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Breast cancer molecular diagnostics in Rwanda: a cost-minimization
study of immunohistochemistry versus a novel GeneXpert’ mRNA
expression assay
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Cyprien Shyirambere,® Dan A Milner," Lawrence N Shulman,? Deogratias Ruhangaza® & Temidayo Fadelu”

°

Objective To compare the financial and time cost of breast cancer biomarker analysis by immunohistochemistry with that by the Xpert
STRAT4 assay.

Methods We estimated costs (personnel, location, consumables and indirect) and time involved in breast cancer diagnosis at the Butaro
Cancer Centre of Excellence, Rwanda, using time-driven activity-based costing. We performed a cost-minimization analysis to compare
the cost of biomarker analysis for estrogen receptor, progesterone receptor and human epidermal growth factor receptor-2 status with
immunohistochemistry versus STRAT4. We performed sensitivity analyses by altering laboratory-specific parameters for the two methods.
Findings We estimated that breast cancer diagnosis in Rwanda costs 138.29 United States dollars (USS) per patient when conducting
biomarker analysis by immunohistochemistry. At a realistic immunohistochemistry antibody utilization efficiency of 70%, biomarker analysis
comprises 48.7% (USS 67.33) of diagnostic costs and takes 33 min. We determined that biomarker analysis with STRAT4 yields a reduction in
diagnosis cost of US$ 7.33 (10.9%; 7.33/67.33), and in pathologist and technician time of 20 min (60.6%; 20/33), per patient. Our sensitivity
analysis revealed that no cost savings would be made in laboratories with antibody utilization efficiencies over 90%, or where only estrogen
and/or progesterone receptor status are assessed; however, such operational efficiencies are unlikely, and more laboratories are pursuing
human epidermal growth factor receptor-2 analysis as targeted therapies become increasingly available.

Conclusion Breast cancer biomarker analysis with STRAT4 has the potential to reduce the required human and capital resources in sub-
Saharan African laboratories, leading to improved treatment selection and better clinical outcomes.

Abstracts in S5 H13Z, Francais, Pycckuii and Espafiol at the end of each article.

Introduction

Breast cancer is the most common cancer worldwide and the
leading cause of cancer death among women.' With ongoing
demographic transitions, breast cancer incidence and mor-
tality rates are rising in low- and middle-income countries,
especially in sub-Saharan Africa.! To combat the persistent
global inequity in breast cancer mortality, the World Health
Organization (WHO) recently launched the Global Breast
Cancer Initiative, which identifies timely and accurate breast
cancer diagnostics as one of its three central pillars. The WHO
Science Council has also recommended avenues to increase
access to molecular and genomic diagnostic technologies in
low- and middle-income countries.?

The breast cancer diagnostic pathway includes tissue bi-
opsy, tissue processing, histopathology and, if histopathology
reveals invasive cancer, biomarker analysis for three breast
cancer biomarkers, including estrogen receptor, progesterone
receptor and human epidermal growth factor receptor-2 status.
Biomarker analysis — routinely performed by immunohis-
tochemistry - is essential for staging and systemic therapy
selection. Patients with non-metastatic breast cancer positive

for estrogen receptor and/or progesterone receptor have a 50%
reduced recurrence risk with five years of adjuvant endocrine
therapy, which is widely available as an oral medication in
low- and middle-income countries.’ Similarly, patients with
non-metastatic breast cancer positive for human epidermal
growth factor receptor-2 have a greater than 40% reduction
in recurrence risk with targeted therapies such as trastuzumab
or biosimilars, which are becoming increasingly available in
low- and middle-income country markets.** Tailored use of
endocrine therapies and therapies targeting human epidermal
growth factor receptor-2 also yield significant survival benefits
for eligible patients with metastatic breast cancer.®

However, limited access to reliable immunohistochemis-
try for biomarker analysis in sub-Saharan Africa represents a
major gap in breast cancer care, contributing to poor breast
cancer survival in the region.” Immunohistochemistry is
a technically complex process that requires robust supply
chains, extensive personnel training and continued quality
control;® recent surveys across sub-Saharan Africa report that
only 42-50% of centres that process breast tissue perform
biomarker analysis.”'° Of the centres that do perform immuno-
histochemistry, many struggle to maintain consistent services
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because of a lack of local suppliers and/
or regular stock-outs of reagents (often
for months)."

Innovations in molecular diagnos-
tics may help overcome barriers to breast
cancer biomarker analysis. One such
example is the Xpert® STRAT4 Assay, a
near point-of-care molecular diagnostic
technology that runs on the GeneXpert®
platform technology. STRAT4 quanti-
tates the mRNAs (messenger ribonucleic
acid) for ESRI, PGR, ERBB2 and MKi67
(a proliferation marker) in a closed-sys-
tem, fully standardized cartridge using
reverse transcription polymerase chain
reaction.' The assay has shown high
concordance with immunochemistry
and fluorescence in situ hybridization
for ESRI-estrogen receptor, PGR-pro-
gesterone receptor and ERBB2-human
epidermal growth factor receptor-2,
with overall percentage agreements
of 98, 90 and 93%, respectively.'>""* A
recent study in Rwanda was the first to
show immunohistochemistry-STRAT4
concordance in sub-Saharan Africa,
with an overall percentage agreement
of 93% for ESRI-estrogen receptor
and 98% for ERBB2-human epidermal
growth factor receptor-2."!

STRAT4 is especially attractive for
low-resource settings because most of
its reagents are available in a single kit,
and its simple manual steps and internal
quality controls overcome the need for
extensive personnel training. Further-
more, GeneXpert® is a cross-cutting
platform that is widely disseminated
across Africa and is used across several
disease processes, including tuberculosis
and human immunodeficiency virus
detection."" Although the adoption of
STRAT4 could streamline and increase
access to breast cancer molecular diag-
nostics in sub-Saharan Africa, little is
known about the real-world impact of
STRAT4 implementation in low- and
middle-income countries, including
its financial and time cost."”” Moreover,
robust costing data for breast cancer
diagnosis are lacking in sub-Saharan
Africa, including for biomarker analysis;
in a recent scoping review of breast can-
cer costing studies in low- and middle-
income countries, only two studies were
identified from sub-Saharan Africa.'
These studies (from Kenya and Nigeria)
only reported costs of histopathology,
but not biomarker analysis."”'® A cost
comparison of breast cancer biomarker
analysis with STRAT4 and with immu-
nochemistry could help to quantify the
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impact of STRAT4 adoption on hospital
and government budgets.

The objectives of our study were
therefore to: (i) estimate the cost of the
breast cancer diagnostic pathway at a
low-resource hospital in sub-Saharan
Africa using a micro-costing approach;
(ii) identify the main drivers of breast
cancer diagnosis costs, including the
role of biomarker analysis; and (iii) con-
duct a cost-minimization analysis of
breast cancer biomarker analysis by
comparing immunohistochemistry with
STRAT4.

Methods
Study setting and design

We conducted a cost-minimization
study to compare the cost of breast
cancer diagnosis, including biomarker
analysis, using immunohistochemistry
and STRAT4 at the Butaro Cancer
Centre of Excellence in Rwanda.”” The
laboratory provides comprehensive
breast cancer diagnosis, including tissue
processing, histological diagnosis and
biomarker analysis for estrogen receptor,
progesterone receptor and human epi-
dermal growth factor receptor-2 status
with manual immunohistochemistry
on formalin-fixed paraffin-embedded
samples. As part of an immunobhisto-
chemistry-STRAT4 concordance study,
we also performed biomarker analysis
with STRAT4 for select formalin-
fixed paraffin-embedded samples."
We estimated costs using a health-care
perspective with time-driven activity-
based costing, a micro-costing approach
that estimates the costs of health-care
resources consumed as a patient moves
along a care process (referred to as a
process map).”’ This method was used
to quantify differences in cost, time,
personnel and consumables required for
the two methods of biomarker analysis.

Process map

We developed the breast cancer diagno-
sis process map, starting with a patient’s
initial visit for breast mass evaluation
and ending with the delivery of a breast
cancer diagnosis result to the patient,
from interviews with involved person-
nel and shadowing of patients. We in-
terviewed 10 personnel (a pathologist,
an oncologist, two internists, a general
practitioner, two nurses, two laboratory
technicians and a pharmacist) using a
semi-structured questionnaire (data
repository).! We followed patients un-
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til no new process map branches were
identified (n=40 patients; 20 patients
over days 1 and 3 combined, and a
further 20 patients during day 2). For
non-patient care processes (laboratory
steps), we followed breast tissue samples
throughout the laboratory process; we
shadowed laboratory technicians twice
for standard tissue fixation, processing,
histopathology and biomarker analy-
sis with immunohistochemistry and
STRAT4. We recorded time estimates
during shadowing, and extracted labora-
tory repeat rates and batching estimates
from personnel interviews.

Costing analysis

We included the cost categories of per-
sonnel, location, consumables and indi-
rect costs in estimating the cost of the
breast cancer diagnosis pathway. After
recording costs in Rwandan francs (F),
we report these in 2021 United States
dollars (US$) using the conversion rate
of 990.9 Rwandan F=US$ 1.7 We
rounded final cost and time estimates
to the nearest cent and minute, respec-
tively. We report costs according to the
Consolidated Health Economic Evalua-
tion Reporting Standards (data reposi-
tory),”"** and provide cost calculations
in an Excel calculator (data repository).*!

Personnel and location

To estimate personnel and location cost
for each process step, we multiplied
the cost per minute (or capacity cost
rate) of personnel and location by the
probability-weighted time of personnel
and location involvement, respectively.
Personnel capacity cost rate is defined as
the annual salary and benefits of person-
nel divided by the total minutes of avail-
ability per year. Location capacity cost
rate is defined as the cost of equipment,
electricity per metre squared and con-
struction per metre squared (account-
ing for annual depreciation) divided by
the total minutes of availability (when
staffed and operational) of the location
per year. Given the equipment inventory
and energy needs of the laboratory, we
assumed the laboratory used 25% of the
total electricity consumption of the hos-
pital.”* For laboratory equipment cost-
ing more than US$ 3000, we calculated
a separate cost capacity rate per item
(accounting for annual depreciation
and maintenance costs) and multiplied
it by the probability-weighted time of
machine use per sample to estimate the
cost of each laboratory machine per
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sample. We added the calculated labo-
ratory machine cost per sample to the
total laboratory location cost. Labora-
tory steps accounted for the grouping of
samples into batches (average number of
samples per batch: 40 for immunochem-
istry, 28 for STRAT4 sample preparation
and 4 for STRAT4 cartridge analysis).

Consumables and indirect costs

We estimated the costs of consumables
by multiplying the unit price per con-
sumable by the probability of patient
consumption. The STRAT4 cartridge
is not commercially available in the
region, but we estimated a price similar
to the Xpert® BCR-ABL Ultra cartridge
(i.e. US$ 50.00 per cartridge kit) that is
available across sub-Saharan Africa for
an oncology indication (chronic my-
elogenous leukaemia). For consumables
in which the price of a single unit per
patient could not be calculated (such as
laboratory reagents), we used the an-
nual ordering frequency and volume of
samples requiring the consumable to es-
timate the consumable cost per patient.
We estimated annual sample volumes
by performing an inventory of tissue
blocks, haematoxylin and eosin slides,
and immunohistochemistry slides
(including for three breast cancer bio-
markers) processed during a 3-month
period (October-December 2019).
We used annual antibody ordering
frequency and breast cancer immuno-
histochemistry volume to estimate the
estrogen receptor antibody utilization
efficiency (i.e. percentage of antibody
vial used). We estimated indirect costs
by dividing overhead hospital costs for
outpatient clinics in 2019 by the number
of outpatients served at Butaro Hospital
that year. We outline all data sources and
assumptions in the data repository.”

Sensitivity analyses

We performed two sets of sensitivity
analyses, the first of which was to cal-
culate extremity bound estimates for
breast cancer diagnostic costs at Butaro
Cancer Centre of Excellence. We altered
parameters including time estimates
from patient shadowing (25th percen-
tile versus 75th percentile), electricity
consumption by the laboratory (15%
versus 35% hospital electricity costs),
and the estimated annual volume of
tissue blocks, haematoxylin and eosin
slides, and immunohistochemistry
slides (+10% versus —10% estimate). Al-
terations in laboratory volume estimates
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affect consumable cost and the antibody
utilization efficiency of the laboratory.
Our second set of sensitivity analyses
aimed to make cost estimates generaliz-
able to other laboratories in sub-Saharan
Africa. We altered laboratory-specific
variables for immunohistochemistry
(e.g. batching volumes, number of re-
ceptors evaluated and antibody utiliza-
tion efficiency) and STRAT4 (e.g. batch-
ing volumes and estimated cartridge
price) individually.

Results
Process map

We identified a 3-day breast cancer diag-
nosis pathway: initial consultation (day 1),
breast mass biopsy (78% by core needle
biopsy; 22% by incisional or excisional
biopsy) and laboratory analysis (day 2),
and follow-up consultation with diagnosis
(day 3) (Fig. 1 and data repository).”' The
laboratory processed 360 breast cancer
cases in 1 year, which required 1080 im-
munohistochemistry stains for the three
breast cancer biomarkers. We observed
a utilization efficiency of the estrogen
receptor antibody of 70%, and assumed
antibodies for progesterone receptor
and human epidermal growth factor
receptor-2 to have the same utilization
efficiency. We estimated a laboratory test
repeat rate for immunohistochemistry and
STRAT4 of 10%.

Cost of immunohistochemistry

We calculated a cost of breast can-
cer diagnosis using immunohisto-
chemistry of US$ 138.29 (lower-upper
bound estimate: US$ 126.98-149.41;
Table 1). Laboratory steps comprised
58.5% (80.88/138.29) of costs: 9.8%
(US$ 13.55) for histological diagnosis
and 48.7% (US$ 67.33) for biomarker
analysis. Consumables were the pri-
mary cost drivers, comprising 72.8%
(US$ 100.72) of costs. Core needle
biopsy was the most expensive consum-
able, costing US$ 25.35 per patient (data
repository).”! Personnel costs contribut-
ed 18.0% (US$ 24.85) to costs (Table 1),
of which physician specialists, the most
expensive, comprised 57.8% (US$ 14.37)
of personnel costs (data repository).*!

Immunohistochemistry versus
STRAT4

We calculated that biomarker analysis
by STRAT4 cost US$ 7.33 (lower-up-
per bound estimate: US$ 1.52 to 14.15)
or 10.9% (7.33/67.33) less per patient
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than for biomarker analysis by immu-
nohistochemistry (Table 2). We noted
that the decrease in cost of consum-
ables (US$ 57.38 for STRAT4 versus
US$ 61.67 for immunohistochemistry;
difference US$ 4.29) contributed the
largest portion (58.6%; 4.29/7.33) of the
cost saving of STRAT4. Consumables
comprised 91.6% (61.67/67.33) of im-
munohistochemistry costs and 95.6%
(57.38/60.00) of STRAT4 costs; bio-
marker analysis by immunohistochem-
istry requires 17 consumables, while
biomarker analysis by STRAT4 requires
only four. For immunohistochemistry,
76.2% (46.97/61.67) of consumable
costs were from monoclonal antibod-
ies for estrogen receptor, progesterone
receptor and human epidermal growth
factor receptor-2 (US$ 12.97, 10.27 and
9.58, respectively, per patient), and for
the Dako REAL EnVision Detection
System (US$ 14.15 per patient). For
STRAT4, 98.8% (56.71/57.38) of con-
sumable costs were from the STRAT4
cartridge kit (US$ 56.71 per patient; data
repository).*!

Biomarker analysis using STRAT4
saved 20 min or 60.6% (20/33) of
personnel time per patient compared
with immunohistochemistry (13 min
for STRAT4 versus 33 min for im-
munohistochemistry; Table 2). The
decreased personnel time corresponded
to US$ 2.37 in cost savings, which ac-
counted for 32.3% (2.37/7.33) of the
savings made by using STRAT4. Of the
20 min saved with STRAT4 (note that
data are subject to rounding errors),
15 min were saved by the laboratory
technician (11 min for STRAT4 versus
26 min for immunohistochemistry) and
6 min were saved by the pathologist
(1 min for STRAT4 versus 7 min for
immunohistochemistry; data reposi-
tory).”’ With an annual volume of 360
breast samples at the laboratory for
biomarker analysis, using STRAT4 in-
stead of immunohistochemistry could
save US$ 2638.53 (lower—upper bound
estimate: US$ 603.22 to 4585.58) and
122.6 hours of personnel time annually
(note that data in Table 2 are rounded
to the nearest minute).

Sensitivity analysis

We did not observe any major effect on
cost or personnel time when increasing
batch volumes of immunohistochem-
istry and STRAT4 analyses (Table 3).
However, the antibody utilization ef-
ficiency of immunohistochemistry
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impacted the cost savings made by using
STRAT4: the cost of biomarker analysis
by STRAT4 is almost the same as by
immunohistochemistry for laboratories
that operate at 90% antibody utiliza-
tion efficiency (difference: US$ 0.07).
We noted that the number of receptors
assessed substantially affects the cost
comparison: biomarker analysis by
STRAT4 costs US$ 38.23 (175.6%) or
13.76 (29.8%) more per patient than by
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immunohistochemistry at laboratories
that only assess estrogen receptor status
or estrogen and progesterone receptor
status (relative to assessing three breast
cancer biomarkers), respectively. For
laboratories that assess the status of
proliferation marker Ki67 (in addition
to the other three biomarkers), the
use of STRAT4 results in a saving of
US$ 22.78 (27.5%) per patient. We also
observed that the cost of the cartridge

is important; if the STRAT4 cartridge
is made available at the same price as
the Xpert® severe acute respiratory
syndrome coronavirus 2 (US$ 14.90 per
kit) or the Mycobacterium tuberculosis/
rifampin resistance Ultra (US$ 9.98 per
kit) cartridges, the use of STRAT4 in-
stead of immunohistochemistry would
result in a cost saving of US$ 45.94
(68.2%) or US$ 51.35 (76.3%) per pa-
tient, respectively.

Fig. 1.
of Excellence, Rwanda, 2021
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¢ A total of 40 patients were shadowed: 20 patients were shadowed at the clinic, representing patients presenting for initial consultation (day 1) or follow-up

consultation (day 3), and 20 additional patients were shadowed for the biopsy (day 2).
® For Step 8b, Laboratory (diagnosis), time estimates are weighted according to biopsy type.

¢ All processes in Laboratory (biomarker analysis) have an occurrence of 110% because both biomarker analysis methods had an estimated repeat rate of 10%.

Note: All steps have a 100% probability of occurrence unless otherwise noted.
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Table 1. Cost of breast cancer diagnosis pathway with immunohistochemistry, Rwanda, 2021

Type of cost Cost, US$?
Step along breast cancer diagnosis pathway Type-of-cost total
0
Non-laboratory Laboratory: histologic Laboratory: biomarker | (Goof abs:lutedtota.l) ]
diagnosis analysis® [lower—upper bound estimate]

Personnel 18.25 333 3.27 24.85 (18.0) [20.67 to 27.74]
Location® 142 3.04 239 6.85(5.0) [5.73 10 7.98]
Consumables 31.87 7.18 61.67 100.72 (72.8) [94.72 t0 107.83]
Indirect® ND ND ND 5.86 (4.2) [NA]

Step cost (% of absolute total)’  51.54 (37.3) [47.22 to 54.58]

[lower—upper bound estimate]

NA: not applicable; ND: not defined; USS: United States dollars.

@ Costin US$ converted from Rwandan francs in 2021. Time and cost data rounded to nearest minute and cent, respectively, for inclusion in table; totals calculated
using unrounded data (see data repository).”’

® Biomarker analysis at Butaro Cancer Centre of Excellence includes manual immunohistochemistry for estrogen receptor, progesterone receptor and human
epidermal growth factor receptor-2 status.

¢ Lower bound estimates include 25th percentile time estimates (non-laboratory steps), 15% of electricity costs attributed to laboratory and estimated annual
laboratory volume plus 10% (altering the cost of consumables per patient). Upper bound estimates include 75th percentile time estimates (non-laboratory steps),
35% of electricity costs attributed to laboratory and estimated annual laboratory volume minus 10% (altering the cost of consumables per patient).

9 For laboratory equipment costing more than USS$ 3000, a separate capacity cost rate was calculated per item of equipment. Based on the length of equipment
utilization per sample, an allocated capacity cost rate per item of equipment was added to the location cost.

¢ Indirect costs include fuel, telephone, internet, security services, cleaning services, office supplies, maintenance, patient food and patient housing.

" Percentage of total costs for non-laboratory and laboratory steps do not add up to 100% because indirect costs (4.2%) are not assigned to any individual step.

13.55(9.8) [12.76 to 14.42] 6733 (48.7) [61.13 to 74.55]  138.29 (100) [126.98 to 149.41]

Table 2. Comparison of time and cost for breast cancer biomarker analysis by immunohistochemistry and by Xpert® STRAT4 assay,

Rwanda, 2021
Type of cost Immunohistochemistry Xpert’ Absolute saving (relative saving, %)
STRAT4 achieved by using STRAT4
Time, Cost, Time, Cost, Time, Cost,

minutes® us$® minutes® us$® minutes? us$®
Personnel 33 3.27 13 091 20 (60.6) 237 (72.5)
Location® 54 2.39 33 1.72 21(38.9) 0.67 (28.0)
Consumables® NA 61.67 NA 5738 NA 4.29(7.0)
Biomarker analysis NA 67.33[61.13 to 74.55] NA 60.00 [59.61 to 60.40] NA 7.33(10.9) [1.52 to 14.15]
[lower—upper bound
estimate]?
Total annual saving NA NA NA NA 14910 2638.53 [603.22 to 4585.58]

[lower—upper bound
estimate]¢e

NA: not applicable; USS: United States dollars.

2 Cost in US$ converted from Rwandan francs in 2021. Time and cost data rounded to nearest minute and cent, respectively, for inclusion in table; totals calculated
using unrounded data (see data repository).”’

b For laboratory equipment costing more than US$ 3000, a separate capacity cost rate was calculated per item of equipment. Based on the length of equipment
utilization per sample, an allocated cost capacity rate per item of equipment was added to the location cost.

¢ Immunohistochemistry requires 17 consumables; STRAT4 requires 4 consumables. The antibody utilization efficiency for estrogen receptor was 70%; progesterone
receptor and human epidermal growth factor receptor-2 antibodies were assumed to have the same utilization efficiency. The price of Xpert® STRAT4 was assumed
to be similar to that of the Xpert® BCR-ABL Ultra cartridge at US$ 50 per cartridge kit.

4 Lower bound estimates include 15% of electricity costs attributed to laboratory, estimated annual laboratory volume plus 10% (altering cost of consumables
per patient); upper bound estimates include 35% of electricity costs attributed to laboratory, estimated annual laboratory volume minus 10% (altering cost of
consumables per patient).

¢ Butaro Cancer Centre of Excellence laboratory assesses 360 breast samples for estrogen receptor, progesterone receptor and human epidermal growth factor
receptor-2 annually.

Discussion

For a real-world immunohistochemistry
antibody utilization efficiency of 70%,
we demonstrated that STRAT4 is a
moderate cost saving and robust time-
saving alternative to immunochem-
istry for biomarker analysis of three

14

breast cancer biomarkers. However,
our sensitivity analysis showed that
when laboratories operate at antibody
utilization efficiencies of 90% or greater,
STRAT4 is more expensive than immu-
nohistochemistry. Although there are
no reports in the literature of antibody
utilization efficiencies for laboratories

in sub-Saharan Africa, operational and
supply-chain challenges likely prevent
them from achieving 90% efficiency, as
was the case at Butaro Cancer Centre
of Excellence (which has an antibody
utilization efficiency of 70%).'° Less-
specialized laboratories may operate
at even lower immunohistochemistry
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Parsa Erfani et al.

Research

Minimizing cost of breast cancer biomarker analysis, Rwanda

Table 3. Sensitivity analyses of laboratory-specific parameters to compare time and cost estimates of breast cancer biomarker analysis
using immunohistochemistry and Xpert’ STRAT4 assay, Rwanda, 2021

Parameter Immunohistochemistry Xpert’ Absolute saving (relative saving, %)
STRAT4 achieved by using STRAT4
Personnel time, Cost, Personnel time,  Cost, Personnel time, Cost,
minutes Uss minutes us$ minutes Us$
Cost estimate per patient? 33 6733 13 60.00 20 (60.6) 7.33(10.9)
Immunohistochemistry batches (primary: 40 slides)
72 slides 31 66.80 13 60.00 18 (58.1) 6.80(10.2)
20 slides 38 68.53 13 60.00 25 (65.8) 8.53(12.4)
Antibody utilization efficiency (primary: 70%)°
90% of antibody vial used 33 60.07 13 60.00 20 (60.6) 0.07 (0.1)
80% of antibody vial used 33 63.27 13 60.00 20 (60.6) 3.27(5.2)
60% of antibody vial used 33 72.85 13 60.00 20 (60.6) 12.85(17.6)
No. receptors analysed (primary: three)
One (estrogen receptor) 11 21.77 13 60.00 —-2(=182) —38.23 (—175.6)
Two (estrogen and progesterone 22 46.24 13 60.00 9 (40.9) —13.76 (—29.8)
receptors)
Four (estrogen and progesterone 44 8278 13 60.00 31(70.5) 2278 (27.5)
receptors, human epidermal growth factor
receptor-2, Ki67)
STRAT4 batching (primary: 4-module GeneXpert’ system)*
16-module GeneXpert” system 33 67.33 13 5933 20 (60.6) 8.00(11.9)
2-module GeneXpert” system 33 67.33 13 60.98 20 (60.6) 6.35 (9.4)
Xpert® cartridge price (primary: US$ 50.00)¢
US$ 40.00 33 67.33 13 49.00 20 (60.6) 1833(27.2)
US$ 30.00 33 67.33 13 38.00 20 (60.6) 29.33 (43.6)
Us$ 20.00 33 67.33 13 27.00 20 (60.6) 40.33 (59.9)
US$ 14.90 (price of Xpert” SARS-CoV-2 33 67.33 13 21.39 20 (60.6) 4594 (68.2)
cartridge kit)
US$ 9.98 (price of Xpert” MTB/RIF Ultra 33 67.33 13 15.98 20 (60.6) 5135 (76.3)

cartridge kit)

MTB/RIF: Mycobacterium tuberculosis/rifampin resistance; SARS-CoV-2: severe acute respiratory syndrome coronavirus 2; US$: United States dollars.

? Estimates are taken from Table 2.

® The antibody utilization efficiency was based on the estrogen receptor antibody utilization efficiency of the laboratory.
¢ 2-,4-and 16-module batching for STRAT4 corresponds to 14-, 28- and 112-sample batching for preparation, respectively, assuming that the GeneXpert® system can

be run seven times in 1 day (each run takes 70 min).

9 The price of the 2-, 4- and 16-module Xpert® machines was USS$ 12030, 17500 and 64350, respectively. The price of Xpert® STRAT4 was assumed to be similar to that
of the Xpert® BCR-ABL Ultra cartridge, that is, USS 50 per cartridge kit.
Note: Cost in USS converted from Rwandan francs in 2021. Time and cost data rounded to nearest minute and cent, respectively, for inclusion in table.

efficiencies, meaning that STRAT4 could
yield even greater cost and time savings
for these facilities.

We also demonstrated that the cost
savings of STRAT4 were also sensitive
to the number of breast cancer mo-
lecular markers assessed. While all four
biomarkers (ESR1, PGR, ERBB2 and
MEKi67) reported with the STRAT4 assay
are clinically meaningful, their results
are not always actionable in low- and
middle-income countries. STRAT4 has
fixed costs irrespective of the intended
number of biomarkers, and may cost
more for cancer programmes that are
currently performing immunohisto-
chemistry only for hormone receptor
status (estrogen and/or progesterone).
However, as therapies targeting human

epidermal growth factor receptor-2
(including biosimilars) become increas-
ingly available, more laboratories in
sub-Saharan Africa (including Butaro
Cancer Centre of Excellence) are pursu-
ing routine human epidermal growth
factor receptor-2 analysis.’

Given the expanding footprint of
GeneXpert® across Africa, there is grow-
ing interest in the potential of STRAT4
to streamline and decentralize breast
cancer molecular diagnostics to less-
specialized facilities. Many laboratories
across sub-Saharan Africa have the
capability to process tissue and diag-
nose breast cancer, but do not perform
immunohistochemistry because of
financial, technical and supply-chain
limitations.”'* Our results suggest that
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STRAT4 has the potential to reduce the
human and capital resources necessary
for these laboratories to perform breast
cancer biomarker analysis. Given the
scarcity of pathologists and laboratory
technicians in sub-Saharan Africa, the
time saved by personnel with STRAT4 is
incredibly valuable and can enable per-
sonnel to complete additional laboratory
processes.'*” Preliminary data also sug-
gest that the STRAT4 assay has similarly
favourable diagnostic performance with
fine-needle aspirate samples, yielding
the potential to expand availability of
breast cancer molecular diagnostics to
smaller district-level hospitals where
traditional biopsies and tissue proces-
sors are not available.”
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Although STRAT4 may reduce
human and capital barriers for breast
cancer biomarker analysis, its absolute
cost of US$ 60 will likely limit its wide
adoption in sub-Saharan Africa (where
the annual health-care spending per
capita is US$ 84).” The primary cost of
diagnostics with GeneXpert® is the price
of the cartridge. In the past decade, global
multisectoral investments have helped
to lower the price of the Xpert® tubercu-
losis diagnostic assays to approximately
USS$ 10 per cartridge, transforming tu-
berculosis care in sub-Saharan Africa.”
Driving down the price for STRAT4
could similarly revolutionize access to
breast cancer molecular analysis.

The adoption of STRAT4 instead
of breast immunohistochemistry by
laboratories will likely be influenced by
several implementation factors beyond
cost, such as assay training, turn-around
time and supply-chain feasibility. First,
in our experience, training for STRAT4
(conducted over 2 days via video tele-
conference) was substantially less
burdensome than that for manual im-
munohistochemistry, which required
extensive and repeated in-person train-
ings to maintain reproducible results.”!
Facilities with fewer skilled personnel
may therefore be more willing to adopt
STRAT4. Second, given that STRAT4 re-
quires substantially less personnel time,
it may also decrease turn-around time
for breast cancer diagnostic results (cur-
rently about 2 weeks at Butaro Cancer
Centre of Excellence), which is critical
for initiating optimal therapy. Finally,
given that STRAT4 requires substan-
tially fewer consumables, it may be less
vulnerable to supply-chain challenges.
The 17 reagents required for immuno-
histochemistry rely on complex supply
chains; when one reagent is out of stock,
the entire process is halted, leading to
diagnostic delays (a common issue for

immunohistochemistry implementation
in sub-Saharan Africa).* Although Gen-
eXpert® testing relies on fewer reagents,
its use in sub-Saharan Africa has also
been limited by stock-outs and non-
functional modules.*

Our study has several limitations.
First, this cost-minimization analysis
assumes that the diagnostic outcomes for
immunohistochemistry and STRAT4 are
equivalent: a reasonable assumption for
laboratories with high-quality immuno-
histochemistry and in turn high concor-
dance with STRAT4.'"!"" For laboratories
that struggle to maintain high-quality
immunohistochemistry, STRAT4 may
be more accurate; a cost—effectiveness
analysis is therefore needed to account
for downstream cost implications of
inaccurate immunohistochemistry re-
sults. Second, we did not consider the
cost of performing fluorescence in situ
hybridization for immunohistochemis-
try-equivocal cases of human epidermal
growth factor receptor-2, because it is not
currently available in Rwanda." If po-
tential fluorescence in situ hybridization
costs were added to immunohistochem-
istry costs, STRAT4 would yield even
greater cost savings. Third, training costs
for both methods of biomarker analysis
were not included in this cost analysis.
Given that the cost of biomarker analysis
was primarily driven by consumables, we
estimate that training cost differences be-
tween the two methods may not impact
long-term costs but would likely impact
upfront costs. Fourth, estimates for labo-
ratory repeat rates and sample batching
were drawn from personnel interviews,
and therefore vulnerable to recall bias.

Given the challenges of maintain-
ing efficient immunohistochemistry
services in low-resource settings such
as many sub-Saharan African laborato-
ries, we consider that STRAT4 adoption
could reduce the capital and human

Parsa Erfani et al.

resource barriers to performing breast
cancer biomarker analysis, leading to
improved treatment selection and better
clinical outcomes. H
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Résumé

Diagnostics moléculaires du cancer du sein au Rwanda: étude de réduction des coiits de I'immunohistochimie par rapport a un

nouveau test GeneXpert’ d'expression d'ARNm

Objectif Comparer I'analyse des biomarqueurs du cancer du sein par
immunohistochimie avec le test Xpert” STRAT4 en termes de colt en
temps et en argent.

Méthodes Nous avons estimé les colits (personnel, lieu, fournitures
et charges indirectes) et le temps requis pour diagnostiquer un cancer
du sein au Butaro Cancer Centre of Excellence (Rwanda), a l'aide d'un
systeme de calcul des colits par activité piloté par le temps (TDABC).
Nous avons mené une étude de réduction des codts afin de comparer
les frais engendrés par une analyse des biomarqueurs pour le statut du
récepteur d'cestrogene, récepteur de progestérone et récepteur 2 du
facteur de croissance épidermique humain, par immunohistochimie
d'une part et par STRAT4 d'autre part. Enfin, nous avons effectué
des analyses de sensibilité en altérant les paramétres spécifiques aux
laboratoires pour les deux méthodes.

Résultats Nous avons déterminé que le diagnostic du cancer du
sein au Rwanda co(tait 138,29 dollars américains (USD) par patient
lors d'une analyse des biomarqueurs par immunohistochimie. En
tenant compte d'une efficacité d'utilisation réaliste des anticorps en

Bull World Health Organ 2023;101:10-19

immunohistochimie, fixée a 70%, I'analyse des biomarqueurs représente
48,7% (67,33 USD) des frais engendrés par le diagnostic et dure 33
minutes. De son c6té, 'analyse des biomarqueurs par STRAT4 permet
de faire baisser les colts a 7,33 USD (10,9%; 7,33/67,33), tandis que le
pathologiste et le technicien n'y consacrent que 20 minutes (60,6%;
20/33) par patient. Notre analyse de sensibilité a révélé qu'aucune
économie ne serait réalisée en laboratoire si I'efficacité d'utilisation des
anticorps dépasse les 90%, ou si le statut du récepteur d'cestrogene
et/ou de progestérone est le seul a étre évalué; néanmoins, de tels
niveaux d'efficacité opérationnelle sont peu probables, et de plus en
plus de laboratoires misent sur 'analyse du récepteur 2 du facteur de
croissance épidermique humain vu I'amélioration de I'accessibilité aux
thérapies ciblées.

Conclusion L'analyse des biomarqueurs du cancer du sein par STRAT4
pourrait potentiellement mobiliser moins de ressources humaines et
financieres dans les laboratoires d'Afrique subsaharienne, entrainant une
meilleure sélection des traitements et de meilleurs résultats cliniques.
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Pesiome

MonekynapHaa guarHocTuka paka MOJIOYHOW enesbl B PyaHpe: nccnegosaHne MUHUMU3aLmm 3aTpar npu
CpaBHEHUM UMMYHOTUCTOXMMUYECKOTO aHanun3a ¢ HOBbIM aHanu3om skcnpeccun MPHK GeneXpert”

Uenb CpaBHUTL GMHAHCOBbIE U BPEMEHHbIE 3aTpaThl Ha
aHann3 6MOMapKepoB paka MONOUYHOW Xenesbl And mMetona
VMMYHOTVUCTOXVMIW 1 aHanu3a Xpert” STRAT4.

MeToppl [poBefieHa oLeHKa 3aTpaT (MepcoHas, MecTomnonoxeHwue,
PaCcXOAHble MaTepuanbl U KOCBEHHble 3aTpaThl) U BPEMEHMU,
3aTPaYeHHOro Ha AMArHOCTUKY paka MOJIOYHOW Xenesbl B
OHKOMIOrMYecKoM LieHTpe nepefoBbix TexHonornmn s bytapo,
PyaHaa, c ncnonb3oBaHWeM KanbKynauMK 3aTpaTt no Buaam
feAtenbHOCTW. [AnA cpaBHeHVA CTOMMOCTH aHanm3a broMapKkepos
peLenToOpOB 3CTPOreHOB, PELIeNTOPOB MPOrecTepOHa 1 peLenTopa
yenoBeyeckoro anugepmManbHoro gakropa pocTa 2-ro Tuna
METOAOM MMMYHOTUCTOXMMUM NO CpaBHeHNO co STRAT4 6Gbin
NpOBeAeH aHanu3 MUHMMM3aLMK 3aTpat. Takxke 6bin nposefeH
aHanu3 4YyBCTBUTENbHOCTM MyTeM M3MEHeHVs cneunduuHbIX ana
nabopaTopuy NapameTpOB ABYX METOAOB.

Pe3ynbtatbl COrnacHo NpoBefeHHbIM pacyeTam, AnarHOCTMKa paka
MOJSIOUYHON xene3bl B Pyanae obxoautca B8 138,29 ponnapa CLUA
Ha MauMeHTKy Npu NpoBeAeHUN aHanm3a bromapkepos
METOLOM VMMYHOIMCTOXMMUYECKOTO nccnefosanmna. lNpu
pPeanUCTUUHON 3OHEKTUBHOCTU MCMNONb30OBAHNA aHTUTEN ANA

VIMMYHOTUCTOXVIMMYECKOTO UCCNefoBaHWA Ha ypoBHe 70% aHanw3
6romapkepos cocTasnseT 48,7% (67,33 ponnapa CLA) ot
CTOMMOCTW AMArHOCTUKM W 3aHMMaeT 33 MUHYTb. YCTaHOBMEHO,
4TO aHanM3 OUOMAPKEPOB C MCNONb3oBaHWeM STRAT4 nossonseT
CHW3WTb CTOMMOCTb AMArHOCTUKMU ANA OJHOW MauMEeHTKM Ha
7,33 ponnapa CWA (10,9%; 7,33/67,33), a Bpema paboTbl natonora
1 TexHWKa — Ha 20 MunyT (60,6; 20/33). PesynsTaTsl NpoBeAeHHOO
aHanM3a YyBCTBUTENBHOCTM MOKasanu, Yto B nabopaTopumax
C 3QHEKTUBHOCTbIO UCMOMb30BaHUA aHTUTeNn 6onee 90% wnu
npwv oUeHKe CTaTyca peLenTopoB TOMbKO 3CTPOreHoB U (1aw)
NPOreCTeEPOHOB 3KOHOMMU 3aTPaT He OXMAAETCA, OAHAKO Takan
3ddEKTVBHOCTL PabOThI MANIOBEPOATHA, 1 BCe OorblLe nabopaTopuii
MPOBOAAT aHaNM3 PeLEnTOPOB YeNoBeYeCKOro nnaepmManbHoOro
dakTopa pocTa 2-ro T1na, NOCKOSbKY TapreTHas Tepanmsa CTaHOBUTCA
BCe bonee AOCTYMHOMN.

BbiBog AHanu3 6MomapkepoB paka MOSIOYHOW Xenesbl C
ncnonb3osaHnem STRAT4 cnocobeH cokpaTuTb Heobxoaumble
yenoBeyeckmne 1 GrHaHCOBble pecypchl B nabopaTopurax CTpaH
Adbpukn K tory ot Caxapbl, YTo npusegeT K 6onee 3ddeKTUBHOMY
BbIOOPY NeUeHNA 1 yyULEHMIO KIMHUYECKNX Pe3ybTaToB.

Resumen

Diagnéstico molecular del cancer de mama en Ruanda: estudio de minimizacion de costes de la inmunohistoquimica frente a

un nuevo ensayo de expresion del ARNm GeneXpert®

Objetivo Comparar el coste econdmico y de tiempo del andlisis de
biomarcadores de cancer de mama mediante inmunohistoquimica
con el del ensayo Xpert® STRAT4.

Métodos Se estimaron los costes (de personal, localizacion, consumibles
e indirectos) y el tiempo que conlleva el diagndstico del cancer de
mama en el Centro de Excelencia en Cancer de Butaro (Ruanda),
utilizando un cdlculo de costes en funcién del tiempo. También se
realizd un andlisis de minimizacion de costes para comparar el coste
del andlisis de biomarcadores en relacion con el estado del receptor
de estrogeno, el receptor de progesterona y el receptor 2 del factor de
crecimiento epidérmico humano con inmunohistoquimica frente a
STRAT4. Asimismo, se realizaron analisis de sensibilidad al modificar los
parametros especificos del laboratorio para los dos métodos.
Resultados Se ha estimado que el diagndstico del cancer de mama
en Ruanda cuesta 138,29 ddlares estadounidenses (USS) por paciente
cuando se realiza el andlisis de biomarcadores por inmunohistoquimica.
Con unaeficiencia de utilizacién de anticuerpos de inmunohistoguimica

realista del 70 %, el analisis de biomarcadores comprende el 48,7 %
(USS 67,33) de los costes para el diagnostico y tarda 33 min. Se
determind que el andlisis de biomarcadores con STRAT4 supone una
reduccion del coste del diagndstico de USS$ 7,33 (10,9 %; 7,33/67,33),
y del tiempo del patélogo y del técnico de 20 min (60,6 %; 20/33), por
paciente. El andlisis de sensibilidad revelé que no se produciria ningun
ahorro de costes en los laboratorios con eficiencias de utilizacion de
anticuerpos superiores al 90 %, o en los que solo se evalla el estado
de los receptores de estrégeno o progesterona; sin embargo, es poco
probable que se produzcan estas eficiencias operativas, y cada vez son
mas los laboratorios que realizan el andlisis del receptor 2 del factor
de crecimiento epidérmico humano a medida que se dispone de mas
tratamientos dirigidos.

Conclusion El andlisis de biomarcadores del cancer de mama mediante
STRAT4 tiene el potencial de reducir los recursos humanos y de capital
requeridos en los laboratorios del Africa subsahariana, lo que conduce
a una mejor seleccion del tratamiento y a mejores desenlaces clinicos.
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