distinguish use of taxane chemotherapy. The results highlighted the 

value of incorporating information from HES-APC data when looking at use of systemic oncological treatments, 

particularly in older patients, to ensure the cohort of patients receiving treatment are accurately identified. This 

is of particular importance when estimating both use of treatment and the impact of treatment on subsequent 

outcomes. In the case of the latter scenario, misclassification of patients receiving treatment to a “no treatment” 

group would underestimate a treatment effect size, where there was one. 

The second piece of methodological work looked at the recording of another systemic oncological treatment 

commonly given alongside treatments such as chemotherapy (Section 4.2). Endocrine therapy is a widely used 

treatment for women with hormone receptor-positive invasive breast cancer, with national guidelines 

recommending its use for five years either as adjuvant to surgery or as primary treatment. As such, it is a key 

variable to describe a person’s care pathway and might be expected to be an important explanatory variable 

(confounder) in any analysis of comparative effectiveness. 

The methodological work was novel in that it dealt with information across data sources from primary and 

secondary care settings, reflecting that endocrine therapy is typically initiated in secondary care and 

subsequently prescribed within primary care. Thus, combining data from primary and secondary care had the 

potential to provide a more complete and in-depth understanding of the use of this cancer treatment.  

This research used patient-level data from the Primary Care Prescription Database (PCPD) and several secondary 

care data sources. The completeness and consistency of endocrine therapy information recorded within 

secondary care data and the PCPD were compared and factors associated with missed recording of ET use in 

secondary care data were identified. 

The study included a cohort of over 110,000 women aged 50 years and over diagnosed in England from January 

2014 to December 2019. The recording of endocrine therapy in secondary care data was found to provide an 

incomplete representation of use, with under-reporting by age (lower completeness among younger patients), 

patient fitness (lowest completeness for patients with no comorbidity/frailty) and characteristics relating to the 

cancer (lowest completeness for patients with lower stage or HER2-positive breast cancer). Combining 

information from secondary care and PCPD data provided estimates of endocrine therapy use in line with clinical 

expectations, across all patient groups, whilst clearly highlighting gaps in completeness within the secondary 

care data. Linking information from secondary care to the PCPD enabled a more comprehensive account of ET 

use, including treatment duration and adherence, than using secondary care data alone, establishing PCPD data 

as crucial in providing complete and longitudinal information on ET use.  
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This work highlighted the value of combining routine data sources from across care settings in examining data 

completeness and understanding patterns of care using routinely collected health data. Understanding the 

various aspects of treatment delivery is of importance in the estimation of treatment effects on subsequent 

outcomes, particularly when accounting for other treatments is required in order to single out the effect of the 

treatment of interest. Additionally, where treatments are given over long periods of time, it is beneficial to have 

longitudinal information to account for this ongoing exposure and any temporal changes. The PCPD not only has 

the potential to provide more complete reporting of treatment for patients with breast cancer, but given the 

extent of information collated within the database, the implications of this study extend beyond the breast 

cancer example presented.  

Both studies highlighted the value of combining treatment information from across routine data sources, 

particularly where sources captured differing but complementary aspects of treatment. The studies highlighted 

approaches to be taken to increase the likelihood that estimates of treatment use within an NHS setting, based 

on routine national data, were as complete and reflective of real-world use as possible. This informed the work 

done to understand systemic oncological treatment in clinical practice. 

 Understanding systemic oncological treatment in clinical practice 

Utilisation of NICE-recommended systemic oncological drugs 

A key requirement for the use of real-world data in CER studies is for there to be sufficient uptake of a treatment 

for the data to represent a mature pattern of use. The work presented in this paper assessed the use of 

oncological drugs in routine care after they had been recommended by NICE, for women diagnosed with 

invasive breast cancer in routine practice (Section 5.1). The study also investigated differences in uptake by age, 

comorbidity burden and geographical region. Where there were sufficient time periods, the impact of NICE 

guidance on use was evaluated using interrupted time series analysis.  

The study used information captured in the SACT dataset and defined a cohort of more than 160,000 women 

aged 50 years and over diagnosed with invasive breast cancer in England from January 2014 to December 2019, 

with patient-level data on use of oncological drugs up to February 2022.  

The uptake of oncological treatments recommended by NICE within the last 20 years for the treatment of 

invasive breast cancer was variable. Use was consistently lower than expected among older women, and 

increasing levels of comorbidity burden were typically associated with lower likelihood of use (where numbers 

were sufficient to investigate). For drugs recommended as part of first-line treatment since 2014, the publication 

of the NICE recommendation was generally associated with an increase in use. This was the first time the uptake 

of recommended drugs for breast cancer had been documented at a national level and all in one place, enabling 

comparison across drugs. 
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The results highlighted trastuzumab as the most well-established and frequently used drug. In doing so it set the 

scene for more in-depth evaluation of the use of, and outcomes following, trastuzumab-based treatment among 

older, more frail patients. 

Use of and outcomes following adjuvant trastuzumab-based treatment for HER2-positive EIBC 

The final three papers in this thesis reported on adjuvant trastuzumab-based treatment (trastuzumab given in 

combination with chemotherapy) for women with a registered diagnosis of HER2-positive EIBC, using 

prospective, routinely collected national data. Using clinical trials as a backdrop, the first of these three papers 

evaluated what happened in clinical practice (Section 5.2). With an ageing population, it is increasingly 

important to understand how the drug is used in this population. The analysis used multilevel mixed-effects 

logistic regression to evaluate factors associated with variation in the initiation of adjuvant chemotherapy and 

trastuzumab.  

The study found age was associated with low use, regardless of other factors including tumour characteristics or 

comorbidity burden. Additionally, geographical variation in use was found to be an issue among women aged 50 

to 70 years, whilst for older women there was consistently low use across the country. 

While trastuzumab-based treatment for HER2-positve EIBC improves survival, its use is associated with increased 

cardiotoxicity risk. With low numbers of older patients within the trials, little was known about the rates of 

treatment-related severe acute toxicity among patients receiving adjuvant trastuzumab-based treatment for 

HER2-positive EIBC in routine care. Specifically, there were no studies providing a comprehensive and extensive 

breakdown of the safety of trastuzumab-based treatment for older patients. Published data on treatment-

related toxicity in older patients is valuable to inform discussions around treatment decisions and help in 

counselling older patients on the side-effects of treatment. 

The second of these three papers characterised the cohort of women (aged 50+ years) with HER2-positive EIBC 

who received adjuvant trastuzumab-based treatment in routine care in England (Section 5.3). Treatment-related 

overnight hospital admissions with severe acute toxicity events (SATE) captured in hospital administrative data 

were identified using ICD-10 diagnosis codes previously validated in colon cancer.105 Differences by age, 

comorbidity and trial eligibility were evaluated. The study cohort included over 5,000 women aged 50 years and 

over diagnosed from January 2014 to December 2019, with linked hospital administrative data up to March 

2021. Patient-level English cancer registry data, linked to other secondary care datasets including detailed 

information on systemic oncological treatment prescriptions, were used to compare the characteristics of 

patients with HER2-positive EIBC (initiating trastuzumab) with those of patients included in the RCTs evaluating 

adjuvant trastuzumab, and to compare toxicity rates. This enabled a clearer understanding of which subgroups 

of patients were under-represented in the RCTs. Comparison was made to a cohort of women who received 

chemotherapy for HER2-negative EIBC to understand the added burden of trastuzumab. 

Among women treated with adjuvant trastuzumab-based treatment in routine care, one in three had at least 

one SATE. Rates of cardiac events (including congestive cardiac failure) were much lower, but there was 
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evidence that increasing age was associated with increased odds of cardiac events. The study also presented 

information on treatment-related toxicity specifically within the population of older women (aged 70+ years) 

who received adjuvant trastuzumab in routine care, providing information about the safety of treatment among 

patients underrepresented in RCTs, and quantifying current levels of treatment-related toxicity in this patient 

group. 

The final piece of work in this thesis looked at survival among the cohort of women receiving adjuvant 

trastuzumab for HER2-positive EIBC in routine care (Section 5.4). The work evaluated whether existing statistical 

methods for comparative effectiveness research using observational datasets could replicate the estimates of 

trastuzumab effectiveness reported in RCTs of adjuvant trastuzumab for HER2-positive EIBC, and whether 

estimates differed across patient subgroups defined based on patient age and fitness. In this, routine healthcare 

data were analysed using an approach designed to mimic a hypothetical trial including patients with an upper 

age range older than in the trials. The study cohort included over 8500 women aged 50 years and over 

diagnosed with HER2-positive EIBC from January 2014 to December 2019, with mortality data up to October 

2021. 

This piece of work highlighted that analysis of routine data using a trial emulation approach can produce 

comparable survival estimates to those published for RCTs.115 The work was focused on mortality outcomes 

rather than intermediate outcomes such as recurrence due to the known issues with the recording of recurrence 

within routine data.79 Among patients diagnosed and treated in routine care adjuvant trastuzumab-based 

treatment was associated with improved survival. Overall study findings were consistent with evidence from 

published trials. There was no evidence of difference in the impact of treatment by patient age or fitness, 

providing real-world evidence of the impact of trastuzumab treatment on survival in patient subgroups 

underrepresented in RCTs. 

 Strengths and limitations 

For each study conducted as part of this thesis, the related strengths and limitations are discussed in detail 

within the associated chapter. This section therefore summarises those strengths and limitations relating to the 

project as a whole.  

 Routinely Collected Data 

The main strength of the work presented in this thesis was the use of Cancer Registry data linked at 

patient/tumour-level to other national cancer and administrative datasets. This meant the work had national 

coverage and used information which covered all areas of clinical practice from the point of diagnosis, including 

tumour pathology, primary treatment and systemic therapy. Data were available on all women aged 50 years 

and over with a confirmed diagnosis of breast cancer from 2014 onwards. For England, this equated to around 

31,000 women diagnosed with invasive breast cancer per calendar year from all NHS organisations providing 

breast cancer services. This means that findings from the research are generalisable to the patient population of 
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women aged 50 years and over, with many of the studies’ cohort numbers considerably larger than previous 

studies published.  

A concern in using these data was the potential for errors in patient and tumour characteristics recorded within 

the England Cancer Registry and COSD datasets, the data sources primarily used to define the patient cohort 

within each piece of work, which would introduce bias due to potential misclassification of patients.101,116 

Examples of errors which might occur include the wrong information being recorded (for example invalid dates 

or an incorrect diagnosis code) or changes in information not being reflected within the data. An example of the 

latter includes the recorded stage information: clinical (pre-treatment) stage may change from an initial 

recorded stage following further investigation, down staging, or progression before treatment begins. The 

patient would be treated based on this updated stage, but this may not be reflected in the data. The cancer 

registration service has various validation steps when compiling the national registration data and so the overall 

effect of coding errors should be small. For tumour characteristics such as staging which may change over time, 

data are provided at the different points in the pathway, although it is noted that this information is typically 

more complete for staging done post-surgery. 

For analysis where a comparison with trial populations was carried out, there were limitations around the use of 

routine data. One aspect was that the full set of information used to determine trial eligibility was not routinely 

collected, specifically where functional tests (such as cardiac function, liver function) are required and a 

threshold met to confirm patient eligibility. As such, presence of comorbidity was used in this instance which 

may have wrongly defined some patients as “trial-eligible” who may not have a formal comorbidity diagnosis 

recorded in the HES-APC data but in practice would not meet the trial inclusion criteria, meaning it was not 

possible to comprehensively select patients from routine practice in the same way that a trial cohort is selected. 

Because of the nature of the way data used to define comorbidity were recorded within the routine data, it was 

not possible to know if information was missing. A second aspect relates to the completeness of data such as 

staging, HER2 status and WHO performance status, which were often included in trial eligibility criteria. In the 

case of WHO performance status, for patients with breast cancer this was poorly completed (<50%), and so 

when creating a flag for the two RCTs whose inclusion criteria required patients to be WHO performance status 

0 or 1 this will have resulted in creating a smaller group of patients defined as being “trial eligible”.  

SACT dataset 

The work undertaken in this thesis focused on systemic oncological treatments, of which there are multiple 

regimens for breast cancer. Drug details (name and cycle dates) were only available for England (in the SACT 

dataset), and unavailable for patients treated in Wales. 

Although data returns for the SACT dataset were mandatory from April 2014, with full compliance reported from 

July 2014, lower than expected data returns for some NHS trusts may still be an issue. The work in this thesis 

comparing capture with that in hospital admissions data has highlighted this to be the case, and mirrors findings 

from work carried out in both lung and colon cancer.102,103  
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This has implications for studies looking at treatment use where receipt of treatment is of central importance. In 

addition to treatment information not being completed in some instances, another limitation is that it is 

prescribed treatment that is recorded in the SACT dataset, of which not all is ultimately administered.28 This may 

be because of a time difference in when the treatment decision was made, and entered in the SACT dataset, and 

when the patient was due to receive treatment, during which time the patient’s condition may have 

deteriorated and therefore their fitness for treatment changed. Within the context of breast cancer, with such 

large numbers of patients receiving treatment, the impact of this is likely to be considerably smaller than in 

other cancer types where patient numbers are smaller. Additionally, for studies investigating treatment use from 

the perspective of equitable access to treatment, information on prescribed rather than administered treatment 

is useful for showing intent to treat.  

Work done within the data cleaning process for analysis looking at systemic oncological treatment cycles, within 

this thesis, found some cycles in the SACT data with a recorded dose of zero. For these instances, it was unclear 

how to interpret the treatment record in terms of whether this meant treatment was not administered for these 

cycles. Using HES-APC data was valuable in these cases, as in cases where the cycle date could be linked to an 

admission for treatment with the same date, it could be assumed that treatment was given. 

Within SACT data, several variables provide information on drugs given, from the combined drug regimen details 

(within analysis group or benchmark group) and single drug details provided in the drug group variable. The 

analysis and benchmark groups are reliant on the accurate mapping of drug combinations to regimens which 

reference each drug given and so in some instances treatment details may be misclassified either by including 

the name of a drug which wasn’t prescribed or where mapping does not completely identify all drugs prescribed. 

To avoid the issue of potential misclassification in analysis and benchmark groups, the work in this thesis used 

the individual drug name variable to determine drug combinations and translate them into regimens. 

HES-APC data 

HES-APC data were a valuable source for checking the recording of systemic oncological treatment in the SACT 

dataset and were useful in providing extra information for some aspects of systemic oncological treatment. 

Previous validation work has found the data in HES-APC to be accurate when compared to clinical notes, and as 

codes are collected for the primary means of financial reimbursement for services provided they are less likely to 

be prone to reporting bias which might be incurred where data are collected for the purposes of monitoring 

treatment use, for example. However, when considering systemic oncological treatments beyond chemotherapy 

and trastuzumab, or indeed when considering details of the type of chemotherapy given for breast cancer (for 

which there are many regimens and combinations), this data source currently has limited utility due to the use 

of codes to identify this aspect of care.117 Additionally coding may include errors and coding practices may vary 

between units which will have some impact on the accuracy of treatment information gained from this source.  

HES-APC data were also used to estimate measures of patient fitness (CCI and SCARF Index) used to define 

patient subgroups and included within statistical models in relevant analyses.106,107 These were calculated based 

on ICD-10 codes recorded in the diagnosis fields, which are the fields used to capture either the diagnostic 
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reason for an admission or known diagnoses the patient had at the admission. Any comorbidity not recorded 

within this data source would not have been included in the measure of fitness. Data from primary care general 

practices was something which would likely have given a more comprehensive picture of patient comorbidity. 

For example, studies have shown how linkage of the Clinical Practice Research Datalink (CPRD) with other 

datasets can indicate the level of coverage of secondary care datasets for patients with a specified disease.118,119 

However, the CPRD captures information on only 7% of the population and, due to sample size considerations, 

was considered to be of limited value to this thesis.120 Moreover, the cancer registration service aims to capture 

100% of all cancer patients. Reassuringly, in the context of fitness for treatment, information required to define 

eligibility for treatment is primarily clinical information, which would be investigated within the secondary care 

setting and therefore available within secondary care sources. A paper in 2015, by Crooks et al, found that 

although CPRD records captured more comorbidity, the Charlson index calculated from secondary care records 

performed as well as that derived from primary care in predicting survival.121 The quality of coding in hospital 

administrative datasets has been shown to be increasingly accurate.122,123 The RCS Charlson Score was 

developed for use with administrative data; specifically, using HES-APC data the score was validated among 

patients receiving surgery, showing good discrimination and calibration, and associated with known risk factors 

for comorbidity and subsequent outcomes.106  

 Statistical design and analysis 

The observational studies carried out within this thesis have many strengths. The use of national routine data 

based on cancer registrations, linked to other datasets, has enabled large study sizes. For analysis looking at 

patient subgroups and exploring interactions, the research had large patient numbers to ensure good statistical 

power to understand patterns across patient subgroups. Additionally, use of data with national coverage allows 

for the findings from work within this thesis to have national impact, being relevant for the whole population. 

The work used validated methods for identifying treatment-related severe acute toxicity events recorded within 

hospital admissions data, which allowed for estimation of an important aspect of the safety profile of adjuvant 

trastuzumab-based treatment among women treated routine care.105  

There are of course limitations associated with different statistical approaches. Firstly, there is the general issue 

of either unmeasured or unmeasurable variables. For analysis looking at treatment uptake, it was not possible to 

account for patient preference and clinical discussions when understanding variation in use. As such some level 

of selection bias and impact from unmeasured confounders will have been introduced. The use of risk 

adjustment and multilevel mixed-effects models will go some way to accounting for this aspect of bias in the 

data and cohort selection. 

A further problem linked to confounders is the mechanisms for imputing missing information, and any 

differential missingness among patient subgroups. For methodological work, variables were categorical and so 

missing values were included as their own category because this was informative in understanding differences in 

recording. Within the papers looking at use of treatments in routine care, identification of patient groups was by 
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stage and receptor status. For receptor status, where information was missing, because of the way in which 

routine pathology data are typically returned from hospitals to NCRAS via automated feeds, missing information 

most likely meant that the pathology test to assess receptor status was not performed and so this information 

would not have been available to the hospital to inform treatment decisions; in this scenario the unknown 

receptor status will not have affected treatment. If this mechanism for data flows did not apply (for example 

where a hospital did not have the capabilities for automated feeds and instead pathology data were either 

returned in free text pathology reports or not routinely returned), it is unlikely that recording of information 

systematically differed according to the patient subgroup. Rather, where differences occur by patient subgroup, 

it is most likely to reflect systematic differences in the approach to staging and receptor status assessment. For 

example, anecdotally it is known that some hospitals have guidance that patients over a certain age don’t have 

the HER2 status of their tumour assessed, or older, less fit patients may not be fully staged due to poor fitness 

for treatment. Missing data in other variables of interest was minimal. 

The final paper looked at understanding the impact of treatment on survival outcomes. Endpoints such as 

disease recurrence were not routinely available within the data, with completeness of variables flagging local or 

distant recurrence being an issue. In a similar vein to this, factors of interest which would align with variables 

measured within RCTs were limited to those investigations and patient factors known within the secondary care 

setting and routinely collected in the cancer and hospital datasets. This might potentially limit the degree to 

which comparison with trial populations could highlight the full extent of differences with patients treated in 

routine care. This analysis used propensity scores (PS) for estimating the effect of treatment across patient 

subgroups, specifically using the inverse probability of treatment weighting method. Other methods were 

considered for this analysis, such as entropy balancing and instrumental variables analysis however, the PS 

method was chosen for several reasons, including (i) it was deemed most understandable to a non-statistical 

audience, (ii) within the routine data available there was no clear instrumental variable which would be a strong 

predictor of the treatment of interest whilst having no impact on the outcome (survival in this instance) except 

through treatment, which is a key requirement for this approach. 

 Implications 

The work presented in this thesis has implications across two differing but complementary areas within 

healthcare. Firstly the work has highlighted both the immense value and potential uses of routine data, and has 

also shone a light on aspects that should be considered before using routine data for treatment evaluation. 

Secondly there are policy implications for the ongoing monitoring of treatment utilisation, safety and 

effectiveness in the patient population. In the context of those patients not well represented in RCTs, routine 

data provides an opportunity for them to be counted, to be understood and to have their access to life-

prolonging treatments evaluated and improved.  

The research presented in this thesis is novel within breast cancer, and has a major impact on our ongoing 

understanding of the benefits of routine national data and the use of oncological treatments among patients 

treated in routine care. The implications from this work are discussed in more detail within the next sections. 
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 Routine data  

The methodological work within this thesis, demonstrated the value of using multiple sources where capture 

may be limited by organisational and time factors, which impacted on data completeness. In the case of 

chemotherapy and trastuzumab these represented two treatment types where recording of both OPCS codes for 

treatment procurement and delivery enabled distinction of treatment administration in hospital admissions 

data. Recent guidelines on the recording of OPCS codes have moved to only OPCS codes for delivery being 

required, which will have an impact on the utility of this data source in identifying treatment administration 

where it is helpful to distinguish between treatment types.124 Coding practices would benefit in this 

circumstance from codes being clearly delineated between different regimens. This is of increasing importance 

given the work in this thesis which highlighted the number of NICE-approved drugs becoming available since 

2002. Implications for the routine data collection, coming out of this work comparing recording in the SACT and 

HES-APC datasets that would benefit most users (and future-proof the routine data available) would be for 

efforts to focus on ensuring there is clear reporting of drug details within the SACT dataset as the primary and 

most comprehensive source of data on systemic oncological treatment. The capabilities of the SACT dataset, in 

terms of what can be collected, rival any trials database on treatment provision, although data completeness of 

peripheral items such as regimen outcomes information (treatment delays, dose reductions, completion), 

currently limits the value of the SACT dataset as more than a basic drug recording tool. Adding to this that not all 

drugs recorded are eventually administered raises the question of whether a variable flagging this dynamic 

aspect of treatment would be of value, as something that would be useful for users of the data without having a 

large effect on data entry burden. 

Another implication from this piece of work relates to the value of linked primary and secondary care data, in 

particular, the merits of electronic prescribing data. The second methodological paper demonstrated the value 

of having linked data from different healthcare settings to fully understand the patterns of treatment delivery 

and care received by patients. This was exemplified in the case of endocrine therapy, a major component of 

treatment for women with hormone receptor-positive invasive breast cancer, but for which comparison of 

recording across secondary care and primary care data sources highlighted systematic differences in recording 

by age and patient fitness. With much of treatment started in secondary care and continued within a primary 

care setting, primary care data were found to be essential in accurately capturing information on the number of 

patients having this as part of treatment. The implications of this work extend beyond both breast cancer and 

endocrine therapy. 

Finally, scenarios where data recording is found to systematically differ according to patient age suggest a 

difference in the process of care for patients, determined by their age, rather than differential recording of 

information by age. For users of routine data, these differences in recording are crucial to be aware of in order 

to prevent drawing incorrect conclusions about equity of care. For example using secondary care data alone, one 

may infer that use of endocrine therapy varies according to age, although linking with information from primary 

care highlighted that use of endocrine therapy was high regardless of age, and so the age difference was likely to 

be reflective of differences in where and at what point treatment was initiated. This work also draws out the 
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importance of a collaborative approach to using routine data, with input from both analysts and clinicians being 

imperative to ensure that data can be understood and interpreted correctly.  

There could be considerable benefits from data source cross-checks being carried out by the data controllers. 

Such checks could in many ways be automated, with rules assigned based on clinical knowledge of practice. 

Validations of data completeness would then not need to prevent data release but could be communicated with 

the release of data as known issues to be aware of.  

 Clinical practice & policy 

Ongoing monitoring of treatment uptake 

The second part of the work presented in this thesis, looking at use of NICE-approved drugs for invasive breast 

cancer in routine care and then focusing in on use of adjuvant trastuzumab-based treatment for EIBC, highlights 

the importance of monitoring the translation of RCT findings and NICE approvals into equitable use among 

patients as well as displaying the value of routine data in this process.  

Firstly, the variation in utilisation of approved drugs highlights a need for both clear guidance on treatment use, 

to ensure consistency in use that is not dependent on factors which are not linked to treatment indication, and 

clear information on the use of treatments in those patient populations poorly represented in the evidence base 

for treatment. 

Secondly, where there are multiple drug options for patients, national guidance should acknowledge this and 

provide information to enable clear routes for treatment decision-making. 

Evidence of treatment outcomes in routine care 

The work presenting a thorough breakdown of severe acute toxicity events provides valuable information on the 

prevalence of treatment-related toxicity among patients receiving adjuvant trastuzumab-based treatment in 

routine care. This is crucial information needed by clinicians and patients in conversations around treatment 

options, as well as being informative for healthcare policy makers and regulators.  

Further to this, analysis of survival outcomes following initiation of adjuvant trastuzumab-based treatment 

found no evidence of differential effect by age, which has direct implications for guidance wording and the 

treatment decision-making process. National quality standards for breast cancer referred to the principle that 

treatment decisions should be made “irrespective of age” in the initial briefing document, however this did not 

make it to the final published version.125,126 My work would suggest that treatment decisions should not be 

determined by chronological age, but rather the patient’s additional health conditions and fitness should inform 

whether treatment is contraindicated. Chronological age is not analogous to fitness or the predictor either of life 

expectancy or ability to tolerate treatment it perhaps once was, however being aged 70 or older appears to be 

contributing to a reduced likelihood of treatment. A contributing factor to this may well be a patients’ 

perception of the impact of treatment on their quality of life compared with the impact of the cancer. In this 

situation being able to provide clear and understandable information to patients on this among patients like 



138 

them treated in routine care, and not just those in trials, is vital to encourage use of beneficial treatments and 

provide context which is familiar to them. Guidance and local policy should reflect this variation in practice and 

make attempts to discourage treatment decision-making based on chronological age. 

Beyond implications for policy which directly refers to treatment provision for patients, the work carried out for 

this thesis has implications for healthcare policy where improvement goals and areas for research are defined. 

There is a need for evidence of treatment safety profiles and effectiveness in routine care, for which this 

research has provided evidence in the case of adjuvant trastuzumab-based treatment for HER2-positive EIBC. 

However, there are many scenarios beyond this, whether it be for more advanced cancer or other treatments, 

which would benefit from evidence production and clear guidance around implications for patients not 

represented in trials. The work in this thesis has demonstrated that routine data is of value to meet such needs.  

 Future research 

Areas which would benefit from future research are touched on in the previous sections. More detail is given 

here for those elements of work directly resulting from the work presented in this thesis. 

Recording of treatment in routine data sources 

The methodological work presented in this thesis focused on chemotherapy and trastuzumab, as the most well-

established and commonly used treatments for invasive breast cancer. However there have been considerable 

developments in the treatment options available for breast cancer, particularly in targeted therapies. In light of 

the areas of treatment recording in routine data highlighted within the methodological work carried out, future 

research would benefit from extending this work to those more recently available treatments, looking at 

validating recording within hospital administrative datasets and other relevant data sources, to understand the 

completion rate of these within the SACT dataset, and whether these are of value for such drugs and can 

highlight where data completeness requires focused attention in the SACT dataset.  

This aspect of methodological work focused on treatments given in the context of primary surgery for early 

breast cancer, and so it would be of interest to look both at whether the SACT dataset has better capture of 

treatments given where they are the primary treatment and also how well the SACT dataset captures treatments 

given as part of subsequent treatment for cancer such as in the case of recurrence or as part of further lines of 

treatment.  

Given the cohort of women available for this PhD were all aged 50 years or older, future research should look to 

understand the recording of treatments in routine data sources among women with breast cancer younger than 

50 years of age. 

Treatment utilisation and outcomes in routine care 

With the most recent NICE guidance for advanced breast cancer published in 2009 and many treatments 

approved since, work to understand uptake, use and associated outcomes focusing on this patient group would 

be beneficial.52 Additionally more regular monitoring of treatment use, safety and survival outcomes in routine 
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care, would be advantageous in providing more up-to-date, generalisable information for clinical decision-

making and patient experience. Understanding variation in patient care, whether geographically or based on 

patient factors, is particularly crucial as the number of drug options increases and as developments in other 

disease areas contribute to new complex treatment patterns and interactions.127 

The work looking at use of NICE-approved drugs in routine care, highlighted that in the case of CDK 4/6 inhibitors 

for hormone receptor-positive, HER2-negative invasive breast cancer there are several similar treatment 

options. Additionally for HER2-positive breast cancer there are several options. Future research on the 

sequencing of drug treatments where more than one are options as well as to provide clear information on the 

benefit and risk profiles of each treatment outside of a trial setting would be incredibly beneficial for informing 

discussions in clinic. For patients who are older or less fit such research could provide valuable information on 

the risk-benefit considerations specific to them.  

Work presented in this thesis looked at both safety and survival outcomes following use of adjuvant 

trastuzumab-based treatment for HER2-positive EIBC in routine care. With the experience of adverse events 

contributing to treatment decision discussions, considering the limitations of routine administrative data in 

understanding those events experienced by patients but not resulting in an overnight hospital admission, future 

research would benefit from looking at ways of understanding these types of treatment-related toxicity events. 

Use of systems enabling patient self-report of outcomes including symptoms around treatment would be 

valuable in providing information on this important aspect of care.128-130 Additionally, work to understand the 

ability of routine data to provide information on intermediate survival outcomes, such as recurrence would be 

incredibly beneficial.131-134 

Finally, future research should look at addressing gaps in the evidence base for use of systemic oncological 

treatments, particularly where there may be grey areas evidenced by variation in utilisation. This PhD focused 

attention on patient age, and fitness, but there are other factors, such as ethnicity and socioeconomic 

deprivation status, where evidence may be lacking and which independently determine the likelihood of a 

patient receiving treatment.135-137 
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7. Conclusion

Overall, the research presented in this thesis has demonstrated that routine data are of value in understanding 

real-world treatment use and associated outcomes. Additionally they are valuable in overcoming some of the 

limitations of RCTs where generalisability is an issue. The work has highlighted systematic differences in the 

recording of oncological treatments within the SACT dataset, which particularly affected its utility within older 

patients. Work to ensure routine data are complete and accurate is vital in making sure these data can be of the 

utmost value for use in future health services research and in studies evaluating treatment effectiveness among 

patients treated in routine care. Specifically, efforts should be made to ensure full information is recorded in the 

SACT dataset for all patients receiving treatment as this is a primary data collection tool for details on treatment 

and is incredibly valuable for future studies looking at utilisation of oncological treatments, along with aspects of 

treatment such as adherence and clinical management of patients experiencing treatment-related toxicity. 

Routine data can be used to estimate outcomes following the initiation of adjuvant systemic oncological 

treatment with respect to safety and survival. This information is beneficial when discussing treatment options 

with patients. In the case of adjuvant trastuzumab-based treatment, work within this thesis highlighted variation 

in use by age, independent of other factors such as patient fitness. Where trastuzumab was part of a patient’s 

treatment however severe toxicity was found to be well managed among older patients. Additionally, after 

accounting for systematic differences in patient and tumour characteristics between those patients receiving 

trastuzumab and those who did not effectiveness was not observed to differ according to patient age or fitness. 

With a clinical need for information on treatment for older patients and a keenness to understand real-world 

treatment use and outcomes, routine data provide a means to satisfy both needs, providing evidence which not 

only complement trial findings but also enable monitoring of the risks and benefits associated with treatment in 

clinical practice.  
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 Appendix 2 – Supplementary material for Research Paper 1 

 

Table A1. OPCS-4 codes for records of chemotherapy within HES-APC 
OPCS-4 code Classification 

Drug procurement 

X701 Procurement of drugs for chemotherapy for neoplasm for regimens in Band 1 

X702 Procurement of drugs for chemotherapy for neoplasm for regimens in Band 2 

X703 Procurement of drugs for chemotherapy for neoplasm for regimens in Band 3 

X704 Procurement of drugs for chemotherapy for neoplasm for regimens in Band 4 

X705 Procurement of drugs for chemotherapy for neoplasm for regimens in Band 5 

X708 Other specified procurement of drugs for chemotherapy for neoplasm in Bands 1-5 

X709 Unspecified procurement of drugs for chemotherapy for neoplasm in Bands 1-5 

X711 Procurement of drugs for chemotherapy for neoplasm for regimens in Band 6 

X712 Procurement of drugs for chemotherapy for neoplasm for regimens in Band 7 

X713 Procurement of drugs for chemotherapy for neoplasm for regimens in Band 8 

X714 Procurement of drugs for chemotherapy for neoplasm for regimens in Band 9 

X715 Procurement of drugs for chemotherapy for neoplasm for regimens in Band 10 

X718 Other specified procurement of drugs for chemotherapy for neoplasm in Bands 6-10 

X719 Unspecified procurement of drugs for chemotherapy for neoplasm in Bands 6-10 

Drug delivery 

X721 Delivery of complex chemotherapy for neoplasm including prolonged infusional treatment at 
first attendance 

X722 Delivery of complex parenteral chemotherapy for neoplasm at first attendance 

X723 Delivery of simple parenteral chemotherapy for neoplasm at first attendance 

X724 Delivery of subsequent element of cycle of chemotherapy for neoplasm 

X728 Other specified delivery of chemotherapy for neoplasm 

X729 Unspecified delivery of chemotherapy for neoplasm 

X731 Delivery of exclusively oral chemotherapy for neoplasm 

X738 Other specified delivery of oral chemotherapy for neoplasm 

X739 Unspecified delivery of oral chemotherapy for neoplasm 

X748 Other specified other chemotherapy drugs 

X749 Unspecified other chemotherapy drugs 

Administration route 

X352 Intravenous chemotherapy 

X373 Intramuscular chemotherapy 

X384 Subcutaneous chemotherapy 

 

Table A2. ICD-10 codes for records of chemotherapy within HES 

ICD-10 code Classification 

Z082 Follow-up exam after chemotherapy for malignant neoplasm 

Z292 Other prophylactic chemotherapy 

Z511 Chemotherapy session for neoplasm 

Z512 Other chemotherapy 

Z542 Convalescence following chemotherapy 
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Figure A1: Details of patient selection from women aged 50 and over, diagnosed with invasive breast cancer in 
a NHS trust in England, between January 2014 and December 2019. 

 

 

 

Figure A2. Funnel plot showing the percentage of CDT captured in HES-APC only, among women receiving CDT 
for early invasive breast cancer, by diagnosing NHS trust. 

 

Key: CDT = Cancer Drug Therapy; SACT = Systemic Anti-Cancer Therapy data; HES-APC = Hospital Episodes Statistics 
Admitted Patient Care data. 
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Figure A3. Distribution of total numbers of cycles recorded in each source, among women with CDT for early 
invasive breast cancer recorded in both datasets, by CDT setting. 

 

Key: CDT = Cancer Drug Therapy; SACT = Systemic Anti-Cancer Therapy data; HES-APC = Hospital Episodes Statistics 
Admitted Patient Care data. 

 

Figure A4. Distribution of total numbers of cycles recorded in each source, among women with CDT for early 
invasive breast cancer recorded in only one dataset, by CDT setting. 

 

Key: CDT = Cancer Drug Therapy; SACT = Systemic Anti-Cancer Therapy data; HES-APC = Hospital Episodes Statistics 
Admitted Patient Care data. 
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Table A3. Identification of SACT defined drug-regimens in HES-APC, among women with early invasive breast cancer 
with details in both SACT and HES-APC. 

Drug name/ 
combination 
recorded in 

SACT 

Route of 
administration 

Number 
of SACT 
adminn 

Expected OPCS code(s) for 
drug name/combination 

Identification of drug in HES-APC 

Proc Delivery 

% of 
matched HES 
admissions 

(n) 

Number of 
HES 

admissions 
w/OPCS codes 

% of HES admissions with a 
matching drug record in SACT 

Drug 
alone 

Drug given with 
other drugs 

Trastuzumab 
(HER2+ pts 

only) 

Intravenous or 
subcutaneous 

52 743 X713 X723 
88% 

(n=46 293) 
48,480 

95% 
(n=46 293) 

4% 
(n=1700) 

FEC Intravenous 43 276 
X702 X723 

94% 
(n=40 867) 

64 948 
90% 

(n=58 122) 
2% 

(n=1512) 
EC Intravenous 18 284 

94% 
(n=17 255) 

Paclitaxel Intravenous 26 923 

X704 
X705 
X711 
X712 
X713 
X714 
X715 

X721 
X721 
X721 
X721 
X721 
X721 
X721 

58% 
(n=15 512) 

26 522 
58% 

(n=15 512) 
13% 

(n=3357) 

X703 
X705 
X715 

X722 
X722 
X722 

Docetaxel Intravenous 20 819 

X705 
X711 
X712 
X714 
X715 

X721 
X721 
X721 
X721 
X721 

79% 
(n=16 384) 

109 465 
15% 

(n=16 384) 
11% 

(n=12 497) 

X712 
X713 
X714 
X715 

X722 
X722 
X722 
X722 

X703 
X705 
X712 
X713 
X715 

X723 
X723 
X723 
X723 
X723 

Key: SACT = Systemic Anti-Cancer Therapy data; HES-APC = Hospital Episodes Statistics Admitted Patient Care data;  
proc = procurement; adminn = administrations; OPCS = Office of Population Censuses and Surveys Classification of Surgical 
Operations and Procedures; HER2+ = human epidermal growth receptor 2 positive; pts = patients;  
FEC = fluorouracil, epirubicin, cyclophosphamide; EC = epirubicin & cyclophosphamide. 
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Appendix 3 – Supplementary material for Research Paper 2 

Table A1. Information recorded on endocrine therapy (ET) in each data source 

Data item/information SACT COSD Registry CWT PCPD 

Fact of ET (Y) X X X X X 

Treatment start date X X X X X 

Drug name X X X 

Subsequent ET dates X Unclear Unclear X 

Type of ET X X 

Treatment purpose (e.g. for recurrence) X 

Key: SACT = Systemic Anti-Cancer Therapy dataset; COSD = Cancer Outcomes and Services data;  
Registry = Cancer Registry data; CWT = Cancer Waiting Times data; PCPD = Primary Care Prescription Database. 

Note: The information on subsequent ET dates in COSD and Registry are marked as “unclear” because these data sets 
collect treatment start date but the data provided for some patients includes multiple treatment dates. 

Table A2. Identification of endocrine therapy in the Systemic Anti-Cancer Therapy Dataset 
and the Primary Care Prescription Database 

Recording of endocrine therapy based 
on the drug name field in the  
Systemic Anti-Cancer Therapy Dataset 

The subset of prescribing data provided, based 
on the Virtual Medicinal Product (VMP) name 
field in the Primary Care Prescription Database 

Aminoglutethimide 

Anastrozole 

Buserelin 

Exemestane 

Formestane 

Fulvestrant 

Goserelin Acetate 

Gtx-024 

Letrozole 

Leuprorelin Acetate 

Megestrol 

Medroxyprogesterone 

Tamoxifen Citrate 

Toremifene Citrate 

Triptorelin (Acetate) 

Aminoglutethimide 

Anastrozole 

Buserelin 

Exemestane 

Formestane 

Fulvestrant 

Goserelin Acetate 

Letrozole 

Leuprorelin Acetate 

Tamoxifen Citrate  

Toremifene Citrate 

Triptorelin (Acetate) 

Note: Details on drug name captured within Registry data are not provided as this 
information was poorly completed and is information collected in addition to treatment type 
(endocrine therapy). 
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Table A3: Characteristics of women diagnosed with hormone receptor-positive invasive breast cancer, and breakdown of 

the recording of endocrine therapy (ET) in COSD or PCPD by characteristic. 

Characteristic  Number of patients 
(column %) 

Patients with ET use recorded within 12m of diagnosis (row %) 

Captured in either data 
source (COSD or PCPD) 

Of which N/% in 
PCPD alone 

Adjusted 
p-value* 

 All women 110529   104389 94.4% 46545 44.6%  

Age at diagnosis 
50-59 years 32303 29.2% 30206 93.5% 16763 55.5% <0.0001 

60-69 years 35004 31.7% 33022 94.3% 16365 49.6%  
 70-79 years 25461 23.0% 24153 94.9% 9959 41.2%  
 80+ years 17761 16.1% 17008 95.8% 3458 20.3%  

Year of 
diagnosis 

2015 17402 15.7% 16528 95.0% 6917 41.9% <0.0001 

2016 23026 20.8% 21783 94.6% 9340 42.9%  

 2017 23201 21.0% 21953 94.6% 9764 44.5%  

 2018 24192 21.9% 22791 94.2% 10433 45.8%  

 2019 22708 20.5% 21334 93.9% 10091 47.3%  

IMD 2019 1 – Most deprived 16397 14.8% 15546 94.8% 6960 44.8% <0.0001 
 2 19387 17.5% 18306 94.4% 7963 43.5%  
 3 23366 21.1% 21985 94.1% 9559 43.5%  
 4 25175 22.8% 23802 94.5% 10590 44.5%  
 5 - Least deprived 26204 23.7% 24750 94.5% 11473 46.4%  

Charlson 
Comorbidity 

Index 

0 90336 81.7% 85393 94.5% 40153 47.0% <0.0001 

1 10914 9.9% 10292 94.3% 3767 36.6%  

2+ 6478 5.9% 6112 94.4% 1428 23.4%  
 Unknown 2801 2.5% 2592 92.5% 1197 46.2%  

SCARF index Fit 82091 74.3% 77573 94.5% 37078 47.8% <0.0001 
 Mild-Moderate 20840 18.9% 19698 94.5% 7469 37.9%  
 Severe 4797 4.3% 4526 94.4% 801 17.7%  
 Unknown 2801 2.5% 2592 92.5% 1197 46.2%  

Disease stage Early invasive 101855 92.2% 96635 94.9% 44144 45.7% 0.0031 
 Locally advanced 4173 3.8% 3896 93.4% 1403 36.0%  
 Metastatic 4501 4.1% 3858 85.7% 998 25.9%  

Tumour stage 
T1 61265 55.4% 57899 94.5% 26879 46.4% <0.0001 

T2 38744 35.1% 36889 95.2% 16210 43.9%  
 T3 5629 5.1% 5270 93.6% 2533 48.1%  

 T4 3359 3.0% 3059 91.1% 581 19.0%  
 Unknown 1532 1.4% 1272 83.0% 342 26.9%  

Nodal stage N0 76624 69.3% 72481 94.6% 31555 43.5% <0.0001 
 N+ 31944 28.9% 30224 94.6% 14584 48.3%  
 Unknown 1961 1.8% 1684 85.9% 406 24.1%  

HER2 status Positive 9276 8.4% 8257 89.0% 4500 54.5% <0.0001 
 Borderline 11733 10.6% 11170 95.2% 4928 44.1%  

 Negative 79588 72.0% 75670 95.1% 33477 44.2%  
 Unknown 9932 9.0% 9292 93.6% 3640 39.2%  

Invasive grade G1 20136 18.2% 18676 92.7% 8054 43.1% <0.0001 
 G2 66499 60.2% 64180 96.5% 27915 43.5%  
 G3 22716 20.6% 20562 90.5% 10323 50.2%  
 Unknown 1178 1.1% 971 82.4% 253 26.1%  

Primary surgery  No surgery 17200 15.6% 16102 93.6% 2167 13.5% <0.0001 

  BCS 69694 63.1% 66004 94.7% 33500 50.8%  
  Mastectomy 23635 21.4% 22283 94.3% 10878 48.8%  

Radiotherapy No 35670 32.3% 33124 92.9% 10642 32.1% <0.0001 
 Yes 74859 67.7% 71265 95.2% 35903 50.4%  

Chemotherapy No 85008 76.9% 81083 95.4% 32526 40.1% <0.0001 
 Yes 25521 23.1% 23306 91.3% 14019 60.2%  
Key: ET = Endocrine Therapy; COSD = Cancer Outcomes and Services Dataset; PCPD = Primary Care Prescription Database;  
IMD = Index of Multiple deprivation; HER2 = human epidermal growth receptor 2; SCARF = Secondary Care Administrative Records Frailty;  
BCS = breast-conserving surgery. 
*grouped p-value from multilevel mixed-effects logistic regression models including all factors in the table; outcome is ET use in COSD (with or without 
PCPD) vs PCPD only. 
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Table A4: Comparison of type of endocrine therapy (ET) by data source, among all women with hormone 

receptor-positive early invasive or locally advanced breast cancer. 

PCPD 

COSD 

Neoadjuvant 
Same month as 

surgery 
Adjuvant PET No ET Total 

Neoadjuvant 4499 64 106 134 719 5522 

Same month as surgery  857 1635 211 2 2177 4882 

Adjuvant 610 184 34170 1 41129 76094 

PET 1 0 0 11487 1522 13010 

No ET 56 137 570 260 5497 6520 

Total 6023 2020 35057 11884 51044 106,028 

Key: COSD = Cancer Outcomes and Services Dataset; PCPD = Primary Care Prescription Database; PET = Primary Endocrine Therapy. 
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Figure A1: Details of patient selection from women aged 50 and over, diagnosed with breast cancer in a NHS 

trust in England, between 2014 and 2019. 

 

Key: DCIS = ductal carcinoma in situ; PCPD = Primary Care Prescription Database. 
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Figure A2. Recording of endocrine therapy within 12 months of diagnosis in secondary care data, by age at diagnosis, 

among all women with hormone receptor-positive invasive breast cancer. 

 

Key: CWT = Cancer Waiting Times data; COSD = Cancer Outcomes and Services data; Registry = Cancer Registry data; SACT = Systemic Anti-Cancer 
Therapy dataset; All = CWT, COSD, Registry and SACT. 

Note: Secondary care datasets with <5% are not presented in the figure above. These were: SACT+CWT = 0%; CWT only = 0.08%; SACT only = 0.3%; 
All datasets = 1%; SACT+COSD/Reg = 2% 
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Figure A3. Time to earliest endocrine therapy (ET) record* within 12 months of diagnosis, by disease stage and type of 

ET, among women with ET recorded in either data source. 

 

*For ET prescriptions recorded in PCPD the date was taken to be the middle of the calendar month  

Key: MBC = metastatic breast cancer; LABC = locally advanced breast cancer; EIBC = early invasive breast cancer;  
Adjuvant ET = adjuvant endocrine therapy (receiving surgery within 12m of diagnosis with no prior ET recorded);  
NET = neoadjuvant endocrine therapy (earliest ET prescription before date of surgery within 12m of diagnosis);  
PET = primary endocrine therapy (women with EIBC/LABC not receiving surgery within 12m of diagnosis). 
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 Appendix 4 – Supplementary material for Research Paper 3 

Appendix 1: 

Steps taken to identify published NICE Technology Appraisal Guidance (TAGs) within 

https://www.nice.org.uk/guidance . Performed on 17/03/2022. 

Step 1: Select “Technology Appraisal Guidance”. 

Step 2: Ensure you are on the “Published” tab. 

Step 3: Apply filters. Last updated date: From date = “01/01/2000”; To date = “31/12/2019”. Type: select 

“Guidance”. Guidance programme: select “Technology appraisal guidance”. Filter by title or keyword: type 

“breast cancer”. 

 

NICE Technology Appraisal Guidance excluded from the study. 

Reference Reason for exclusion 

NICE. Bevacizumab in combination with a taxane for the first-line treatment of metastatic 
breast cancer. 2011 [Available from: https://www.nice.org.uk/guidance/ta214 ] 

Drug not 
recommended by NICE 

NICE. Fulvestrant for the treatment of locally advanced or metastatic breast cancer. 2011 
[Available from: https://www.nice.org.uk/guidance/ta239 ] 

Drug not 
recommended by NICE 

NICE. Lapatinib or trastuzumab in combination with an aromatase inhibitor for the first-line 
treatment of metastatic hormone-receptor-positive breast cancer that overexpresses HER2. 
2012 [Available from: https://www.nice.org.uk/guidance/ta257 ] 

Drug not 
recommended by NICE 

NICE. Bevacizumab in combination with capecitabine for the first-line treatment of metastatic 
breast cancer. 2012 [Available from: https://www.nice.org.uk/guidance/ta263 ] 

Drug not 
recommended by NICE 

NICE. Fulvestrant for untreated locally advanced or metastatic oestrogen-receptor positive 
breast cancer. 2018 [Available from: https://www.nice.org.uk/guidance/ta503 ] 

Drug not 
recommended by NICE 

NICE. Intrabeam radiotherapy system for adjuvant treatment of early breast cancer. 2018 
[Available from: https://www.nice.org.uk/guidance/ta501 ] 

TAG for radiotherapy 
not an oncological drug 

NICE. Eribulin for treating locally advanced or metastatic breast cancer after 1 chemotherapy 
regimen. 2018 [Available from: https://www.nice.org.uk/guidance/ta515 ] 

Drug not 
recommended by NICE 

 

https://www.nice.org.uk/guidance
https://www.nice.org.uk/guidance/ta214
https://www.nice.org.uk/guidance/ta239
https://www.nice.org.uk/guidance/ta257
https://www.nice.org.uk/guidance/ta263
https://www.nice.org.uk/guidance/ta503
https://www.nice.org.uk/guidance/ta501
https://www.nice.org.uk/guidance/ta515
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Appendix 2: 

Figure A1: Details of patient selection from women aged 50 and over, diagnosed with breast cancer in a NHS 

trust in England, between 2014 and 2019. 
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Figure A2. Trastuzumab utilisation among women initially diagnosed with HER2-positive early invasive breast cancer (EIBC), locally advanced breast cancer (LABC) or metastatic 
breast cancer (MBC) from 2014–2019 

Figure A2a. Line plot of trastuzumab initiations, per 1000 women, by date of diagnosis Figure A2b. Line plot of trastuzumab biosimilar initiations, per 1000 women, by date of 
diagnosis 

  
Note: line plot created using tsline, with smoothed moving average using uniform weights. 

Trastuzumab initiation includes trastuzumab (Herceptin) and trastuzumab biosimilars. 

Note: line plot created using tsline, with smoothed moving average using uniform weights. 

Figure A2c. Observed percentage of women initiating trastuzumab, by Government office 
Region (GOR) and age at diagnosis 

Figure A2d. Observed percentage of women initiating trastuzumab, by Government 
office Region (GOR) and age at diagnosis 
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Figure A3. Post-publication pertuzumab utilisation among women initially diagnosed with HER2-positive early invasive breast cancer (EIBC) or locally advanced breast cancer (LABC)  

Figure A3a. Observed percentage of women initiating neoadjuvant pertuzumab for EIBC or 
LABC, by Government office Region (GOR) and age at diagnosis 

Figure A3b. Observed percentage of women initiating adjuvant pertuzumab for EIBC or 
LABC, by Government office Region (GOR) and age at diagnosis 

  

 

Figure A4. Post-publication palbociclib utilisation among women initially diagnosed with HER2-positive locally advanced breast cancer (LABC) or metastatic breast cancer (MBC) 

Figure A4a. Observed percentage of women initiating palbociclib for LABC or MBC, by year 
of diagnosis and age at diagnosis  

Figure A4b. Observed post-publication percentage of women initiating palbociclib for LABC 
or MBC, by Government office Region (GOR) and age at diagnosis  
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Table A1: Adjusted odds ratios of drug use recorded within SACT, for oncological treatments for breast cancer recommended by NICE for use as first-line treatment following initial 
diagnosis, among eligible women  

Drug 
(NICE TAG 

date) 

Indication/ 
Eligibility 

Cohort of women 
diagnosed 

Use % (n/N) 
Adjusted* odds ratio (95% confidence interval)  

50-59 
years 

60-69 
years 

70-79 
years 

80+ years 
Overall 
p-value 

CCI = 0 CCI = 1 CCI = 2+ 
Overall 
p-value 

GOR  
p-value 

Trastuzumab 
HER2+ 

EIBC/LABC/MBC 
Jan2014-Dec2019 

63.7% 
(10776/16987) 

1.00 
0.73 

(0.67-0.80) 
0.28 

(0.25-0.03) 
0.03 

(0.03-0.04) 
<0.0001 1.00 

0.64 
(0.57-0.73) 

0.30 
(0.25-0.37) 

<0.0001 <0.0001 

Neoadjuvant 
Pertuzumab 

HER2+ EIBC/LABC Jan2017-Dec2019 
29.2% 

(2068/7083) 
1.00 

0.78 
(0.68-0.89) 

0.25 
(0.21-0.30) 

0.02 
(0.01-0.03) 

<0.0001 1.00 
0.55 

(0.43-0.71) 
0.33 

(0.21-0.51) 
<0.0001 <0.0001 

Pertuzumab HER2+ MBC Jan2014-Dec2019 
52.0% 

(485/932) 
1.00 

0.84 
(0.56-1.26) 

0.23 
(0.15-0.35) 

0.04 
(0.02-0.08) 

<0.0001 1.00 
0.87 

(0.52-1.44) 
0.46 

(0.22-0.95) 
0.0025 0.1420 

Adjuvant 
Pertuzumab 

HER2+ EIBC/LABC Apr2019-Dec2019 
12.1% 

(129/1068) 
1.00 

1.23 
(0.57-2.66) 

0.23 
(0.11-0.47) 

0.03 
(0.01-0.10) 

<0.0001 1.00 
0.53 

(0.21-1.36) 
0.28 

(0.08-1.01) 
0.0805 0.0102 

Palbociclib 
HER2-, HR+ 
LABC/MBC 

Jan2018-Dec2019 
23.2% 

(455/1962) 
1.00 

1.11  
(0.79-1.57) 

0.97  
(0.70-1.36) 

0.21  
(0.13-0.32) 

<0.0001 1.00 
0.74  

(0.52-1.07) 
0.64  

(0.38-1.07) 
0.1245 0.1999 

Key: HER2 = human epidermal growth receptor 2; MBC = metastatic breast cancer; EIBC = early invasive breast cancer; LABC = locally advanced breast cancer; HR+ = hormone receptor-positive. 
*Odds ratio from multilevel mixed-effects logistic regression model, adjusting for age, comorbidity burden, diagnosis year, deprivation, ethnicity, stage group, tumour characteristics, geographical region. 

 

Table A2. Observed percentage of drug use recorded within SACT, for oncological treatments for breast cancer recommended by NICE for use as first-line treatment following initial 
diagnosis, among eligible women, by Government Office Region 

  Trastuzumab Neoadjuvant Pertuzumab Pertuzumab for MBC Adjuvant Pertuzumab Palbociclib 

Government Office 

Region 

All use All use 
Post-

publication use 
All use 

Post-

publication use 
All use 

Post-

publication use 
All use 

Post- 

publication use 

N % N % N % N % N % N % N % N % N % 

  North East 1,232 58.4% 1,076 11.3% 439 24.6% 62 38.7% 14 64.3% 888 1.5% 68 11.8% 464 11.2% 157 26.8% 

  North West 2,186 69.6% 1,940 18.6% 962 35.1% 100 57.0% 34 52.9% 1,409 1.6% 134 3.0% 877 10.9% 294 24.5% 

  Yorkshire & the Humber 1,830 69.5% 1,592 13.0% 765 25.2% 110 46.4% 28 71.4% 1,253 3.7% 132 22.0% 633 9.5% 203 24.1% 

  East Midlands 1,364 62.8% 1,198 14.1% 577 27.4% 68 58.8% 25 72.0% 951 2.4% 90 12.2% 386 6.0% 121 14.9% 

  West Midlands 1,817 60.9% 1,604 15.7% 726 32.2% 91 44.0% 24 66.7% 1,210 2.3% 98 13.3% 621 9.2% 196 24.5% 

  East England 2,168 62.3% 1,846 16.4% 910 30.9% 139 47.5% 35 65.7% 1,335 1.3% 116 8.6% 800 8.8% 247 21.9% 

  London 1,783 60.4% 1,478 16.1% 751 27.4% 109 60.6% 23 78.3% 1,054 2.8% 116 12.9% 661 10.0% 186 22.0% 

  South East 2,607 64.5% 2,247 14.9% 1,111 26.5% 143 53.1% 41 68.3% 1,700 2.6% 192 11.5% 944 10.8% 323 23.8% 

  South West 1,910 61.9% 1,652 16.8% 842 30.4% 110 59.1% 32 78.1% 1,216 2.8% 122 13.9% 718 9.1% 235 23.0% 
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Table A3. Full interrupted time series analysis output of drug initiations (per 1000) 

Time 
period 

Drug (associated figure) Coefficient 
95% confidence 

interval 
P-value 

 Neoadjuvant pertuzumab (Figure 1a)    

Ref Drug initiations, per 1000, in Jan-2014  2.8 -17.1 22.7 0.779 

Ref Monthly change in drug initiations, per 1000, from Jan-2014 to 
Jun-2016 

0.4 -0.1 0.9 
0.087 

T Immediate change in drug initiations, per 1000, in Jul-2016 (6m 
prior to NICE TAG publication) 

5.9 -20.4 32.1 0.657 

T Monthly change in drug initiations, per 1000, from Jul-2016 to 
Dec-2016  

37.2 19.6 54.9 <0.0001 

PP Immediate change in drug initiations, per 1000, in Jan-2017 
(month following NICE TAG publication in Dec-2016) 

15.9 -80.9 112.7 0.743 

PP Monthly change in drug initiations, per 1000, from Jan-2017 
onwards 

1.9 0.9 2.9 <0.0001 

      

 Pertuzumab for MBC (Figure 2a)     

Ref Drug initiations, per 1000, in Jan-2014 292.2 224.0 360.3 <0.0001 

Ref Monthly change in drug initiations, per 1000, from Jan-2014 to 
Mar-2017 

6.9 4.0 9.7 <0.0001 

T Immediate change in drug initiations, per 1000, in Apr-2017 (12m 
prior to NICE TAG publication) 

92.5 -80.4 265.3 0.288 

T Monthly change in drug initiations, per 1000, from Apr-2017 to 
Mar-2018  

-1.1 -22.9 19.9 0.915 

PP Immediate change in drug initiations, per 1000, in Apr-2018 
(month following NICE TAG publication in Mar-2018) 

23.9 -181.4 229.1 0.817 

PP Monthly change in drug initiations, per 1000, from Apr-2018 
onwards  

5.8 -6.1 17.7 0.332 

      

 Adjuvant pertuzumab  (Figure 3a)     

Ref Drug initiations, per 1000, in Jan-2014 10.4 1.0 19.8 0.030 

Ref Monthly change in drug initiations, per 1000, from Jan-2014 to 
Mar-2018 

-0.2 -0.4 0.0 0.060 

T Immediate change in drug initiations, per 1000, in Apr-2018 (12m 
prior to NICE TAG publication) 

-10.5 -30.1 9.1 0.289 

T Monthly change in drug initiations, per 1000, from Apr-2018 to 
Mar-2019 

8.1 4.7 11.6 <0.0001 

PP Immediate change in drug initiations, per 1000, in Apr-2019 
(month following NICE TAG publication in Mar-2019) 

45.1 8.5 81.8 0.017 

PP Monthly change in drug initiations, per 1000, from Apr-2019 
onwards 

-3.3 -8.7 2.1 0.230 

       

 Palbociclib (Figure 4a)      

Ref Drug initiations, per 1000, in Jan-2014 -0.2 -13.9 13.5 0.979 

Ref Monthly change in drug initiations, per 1000, from Jan-2014 to 
Dec-2016 

0.7 0.1 1.3 0.024 

T Immediate change in drug initiations, per 1000, in Jan-2017 (12m 
prior to NICE TAG publication) 

7.8 -23.1 38.7 0.615 

T Monthly change in drug initiations, per 1000, from Jan-2017 to 
Dec-2017 

16.7 12.2 21.1 <0.0001 

PP Immediate change in drug initiations, per 1000, in Jan-2018 
(month following NICE TAG publication in Dec-2016) 

-32.9 -79.0 13.2 0.158 

PP Monthly change in drug initiations, per 1000, from Jan-2018 
onwards 

3.5 1.0 6.1 0.007 

Key: Ref = pre-publication time period, T = Transition period, PP = post-publication period 
The coefficients in the reference (pre-publication) period are the baseline rate and monthly trend. The coefficients for the 
transition and post-publication periods are the change in the rate in the first month of the period and the trend for that period. 
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 Appendix 5 – Supplementary material for Research Paper 4 

 

Table A1: Description of OPCS codes used to define surgical procedure. 

OPCS Code Description 

 Mx Excision codes 

B27.1 Total Mx and excision of both pectoral muscles and part of chest wall. 

B27.2 Total Mx and excision of both pectoral muscles NEC. 

B27.3 Total Mx and excision of pec minor.  

B27.4 Total Mx NEC (incl simple mastectomy.) 

B27.5 Subcutaneous Mastectomy.  

B27.6 Skin sparing mastectomy 

B27.8 Other specified total excision of breast 

B27.9 Unspecified total excision of breast 

 BCS Excision codes 

B28.1 Quadrantectomy of breast 

B28.2 Partial excision of breast NEC 

B28.3 Excision of lesion of breast NEC 

B28.5 Wire guided partial excision of breast 

B28.7 Wire guided excision of lesion of breast 

B28.8 Other specified other excision of breast 

B28.9 Unspecified other excision of breast 
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Figure A1: Details of patient selection from women aged 50 and over, diagnosed with early invasive breast 
cancer in a NHS trust in England, between January 2014 and December 2017. 
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Figure A2: Calibration of prognostic multilevel mixed-effects logistic regression model by levels of predicted risk  
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 Appendix 6 – Supplementary material for Research Paper 5 

 

Figure A1: Time window for assessment of severe acute toxicity event. 

 

Figure A2: Timing of chemotherapy in relation to commencing adjuvant trastuzumab. 
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Figure A3: Details of patient selection from women aged 50 and over, diagnosed with breast cancer in England 

between 2014 and 2019. 
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Figure A4: Trastuzumab treatment details among women receiving adjuvant trastuzumab-based treatment for 

HER2-positive, early invasive breast cancer. 

Duration of treatment by total number of cycles. 

 
Frequency of trastuzumab cycles and percentage of women receiving each cycle, by cycle number, among 

women receiving more than one cycle of trastuzumab. 
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Figure A5. Time from first treatment cycle to first (a) severe acute toxicity event (b) cardiovascular disorder, 

among women with early invasive breast cancer, by HER2 status. 

  

 

Figure A6: Percentage of women with a severe acute toxicity event, among women receiving adjuvant 

trastuzumab-based treatment for HER2-positive, early invasive breast cancer, by age at diagnosis 
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Table A1: Validated coding framework used to determine severe acute toxicity. 

Event ICD-10 code 

Haematological  

Neutropenia D701 D702 D703 D708 D709 D70X 

Anaemia D611 D618 D619 D648 D509* D630 D649* 

Thrombocytopenia D695 D696 D699 M311 R233 

Infection R502 R508 R509 R680 R650 R651 R659 A410 A411 A412 A413 A414 A415 A418 A419 A020 
A021 A022 A028 A029 A040 A041 A042 A043 A044 A045 A046 A047 A048 A049 A050 A051 
A052 A053 A054 A058 A059 A070 A071 A072 A073 A078 A079 A080 A081 A082 A083 A084 
A085 A150 A151 A152 A153 A154 A155 A156 A157 A158 A159 A170 A171 A178 A179 A180 
A181 A182 A183 A184 A185 A186 A187 A188 A190 A191 A192 A198 A199 A38 A38X A390 
A391 A392 A394 A395 A398 A399 A400 A401 A402 A403 A408 A409 A420 A421 A422 A427 
A428 A429 A46 A46X A480 A481 A482 A483 A484 A488 A490 A491 A492 A493 A498 A499 
A810 A811 A812 A818 A819 A850 A852 A858 A86X A86 A870 A871 A872 A878 A879 A880 
A881 A888 A89 A89X B001 B002 B003 B004 B005 B007 B008 B009 B010 B011 B012 B018 
B019 B020 B021 B022 B023 B027 B028 B029 B07X B07 B080 B081 B082 B083 B084 B085 
B088 B09X B150 B159 B160 B161 B162 B169 B170 B171 B172 B178 B179 B190 B199 B250 
B251 B252 B258 B259 B270 B271 B278 B279 B300 B301 B302 B303 B308 B309 B330 B331 
B332 B333 B334 B338 B340 B341 B342 B343 B344 B348 B349 B371 B372 B373 B374 B375 
B376 B377 B378 B379 B440 B441 B442 B447 B448 B449 B450 B451 B452 B453 B457 B458 
B459 B49X B59X B950 B951 B952 B953 B954 B955 B956 B957 B958 B960 B961 B962 B963 
B964 B965 B966 B967 B968 B970 B971 B972 B973 B974 B975 B976 B977 B978 B99 B99X J200 
J201 J202 J203 J204 J205 J206 J207 J208 J209 J22X J120 J121 J122 J123 J128 J129 J13 J14 J13X 
J14X J150 J151 J152 J153 J154 J155 J156 J157 J158 J159 J160 J168 J170 J171 J172 J173 J178 
J180 J181 J182 J188 J189 J09 J100 J101 J108 J110 J111 J118 J850 J851 J852 J853 J860 J869 
N10X N390 N300 N308 N309 N340 N151 N450 N459 N410 N412 N413 L00X L010 L011 L020 
L021 L022 L023 L024 L028 L029 L030 L031 L032 L033 L038 L039 L040 L041 L042 L043 L048 
L049 L050 L059 L080 L081 L088 L089 N700 N709 N710 N72X N730 N732 N733 N735 N760 
N762 N764 N61X T814 G000 G001 G002 G003 G008 G009 G01X G020 G021 G028 G030 G038 
G039 G040 G041 G042 G048 G049 G050 G051 G052 G058 G060 G061 G062 G07X G08X A851 
M600 I330 I339 I300 I301 I308 I309 I400 I401 I408 I409 I514 I518 H700 K052 K113 J040 J041 
J042 H600 H601 H603 H660 J010 J011 J012 J013 J014 J018 J019 J020 J028 J029 J030 J038 J039 
M871 K102 M860 M861 M869 M000 M001 M002 M008 M009 K750 K610 K611 K612 K613 
K614 K800 K803 K804 K810 K830 K630 K65 K65X 

Neutropenic sepsis Defined where neutropenia & infection are recorded for the same admission. 

Gastrointestinal disorder K521 K528 K529 A090 A099 R110 R111 R112 R11X R13X K590 K564 K121 K123 B370 K710 
K711 K712 K716 K719 K720 K729 R17 R17X K221 K223 K251 K253 K255 K261 K262 K263 K265 
K271 K273 K275 K281 K283 K285 K291 K293 K295 K631 K914 N321 N820 N822 N823 N824 
K316 K603 K605 K604 

Cardiovascular  

Arrhythmia I440* I441* I442* I443* I444* I445* I446* I447* I471* I472* I480* I483* I484* I489* I48X* 
I450* I451* I452* I453* I454* I455* I456* I458* I459* I490* I491* I492* I493* I494* I495* 
I498* I499* R000 R001 R002 R008 

Hypertension I10* I10X* I110* I119* I120* I129* I130* I131* I132* I139* I150* I151* I152* I158* I159* 

Angina I200* I201* I208* I209* 

Congestive cardiac failure I500* I501* I509* 

Cerebrovascular I630* I631* I632* I633* I634* I635* I636* I638* I639* I600* I601* I602* I603* I604* I605* 
I606* I607* I608* I609* I64* I64X* I610* I611* I612* I613* I614* I615* I616* I618* I619* 
I620* I621* I629* I690* I691* I692* I693* I694* I698* G450* G451* G452* G453* G454* 
G458* G459* G460* G461* G462* G463* G464* G465* G466* G467* G468* 

Other I210 I211 I212 I213 I214 I219 I220 I221 I228 I229 I230 I231 I232 I233 I234 I235 I236 I238 I950 
I951 I952 I958 I959 I260 I269 I313 I319 I427 I429 I740 I741 I742 I743 I744 I745 I748 I749 I822 
I823 I828 I829 I800 I801 I802 I803 I808 I809 

Pain R100 R101 R102 R103 R104 M255 M540 M541 M542 M543 M544 M545 

M546 M548 M549 R07 R07X R070 R071 R072 R073 R074 R520 R529 H920 K146 H571 M796 

Psychological disorder  
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Depression F329* 

Anxiety F419* 

Other F320 F321 F322 F323 F328 F410 F411 F412 F413 F418 

Constitutional R530 R531 R538 R53X R64 R64X R630 R634 R638 E877 E860 E86X E861 E869 R600 R601 R609 
R60X 

Neurological  

Epilepsy G400* G401* G402* G403* G404* G405* G406* G407* G408* G409* G410* G411* G412* 
G418* G419* R56* R560* R568* 

Other R55X R55 R42 R42X  

G620 G628 G629 R200 R201 R202 R203 R208 R209 H910 H931 J385 G250 G251 G252 G253 
G258 G259 G240 G254 G256 G711 G720 R270 R260 G430 G431 G432 G433 G438 G439 G440 
G441 G442 G443 G444 G448 R51 R51X 

Metabolic/endocrine disorder E870 E871 E872 E873 E874 E875 E876 E878 E833 E835 E838 E839 E883 E834 R730 R739 E15 
E15X E160 E161 E162 E032 E058 E064 E273 E231 

Renal disorder N170 N171 N172 N178 N179 N19X N19 N10 N10X N12X N12 N130 N131 N132 N133 N134 
N135 N136 N137 N138 N139 N141 N142 N144 N158 N159 N280 

Line complications T825 T827 T828 T829 Z452 T800 T801 T802 T808 T809 

Dermatology & rheumatology  

Gout M100* M102* M104* M109* 

Other R21X R21 L270 L271 L298 L299 L51 L510 L511 L512 L518 L519 L539 R238 R239 

Respiratory disorder R05X R05 J80X J80 J81 J81X R060 

Bleeding R040 R310 R31X N938 N939 R042 J942 K625 I850 K920 K921 K922 K250 K252 K254 K256 
K260 K262 K264 K266 K270 K272 K274 K276 K280 K282 K284 K286 K290 K292 K294 K296 

Ophthalmic disorder  

Retinal disorder H300* H301* H302* H308* H309* H310* H311* H313* H314* H318* H319* H330* H332* 
H335* H340* H341* H342* H348* H349* H350* H352* H353* H356* H357* H358* H359* 

Blindness/visual impairment H540* H541* H542* H543* H544* H545* H546* H549* 

Visual disorder H490* H491* H492* H493* H494* H498* H499* H500* H501* H502* H503* H504* H505* 
H506* H508* H509* H510* H511* H512* H518* H519*  

H46X* H46* H470* H471* H472* H473* H474* H475* H476* H477* 

Other H320 H191 H192 H10 H100 H101 H102 H103 H105 H108 H109 H11 H111 H112 H113 B300 
B301 B302 B303 B308 B309 H150 H151 H158 H159 H160 H161 H162 H163 H164 H168 H169 
M350 H170 H171 H178 H179 H180 H181 H182 H183 H184 H186 H187 H188 H189 H200 H202 
H208 H209 H210 H211 H212 H213 H214 H215 H218 H219 H263 H278 H279 H406 H531 H532 
H533 H534 H535 H536 H538 H539  

H000 H001 H010 H018 H019 H041 H042 H043 H020 H021 H050 H052 H058 H059 H578 H579  

H431 H432 H433 H438 H439 H440 H441 H448 H449 

Drug reaction L500 T782 T783 T784 T886 T887 T451 

*Codes excluded if present in the 12 months preceding treatment administration 
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Table A2: Baseline characteristics (inclusion/exclusion criteria) of patients in each adjuvant trastuzumab trial and associated routine data used to define trial eligibility within the cohort of 
women receiving adjuvant trastuzumab-based treatment for HER2-positive, early invasive breast cancer 

Characteristics 

Adjuvant Trastuzumab Trial 
Data used to define trial 

eligibility (Yes/No) in 
routine care 

B31 
AC-P vs AC-PH 

BCIRG006 
AC-T vs AC-TH 

FinHer 
T/V-FEC vs T/VH-FEC 

HERA  
Obs vs H 

N9831 
AC-P vs AC-PH 

PACS-04 
FEC/ET-Obs/H 

Age (years) 22-78 22-74 25-65 18-79 19-82 22-65 Age at diagnosis 

Sex Female Female Female Female Female Female Gender 

Performance 
status 

 Karnofsky PS >80% WHO PS 0/1    
WHO performance status 

0/1 

Hepatic function Adequate Normal Exclude if abnormal Adequate Adequate  No Liver comorbidity    

Renal function Adequate Normal  Adequate Adequate  No Renal comorbidity  

Cardiac function 
LVEF met or  exceeded 
lower limit of normal 

Normal.   
Exclude if baseline 

LVEF <55%. 
LVEF met or exceeded 
lower limit of normal 

Exclude if LVEF <50% 

No MI or CCF comorbidity 

Comorbidity 
Exclude if history of 

CCF/MI/ 
cardiomyopathy 

Exclude if any cardiac 
disease or diabetes 

Exclude if severe 
hypertension or any 

cardiac disease, history 
of CCF /MI 

Exclude if history of 
documented CCF 

Exclude if history of CCF 
/MI/ 

cardiomyopathy 
Exclude if signs of CCF 

Other unstable 
conditions incl. 
dementia. 

 
Exclude if history of 

dementia 
    No dementia comorbidity  

Hormone status   PR-negative    PR status record 

HER2 status HER2-positive HER2-positive HER2-positive HER2-positive HER2-positive HER2-positive HER2 status record 

Tumour stage  Exclude if T4  Exclude if T4  Exclude if T4 or greater Tumour stage 

Nodal stage N+ 
N+, high risk N0 

(tumour size≥2cm).  
Exclude if N2/3 

N+, or N0 with tumour 
size≥2cm 

N+, or N0 with tumour 
size>1cm 

N+, high risk N0 (tumour 
size>2cm OR >1cm & HR-

negative) 
N+ 

N stage (& tumour size for 
high risk) 

Metastatic 
disease 

Exclude if evidence of 
metastatic disease 

Exclude if M1 
Exclude if distant 

metastases 
Exclude if distant 

metastases 
Exclude if evidence of 

metastatic disease 
Exclude if suspected 

metastases 
Stage 4 record 

Surgery 
Complete resection of 

primary tumour 
Definitive surgery of 

the breast cancer 
Breast surgery 

Complete excision of 
the cancer 

Complete resection of 
primary tumour 

Cancer completely 
surgically removed 

BCS/mastectomy record 

Other surgical 
procedure 

Axillary-node 
dissection 

Axillary lymph node 
assessment 

Axillary-node 
dissection or sentinel-

node biopsy 
 Axillary-node dissection  AND/SNB record 

Prior   
No prior systemic 

therapy 
 

No prior anti-HER2 
therapy 

  
Neoadjuvant chemo or 
HER2 therapy recorded 

Other unstable 
conditions incl. 
dementia. 

 No history of dementia     
Dementia comorbidity 

recorded 
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Table A3: Pre-specified conditions included in the assignment of Charlson Comorbidity Index 

Conditions    

Myocardial infarction Dementia Diabetes mellitus Metastatic solid tumour 

Congestive cardiac failure Chronic pulmonary disease Hemiplegia or paraplegia AIDS/HIV infection 

Peripheral vascular disease Rheumatological disease Renal disease  

Cerebrovascular disease Liver disease Any malignancy  
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Table A4: Comparison of patient, tumour and treatment characteristics among women receiving adjuvant 
treatment for early invasive breast cancer, by HER2 status 

Characteristic 

Total 

N = 18664 

HER2-positive adjuvant 
trastuzumab 

N = 5087 

HER2-negative adjuvant 
chemotherapy 

N = 13557 

N % N % N % 

Age group 50-59 yrs 8726 46.8% 2153 42.3% 6573 48.4% 

 60-69 yrs 6943 37.2% 1906 37.5% 5037 37.1% 

 70-79 yrs 2859 15.3% 941 18.5% 1918 14.1% 

 80+ yrs 136 0.7% 87 1.7% 49 0.4% 

IMD 1 - Most deprived 2957 15.8% 772 15.2% 2185 16.1% 

 2 3296 17.7% 852 16.7% 2444 18.0% 

 3 3935 21.1% 1088 21.4% 2847 21.0% 

 4 4206 22.5% 1162 22.8% 3044 22.4% 

 5 - Least deprived 4270 22.9% 1213 23.8% 3057 22.5% 

Charlson Comorbidity Index 0 17100 91.6% 4609 90.6% 12491 92.0% 

 1 1241 6.6% 381 7.5% 860 6.3% 

 2+ 323 1.7% 97 1.9% 226 1.7% 

SCARF Index Fit 16083 86.2% 4358 85.7% 11725 86.4% 

 Mild frailty 1759 9.4% 474 9.3% 1285 9.5% 

 Moderate - severe frailty 822 4.4% 255 5.0% 567 4.2% 

Stage grouping 1 5455 29.2% 2365 46.5% 3090 22.8% 

  2 10598 56.8% 2361 46.4% 8237 60.7% 

 3A 2611 14.0% 361 7.1% 2250 16.6% 

Grade of disease G1 527 2.8% 98 1.9% 429 3.2% 

 G2 7419 39.8% 1868 36.7% 5551 40.9% 

 G3 10718 57.4% 3121 61.4% 7597 56.0% 

Tumour stage T1 8092 43.4% 2863 56.3% 5229 38.5% 

 T2  9232 49.5% 2056 40.4% 7176 52.9% 

 T3 1340 7.2% 168 3.3% 1172 8.6% 

Nodal stage N0 9487 50.8% 3499 68.8% 5988 44.1% 

 N1 7187 38.5% 1291 25.4% 5896 43.4% 

 N2 1990 10.7% 297 5.8% 1693 12.5% 

Positive hormone-receptor 
status Yes 12864 68.9% 3504 68.9% 9360 68.9% 

 No/Unknown 5800 31.1% 1583 31.1% 4217 31.1% 

Surgery type BCS 12552 67.3% 3477 68.4% 9075 66.8% 

 Mastectomy 6112 32.7% 1610 31.6% 4502 33.2% 

Radiotherapy reported/setting No 2777 14.9% 1055 20.7% 1722 12.7% 

 Yes – before treatment 335 1.8% 301 5.9% 34 0.3% 

 Yes – during treatment 2958 15.8% 2958 58.1% 0 0.0% 

 Yes – after treatment 12594 67.5% 773 15.2% 11821 87.1% 

Hormone therapy prescribed (Y) 12825 68.7% 3508 69.0% 9317 68.6% 

Chemotherapy reported (Y) 18592 99.6% 5015 98.6% 13577 100.0% 

 Anthracycline only (Y) 5079 27.3% 911 18.2% 4168 30.7% 

 Taxane only (Y) 3463 18.6% 2070 41.3% 1393 10.3% 

 Docetaxel (Y) 9626 51.8% 2484 49.5% 7142 52.6% 

 Paclitaxel (Y) 4046 21.8% 1639 32.7% 2407 17.7% 

 Anthracycline and taxane (Y) 9904 53.3% 1988 39.6% 7916 58.3% 

Note: Anthracyclines = doxorubicin, epirubicin, mitoxantrone recorded in SACT.  

 Taxanes = docetaxel, cabazitaxel, paclitaxel, nab-paclitaxel recorded in SACT. 
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Table A5: Frequency of severe acute toxicity events (SATE), overall / by individual SATE type, among women 
receiving adjuvant trastuzumab-based treatment for HER2-positive, early invasive breast cancer, by sequential 
or concurrent use of chemotherapy (ordered by the most frequently recorded; only individual SATE with >5% presented) 

Event 

Total 

N = 5087 

Sequential 
chemotherapy 

N = 1160 

Concurrent 
chemotherapy 

N = 3927 

N % N % N % 

Any 1670 32.8% 402 34.7% 1268 32.3% 

Haematological 774 15.2% 213 18.4% 561 14.3% 

Neutropenia 714 14.0% 205 17.7% 509 13.0% 

Anaemia 103 2.0% 26 2.2% 77 2.0% 

Thrombocytopenia 15 0.3% 2 0.2% 13 0.3% 

Infection 773 15.2% 151 13.0% 622 15.8% 

Neutropenic sepsis 659 13.0% 188 16.2% 471 12.0% 

Gastrointestinal  507 10.0% 100 8.6% 407 10.4% 

Cardiovascular 346 6.8% 102 8.8% 244 6.2% 

Arrhythmia 106 2.1% 29 2.5% 77 2.0% 

Hypertension 73 1.4% 16 1.4% 57 1.5% 

Angina 7 0.1% 0 0.0% 7 0.2% 

Congestive cardiac failure 25 0.5% 7 0.6% 18 0.5% 

Cerebrovascular 14 0.3% 7 0.6% 7 0.2% 

Other 175 3.4% 64 5.5% 111 2.8% 
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Table A6: Frequency of severe acute toxicity events (SATE), overall / by individual SATE type, among 
women receiving adjuvant treatment for early invasive breast cancer, by HER2 status (ordered by the most 

frequently recorded; only individual SATE with >5% presented) 

Event 

Total 

N = 18664 

HER2-positive adjuvant 
trastuzumab 

N = 5087 

HER2-negative adjuvant 
chemotherapy 

N = 13557 

N % N % N % 

Any 6784 36.3% 1670 32.8% 5115 37.7% 

Haematological 3430 18.4% 774 15.2% 2656 19.6% 

Neutropenia 3212 17.2% 714 14.0% 2498 18.4% 

Anaemia 415 2.2% 103 2.0% 312 2.3% 

Thrombocytopenia 98 0.5% 15 0.3% 83 0.6% 

Infection 3052 16.4% 773 15.2% 2279 16.8% 

Neutropenic sepsis 2918 15.6% 659 13.0% 2259 16.6% 

Gastrointestinal disorder 2171 11.6% 507 10.0% 1668 12.3% 

Cardiovascular 1505 8.1% 346 6.8% 1159 8.5% 

Arrhythmia 492 2.6% 106 2.1% 386 2.8% 

Hypertension 309 1.7% 73 1.4% 236 1.7% 

Angina 42 0.2% 7 0.1% 35 0.3% 

Congestive cardiac failure 109 0.6% 25 0.5% 84 0.6% 

Cerebrovascular 66 0.4% 14 0.3% 52 0.4% 

Other 751 4.0% 175 3.4% 576 4.2% 

Pain 954 5.1% 220 4.3% 734 5.4% 
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Table A7: Frequency of severe acute toxicity events (SATE), overall / by individual SATE type, among women 
receiving adjuvant trastuzumab-based treatment for HER2-positive early invasive breast cancer, by comorbidity 
burden (ordered by the most frequently recorded; only individual SATE with >5% presented) 

Event 

CCI 0 

N = 4609 

CCI 1 

N = 387 

CCI 2+ 

N = 97 

N % N % N % 

Any 1461 31.7% 161 42.3% 48 49.5% 

Haematological 694 15.1% 64 16.8% 16 16.5% 

Neutropenia 645 14.0% 56 14.7% 13 13.4% 

Anaemia 84 1.8% 15 3.9% 4 4.1% 

Thrombocytopenia 11 0.2% 3 0.8% 1 1.0% 

Infection 666 14.4% 79 20.7% 28 28.9% 

Neutropenic sepsis 596 12.9% 50 13.1% 13 13.4% 

Gastrointestinal disorder 433 9.4% 55 14.4% 19 19.6% 

Cardiovascular 291 6.3% 38 10.0% 17 17.5% 

Arrhythmia 90 2.0% 11 2.9% 5 5.2% 

Hypertension 64 1.4% 8 2.1% 1 1.0% 

Angina 1 0.0% 5 1.3% 1 1.0% 

Congestive cardiac failure 15 0.3% 6 1.6% 4 4.1% 

Cerebrovascular 12 0.3% 2 0.5% 0 0.0% 

Other 152 3.3% 14 3.7% 9 9.3% 

Pain 182 3.9% 28 7.3% 10 10.3% 

Psychological disorder 102 2.2% 12 3.1% 3 3.1% 

Depression 59 1.3% 8 2.1% 3 3.1% 

Anxiety 41 0.9% 2 0.5% 0 0.0% 

Other 19 0.4% 4 1.0% 0 0.0% 

Constitutional 128 2.8% 25 6.6% 10 10.3% 

Neurological 125 2.7% 18 4.7% 6 6.2% 

Epilepsy 7 0.2% 1 0.3% 0 0.0% 

Other 121 2.6% 17 4.5% 6 6.2% 

Metabolic/endocrine disorder 104 2.3% 23 6.0% 7 7.2% 

Renal disorder 64 1.4% 16 4.2% 11 11.3% 

Key: CCI = Charlson Comorbidity Index. 
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Table A8: Distribution of patient, tumour and treatment characteristics among women receiving adjuvant trastuzumab-based 
treatment for HER2-positive early invasive breast cancer, and associated odds of any severe acute toxicity events (SATE) or 
cardiovascular SATE. 

Characteristic 

All Any SATE Cardiovascular SATE 

N N (%) OR (95% CI) 
Overall 
p-value 

N (%) OR (95% CI) 
Overall 
p-value 

Total 5087 1670 (32.8%) -  346 (6.8%) -  

Age 
group 

50-59 years 2153 710 (33.0%) 1.00 0.615 132 (6.1%) 1.00 0.024 

60-69 years 1906 625 (32.8%) 1.00 (0.87-1.14)  125 (6.6%) 1.04 (0.80-1.35)  

 70-79 years 1028 335 (32.6%) 1.08 (0.91-1.28)  89 (8.7%) 1.46 (1.09-1.95)  

IMD 1 - Most deprived 772 302 (39.1%) 1.38 (1.13-1.69) 0.012 68 (8.8%) 1.53 (1.07-2.2) 0.077 

 
4 852 290 (34.0%) 1.12 (0.93-1.37)  63 (7.4%) 1.26 (0.88-1.82)  

 
2 1088 349 (32.1%) 1.05 (0.87-1.26)  62 (5.7%) 1.01 (0.71-1.45)  

 
3 1162 359 (30.9%) 1.01 (0.84-1.20)  87 (7.5%) 1.35 (0.97-1.89)  

 
5 - Least deprived 1213 370 (30.5%) 1.00  66 (5.4%) 1.00  

CCI 0 4609 1461 (31.7%) 1.00 0.938 291 (6.3%) 1.00 0.680 

 1 381 161 (42.3%) 1.08 (0.68-1.70)  38 (10%) 0.69 (0.29-1.60)  

 2+ 97 48 (49.5%) 1.05 (0.45-2.44)  17 (17.5%) 0.55 (0.13-2.44)  

History of MI No 5070 1660 (32.7%) 1.00 0.091 340 (6.7%) 1.00 0.002 

 Yes 17 10 (58.8%) 2.53 (0.86-7.43)  6 (35.3%) 7.84 (2.17-28.34)  

History of CCF No 5070 1662 (32.8%) No crude association 343 (6.8%) 1.00 0.330 

 Yes 17 8 (47.1%) -  3 (17.6%) 2.16 (0.46-10.23)  

History of diabetes No 4925 1597 (32.4%) 1.00 0.575 328 (6.7%) 1.00 0.278 

Yes 162 73 (45.1%) 1.16 (0.70-1.91)  18 (11.1%) 1.62 (0.68-3.88)  

History of liver 
disease 

No 5055 1652 (32.7%) 1.00 0.150 339 (6.7%) 1.00 0.009 

Yes 32 18 (56.3%) 1.82 (0.81-4.11)  7 (21.9%) 1.62 (0.68-3.88)  

History of CPD No 4858 1570 (32.3%) 1.00 0.418 315 (6.5%) 1.00 0.024 

Yes 229 100 (43.7%) 1.23 (0.75-2.02)  31 (13.5%) 2.67 (1.14-6.25)  

History of renal 
disease 

No 5049 1651 (32.7%) 1.00 0.204 343 (6.8%) No crude association 

Yes 38 19 (50%) 1.65 (0.76-3.58)  3 (7.9%) -  

SCARF Index Fit 4358 1364 (31.3%) 1.00 0.005 278 (6.4%) 1.00 0.490 

 Mild frailty 474 193 (40.7%) 1.42 (1.13-1.79)  35 (7.4%) 0.92 (0.59-1.42)  

 Moderate - severe frailty 255 113 (44.3%) 1.47 (1.03-2.10)  33 (12.9%) 1.30 (0.73-2.34)  

Anthracycline 
chemotherapy 

No 2116 593 (28%) 1.00 <0.0001 135 (6.4%) No crude association 

Yes 2899 1065 (36.7%) 1.55 (1.36-1.78)  207 (7.1%) -  

 No chemotherapy 72 12 (16.7%) 0.47 (0.24-0.89)  4 (5.6%) -  

Sequential 
chemotherapy 

No 3916 1263 (32.3%) No crude association 242 (6.2%) 1.00 0.003 

Yes 1099 395 (35.9%) -  100 (9.1%) 1.54 (1.19-1.98)  

 No chemotherapy 72 12 (16.7%) -  4 (5.6%) 0.69 (0.24-2.03)  

Key: IMD = Index of Multiple Deprivation; CCI = Charlson Comorbidity Index; MI = myocardial infarction; CCF = congestive cardiac failure;  
CPD = Chronic pulmonary disease; SCARF = Secondary Care Administrative Records Frailty; chemo = chemotherapy. 
Note: ORs adjusted for other factors and year of diagnosis. 
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Table A9: Relationship between adjuvant trastuzumab for HER2-positive early invasive breast cancer and any severe acute 
toxicity events (SATE). 

 Total 50-59 years 60-69 years 70-79 years 80+ years 

Cycle-based analysis  N = 5087 N = 2153 N = 1906 N = 941 N = 87 

Experienced SATE AND      

No further cycles (discontinued) 67 (1.3%) 21 (1.0%) 14 (0.7%) 25 (2.7%) 7 (8.0%) 

Delay/break before next cycle  402 (7.9%) 147 (6.8%) 157 (8.2%) 91 (9.7%) 7 (8.0%) 

Delay/break after any subsequent cycle  25 (0.5%) 9 (0.4%) 12 (0.6%) 4 (0.4%) 0 (0.0%) 

No delay/break before end of treatment 4 (0.1%) 1 (0.0%) 1 (0.1%) 1 (0.1%) 1 (1.1%) 

No SATE recorded AND      

Delay/break before next cycle 3323 (65.3%) 1414 (65.7%) 1258 (66.0%) 590 (62.7%) 61 (70.1%) 

      

Patient-based analysis      

Experienced SATE AND      

Treatment completed 586 (11.5%) 256 (11.9%) 221 (11.6%) 102 (10.8%) 7 (8.0%) 

Treatment included delays/breaks 866 (17.0%) 344 (16.0%) 330 (17.3%) 176 (18.7%) 16 (18.4%) 

Treatment continued* after SATE but stopped 
early 

1 (0.0%) 1 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 

Treatment stopped after SATE 67 (1.3%) 21 (1.0%) 14 (0.7%) 25 (2.7%) 7 (8.0%) 

No SATE recorded AND      

Treatment completed 1823 (35.8%) 783 (36.4%) 689 (36.1%) 324 (34.4%) 27 (31.0%) 

Treatment included delays/breaks 2629 (51.7%) 1132 (52.6%) 989 (51.9%) 461 (49.0%) 47 (54.0%) 

Treatment discontinued 2107 (41.4%) 897 (41.7%) 792 (41.6%) 379 (40.3%) 39 (44.8%) 

*With no delays/breaks 
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Table A10: Distribution of patient, tumour and treatment characteristics among women receiving adjuvant 
trastuzumab for HER2-positive early invasive breast cancer, diagnosed in NHS trusts in England between January 
2014 and December 2019, by trial eligibility. 

Characteristic 

Total 

N = 5087 

Not trial eligible 

N = 3274 

Trial eligible 

N = 1813 

N % N Row % N Row % 

Age group 50-59 years 2153 42.3% 1365 63.4% 788 36.6% 

 60-69 years 1906 37.5% 1262 66.2% 644 33.8% 

 70-79 years 941 18.5% 585 62.2% 356 37.8% 

 80+ years 87 1.7% 62 71.3% 25 28.7% 

IMD 1 - Most deprived 772 15.2% 477 61.8% 295 38.2% 

 2 852 16.7% 529 62.1% 323 37.9% 

 3 1088 21.4% 702 64.5% 386 35.5% 

 4 1162 22.8% 756 65.1% 406 34.9% 

 5 - Least deprived 1213 23.8% 810 66.8% 403 33.2% 

Charlson Comorbidity Index 0 4609 90.6% 2925 63.5% 1684 36.5% 

 1 381 7.5% 268 70.3% 113 29.7% 

 2+ 97 1.9% 81 83.5% 16 16.5% 

SCARF Index Fit 4358 85.7% 2764 63.4% 1594 36.6% 

 Mild frailty 474 9.3% 316 66.7% 158 33.3% 

 Moderate - severe frailty 255 5.0% 194 76.1% 61 23.9% 

Stage grouping 1 2365 46.5% 1973 83.4% 392 16.6% 

  2 2361 46.4% 1258 53.3% 1103 46.7% 

 3A 361 7.1% 43 11.9% 318 88.1% 

Grade of disease G1 98 1.9% 74 75.5% 24 24.5% 

 G2 1868 36.7% 1260 67.5% 608 32.5% 

 G3 3121 61.4% 1940 62.2% 1181 37.8% 

Tumour stage T1 2863 56.3% 2110 73.7% 753 26.3% 

 T2  2056 40.4% 1104 53.7% 952 46.3% 

 T3 168 3.3% 60 35.7% 108 64.3% 

Nodal stage N0 3499 68.8% 2790 79.7% 709 20.3% 

 N1 1291 25.4% 456 35.3% 835 64.7% 

 N2 297 5.8% 28 9.4% 269 90.6% 

Positive hormone-receptor 
status Yes 3504 68.9% 2306 65.8% 1198 34.2% 

 No/Unknown 1583 31.1% 968 61.1% 615 38.9% 

Surgery type BCS 3477 68.4% 2414 69.4% 1063 30.6% 

 Mastectomy 1610 31.6% 860 53.4% 750 46.6% 

Radiotherapy reported/setting No 1055 20.7% 725 68.7% 330 31.3% 

 Yes – before treatment 301 5.9% 76 25.2% 225 74.8% 

 Yes – during treatment 2958 58.1% 1951 66.0% 1007 34.0% 

 Yes – after treatment 773 15.2% 522 67.5% 251 32.5% 

Hormone therapy prescribed  No 1579 31.0% 981 62.1% 598 37.9% 

 Yes 3508 69.0% 2293 65.4% 1215 34.6% 

Chemotherapy reported No 72 1.4% 54 75.0% 18 25.0% 

 Yes 5015 98.6% 3220 64.2% 1795 35.8% 

 Anthracycline only – No 4104 81.8% 2956 72.0% 1148 28.0% 

 Anthracycline only – Yes 911 18.2% 264 29.0% 647 71.0% 

 Taxane only – No 2945 58.7% 1519 51.6% 1426 48.4% 

 Taxane only – Yes 2070 41.3% 1701 82.2% 369 17.8% 

 Docetaxel – No 2531 50.5% 1573 62.1% 958 37.9% 

 Docetaxel – Yes 2484 49.5% 1647 66.3% 837 33.7% 

 Paclitaxel – No 3376 67.3% 1899 56.3% 1477 43.8% 

 Paclitaxel – Yes 1639 32.7% 1321 80.6% 318 19.4% 

 Anthracycline and taxane – No 3027 60.4% 1989 65.7% 1038 34.3% 

 Anthracycline and taxane – Yes 1988 39.6% 1231 61.9% 757 38.1% 

Note: Anthracyclines = doxorubicin, epirubicin, mitoxantrone recorded in SACT.  

 Taxanes = docetaxel, cabazitaxel, paclitaxel, nab-paclitaxel recorded in SACT. 
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Figure S1: Details of patient cohort selection from women aged 50 and over, diagnosed with breast cancer in a 
NHS organisation in England between 2014 and 2019. 
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Figure S2: Kaplan-Meier survival curves (including 95% confidence intervals) for overall survival following initiation of adjuvant trastuzumab-based treatment, overall and by patient and tumour 

characteristics. 
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Figure S3: Balance obtained with standardised means difference, while accounting, or not, for selection bias (i.e. 
weighted and unweighted, respectively) 

 

Figure S4: Density plot of propensity score by treatment group 
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Table S1: Specification and emulation of a target trial of adjuvant trastuzumab versus no treatment among 
patients with HER2-positive EIBC between 2014 and 2019 in England 

Component  Description of Target trial 
Description of Emulated trial using 
routine healthcare data 

Eligibility criteria 
Patients with EIBC who receive surgery, 
with no prior use of chemotherapy or 
trastuzumab. 

Same as target trial 

Treatment 
strategies 

1. Initiate trastuzumab-based treatment. 
2. Don’t initiate trastuzumab-based 
treatment. 

Same as target trial 

Treatment 
assignment 

Patients are randomly assigned to either 
strategy. 

We classified individuals according to 
the strategy their data were 
compatible with. Randomisation was 
assumed conditional on baseline 
covariates, using propensity scores. A 
4-month grace period from date of 
surgery was specified to allow for 
decision-making (landmark approach). 

Follow up 
Starts at randomisation and ends at the 
point of death or administrative 
censoring. 

Starts at landmark time point and ends 
at the point of death or administrative 
censoring 

Outcome 
Death from any cause; Death from breast 
cancer. 

Same as target trial 

Causal contrast of 
interest 

Intention-to-treat. 

Same as target trial. To be analogous 
to the target trial, comparison will be 
of treatment initiation. Some patients 
allocated to strategy 1 may have been 
prescribed treatment but never 
initiated it. 

Analysis plan  
Intention-to-treat effect estimated via 
standard survival methods.  

Same as target trial. Propensity scores 
used for balance of baseline prognostic 
factors. 
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Table S2: Overall survival by patient, tumour and treatment characteristics among women receiving adjuvant 

trastuzumab-based treatment for HER2-positive, early invasive breast cancer. 

 N % died 5 year OS (95% CI) Unadjusted HR Adjusted HR* 
Grouped 
p-value 

Overall 5238 6.5% 92.9% (92.1-93.7) - - - 

Age       

50-59 years 2226 3.4% 96.2% (95.2-97.0) 1.00 1.00 <0.0001 

60-69 years 1952 5.8% 94.2% (92.9-95.3) 1.72 (1.28-2.3) 1.62 (1.21-2.17)  

70-79 years 970 12.6% 84.8% (81.9-87.3) 4.17 (3.13-5.56) 2.99 (2.18-4.11)  

80+ years 90 31.1% 64.3% (51.1-74.8) 13.76 (8.75-21.63) 6.41 (3.89-10.57)  

IMD       

1 - Most deprived 794 8.2% 91.4% (88.8-93.4) 1.00 No crude 
association 

 

4 886 7.2% 92.2% (89.9-94.0) 0.93 (0.66-1.31)  

2 1119 5.4% 94.1% (92.3-95.5) 0.67 (0.47-0.96)   

3 1200 6.7% 92.6% (90.7-94.1) 0.84 (0.60-1.16)   

5 - Least deprived 1239 5.6% 93.7% (91.8-95.1) 0.71 (0.50-0.99)   

CCI       

0 4744 6.0% 93.6% (92.7-94.3) 1.00 1.00 0.0053 

1+ 494 10.3% 86.1% (81.8-89.4) 1.98 (1.47-2.67) 1.55 (1.14-2.11)  

SCARF Index       

Fit 4478 5.9% 93.7% (92.8-94.5) 1.00 No adjusted 
association 

 

Mild frailty 492 8.3% 90.8% (87.3-93.3) 1.54 (1.11-2.15)  

Mod - severe frailty 268 12.7% 81.7% (74.9-86.8) 2.74 (1.91-3.92)   

Grade       

G1 100 4.0% 97.8% (91.3-99.4) 1.00 No adjusted 
association 

 

G2 1925 4.7% 94.5% (93.1-95.6) 1.24 (0.46-3.36)  

G3 3213 7.6% 91.8% (90.7-92.9) 1.92 (0.72-5.13)   

Tumour stage       

T1 2954 3.5% 96.3% (95.4-97.0) 1.00 1.00 <0.0001 

T2  2113 9.9% 89.5% (87.9-90.9) 2.75 (2.17-3.48) 2.07 (1.62-2.65)  

T3 171 15.2% 82.2% (74.4-87.9) 4.17 (2.72-6.39) 2.60 (1.64-4.12)  

Nodal stage       

N0 3633 4.4% 95.0% (94.1-95.8) 1.00 1.00 <0.0001 

N+ 1605 11.1% 88.8% (86.9-90.4) 2.26 (1.82-2.79) 2.00 (1.58-2.53)  

HR-positive       

Yes 3601 5.0% 94.6% (93.6-95.4) 0.53 (0.43-0.66) 0.61 (0.49-0.75) <0.0001 

No/Unknown 1637 9.6% 89.3% (87.5-90.9) 1.00 1.00  

Surgery type       

BCS 3577 4.5% 95.0% (94.1-95.8) 1.00 No adjusted 
association 

 

Mastectomy 1661 10.6% 88.7% (86.9-90.3) 2.25 (1.82-2.79)  

Radiotherapy       

No 1082 8.7% 90.8% (88.7-92.6) 1.00 1.00 0.0012 

Yes 4156 5.9% 93.5% (92.5-94.3) 0.67 (0.53-0.85) 0.67 (0.52-0.85)  

Endocrine therapy       

No 1627 9.8% 89.3% (87.4-90.9) 1.00 No adjusted 
association 

 

Yes 3611 4.9% 94.5% (93.6-95.4) 0.48 (0.39-0.60)  

Chemotherapy       

No 72 18.1% 80.6% (67.9-88.7) 1.00 1.00 0.0017 

Other chemo therapy 51 9.8% 87.9% (72.8-94.9) 0.45 (0.16-1.27) 0.69 (0.25-1.89)  

Taxanes 2120 6.7% 91.4% (89.8-92.8) 0.37 (0.20-0.66) 0.49 (0.28-0.86)  

Anthracyclines 969 8.0% 92.5% (90.5-94.1) 0.33 (0.18-0.61) 0.63 (0.35-1.14)  

Taxane & anthracycline 2026 4.9% 94.9% (93.7-95.9) 0.22 (0.12-0.41) 0.37 (0.21-0.67)  

Key: OS = overall survival; CI = confidence interval; HR = hazard ratio; IMD = Index of Multiple Deprivation; CCI = Charlson Comorbidity Index; SCARF = 
Secondary Care Administrative Records Frailty; HR = hormone receptor; BCS = breast conserving surgery. 

Note: Anthracyclines = doxorubicin, epirubicin, mitoxantrone recorded in SACT.  

 Taxanes = docetaxel, cabazitaxel, paclitaxel, nab-paclitaxel recorded in SACT. 

* HRs adjusted for other factors 
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