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Summary

Background The World Health Organization Global Breast Cancer Initiative aims to reduce breast cancer (BC)
mortality through three pillars, whose key performance indicators (KPIs) and benchmarks are: (KPI-1) >60% BC
diagnosed at early stage (I/II), (KPI-2) all suspected BC diagnosed <60 days from health system presentation, and
(KPI-3) >80% of BC patients completing recommended treatment. We aimed to inform measurement of these KPIs
in the context of a multi-country hospital-based study.

Methods We included all women who participated to the African Breast Cancer—Disparities in Outcomes (ABC-DO)
prospective cohort study (excluding South Africa), recruited between 2014 and 2017, across five population-race
groups spanning low to high survival: Nigeria, Uganda, Zambia, Namibian black and Namibian non-black
women. Follow-up was up to five years post-diagnosis. For each KPI, we reported challenges, assumptions and
consistencies in measuring them; completeness and group-level estimations of each KPI were assessed using
descriptive analyses. To evaluate their discriminatory ability, we assessed group-level correlations between KPI
estimates and five-year net survival.

Findings KPI-1 was extracted from study or medical records for 1389/1473 (94%). KPI-2 relied upon the woman’s
recall of her date of first contact with the healthcare system and a pathology date, both of which were available for
1222/1473 (83%) but inconsistent for 114/1222 (9.3%). KPI-3, estimated using dates of receipt of multiple
therapies from medical records and patient interviews over 12 months, was estimated for 1129/1188 (95%), but
uncertain in 113/1129 (10%). For each population group, KPIs achievements were similar for KPI-1 and KPI-2, at
22-49%, and lowest for KPI-3 (<30%). Highest KPIs values were observed in Namibian non-black women who
had the highest survival.

Interpretation Data collection systems specifically set up for prospective hospital-based studies can be used to collect
the necessary data to measure these three GBCI KPIs.
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Research in context

Evidence before this study

With population growth and ageing, the breast cancer (BC)
burden is increasing globally, both in terms of incidence and
mortality, especially in low- and middle-income countries. The
World Health Organization’s Global Breast Cancer Initiative
(GBCl) aims to reduce population-level age-standardized BC
mortality rates by 2.5% per year through 2040, via three
pillars of action, namely (i) health promotion for early
detection, (i) timely diagnosis, and (iii) comprehensive BC
management, each of which is measured by a Key
Performance Indicator (KPI) with a minimum benchmark
required to reduce BC mortality. We searched PubMed with
the following search strategy: ((“KPI” OR “Key Performance
Indicator*”) AND (“Global Breast Cancer Initiative” OR “GBCI")
AND measur* AND method*) without restrictions on
publication dates or language. Up to January 2, 2025, only
one study—which aimed to produce national estimates across
21 Asian countries—had reported on the feasibility of
measuring these KPIs. This study used secondary data of
literature published prior to the publication of the GBCI
implementation framework, thus, definition of the KPIs varied
according to setting and data source. Other studies reporting
on methods to measure the KPIs are needed, notably in Sub-
Saharan Africa (SSA) given the large survival gains needed in
this region.

Introduction

Breast cancer (BC) has been increasingly recognized as
a cancer control priority. BC is currently both the most
commonly diagnosed and leading or second cause of
cancer deaths in females, with 2.3 million new cases and
666,000 deaths worldwide in 2022.! Following the World
Health Organization (WHO) 2017 Cancer Prevention
and Control Resolution calling for greater investments
into cancer, the WHO launched the Global Breast
Cancer Initiative (GBCI) in 2021 to reduce population-
level age-standardized BC mortality rates by 2.5% per
year through 2040, by promoting multisectoral part-
nerships, sustainable capacity building and developing
monitoring systems for decision making.>*

In 2023 the GBCI published an implementation
framework formed of three pillars of action across the
BC care continuum, each measured by a benchmarked
evidence-based key performance indicator (KPI): (pillar
1) “health promotion for early detection”, i.e., primary
prevention and early diagnosis (pre-diagnostic interval)
(KPI-1: >60% of invasive BC stage I/II at diagnosis);
(pillar 2) “timely breast diagnosis”, i.e., diagnostic in-
terval (KPI-2: diagnostic work-up—diagnostic evalua-
tion, imaging, tissue sampling and pathology—within

Added value of this study

This study is the first to present the methods, information
requirements and considerations to measure each of the GBCl
pillars KPIs in SSA by using data from the African Breast
Cancer—Disparities in Outcomes prospective cohort study,
which was conducted in tertiary hospitals located in countries
with different healthcare systems. It also identifies the third
KPI as the one with the lowest completion, thus needing a
greater investment to ensure it is captured. We also
investigated the associations of population-level KPIs
estimates with five-year survival.

Implications of all the available evidence

The findings demonstrate that it is feasible to establish
appropriate data collection systems in tertiary hospitals to
measure the GBCl pillars KPIs in a standardised manner across
SSA through targeted patient interviews coupled with
standardised recording of key clinical parameters in medical
records. Collection of KPI data will need to rely on multiple
data sources, especially for pillars 2 and 3. The positive
correlations between population-level KPIs estimates and 5-
year survival point towards their relevance to inform BC
control. Systematic measurement, monitoring and
dissemination of the KPIs to policymakers and other
stakeholders will be key to support decision making aimed at
improving local BC control.

60 days of first presentation to the healthcare system for
all women); and (pillar 3) “comprehensive BC manage-
ment”, ie., treatment interval (KPI-3: >80% of BC
patients undergo their recommended treatment without
abandonment).”* Through these pillars, progress to
reduce advanced stage at diagnosis and improve treat-
ment quality should ultimately lower population-level
BC mortality rates.

Measuring and monitoring a country’s progress
towards these “60-60-80” KPIs benchmarks is essential to
guide governmental policymakers to prioritize BC control
actions. A recent study reported upon the possibilities
and limitations of estimating GBCI pillars KPIs across 21
Asian countries, with estimates ideally sourced from
national level data; however, availability of KPI data from
national or regional cancer registries was generally low
(e.g., KPI-1 data was missing for 14 countries; and data
for KPI-2 and KPI-3 were missing for nearly all coun-
tries), as previously reported in studies embedded within
cancer registries in Sub-Saharan Africa (SSA).” In SSA,
although imperfect, hospitals may represent a valuable
and feasible setting to measure the KPIs.

The data-rich multi-country African Breast Cancer—
Disparities in Outcomes (ABC-DO) hospital-based BC
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cohort study has previously reported on multiple di-
mensions of BC survival and its determinants and those
articles should be utilized for the corresponding BC
control research.'>'* In contrast, the present paper fo-
cuses on exemplifying how the three main GBCI pillars
KPIs might be measured in a hospital research setting;
(i) we document the methods and considerations in
defining and measuring the KPIs; (ii) visually display an
informative summary of the KPIs estimates to facilitate
communication of progress and identify gaps in BC
control; and (iii) assess the discriminatory ability of the
KPIs between populations known to have differing
survival. The results endeavour to strengthen future
data collection to measure the KPIs.

Methods

Study design and participants

ABC-DO was set up in major hospitals across five SSA
countries of different cultures, human development in-
dex and health systems. These were: (Nigeria) Federal
Medical Center, Owerri and the Abia State University
Teaching Hospital and private Maranatha clinic, Aba;
(Namibia) AB May Cancer Center of the Windhoek
Central Hospital; (Uganda) the Mulago Hospital complex
including the Uganda Cancer Institute, Kampala;
(Zambia) University Teaching Hospital, Lusaka, and
Kabwe General Hospital, Kabwe, and (South Africa (SA))
the Chris Hani Baragwanath Hospital. Per protocol, all
women—defined as per sex assigned at birth—who
presented at one of these hospitals with suspicious,
clinically, or histologically confirmed incident BC were
invited to participate, regardless of ethnicity, residential
location, or ability to pay for treatment.”” Sociodemo-
graphic, BC and treatment characteristics of the subset of
the ABC-DO participants included in this KPI assess-
ment are presented in Appendix 1. The present analysis
was restricted to the four ABC-DO countries which used
the same data collection system and baseline interview,
thus excluding SA (n = 689 women). Women with sus-
pected prevalent BC (i.e., histology or self-reported diag-
nosis >2 years before presenting to the study hospital,
n = 63) were also excluded, leaving 1473 women
included. These 1473 women were recruited from 8th
September 2014 to 18th August 2017. Their maximum
potential 5-year follow-up was to 18th August 2022.

Ethics

The ABC-DO study was approved by the International
Agency for Research on Cancer ethics committees and
all the local ethics committees, as previously pub-
lished.’> All women provided their oral and written (or
thumbprint) informed consent.

Data sources and data collection system in ABC-DO

The same standardized real-time data collection system
utilizing mHealth technology was used across the four
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included countries. In each country, a team of research
assistants was provided with smartphones, and trained
in mobile data collection. Extensive data on the whole
BC care continuum was obtained via (i) retrospective
recall by women from symptom(s) self-recognition to
diagnosis, and then (ii) prospectively collected through
treatment and survival via three data sources: (a) one
baseline face-to-face interview at first post-diagnosis visit
to the study hospital including collection of women’s
and next-of-kin’s (NOK) contact details for follow-up, (b)
tri-monthly follow-up phone calls to the woman or her
NOK if she could not be reached, and (c) study proforma
inserted into medical records from the study onset.”
Answering questions was made mandatory (with a “I
prefer not to answer” option) and implemented checks
immediately identified data collection errors, which
minimized both missing data and data management
needs. From first recruitment to end 2021, this data
collection system was managed on a tailormade plat-
form programmed by Mobenzi.** Each interviewer
automatically received an updated list of follow-up calls
due. Women reported dead were automatically removed
from future follow-up lists. After the platform closed,
follow-up lists were maintained centrally on a similar
system made on KoboCollect."

Statistics

All analyses, performed on STATA v17, were stratified
by population groups (i.e., country and, within Namibia,
race). Table 1 details calculation methods for the three
KPIs. To visually display each KPI progress towards
their benchmark, we used radial semi-pie charts,
divided into three equal slices—one per KPI—with
radial distances proportional to progress towards 100%,
a fully coloured slice area indicating 100%. For aim (iv),
survival analyses were performed on the time since
diagnosis scale with follow-up starting at baseline and
ending at the earliest date of (i) death, (ii) last live con-
tact, or (iil) administrative censoring (5-year post-
diagnosis). Population-level 5-year net survival (NS)
which accounted for year-age-country-specific back-
ground mortality rates was also plotted against each KPI
estimate.”” Unadjusted Cox models with baseline haz-
ards stratified by population group (i.e., country, and
within Namibia, self-reported race) were fitted to
examine associations between individual-level KPI
measurements and all-cause mortality as cause of death
was not available. Cox proportional hazards assumption
was checked graphically using Schoenfeld residuals.
Unadjusted logistic regression models were used to
examine relationships between achievement of what we
considered to be a binary interpretation of the KPIs at
the individual level, i.e. having stage I/II BC, being
diagnosed <60 days and completing treatment. Note
that at the individual level, the KPI benchmarks for
pillars 1 and 3 no longer appear. Note also that the
follow-up time included periods beyond 1st June 2020
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GB(l pillar WHO GBCI ABC-DO application  Essential Data source(s)  Considerations Decisions Calculation Exclusions Sensitivity analysis
KPI definition and variables methods
benchmark

KPI-1 (pillar 1)  Proportion of invasive Proportion of women BC stage (based on Medical records  Diagnosis is often None No. women with stage - Missing stage None
BC cases diagnosed at ~ with stage I/ll BCat ~ TNM coded (study proforma) clinical (i.e., 17% of I/1l divided by no. - Stage O
stage | or Il, excluding baseline (i.e., prior to  according to UICC/ women were solely women with invasive
unstaged and stage 0, treatment initiation)  AJCC or essential clinically diagnosed in BC
benchmark of 60% staging systems) ABC-DO)

KPI-2 (pillar 2)  Diagnosis within 60 Proportion of women - Date of first visit - Baseline - Differences in the - Utilized date of first No. women with a - Missing date of  Inclusion of women
days (two months) of histologically to the healthcare  interview definition of visit to formal diagnostic interval histology with a recalled date of
initial presentation to  diagnosed within 60 system when the "healthcare system” healthcare system <60 days divided by - Inconsistencies: ~ first presentation after
the healthcare system, days of first - Date of patient recalled  (formal sector only for Namibia and no. women with non-  Reported date of that of diagnosis, and
benchmark of 100%  presentation to the histological her date of or consideration of Zambia, and to missing length of first presentation ~ consider their date of

healthcare system (i.e,  diagnosis first health informal sector (i.e., either formal or diagnostic interval after that of first visit as the earliest
time to specimen care contact traditional healers) informal sector for diagnosis (main  available date of receipt
sampling + duration of - Pathological as part of the Nigeria and Uganda analysis) of diagnosis (i)
diagnostic work-up) report system) (based on MoH specimen sampling, (ii)
- Recalled data (i.e., reports) laboratory receipt, or
date of first visit) - Date of histological (iii) pathology report
may be subject to diagnosis: latest (i.e., sole consideration
measurement error available date of (i) of duration of
pathology report, (ii) diagnostic work-up)
laboratory receipt, or
(iiii) specimen
sampling

KPI-3 (pillar 3)  Proportion of BC Proportion of women  All indicators - Baseline and - Requires many - ET considered No. of women with - Missing stage Exclusion of women
patients who complete  with non-metastatic ~ needed to inform trimonthly variables to be indicated in women non-metastatic disease - Unknown who died within six
the recommended disease who fully treatment follow-up collected with unknown or HR  who fully completed treatment status months of baseline, as
therapy without completed their study- regimen as per interviews - Ascertainment of positive BC their recommended treatment received may
abandonment, determined guideline-  guidelines. - Medical metastatic status - RT—where available, treatment divided by have been with
benchmark of 80% recommended Currently: records (study can be difficult and ET were the no. of women palliative intent

treatment proformas) - IHC needed to considered as binary with non-metastatic
- Age ascertain HR status variables (received disease

HR status or
tumour subtype
- T,N, M

Grade

Types of
treatment
received (SX, CH,
ET, RT, IT) with
dates of
initiation and
last receipt

CH regimen, no.
cycles

Date of
metastatic
diagnosis

Vital status

not always available
in settings

RT and IT generally
not available

- Ascertainment of
completion of ET
requires long-follow-
up. Also, adherence
to ET is difficult to
ascertain.
Unavailability of
cause of early
treatment cessation:
difficult to
differentiate
treatment
abandonment from
cessation for medical
reason.

yes/no)

RT and IT only
considered in
settings where it
was generally
available
Treatment
completion was
considered up to the
date of death or of
metastases
development

ABC-DO, African Breast Cancer—Disparities in Outcomes; AJCC, American Joint Committee on Cancer; UICC, Union for International Cancer Control; BC, breast cancer; CH, chemotherapy; ET, endocrine therapy; GBCI, Global Breast Cancer Initiative; HR,
hormonal receptor; IHC, immunohistochemistry; IT, immunotherapy; KPI, Key Performance Indicator; MoH, Ministry of Health; N/A, not applicable; RT, radiotherapy; SX, surgery.

Table 1: Measurement methods for GBCI pillars key performance indicators, in ABC-DO.
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(i-e., when the Covid-19 pandemic’s first mortality wave
hit Africa) for 384 (26%) participants; however, sensi-
tivity analyses censoring on 1st June 2020 hardly altered
S-year survival estimates (not shown). Furthermore,
none of the KPI data quality or completeness was
affected by Covid.

Role of the funding source

The funder had no role in the design and conduct of the
study; collection, management, analysis, and interpre-
tation of the data; preparation, review, or approval of the
manuscript; and decision to submit the manuscript for
publication. Authors were not precluded from accessing
data in the study, and they accept responsibility to
submit for publication.

Results
Fig. 1 provides a flowchart of women included for each
KPI measurement.

Pillar 1 KPI

Definition

The GBCI defines KPI-1 as the “proportion of invasive
BC cases diagnosed at stages I or II, excluding unstaged
and stage 0” (60% benchmark).* We defined KPI-1 as

the proportion of women with early-stage BC assessed at
baseline (i.e., prior to treatment initiation) among those
with non-missing stage (Table 1).

Methods

TNM staging—the only variable needed to inform KPI-1—
was retrieved from medical records or the study stage
proforma and coded according to the 7th version of the
American Joint Committee on Cancer (AJCC) BC staging
system using anatomic staging.”'

Estimates

Stage data were available for 1389/1473 (94%) women
(min: 175/199 (88%), Zambia; max: 477/477 (100%),
Namibia), and when reported (n = 1112/1389, 80%),
87% relied upon clinical or imaging methods (mostly
ultrasound) (Fig. 1, Table 2, Appendix 2). None of the
Black African population groups achieved the 60% stage
I/II benchmark (KPI-1 range: from 88/353 (25%),
Nigeria, to 74/175 (42%), Zambia); however, it was
surpassed in non-Black Namibians (75%) (Fig. 2).

Pillar 2 KPI

Definition

Defined by the GBCI as a “diagnosis within 60 days of
initial presentation to a healthcare system” irrespective

N=1473 women with

l l

primary BC

Pillar 1 Pillar 2 ‘\/ Pillar 3
h
-
! ) —— \
Unstaged No histology “Stage |, I, Il ¢ ]
N-84 N=251 non- Unstaged Seage Ve,
| 4 5 metastatic)
- metastatic) N=84 N=201
_ N=1188 ; J | >
)
Stage 0
N=0 |
(Reported metastases
development during
K_P|'1 follow-up
L Reported date of first \ N=0
presentation to the
healthcare system > date
of diagnosis ( \
N=114 Died within 6 months
of baseline
N=14
KPI-2 (main) KPI-2 (sensitivity) b
N=1108 N=1222 |
Developed ‘
-------------------------------- P MEtastases [ --------------Ppococmomammaaaane oo
N5 |
(Died within 6)
months of
baseline
\__N=27
T
Unknown Unknown
treatment status treatment status
N=59 N=43
J < =
| . KPI-3 Palliative care Palliative care
‘ KP"I":(;;;'") (sensitivity) (sensitivity) (main)
3 N=1058

N=367 N=266

Fig. 1: Flowchart for participant inclusion for various calculations of each GBCI key performance indicator. BC, breast cancer; GBCI, Global
breast cancer initiative; KPI, Key Performance Indicator; Sens, sensitivity.
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KPI-3 progress towards benchmark (%)

KPI-3 benchmark = 80% fully complete their treatment

ABC-DO country Namibia Nigeria Uganda Zambia
Non-Black, n=110 __ Black, n=367 Al n=477 n=380 n=417 n=199

_ N (%) N (%) N (%) N (%) N (%) N (%)

GBCI Pillar 1, carly detection

Availability of non-missing KPI-1 data 110 (100) 367 (100) 477 (100) 353 (92:9) 384 (92-1) 175 (87-9)

KPI-1: Women stage I/1l at staging 82 (74°5) 128 (34-9) 210 (44-0) 88 (24-9) 144 (37-5) 74 (42°3)

KPI-1 progress

KPI-1 benchmark = 60%

GBClI pillar 2, timely diagnosis

Availability of non-missing KPI-2 data 104 (94-5) 351 (956) 455 (954) 149 (12°7) 342 (950 162 (90-0)

KPI-2: Women diagnosed within 60 days of first presentation to the healthcare system 69 (663) 155 (44-2) 224 (49-2) 70 (47-0) 76 (22°2) 49 (30-2)

KPI-2 progress towards target (%)

KPI-2 benchmark = 100% diagnosed within 60 days

GBCl pillar 3, completion of the recommended treatment (non-metastatic disease)

Availability of non-missing KPI-3 data 102 (99-0) 298 (96-8) 400 (97-3) 288 (97-6) 294 (91-9) 147 (90-7)

KPI-3: Women who fully completed their recommend treatment 42 (41-2) 67 (225) 109 (27-3) 9(31) 14 (4:8) 9(61)

Marginal completion of the recommended treatment 17 (16:7) 333111 50 (12-5) 13 (4'5) 15(5:1) 23 (15:6)

Recommended treatment not completed 41 (40-2) 197 (66-1) 238 (59-5) 242 (84-0) 185 (62-9) 109 (74-1)

Unknown completion of the recommended treatment 2(2:0) 1(0-3) 3(08) 24 (8°3) 80 (27-2) 6(41)

ABC-DO, African Breast Cancer—Disparities in Outcomes; GBCI, Global breast cancer initiative; KPI, Key Performance Indicator.

Table 2: GBCI pillar key performance indicators estimates, by country and race, in ABC-DO (main analysis).

of diagnostic outcome (100% benchmark), we defined
KPI-2 as the proportion of women with malignant BC
receiving a histological diagnosis within 60 days of first
contact with the healthcare system regardless of the visit
outcome (Table 1).*

Methods

Assessment of KPI-2 requires, in chronological order,
the dates of (i) first contact with the healthcare system,
and (ii) confirmatory diagnosis. The former was retro-
spectively recalled at baseline when women were asked
about visits to “nurses, doctors, traditional healers,
clinics, hospitals or any health provider at all, before
coming to this hospital”, its location and type—preci-
sion may vary with durations from first contact with the
health system to the baseline interview (>6 months:
15%; >12 months: 20%). The definition of “healthcare

system” may vary between settings, and was defined
according to each country’s Ministry of Health,
including both the formal and informal sectors in
Nigeria and Uganda, and the formal sector only in
Namibia and Zambia.””>* We chose to base the second
date (confirmatory BC diagnosis) solely on histological
confirmation (n = 1222/1473 women, 83%), which was
retrieved from pathological records and defined as the
latest available date of (i) biopsy (n = 5, 0.45%), (ii)
laboratory receipt (n = 18, 1.6%), or (iii) pathology report
(n =1075, 97%)—10 (0.90%) women had an unspecified
date of histological diagnosis (Appendix 2). Overall, 114/
1222 (9.3%) women reported inconsistent dates—date
of first presentation after that of pathological confirma-
tion [>30 days: 52/1222 (4.3%), mostly in Nigeria: 32/
149 (21%)]. Thus, KPI-2 was analysed (i) excluding these
114 women and, as sensitivity analysis, (ii) including

Namibia non-Black

promptdiagnosg;g

Namibia Black

promptdiagnos;s

Namibia All

promptdiagnos;g

60 days benchma”( 60 days benchma”r @0 days be"ch'naq.
& 7003, );a,, 7003, 7 & 700, %)
< Q2 o, 5, s &2
S’p 4‘0«. 2o % % %0 %, & 4\5& % %,
o & & % °°a i % “o,é F £ S Y
Nt £ % 2 N 2
@ B, 3, g %,
> o % 3 oo Z
g o 75% E) 0 ¢ o 4% S
2 g 35% P g
Uganda Nigeria Zambia
promptdiagnos;, promptdiagnos;g eromptdiagnog;
60 days benchr,-,a,* @0 days benchma,,( 60 days benchma,,(
. 7 2 2,
© 7005 ‘e, 5 70059 s, &° 7003 8
Qo" % o e% (‘o‘t % e% §o 2 e%
& g« o %, & \ QY & f 0o
o & % % sy 5 % y 8 & @\ %
$ & %% She 83 §8 %3
8 ° 38% = g ¢ 5 3 ° 2% B
o g 25% 1\‘3:# 2 5

Fig. 2: Visualization of the progress towards the GBCI pillars’ KPIs benchmarks by country and race, in ABC-DO. ABC-DO, African Breast
Cancer—Disparities in Outcomes; GBCl, Global breast cancer initiative; KPI, Key Performance Indicator. N.B: Clockwise, the arcs represent pillars 1,
2 and 3, with the fully shaded area representing progress towards the benchmark indicated by the red line.
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them considering their date of first presentation as the
earliest available date of receipt of diagnosis—their
diagnostic period therefore solely reflected duration of
the biopsy work-up—time prior to biopsy was omitted
(Table 1).

Estimates

Amongst 1108/1222 (91%) women histologically diag-
nosed, KPI-2 ranged from 22% (n = 76/342) in Uganda
to 49% (n = 224/455) in Namibia (Black vs non-Black
Namibians: 44% vs 66%) (Fig. 2, Table 2). In sensi-
tivity analysis (n = 1222 women), while KPI-2 estimates
changed marginally in most countries, in Nigeria where
most patients resided near the hospital, KPI-2 increased
by 12% (59%, Ngens = 120/205 VS 47%, Nymain = 70/149)
(Appendices 3 and 4).

Pillar 3 KPI

Definition

The GBCI implementation framework defines KPI-3 as
the “proportion of BC patients who receive their rec-
ommended treatment to completion without abandon-
ment” (80% benchmark), where “completion” is the
“fulfilment of all components of the therapeutic
sequence” and “abandonment” signifies “failure to
complete a treatment regimen due to reasons other than
medical indications for treatment disruption”.* We
defined KPI-3 as the proportion of women with non-
metastatic disease who fully completed guideline-
recommended treatment (Table 1).

Methods

KPI-3 is complex to measure considering the numerous
variables needed to inform treatment indication as per
the concurrent NCCN Harmonized guidelines for SSA—
used in ABC-DO—or any other region, and the
extended treatment period. Required data include stage,
tumour grade, metastases development, hormonal re-
ceptor (HR) and vital statuses, and treatment (types,
dates, and, for chemotherapy, number of cycles and
regimen) (Table 1).> In ABC-DO, these were extracted
from (i) medical records (study proformas for stage and
treatment details), (i) follow-up interviews, and (iii)
baseline interviews for women who had undergone
treatment before presenting at the study hospital—
detailed characteristics of treatment received by ABC-
DO women, and their compliance with NCCN Harmo-
nized guidelines for SSA have been previously
described.” Access to immunohistochemistry (i.e.,
ascertainment of HR status) to inform indication of
endocrine therapy (ET), and to radiotherapy and
immunotherapy were very limited in Nigeria, Uganda
and Zambia; also, long-term adherence to ET could not
be ascertained. Thus, we considered (i) these three
treatment types as binary variables (received yes/no)
with dates of initiation, (ii) ET as indicated in BC with
unknown or positive HR status, and (iii) radiotherapy
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and immunotherapy in Namibia only. Also, reasons of
early treatment cessation to distinguish abandonment
from other causes were not systematically available in
ABC-DO. Treatment completion was considered up to
metastatic diagnosis, defined as the date of (i) diagnosis
(cf. Pillar 2)—for women with stage IV disease at pre-
sentation, or (i) metastases discovery reported in med-
ical records—if metastases developed during follow-up.
Palliative care was considered indicated from metastatic
diagnosis; however, palliative care data were scarce in
ABC-DO possibly due to a lack of reporting or access
and were not considered for KPI-3 calculation. KPI-3
was analysed in women with non-missing treatment
status diagnosed with non-metastatic BC. A sensitivity
analysis was performed excluding those who died within
six months of baseline as they may have received care
with palliative intent. As only 3/84 unstaged women had
non-missing treatment information and their metastatic
status was unknown, these were not included in KPI-3
analysis.

Estimates

0f 1129/1188 (95%) women with non-metastatic disease
and known treatment status, 992 (88%) initiated BC
treatment (Appendix 2). Of all KPIs, KPI-3 estimates
were the lowest in all countries (min: 9/288 (3.1%),
Nigeria; max: 109/400 (27%), Namibia (Black: 23% vs
non-Black: 41%)); however, treatment completion was
uncertain for 113 (10%) women (range: Namibia: 3/400
(0.8%); Uganda: 80/294 (27%)). Of 1102/1129 (98%)
women who reported a first contact with the healthcare
system before receiving treatment, 39/288 (14%)
(Uganda) to 192/397 (48%) (Namibia, Black: 42% vs
non-Black: 66%) initiated treatment timely (i.e., <90
days of first presentation) (Table 2, Fig. 2). Amongst 266
women with metastatic disease, 123 (46%) had some
palliative care information reported, and 120 (45%)
received any palliative care (min: 13/70 (19%) Uganda;
85/117 (73%) Namibia) (Appendix 2). Results remained
similar in sensitivity analysis (Appendices 3 and 4).

Impact of KPIs on 5-year survival

KPI-1 and KPI-3 were selected by the GBCI as they are
well-established strong determinants of survival in BC
patients, whereas KPI-2 is a strong determinant of KPI-1
(unadjusted odds ratio (95%CI) in ABC-DO: 1.50 (1.16,
1.93), p = 0.002, not in tables). When we assessed
whether achievement of the KPI benchmarks was also
associated with survival in country-race groups with
greatly differing levels, while all KPIs correlated posi-
tively with 5-year net survival (Fig. 3a, b and c), the
steepest gains in NS were seen for KPI-1 and KPI-3
changes (Fig. 3a and b). Deviating from GBCI, if we
drop the benchmark and instead consider the
individual-level co-achievement of early stage, diagnosis
<60 days and complete treatment (among 879 non-
metastatic women), it is clear that survival is better in
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Fig. 3: Scatter plots of five-year net survival vs KPI progress by
GBCI pillar KPI, in ABC-DO. ABC-DO, African Breast Cancer—Dis-
parities in Outcomes; Cl, confidence interval; KPI, Key Performance
Indicator. Scatter plots showing five-year net survival against coun-
try- and race-specific a) KPI-1, b) KPI-2, and c) KPI-3 estimates. N.B:
For each KPI, analyses were performed amongst the population
group subset where both the KPI and net survival could be measured.
N.B2: Beta-coefficients (95% Cl) obtained from unadjusted linear
regression models, representing the slope of the fitted linear
regression line, and interpreted as the absolute percentage point
(p-p.) increase in 5-year net survival, per 1 absolute p.p. increase in
KPI estimate.

individual women who achieve these (Fig. 4 & Appendix 5).
All-cause mortality rates were almost three and two-fold
lower in those who achieved early stage (targeted within
KPI-1) or completed treatment (included in KPI-3),
respectively, than in those who did not (hazard ratio
(95% CI): 0.32 (0.27, 0.38)) and 0.65 (0.47, 0.89), data

not shown), and were lowest when both early stage and
complete were fulfilled (0.15 (0.07, 0.31)).

Discussion

This study is the first to evaluate both the practicability
of measuring the three GBCI KPIs in tertiary hospitals,
and their correlation with survival both at the individual
and population level, within a well-funded multi-country
research context in SSA. The ABC-DO’s data collection
system which was set up for a hospital-based prospective
cohort study was suitable for measuring the three GBCI
KPIs in a standardized manner across four SSA settings
with different healthcare systems, as indicated by the
high percentage of complete data, and the expected
variability in KPIs estimates between countries and
races known to differ in survival after a BC diagnosis.

KPI-1’s definition and measurement are reasonably
straightforward. Two considerations are needed. First,
whether the unstaged patients represent a random
sample of all patients, which we assumed by omitting
unstaged women in KPI-1 calculations; however, diag-
nostic procedures to prove the presence of metastatic
disease may not be performed in low- and middle-
income countries (LMICs) due to out-of-pocket
expenses that may be viewed as unnecessary and/or
unhelpful. Thus, some unstaged women may be frail
very late-stage patients and KPI-1 values might be
overestimated, especially when the proportion of
missing stage is high. Second, BC might be under-
staged where staging relies mostly on clinical exam or
basic imaging (ultrasound). The TNM staging system
and version used should be cited to enhance between-
settings comparability of KPI-1 estimates.

KPI-2—the diagnostic interval length—requires both
precise definitions of and a chronological order in its
start and end date. In the GBCI framework, the start
date “first presentation to the healthcare system” is
referred to both (i) the start of the diagnostic work-up
and (ii) the first visit to a healthcare provider (HCP)
after symptom(s) discovery.” Whilst the latter descrip-
tion is relatively clear, when the diagnostic work-up
commences is less so and might involve HCP at
different levels of the healthcare system including
community health workers performing a basic clinical
breast exam. Considering the rationale for KPI-2
benchmark of 60 days, using the date of first visit to a
HCP as the starting point of the diagnostic period seems
most relevant.” This start date could be captured by
routinely asking women when they first presented to the
healthcare system; while subject to random measure-
ment error, reliability of this recalled information was
acceptable in ABC-DO—starting from this date, a longer
diagnostic interval was one of the strongest de-
terminants of late-stage diagnosis.'>"* Also, definition of
the first contact with the system may require some local
adaptations—we included visits to the informal sector in
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Fig. 4: Overall survival to five years by the individual-level co-achievement of early stage, diagnosis <60 days and complete treatment,
i.e. the closest binary individual-level dichotomization of each GBCI KPI(s), in non-metastatic women in ABC-DO*. ABC-DO, African Breast
Cancer—Disparities in Outcomes; KPI, Key Performance Indicator. *This analysis was restricted to women for whom all three KPIs could be
calculated (i.e., 879 women affected with non-metastatic disease). N.B: No KPI achieved (hazard ratio (95% Cl): 1 (Ref)), KPI-2 only (0.98 (0.76,
1.25), KPI-3 & KPI-2 (0.62 (0.41, 0.93)), KPI-1 only (0.34 (0.26, 0.46)), KPI-1 £ KPI-2 (0.38 (0.27, 0.53)), and KPI-1 & KPI-2 + KPI-3 (0.15 (0.07,
0.31)). Unadjusted Hazard ratios (95% Cl) obtained from Cox models stratified on population group (country and, within Namibia, race).

countries where it is officially part of the healthcare
system. The end date of this interval is the date of
diagnosis. A range of definitions could be applied here
too. In the perfect situation, this would be the date of
pathological diagnosis including appropriate immuno-
histochemistry. A more basic definition might also
include diagnoses based upon clinical or imaging only.
We attempted to apply a definition that was realistic to
attain, thus providing a useable indicator that could be
used to measure and promote progress. Complete
health passports, and investment in e-health records
allowing analysis of all health system contacts may
enhance precision of KPI-2 assessment.

KPI-3 requires numerous time-updated data on the
multi-modal therapies typical of BC received over many
months or years; hence its measurement is complex.
Where access to immunohistochemistry—essential to
determine treatment indication—and of some treatment
modalities are limited, KPI-3 assessment may need to
start by measuring what is currently possible (i.e.,
completion of generally available BC treatment modal-
ities in a setting) to obtain actionable information; also,
treatment components could be evaluated separately.
GBCI emphasises the need for multidisciplinary plan-
ned BC treatment based on resource-adapted guide-
lines, thus recommendations vary and need to be
specified. Ideally, reasons for early treatment cessation
(e.g., death, losses to follow-ups, medical decisions, lack
of supplies) would be collected to distinguish
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abandonment from other causes. KPI-3 calculation may
also need to be restricted to non-metastatic patients as
properly capturing palliative treatment information can
be challenging—frail metastatic patients may not reach
the treatment hospital and may be visited at home or
attend local hospitals.

Data collection systems set up for hospital-based
studies can allow measurement of the three GBCI
pillar KPIs, including in LMICs. Collection of KPIs data
could be centralized in a country’s main hospitals with
the necessary BC diagnostic and treatment compe-
tencies, decentralized in facilities where at least one KPI
can be measured (diagnostic centres for KPI-1 and
KPI-2, treatment centres for KPI-3), or a mix of both
approaches. While decentralization may enhance
representativeness of KPIs estimates—which depends
on the case mix and referrals patterns, it might require
more follow-up and access to health records in hospitals
beyond the initial diagnostic institution. Data collection
would need to rely on multiple data sources, especially
for pillar 2—recall data and pathological records were
essential for measuring KPI-2—and pillar 3—BC treat-
ment components might be provided by separate ser-
vices. In each participating hospital, a team of
professionals trained to collect and analyse the KPIs data
could be responsible for regularly monitoring the KPIs
on a sufficiently large random sample of BC patients.
Freely available standardized real-time mHealth data
collection forms embedding automatic data quality
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checks would reduce data management needs and
considerably facilitate KPIs monitoring. Such a data
collection system would require electronic devices with
an internet connexion for data storage on a central
secured server—the latter being generally available in
secondary- or tertiary-level hospitals.

This study had several limitations. ABC-DO did not
rely primarily on routine data collection by the partici-
pating hospitals but was set up as a separate research
effort which involved specific data collection through
targeted patient interviews, periodic standardised data
abstraction from clinical notes and mHealth based
active follow-up which ensured high data quality and
very few dropouts (<10% at the end of the 5-follow-up
year). A quarter of the participants had follow-up
extending through the Covid-19 pandemic; however,
this did not affect quality of collection of KPIs data, as
women were all diagnosed (KPI-1 and KPI-2) three to six
years prior to the start of the pandemic, and of those
affected with non-metastatic BC (KPI-3) who initiated
treatment, all had received surgery and finished
chemotherapy; furthermore, in survival analysis, year-
age-country-specific background mortality rates were
applied. Lastly, KPIs estimates are not representative of
the whole population of BC patients in each country, as
these were collected in main hospital settings, and are
likely overestimated, pertaining to the (i) non-inclusion
of women who did not reach the study hospitals (e.g.,
frailty, lack of access, no referral, consultation in the
private sector), and (ii) restriction of each KPI estima-
tion to patients with non-missing information, both of
which may have favoured the inclusion of women with
better BC prognosis.

This study demonstrated the feasibility of measuring
KPIs in LMICs, such as those in SSA, by setting up
specific data collection systems in tertiary hospitals. The
positive relationships between the KPIs estimates and 5-
year survival point towards their relevance to inform BC
control. An effort should be made to provide countries
with readily implementable standardized indicators and
data collection tools for measurement and reporting of
KPIs requiring minimal maintenance and low resources
to ensure their sustainability. Whenever KPIs are
measured and reported it is essential to provide clear
KPIs definitions with detailed calculations methods
together with any decisions taken, and the evidence-
generation behind them such as systematic or litera-
ture reviews. This will ensure transparency and will
facilitate (i) optimization of KPIs measurement methods
and (ii) interpretation of their estimates, ultimately
improving their accuracy, reproducibility, and compa-
rability both within- and between-settings. Standardized
visualisation tools representing progress towards
benchmark achievement (e.g., cf. Fig. 2) could be used
to facilitate monitoring and dissemination of the KPIs
estimates, and to inform key stakeholders on which
interventions should be prioritised to improve local BC

control. A separate study could evaluate palliative care in
women affected with metastatic disease, as this requires
specific data collection efforts. While this work reported
on the three main and macro-level GBCI pillars KPIs,
the GBCI is currently developing technical documents
to guide its implementation; one recently published
provides guidance for improving healthcare system
navigation pathways to foster earlier detection, prompt
diagnosis and better management of BC.”

In conclusion, in SSA, measuring GBCI KPIs in
tertiary hospitals is possible, provided that appropriate
adaptations to both existing data collection systems and
KPIs definitions are made. Achieving higher KPIs
values will ultimately translate into substantial re-
ductions in BC mortality. Hence, monitoring KPIs,
utilizing standardized ready-to-use sustainable data
collection systems, is essential to inform local BC con-
trol plans of the progress being made towards that goal.
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