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Abstract

We aimed to investigate socio-economic inequalities in second primary cancer (SPC) inci-

dence among breast cancer survivors. Using Data from cancer registries in England, we

included all women diagnosed with a first primary breast cancer (PBC) between 2000 and

2018 and aged between 18 and 99 years and followed them up from 6 months after the

PBC diagnosis until a SPC event, death, or right censoring, whichever came first. We used

flexible parametric survival models adjusting for age and year of PBC diagnosis, ethnicity,

PBC tumour stage, comorbidity, and PBC treatments to model the cause-specific hazards

of SPC incidence and death according to income deprivation, and then estimated standar-

dised cumulative incidences of SPC by deprivation, taking death as the competing event.

Multiple imputation was performed to account for missing data. Among 649,905 included

women, 47,399 SPCs and 171,223 deaths occurred during 4,269,042 person-years of

follow-up. Income deprivation was consistently associated with an increased rate of SPC

incidence (cause-specific hazard ratio for the most vs. least deprived quintile: 1.29; 95%

CI: 1.25, 1.33) and of death (1.36; 1.34, 1.38), translating into an absolute risk difference

(the most vs. least deprived quintile) of 1.3% (95% CI: 1.0, 1.5) for SPC incidence and

4.9% (95% CI: 4.6, 5.1) for death at 10 years. Women with PBC from deprived areas in

England faced a substantially higher risk of SPC than their counterparts. Future research

is warranted to understand mechanisms for observed inequalities to inform strategies to

monitor, prevent, and identify SPC in women with PBC.

K E YWORD S
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socio-economic inequalities

What's New?

Breast cancer incidence tends to be higher in women with higher socio-economic status, but with

a lower mortality rate. Whether socio-economic inequalities also affect second primary cancers
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remains unclear. In this study using data from cancer registries and accounting for all-cause death

as the competing event, income deprivation was associated with increased rates of second pri-

mary cancer incidence and death. Of 55,000 new breast cancer cases every year, more than

600 cases of second primary cancer could be avoided if inequalities were eliminated. Strategies to

monitor, prevent and identify second primary cancers should be in place to minimise disparities.

1 | INTRODUCTION

Breast cancer is the most common cancer in women in the

United Kingdom and worldwide, with approximately 55,500 newly

diagnosed cases each year between 2016 and 2018,1 and the latest

estimate of 2.3 million new cases in 2022 worldwide.2 Advance-

ments in breast cancer screening, diagnostic techniques, and treat-

ment regimens have resulted in improved survival—on average, 76%

of women in England now survive for a decade or more.1 However,

this journey of survivorship is not without its challenges, and the risk

of developing second primary cancer (SPC) is a significant concern

for cancer survivors, which could be attributed to the interplay of

diverse factors ranging from genetic predisposition to environmental

exposure, hormones, and treatment modalities.3–5

Several epidemiological studies from the United States,6–8

Europe, Canada, Australia, Singapore,5 Japan,9 Spain,10 and Israel,11

and meta-analyses have reported a higher risk of SPC in women living

with breast cancer compared to the general population,12–14 and such

risk may vary by menopausal status—higher in women diagnosed with

the primary breast cancer (PBC) before than after menopause,12 or by

Continents—higher in Asians than in Europeans.13

Data on SPC after PBC diagnosis from England are scarce. In addi-

tion, inequalities in breast cancer incidence and mortality are well

established—people with higher socio-economic status tended to have

higher breast cancer incidence but lower mortality rate15—but less is

known for SPC incidence in women who already had a breast cancer

diagnosis. While most studies on SPC focused on comparisons with the

general population, it is unclear whether there are differences in SPC

incidence by deprivation, given the longstanding socio-economic

inequalities in breast cancer survival.16 Therefore, we aimed to address

this gap by examining socio-economic inequalities in SPC incidence in

England, while considering all-cause death as the competing risk.

2 | METHODS

2.1 | Data source and population

We used the National Cancer Registration and Analysis Services

(NCRAS) from NHS Digital to construct a cohort of individuals with

breast cancer diagnosis. The NCRAS database is the population-wide

national registry for neoplasms in England and includes information

on socio-demographic factors and receipt of treatment.17 The NCRAS

database is linked to the Office for National Statistics (ONS) death

registration to obtain information on vital status, and Hospital

Episodes Statistics Admitted Patient Care (HES APC) on procedures

and diagnoses.

All women diagnosed with first ever Breast Cancer (ICD-10: C50)

between 1 January 2000 and 30 June 2018, aged between 18 and

99 years at diagnosis, and no prior cancer history were included in the

analysis.

2.2 | Exposure, outcomes, and covariates

We linked our cohort to Indices of Multiple Deprivation 2015 (IMD

2015) at lower super output area (LSOA) level using the patient's resi-

dence at the time of PBC diagnosis. We measured deprivation using

the Income Domain from IMD 2015, which was based on the propor-

tion of the population in an LSOA experiencing deprivation related to

low income (benefit claims).18

The primary outcome was the diagnosis of SPC, and the compet-

ing outcome was death that occurred during the follow-up (and

before the occurrence of a SPC). SPC was defined as any subsequent

malignant cancer diagnosis excluding non-melanoma skin cancers

(ICD-10 codes: C00–C97 except C44) and with a different ICD-10

code of their PBC. SPC types were categorised into cancer of second

breast (C50, if the last digit was different to their PBC), digestive

(C15–C26), female genital organ (C51–C58), respiratory and intratho-

racic organ (C30–C39), and others. As cancer records within 6 months

after their PBC diagnosis date were still likely to be related to their

PBC, we followed up all women from 183 days after their PBC diag-

nosis date (this diagnosis date +183 days hereafter being referred to

as index date) and excluded those who died or were lost to follow-up

before the index date.19 All women were followed up until the occur-

rence of SPC, death or right censoring date (31 December 2018),

whichever occurred first.

Demographic factors included age, year of PBC diagnosis, and eth-

nicity. Year of PBC diagnosis was categorised as 2000–2003, 2004–

2007, 2008–2011, 2012–2014, and 2015–2018. Ethnicity was from

the NCRAS and classified into White, Asian, Black, Other Ethnic Group.

Clinical factors included treatment types (curative surgery, radiother-

apy, chemotherapy, and hormone therapy; all as binary—Yes/No—vari-

ables), the presence of a comorbidity (binary), and tumour stage (Stages

1–4, and missing if applicable). We extracted treatment information

from NCRAS between 1 month before the PBC diagnosis and index

date; we also supplemented the radiotherapy records from the National

Radiotherapy Dataset. Comorbidity, defined as any disease listed in

Charlson Comorbidity index, was identified from HES APC within

6 months and 6 years before the index date.20
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2.3 | Statistical analysis

Characteristics of included women by income deprivation were reported

as median and interquartile range (IQR) for continuous variables, and

number and percentage for categorical variables. We calculated crude

incidence rates of overall SPC, specific SPC groups, and death in the

study population overall, as well as by socio-economic deprivation. We

estimated the non-parametric cumulative incidence of overall SPC con-

sidering death as a competing event, and of each specific SPC group

considering other SPCs (in addition to death) as competing events.

For both overall SPC incidence and death, we applied a Royston–

Parmar flexible parametric model with time from index date as time

scale and a spline with five knots for the log-cumulative hazard.21 The

regression analyses for both death and overall SPC incidence were

adjusted for demographic (age, year of PBC diagnosis, and ethnicity)

and clinical factors (tumour stage, comorbidities, and treatment), in

which age was transformed with a cubic spline with four knots (at 5th,

35th, 65th, and 95th) to allow non-linear effects. Standardised cumula-

tive incidences were estimated after cause-specific regression

modelling22 to contrast the risk of overall SPC by income deprivation,

considering death as the competing event. To account for missing data

in ethnicity and stage in our analysis, multiple imputation (10 times)

was performed and both cause-specific hazard ratios (CSHRs) and

cumulative incidences were combined with Rubin's rules.23

We conducted several sensitivity analyses to assess the robustness

of our multiple imputation results. First, since stage was the main miss-

ing variable, we treated missing stage as a missing category, and ana-

lysed people with complete data on all other variables (sensitivity

analysis 1). Second, we conducted the complete-case analysis (sensitiv-

ity analysis 2). Third, we considered second primary non-breast cancer

as the primary outcome. As NCRAS was improving their records of

staging by calendar year, and the proportion of missing was reduced to

nearly 10% by 2012, we further stratified our multiple imputation anal-

ysis by year of diagnosis before or after 2012, to assess whether the

proportion of missing stage would affect the validity of our multiple

imputation analyses. In addition, we also stratified our analysis by age

of diagnosis, younger or older than 55 years, as a proxy of menopause,

to examine whether the risk of SPC associated with income deprivation

differed by pre- and post-menopausal PBC. We also conducted sensi-

tivity analyses by censoring all women at 1, 3, 5, 10, and 15 years after

the index date. Lastly, as there were some debates around the defini-

tion of SPC for cancer of paired organs (such as breast cancer),24 we

reported 10-year cumulative risk of SPC derived from non-parametric

Aalen-Johansen estimator using different definitions. Analysis was con-

ducted with Stata MP 18.0 (StataCorp LLC, TX) and 95% confidence

intervals (CIs) were reported for all estimates.

3 | RESULTS

A total of 690,445 individuals were diagnosed with a PBC in our study

period. Of them, 40,540 were excluded due to non-female cases,

invalid records of idiagnosis date, date of birth, or vital status, being

diagnosed via death certificate, aged under 18 or over 100 years, or

not under observation at index date, leaving the final cohort of

649,905 women for all the analyses (Figure S1).

3.1 | Baseline characteristics

The characteristics of the included women by income quintile are pre-

sented in Table 1. The median age of PBC diagnosis was 62.0 years

(IQR: 51.5–72.9). Most women were diagnosed with Stage II breast

cancer (38.2%), reported their ethnicity as White (89.3%), and

received curative surgery (73.9%). The most common combination of

treatment was curative surgery with radiotherapy (29.0%), followed

by curative surgery alone (20.9%) or curative surgery with chemother-

apy (20.8%). The distribution of baseline characteristics was similar

across income quintiles, but compared to the least deprived, slightly

more women from the most deprived group were diagnosed at very

young or very old age (e.g., the most vs. least deprived for women,

same below, diagnosed between 18.0 and 44.9 years: 12.6%

vs. 10.4%; between 75.0 and 99.9 years: 22.1% vs. 19.2%), reported

as Asian or Black ethnicity (e.g., Asian 5.0% vs. 1.6%) and comorbidity

(4.7% vs. 2.4%). In terms of treatment, the least deprived tended to

receive more curative surgery (71.2% vs. 76.1%) and radiotherapy

(33.5% vs. 38.5%) while the most deprived chemotherapy (32.2%

vs. 30.4%).

Information on the stage of diagnosis and ethnicity was missing

for 34.3% and 4.9% of the women, respectively. The baseline charac-

teristics of women with complete and missing data are presented in

Table S1.

3.2 | Crude SPC incidence rates and all-cause
mortality rate

Table 2 shows the number of events, crude SPC incidence rates, and

all-cause mortality rate for all women and those from the least

and most deprived areas. Among 4,269,0242 person-years, 171,223

deaths and 47,399 SPCs occurred. The crude mortality rate and over-

all SPC incidence rate in our study population were 40.11 (39.92,

40.30) and 11.10 (95% CI: 11.00, 11.20) per 1000 person-years,

respectively, over the whole study period (Table 2). The most common

SPC was cancer of the digestive organs (rate: 2.65; 95% CI: 2.60,

2.70), followed by second breast cancer (rate: 2.20; 95% CI: 2.16,

2.25). Compared to the least deprived quintile, women from the most

deprived areas had a higher all-cause mortality rate [50.36 (95% CI:

49.80, 50.92) vs. 32.51 (95% CI: 32.16, 32.86)] and SPC incidence rate

[12.71 (95% CI: 12.43, 13.00) vs. 10.19 (95% CI: 9.99, 10.38)], in

which the largest difference was observed for second cancer of respi-

ratory and intrathoracic organs (2.84 [95% CI: 2.71, 2.98] vs. 1.13

[95% CI: 1.07, 1.20]), followed by digestive organs (2.93 [95% CI:

2.80, 3.07] vs. 2.50 [95% CI: 2.41, 2.60]). Minimal differences were

observed for second breast and other cancer incidence rates (Table 2).

Crude rates for other quintiles are reported in Table S2.
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Figure 1 shows the non-parametric cumulative incidences of over-

all and specific SPC, accounting for all-cause death as a competing

event, and Table S3 the number of events and people at risk at differ-

ent time points. The risk of overall SPC was always higher for women

from the most deprived quintile compared to the least deprived quintile

during the whole follow-up period (Figure 1A). In line with data from

crude rates, we observed a higher non-parametric cumulative incidence

of many types of SPC in the most than least deprived quintile, and the

largest difference was for respiratory and intrathoracic organs, followed

by digestive organs and female genital organs (Figure 1B). However,

there was no difference in the incidence of second breast cancer during

the first 10 years follow-up, but the most deprived seemed to have a

lower risk thereafter and they also had a lower risk of other types of

SPC during the whole follow-up period (Figures 1C and S2). Figure S2

shows cumulative incidence by deprivation for four specific cancers

which has screening programmes within NHS England, and there were

wide deprivation gaps in lung cancer incidence as SPC but not colorec-

tal, breast or cervical cancer.

3.3 | Relative and absolute differences in overall
SPC incidence by income deprivation

Figure 2 presents the CSHRs of SPC incidence and death by income

deprivation quintile from both age adjusted models and fully adjusted

multiple imputation models. Deprivation was consistently associated

TABLE 2 The number of events and crude rates for SPC and death in the whole cohort and in the least and most deprived quintile of income.

Overall (Person-years: 4,269,042)
The least deprived
(Person-years: 1,028,432)

The most deprived
(Person-years: 613,557)

Events Incidence rate Events Incidence rate Events Incidence rate

Overall second primary cancer 47,399 11.10 (11.00, 11.20) 10,477 10.19 (9.99, 10.38) 7799 12.71 (12.43, 13.00)

Second primary breast cancer (C50) 9403 2.20 (2.16, 2.25) 2214 2.15 (2.06, 2.24) 1368 2.23 (2.11, 2.35)

Second primary cancer female genital

organs (C51–C58)
7382 1.73 (1.69, 1.77) 1633 1.59 (1.51, 1.67) 1139 1.86 (1.75, 1.97)

Second primary cancer of digestive

organs (C15–C26)
11,306 2.65 (2.60, 2.70) 2572 2.50 (2.41, 2.60) 1800 2.93 (2.80, 3.07)

Second primary cancer of respiratory

and intrathoracic organs (C30–C39)
7119 1.67 (1.63, 1.71) 1163 1.13 (1.07, 1.20) 1745 2.84 (2.71, 2.98)

Other second primary cancers 12,189 2.86 (2.80, 2.91) 2895 2.81 (2.71, 2.92) 1747 2.85 (2.72, 2.98)

Death 171,223 40.11 (39.92, 40.30) 33,433 32.51 (32.16, 32.86) 30,898 50.36 (49.80, 50.92)

Note: Incidence rate is per 1000 person-years.
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F IGURE 1 The non-parametric cumulative incidence of second primary cancer (overall and by subgroups) and death in the least and most
deprived women with breast cancer. (A) Cumulative incidence of all-cause death and overall second primary cancer; (B) cumulative incidence of
cancer of respiratory and intrathoracic organs, digestive organs, and female genital organs which have shown the most deprived quintile had a
higher risk than the least deprived; (C) cumulative incidence of breast cancer and other cancers, which have shown the most deprived quintile had
a lower risk than the least deprived.

6 GOLANI ET AL.

 10970215, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/ijc.35320 by L

ondon School O
f H

ygiene &
 T

ropical M
edicine, W

iley O
nline L

ibrary on [29/01/2025]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



with increased rates of both SPC incidence and death, and CSHRs for

both SPC incidence and death were increasing along with deprivation

quintiles and similar in age and fully adjusted models. For the most

compared to the least deprived quintile, the CSHR was 1.29 (95% CI:

1.25, 1.33) for SPC incidence and 1.36 (95% CI: 1.34, 1.38) for death

in fully adjusted models (Figure 2). The CSHRs of other covariates are

presented in Table S4.

The standardised cumulative incidence (i.e., probability or risk) of

death and SPC was greater for women from the most deprived com-

pared to the least deprived quintile for the whole study period

(Figure 3A). At 5 years after PBC diagnosis, the probability of getting

a SPC for a woman from the least deprived income quintile was 3.7%

(95% CI: 3.7, 3.8) compared to 4.5% (95% CI: 4.3, 4.6) for a woman

from the most deprived income quintile, while at 10 years after PBC

diagnosis, corresponding probabilities were 8.1% (95% CI: 8.0, 8.2)

and 9.4% (95% CI: 9.1, 9.6) (Figure 3A and Table S5). The absolute dif-

ference (the most vs. least deprived) in the probability of being diag-

nosed with a SPC increased over time (Figure 3B), and differences at

5 and 10 years were 0.7% (95% CI: 0.6, 0.8) and 1.3% (95% CI: 1.0,

1.5), respectively (Table S5). The patterns for death were similar to

SPC incidence, except we observed a larger standardised cumulative

incidence in both the least and most deprived groups as well as a

greater absolute difference between them, that is, 4.9% (95% CI: 4.6,

5.1) at 10 years after PBC diagnosis.

3.4 | Sensitivity and stratified analyses

Figure 2 also shows the CSHRs of SPC incidence and death for three sets

of sensitivity analyses, first by excluding those who had missing data on

ethnicity and classifying those who had missing data on stage into a new

category, second by excluding those who had missing data on ethnicity

or stage, and third by only including second primary non-breast cancer as

the primary outcome. Overall, we observed very similar HRs, except a

slightly stronger effect of deprivation on SPC (non-breast cancer) inci-

dence (analysis 3) and on death in complete-case analysis (sensitivity

The most deprived
4th quintile
3rd quintile
2nd quintile

Sensitivity analysis 3

The most deprived
4th quintile
3rd quintile
2nd quintile

Sensitivity analysis 2

The most deprived
4th quintile
3rd quintile
2nd quintile

Sensitivity analysis 1

The most deprived
4th quintile
3rd quintile
2nd quintile

Main analysis (Fully-adjusted MI)

The most deprived
4th quintile
3rd quintile
2nd quintile

Age-adjusted

Analysis

1.35 (1.31, 1.40)
1.19 (1.15, 1.23)
1.09 (1.06, 1.13)
1.03 (1.00, 1.06)

1.27 (1.23, 1.32)
1.11 (1.07, 1.15)
1.06 (1.02, 1.09)
1.01 (0.97, 1.05)

1.27 (1.23, 1.31)
1.14 (1.11, 1.17)
1.07 (1.04, 1.10)
1.02 (1.00, 1.05)

1.29 (1.25, 1.33)
1.16 (1.12, 1.19)
1.08 (1.05, 1.11)
1.03 (1.00, 1.06)

1.27 (1.23, 1.31)
1.15 (1.11, 1.18)
1.08 (1.05, 1.11)
1.03 (1.00, 1.06)

CSHR (95% CI)

1.0 1.2

1.36 (1.34, 1.38)
1.21 (1.19, 1.23)
1.12 (1.11, 1.14)
1.07 (1.06, 1.09)

1.36 (1.33, 1.39)
1.22 (1.19, 1.25)
1.13 (1.10, 1.15)
1.07 (1.04, 1.09)

1.38 (1.36, 1.40)
1.22 (1.20, 1.24)
1.13 (1.11, 1.14)
1.07 (1.06, 1.09)

1.36 (1.34, 1.38)
1.21 (1.19, 1.23)
1.12 (1.11, 1.14)
1.07 (1.06, 1.09)

1.44 (1.42, 1.47)
1.27 (1.25, 1.29)
1.15 (1.14, 1.17)
1.09 (1.07, 1.10)

CSHR (95% CI)

1.0 1.2 1.5

Second primary cancer incidence Death

F IGURE 2 Cause-specific hazard ratios (CSHRs) of second primary cancer incidence and death associated with income deprivation quintiles.
HR, hazard ratio; MI, multiple imputation. The least deprived quintile was set as reference group. Age-adjusted: Models only included deprivation
and restricted cubic spline transformed age (N = 649,905). Fully adjusted MI: Models included deprivation and restricted cubic spline transformed
age, ethnicity, year of primary breast cancer diagnosis group, comorbidity, primary breast cancer stage, surgery, chemotherapy, radiotherapy, and
hormone therapy, and we multiply imputed missing data on ethnicity and stage (N = 649,905). Sensitivity analysis 1: Models were same as fully
adjusted MI, but the analysis was restricted to women with complete data on all variables except stage, in which women missing on stage was
grouped into a new category (N = 618,384). Sensitivity analysis 2: Models were same as fully adjusted MI, but the analysis was restricted to
women with complete data on all variables (N = 409,521). Sensitivity analysis 3: Models were same as fully adjusted MI, but the analysis only
included second primary non-breast cancer as the primary cancer, and MI analysis was conducted (N = 649,905).
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analysis 2). Figure S3 presents the standardised cumulative incidence of

SPC and death from these three analyses, and patterns are almost identi-

cal to those from the main analysis of multiple imputation. The absolute

difference by deprivation in standardised cumulative incidence of SPC

(non-breast cancer) was 1.3% (95% CI: 1.1, 1.5) at 10 years.

Stratified analyses by year of PBC diagnosis before or after

2012 and by age at PBC diagnosis younger or older than 55 years

as the proxy of menopause are given in Table S6. CSHRs before

and after 2012 were similar for SPC incidence, but we observed

slightly wider inequalities in death for women diagnosed with PBC

after 2012 than those before (e.g., the most vs. the least deprived:

1.40 [95% CI: 1.35, 1.46] after 2012 vs. 1.35 [95% CI: 1.33, 1.38]

before 2012). Conversely, we observed similar risks of death asso-

ciated with deprivation stratified by age but slightly wider

inequalities in SPC incidence in premenopausal women

(<55 years) than postmenopausal women (≥55 years) (the most

vs. the least deprived: 1.34 [95% CI: 1.26, 1.42] in premenopausal

women vs. 1.27 [95% CI: 1.23, 1.32]) in postmenopausal women.

Table S7 presents the HRs of income deprivation and all other

covariates for both SPC incidence and death in the sensitivity ana-

lyses by censoring women at different years after the index date,

and we observed similar patterns of HRs for income deprivation,

except slightly wider inequalities in SPC incidence in shorter than

longer follow-up years (e.g., the most vs. least deprived, CSHR:

1.19; 95% CI: 1.13, 1.26) censoring at 1 year vs. 1.29; 1.22, 1.36)

censoring at 15 years and vice versa for death ([1.41; 1.37, 1.44]

vs. [1.36; 1.33, 1.39]), suggesting potential calendar and duration

effects.

4 | DISCUSSION

Using data from NCRAS between 2000 and 2018 in England, we

found strong evidence of consistent and gradient socio-economic

inequalities in SPC incidence and death in women with a first PBC

diagnosis. After adjusting for other sociodemographic, clinical, and

tumour factors, women from the most deprived areas had about 30%

higher SPC incidence and death compared to those from the least

deprived areas, and these translated into an absolute risk difference

of 1.3% for SPC incidence and 4.9% for death at 10 years after their

PBC diagnosis. Results were consistent in sensitivity analyses by

excluding those with missing data on stage and/or ethnicity and strati-

fied analyses by year and age of diagnosis.

To our knowledge, this is the first study investigating socio-

economic inequalities in SPC incidence in women with PBC. Previ-

ous studies have mostly demonstrated the increased risk of SPC

among women with breast cancer compared to the general

population—the most recent meta-analysis reported a pooled stan-

dardised incidence ratio of 1.24 (95% CI 1.14–1.36)13—no studies

have compared the SPC incidence by deprivation. However, data

from Surveillance, Epidemiology, and End Results (SEER), US cancer

registries, indicated other types of inequalities—women of Hispanic

or Black ethnicity had a higher risk of SPC compared to those of

White ethnicity.25,26 Two studies suggested that lower education

level was associated with increased risks of SPC, consistent with

our findings.27,28

Differences in population selection and methodologies make it dif-

ficult to directly compare our findings to previous studies. In our study,
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10-year standardised cumulative incidences of SPC (i.e., probability)

were 8.1% and 9.4% for women from the least and most deprived

areas. Using a competing risks approach, it ranged from 6.2% to 10.5%

when stratified by age groups and calendar year of diagnosis in data

from 11 French cancer registries,29 whereas in United States, it was

4.4% for second PBC and 7.8% for second primary non-breast cancer

in SEER data,30 and 10.8% for any SPC in the Kaiser Permanente

Cohort.6 However, our crude SPC incidence rate was slightly higher

than in another study using SEER data—11.1 versus 9.5 per 1000

person-years.31 It should be noted that Kaiser cohort included slightly

younger women (median age: 60.7 vs. 62.0 years in our study),6 and

one study using SEER data only included women aged between 20 and

80 years old.30 In addition, the start of observations for risk of SPC var-

ied substantially, from 61 days after PBC diagnosis in the French

study29 to 5 years in SEER data study.30 We included different calendar

year of PBC diagnosis in these studies, for example, SEER data diag-

nosed between 2002 and 2011 versus between 2000 and 2018 in our

study, and SPC incidence rate might be increasing by calendar year due

to improved survival.32

We also observed similarities and differences in the SPC inci-

dence of specific cancers. The most common SPCs in our cohort were

cancer of digestive organs followed by breast cancer and respiratory

and intrathoracic organs, particularly among women from deprived

areas. Similar to our data, the most common SPC was colorectal can-

cer in French cancer registries,29 and there was a bi-directional rela-

tionship between breast and corpus uteri cancer.33 While in the

Kaiser Permanent Cohort, there were more contralateral breast, fol-

lowed by lung and bronchus, and colon cancer.6 The different socio-

demographic and tumour characteristics of included women, for

example, age distribution, ethnicity, and tumour factors, and public

health programmes and contextual healthcare systems across differ-

ent countries might also contribute to these diverse findings.

This study has some strengths and limitations. First, we have used

population-based cancer registries from England, which covers 99% of

people with cancer and data are of high quality.17 However, there were

still some missing data in registries, particularly tumour factors in earlier

years of the study, and the missing proportion of stage reduced to

about 10% after 2012. We have conducted multiple imputation to han-

dle the missing data and our results were robust across sensitivity ana-

lyses, including stratified by calendar year. We did not include other

tumour factors such as ER, PR or HER2 status due to very high missing

proportions. Future studies with more complete data should investigate

their roles in socio-economic inequalities in SPC. Second, some vari-

ables in our study relied on complete and accurate clinical coding, and

since these data were not collected for research purpose, we cannot

rule out misclassification. However, we do not expect misclassifications

would differ by income deprivation and therefore should not affect our

findings. In particular, the definition of SPC outcome—how to define a

second PBC—has an impact on risk estimation.24 We have estimated

crude 10-year cumulative risk based on different definitions (Table S8)

and also conducted a sensitivity analysis by only including non-breast

cancer only as the primary outcome for SPC, and we found similar dep-

rivation gaps across different definitions. Third, due to lack of data on

individual socio-economic status, we used small area-based income

deprivation as a proxy which may not fully reflect the individual's

income.34 The role of individual (i.e., person) versus area-based (i.e.,

place) characteristics may differ with respect to cancer outcomes as

they characterise different aspects of risk.35,36 Future health data

research should make an effort to make both measures available for

researchers. Fourth, inequalities in breast cancer survival exist may

influence the observed risk of SPC. We modelled both death and SPC

incidence and considered death as the competing risk to minimise this

impact. Lastly, although we adjusted for many potential confounders

including other sociodemographic, clinical, and tumour factors, some

unmeasured confounding may remain.

Incidence of breast cancer was higher in women (general popula-

tion) from less deprived areas in England,15 incidence of SPC was how-

ever higher in women from more deprived areas in our study. Our

findings on increased risks of SPC and death associated with depriva-

tion were in line with associations between deprivation and all cancer

incidence and premature death in the general population,37,38 though

with a smaller magnitude. One of the possible explanations is that vari-

ations in risk factors (e.g., age, lifestyle, etc.) by deprivation are larger in

the general population than in women diagnosed with breast cancer.

Further research with such data in both general population and women

with breast cancer is warranted to investigate this. Some cancer treat-

ments that could increase the risk of SPC,3 such as radiotherapy, were

more commonly prescribed to women from less deprived areas in our

study. However, in adjusted models, we still observed higher risk of

SPC in women from more deprived areas and adjusting for receipt of

cancer treatments did not explain the inequalities in SPC incidence. Of

note, in our main models, we have adjusted for prevalent treatments

only (i.e., initiated within 6 months after diagnosis), and many women

may still be on treatments up to 1 year after diagnosis, but our analyses

showed no differences in deprivation gaps (not reported), regardless of

time windows used to determine treatment status. Lifestyle factors

such as alcohol assumption, smoking, and body weight have also been

associated with SPC incidence.39,40 We were unable to account for dif-

ferences in lifestyle factors since these were not routinely collected in

the English cancer registry. Furthermore, primary cancer diagnosis is

considered as the ‘teachable moment’ for many patients,41 but changes

in lifestyles or capacities to make changes may not be proportional by

socio-economic status.42 In addition, familial risks and genetic predispo-

sition were also shown to be related to SPC incidence,28,43,44 and these

might be more common in some ethnic groups than others, and ethnic-

ity is high correlated with socio-economic status,45 though we have

adjusted for ethnicity in our study. Lastly, similar to potential mecha-

nisms for inequalities in survival and recurrence, access to healthcare

facilities, optimal treatments for primary cancer, and post-treatment

follow-ups may also contribute to observed inequalities.

Our findings have clinical and public health implications. The find-

ings of income deprivation as a potential risk factor for SPC incidence

corroborates the conclusions drawn from earlier research that high

socio-economic status is associated with lower recurrence risk and bet-

ter prognosis after recurrence.46 This reaffirms the well-established

understanding that socio-economic factors significantly contribute to
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health disparities. Based on our findings, of every 55,000 new breast

cancer cases every year, we could have reduced more than 600 cases

of SPC at 10 years after diagnosis if inequalities were eliminated, and

this figure might increase given the improved survival in recent years.

Indeed, we observed some calendar effects in our study, and future

study should quantify the temporal trends of SPC incidence in this pop-

ulation to inform future care needs.

In conclusion, women diagnosed with PBC from deprived areas in

England faced a substantially higher risk of SPC than those from less

deprived areas. Expanding existing cancer screening programmes,

such as lung health checks,47 to women with breast cancer, particu-

larly in those from deprived areas, may help to identify SPC at an ear-

lier stage to minimise disparities. Moving forward, future research

should also explore the mechanisms underlying these disparities,

including the contribution of known risk factors, such as tobacco

smoking, access to healthcare, health behaviours, and environmental

exposures. Identifying factors that contribute to inequalities in SPC

incidence after PBC is crucial for informing targeted interventions

aimed at mitigating health inequalities among breast cancer survivors.
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