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ORIGINAL RESEARCH                                           
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breast cancer in Egypt: an analysis of neoadjuvant pembrolizumab plus 
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ABSTRACT 
Objective: The cost-effectiveness of neoadjuvant pembrolizumabþ chemotherapy followed by adju
vant pembrolizumab compared to neoadjuvant chemotherapy plus placebo followed by adjuvant pla
cebo was assessed in high-risk, early-stage, triple-negative breast cancer patients from an Egyptian 
societal perspective over a lifetime horizon.
Methods: A 4-state Markov cohort model was developed to compare the cost-effectiveness of pem
brolizumabþ chemotherapy/pembrolizumab vs chemotherapy alone for the treatment of high-risk, 
early-stage, triple-negative breast cancer. The model simulated the clinical course of high-risk, early- 
stage, triple-negative breast cancer across four health states: event-free survival, locoregional recur
rence, distant metastasis, and death. Clinical inputs for the simulation were derived from modeling of 
efficacy and safety data collected in the KEYNOTE-522 trial. Direct medical costs and indirect costs 
were reported in 2022 Egyptian pounds (EGP) and converted to US dollars ($). Probabilistic and deter
ministic sensitivity analyses were conducted to assess the robustness of model results.
Results: Compared with chemotherapy alone, pembrolizumabþ chemotherapy/pembrolizumab led to 
expected gains of 2.92 life years and 2.25 quality-adjusted life years, respectively, while increasing 
overall treatment costs by EGP 491,695 ($102,436). Incremental costs per year gained were EGP 
218,285 ($45,476) per quality-adjusted life year and EGP 168,223 ($35,046) per life year, both of which 
were lower than the 2022 Egyptian cost-effectiveness threshold of EGP 398,439 ($83,008). The findings 
of sensitivity analyses indicated that the model was robust across a range of inputs and assumptions.
Conclusions: In Egypt, pembrolizumabþ chemotherapy/pembrolizumab is a cost-effective treatment 
for high-risk, early-stage, triple-negative breast cancer when considering health-related quality-of-life 
and years of life gained.
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1. Background

Triple-negative breast cancer (TNBC) is a heterogeneous sub
type of breast cancer and is characterized by a lack of 
expression of estrogen receptors, progesterone receptors, or 
human epidermal growth factor receptor 2 (HER2)1–3. 
Accounting for 15–20% of newly diagnosed breast cancer 
cases and predominantly affecting young women, TNBC is 
more difficult to treat than other types of breast cancer due 
to its greater invasiveness and a paucity of actionable thera
peutic targets2,4. Notably, recurrence and metastasis are 
more common in TNBC than in HER2-positive breast cancer; 
median overall survival in metastatic TNBC is less than 
2 years with standard chemotherapy3–5. A study conducted 
on 509 female Egyptian patients who were screened for early 

detection of breast cancer during 5 years in general surgery, 
radio diagnosis, and oncology departments, Kasr Al-Ainy 
Teaching Hospital, showed that 13% were triple-negative 
breast cancer with a mean age of 53.7 ± 11.7 years6. The 
median disease-free survival for TNBC in Egypt is 15 months, 
while the median overall survival for TNBC is 31 months7.

The TNBC therapeutic landscape changed in 2021 follow
ing the US Food and Drug Administration’s approval of the 
PD-1 inhibitor pembrolizumab (Keytruda, Merck & Co., Inc., 
Rahway, NJ, USA) in combination with chemotherapy as a 
neoadjuvant therapy before surgery and as a continuous 
adjuvant therapy after surgery for treatment of high-risk 
early-stage TNBC (eTNBC)8. The “immune-rich” profile of 
TNBC, characterized by a high tumor mutational burden, 
high levels of infiltrating lymphocytes, and PD-1 expression, 
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is thought to enhance responsiveness to immune checkpoint 
inhibitor therapies5,9, such as pembrolizumab. Clinical data 
on TNBC indicate that immune checkpoint inhibitor therapy 
is most effective when administered early in the disease 
course, when immune escape mechanisms are less prevalent 
compared with advanced disease5.

The phase 3 KEYNOTE-522 trial was conducted to evaluate 
the efficacy and safety of pembrolizumab plus chemotherapy 
followed by pembrolizumab (hereafter referred to as 
“pembrolizumabþ chemotherapy/pembrolizumab”) com
pared with chemotherapy alone in 1,174 treatment-naïve 
adults with high-risk eTNBC (defined as those who have a 
pathological complete response as no invasive cancer in the 
breast and negative nodes)10,11. Pembrolizumab treatment 
was associated with significantly better 36-month event-free 
survival (EFS) compared with placebo (84.5% vs 76.8%) and a 
manageable safety profile consistent with previously pub
lished data on pembrolizumab and chemotherapy10.

Findings of a subsequent US study indicated that pembro
lizumab therapy for high-risk eTNBC cost an average of 
$27,285 per quality-adjusted life year (QALY) gained and thus 
was a cost-effective treatment option in the United States12. 
However, the cost-effectiveness of treatments may vary by 
country-specific factors, including differences in willingness- 
to-pay (WTP) thresholds and background mortality rates. The 
present study aimed to evaluate the cost-effectiveness of 
pembrolizumabþ chemotherapy/pembrolizumab compared 
with chemotherapy alone among patients with high-risk 
eTNBC in Egypt.

2. Methods

2.1. Model

A four-state Markov cohort model was developed in 
Microsoft Excel 2016 to compare the cost-effectiveness of 
pembrolizumabþ chemotherapy/pembrolizumab vs chemo
therapy alone for the treatment of eTNBC. This model has 
been previously published and validated12,13 and in this ana
lysis was adapted to assess the cost-effectiveness among an 
Egyptian population from an Egyptian societal perspective. 
Clinical inputs for the model were obtained from KEYNOTE- 
52210. Direct cost inputs for the model were obtained from 
Egyptian healthcare data sources; indirect cost inputs were 
obtained from governmental and World Bank reports. The 
model’s primary outcomes were the incremental cost-effect
iveness ratio (ICER) per QALY and per life year (LY) gained.

The Markov model simulated the clinical course of eTNBC 
across four health states: (i) event-free, (ii) locoregional recur
rence (LR), (iii) distant metastasis (DM), and (iv) death12. 
Starting in the event-free state, the clinical course of eTNBC 
was simulated for each patient across weekly cycles of the 
model’s 51-year time horizon. At the end of each weekly 
cycle, modeled transition probabilities were used to deter
mine whether a patient stayed in the same state or transited 
to the LR state, the DM state, or death. Transition probabil
ities for each treatment arm were derived from parametric 
modeling of patient-level data from the KEYNOTE-522 clinical 
trial10. An extrapolation was performed using fitted 

parametric functions in line with the National Institute for 
Health and Care Excellence (NICE) Decision Support Unit 
guidelines for survival analysis14. Exponential, Weibull, log- 
normal, log-logistic, gamma, Gompertz, and generalized 
gamma distributions were used upon exploring standard 
one- and two-piece models. Akaike information criterion 
(AIC) and Bayesian information criterion (BIC) were utilised to 
choose the relevant-fit parametric distributions. Then the 
clinical plausibility of the long-term extrapolations was eval
uated with visual inspections for the chosen distributions. 
Other parametric functions were assessed in sensitivity 
analyses.

2.1.1. Transition probabilities from EF state
Both treatment arms started from the EF state and could 
move to three competing health states: LR, DM, or death. In 
each cycle, the probability of each transition (EF ! LR, EF !
DM, or EF ! death) was measured based on the probability 
of an EF state, along with the LR, DM, or death probabilities.

All details of parametric functions and distributions used 
to extrapolate the EFS data beyond the KEYNOTE-522 trial 
period were discussed in a similar cost-effectiveness study12.

The probabilities of the EFS event being LR, DM, or death 
are presented in Supplementary Table S1. The probabilities 
were calculated based on the cumulative incidence of the 
three transitions derived from the KEYNOTE-522 trial using 
Gray’s method considering competing risks15.

The model extrapolated cumulative incidence of the three 
transitions EF ! LR, EF ! DM, and EF ! death, as well as 
the cumulative incidence derived directly from the KEYNOTE- 
522 trial data.

2.1.2. Transition probabilities from LR state
The probability of LR to DM or death was captured from the 
KEYNOTE-522 trial by using parametric models. Pooled data 
from both arms were utilised. It was estimated that these 
probabilities would not change over time using the expo
nential distribution.

2.1.3. Transition probabilities from DM state
The DM transition probability to death was measured accord
ing to the survival time following DM in the KEYNOTE-522 
trial. Parametric models were used to fit the patient-level 
data and exponential distribution was found to be the opti
mum fit. Therefore, the time-constant transition probability 
of DM to death was measured based on the exponential 
distribution.

In addition, all individuals in the model were subject to 
all-cause natural mortality16.

The simulation allowed patients to stay in the same state 
or progress to any more serious state but not to transit back 
to an earlier state. The model’s time horizon of 51 years cap
tured a lifetime horizon of 100 years in the modeled patient 
cohort to detect any difference in costs or outcomes on a 
longer time horizon until all the patients died17, as the mean 
starting age in KEYNOTE-522 was 49 years. This time horizon 
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aligns with standard practice guidelines18. Further, the time 
horizon is the longest follow-up time of the modeled cohort 
and does not represent the cohort’s life expectancy. The 
model’s performance in simulating overall survival in eTNBC 
has been validated with data from KEYNOTE-522 and other 
breast cancer trials, as previously described12.

To calculate cumulative costs and cumulative QALYs over 
the modeled time horizon, direct and indirect costs from the 
societal perspective and health utility values specific to each 
of the four health states were applied. The resulting costs 
are presented in 2022 Egyptian Pounds (EGPs) and converted 
to US dollars (USDs) using the purchasing power parity 
Egyptian exchange rate of $1¼ 4.8 EGP for comparability of 
results. Notably, the model’s cycle length of 1 week and the 
option for a half-cycle correction enabled accurate estimation 
of treatment-related costs. Direct medical costs and indirect 
costs and effectiveness outcomes were discounted at an 
annual rate of 3.5%17,19.

2.2. Patient population and treatments

The study model was developed based on data from the 
KEYNOTE-522 trial of patients with previously untreated 
TNBC. At baseline, KEYNOTE-522 patients had a mean age of 
49 years, a mean body weight of 69.7 kilograms, and a 
mean body surface area of 1.8 square meters11. Patients 
were randomly allocated into one of two treatment groups 
(pembrolizumabþ chemotherapy/pembrolizumab [n¼ 784] 
or chemotherapy alone [n¼ 390]). Each treatment group 
included a neoadjuvant and adjuvant phase10.

The first neoadjuvant phase comprised four cycles of 
intravenously administered pembrolizumab (200 mg) or pla
cebo once every 3 weeks plus paclitaxel (80 mg/m2 once 
weekly) plus carboplatin (area under the curve [AUC]-based 
dose of 5 mg/mL/minute once every 3 weeks or 1.5 mg/mL/ 
minute once weekly in the first 12 weeks). The second neo
adjuvant phase comprised four cycles of pembrolizumab or 
placebo plus doxorubicin (60 mg/m2) or epirubicin (90 mg/ 
m2) plus cyclophosphamide (600 mg/m2 once every 3 weeks 
in the subsequent 12 weeks). In Egypt, surgery was con
ducted 2–6 weeks after the last cycle of the neoadjuvant 
phase. The adjuvant phase comprised radiation therapy, as 
indicated, plus pembrolizumab or placebo once every 
3 weeks for up to nine cycles.

Findings from an interim analysis of the KEYNOTE-522 
trial, which had a median follow-up of 15.5 months, indicated 
that a pathological complete response occurred in 64.8% of 
patients in the pembrolizumabþ chemotherapy/pembrolizu
mab group and 51.2% of patients in the chemotherapy only 
group11. A subsequent interim analysis of KEYNOTE-522 
(median follow-up, 39.1 months) showed that, compared 
with placebo, pembrolizumabþ chemotherapy/pembrolizu
mab was associated with a hazard ratio for any event or 
death of 0.63 (p <.001), reflecting lower rates of local recur
rence (3.6% vs 4.4%), distant recurrence (7.7% vs 13.1%), and 
all-cause death (10.2% vs 14.1%)10.

2.3. Model effectiveness inputs

Efficacy, utility, and safety parameters for the Markov model 
were obtained from two interim analyses of KEYNOTE-522 
(median durations of follow-up of 15.5 and 39.1 months, 
respectively)10,11. The Markov model included transition 
probabilities estimated from the KEYNOTE-522 patient-level 
data and background mortality from Egyptian life table 
data12 (Table 1). QALYs were calculated using utility values 
derived through primary analyses of the EuroQoL-five-dimen
sional questionnaire (EQ-5D-5L) data collected in the 
KEYNOTE-522 trial, as previously described12, and adult mor
tality data for Egypt20. The WTP threshold was set to three 
times Egypt’s 2022 per capita gross domestic product 
($4,295.40)21 equivalent to approximately EGP 132,728 (using 
the exchange rate 1$ ¼ 30.9), which is a widely used 
approach for estimating this parameter21.

Model assumptions were validated through a structured 
questionnaire administered to a quasi-Delphi panel of four 
Egyptian experts with expertise in the treatment and man
agement of TNBC. Insights were collected from experts 
through four rounds of virtual meetings. The experts’ insights 
included the current local clinical practice and treatment pat
terns within the Egyptian healthcare settings. The collected 
experts’ responses were subsequently analyzed and reviewed 
by all authors to confirm their accuracy and relevance to 
have consensus from experts. The panel confirmed that 
KEYNOTE-522 trial results regarding the efficacy of chemo
therapy alone and pembrolizumabþ chemotherapy/pembro
lizumab, as well as the sustained effectiveness of the latter, 
were similarly observed in Egyptian clinical practice.

2.4. Model cost inputs

The Markov model incorporated direct and indirect costs 
associated with the treatment and management of eTNBC. 
Direct cost parameters included the cost of treatments (pem
brolizumab, chemotherapy, and supportive care drugs), pro
cedures (intravenous drug administration, surgery, and 
radiation), disease state-specific management, including 
monitoring (ultrasound, mammogram, and blood tests), and 
terminal care (Table 2). Direct cost data were obtained in 
2022 EGP from the Egyptian Authority for Unified 
Procurement, Medical Supply, and Management of Medical 
Technology (UPA)22. The model did not consider costs for 
managing adverse events (AEs), as AEs were approximately 
equally distributed across both treatment arms of the 
KEYNOTE-522 trial10.

For indirect costs, the model considered the loss of wages 
associated with work absenteeism, estimated from published 
reports. For the event-free state, absenteeism was set to 
29.8% for a 6-hour work day, obtained by adjusting a pub
lished estimate of 24.7% absenteeism for an 8-hour work day 
following chemotherapy for breast cancer23. For the LR and 
DM states, absenteeism was set to 71.5%, obtained by 
adjusting published estimates of 34.1 h lost to presenteeism 
and 4.4 h lost to absenteeism during a work week24. In the 
model, lost wages were determined by multiplying the 
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proportion of lost work hours by an average hourly wage of 
EGP 67.28 ($14.01). The latter was calculated by dividing the 
2022 Egyptian gross domestic product per capita of 
$4,295.4020 equivalent to approximately EGP 132,728 by the 
product of 6 h per day and 264 work days per year.

When relapses occur and the patients enter the LR or DM 
health states, they discontinue the pembrolizumabþ chemo
therapy and receive gemcitabine and carboplatin as a subse
quent line treatment based on the local clinical practice in 
Egypt. In addition, the patient has to undergo clinical exami
nation, and CBC test, liver function, and kidney function are 
monitored on a monthly basis. CT scans on chest and PET 
scans were performed every 3 months in LR or DM health 
states. In the event-free state, the patients undergo a mam
mogram and ultrasound every year.

2.4.1. Assumptions
Some assumptions had to be taken to simplify the model 
calculations. First, the KEYNOTE-522 trial was an international, 
phase 3 clinical trial so we assumed that these inputs would 
be representative of those in Egypt. Second, we assumed 
that the work week in Egypt was 30 h and that 34.1 h of 
presenteeism equated to 17.1 h of full absenteeism hours. 
Third, standard error was assumed to be equal to 20% of the 
base-case value in the sensitivity analyses. Fourth, when 
measuring the indirect costs, the absenteeism rates were 
captured from two international publications, as mentioned 
above, because it was reported that there are other charac
teristics of existing cost-effectiveness information as the 
productivity or time costs could be transferable across differ
ent jurisdictions25. Finally, the appropriateness of model 

Table 1. Base case clinical and utility inputsa.
Parameter Clinical and utility inputs PSA distribution SE Alpha Beta

Transitional probability inputs
Transitions from the LR state to DM or death, rateb,c 0.0133 Normal 0.0021 0.0133 0.0021
Transitions from the DM state to death, rateb

Pembrolizumabþ chemotherapy/ pembrolizumab 0.0192 Normal 0.0038 0.0192 0.0038
Chemotherapy 0.0166 Normal 0.0033 0.0166 0.0033

Relative dose intensity
Pembrolizumab in neoadjuvant phase, % 95.0 Beta
Pembrolizumab in adjuvant phase, % 99.8 Beta

Utility inputsd

EF on treatment 0.8360 Beta 0.0050 4583.92 899.24
EF off treatment 0.8420 Beta 0.0060 3110.72 583.72
LR 0.7680 Beta 0.0270 186.94 56.47
DM 0.6390 Beta 0.0210 333.61 188.47

Abbreviations. DM, distant metastasis; EF, event-free; LR, locoregional recurrence; PSA, probabilistic sensitivity analysis.
aAll values were derived from analyses of KEYNOTE-522 trial data (cut-off date, 23 March 2021), as previously described13.
bExponential rate, weekly.
cAmong patients who transitioned from the LR state, 90.0% transitioned from LR to DM and 10.0% transitioned from LR to death.
dApplies to both pembrolizumab and chemotherapy alone.

Table 2. Direct and indirect cost inputs.
Direct costs Unit  

(mg/vial or tablet)
Unit  
costa

PSA  
distribution

SE Alpha Beta Source

Drugsb Gamma
Pembrolizumab 100 231.72 46.34 25.00 9.27 Egyptian Authority for Unified Procurement22

Carboplatin 150 0.64 0.13 25.00 0.03 Egyptian Authority for Unified Procurement22

Paclitaxel 150 2.64 0.53 25.00 0.11 Egyptian Authority for Unified Procurement22

Doxorubicin 50 1.56 0.31 25.00 0.06 Egyptian Authority for Unified Procurement22

Cyclophosphamide 1,000 0.08 0.02 25.00 0.003 Egyptian Authority for Unified Procurement22

Gemcitabine 1,000 0.28 0.06 25.00 0.01 Egyptian Authority for Unified Procurement22

Procedures, per patient Gamma
Intravenous infusion/day carec 170.00 34.00 25.00 6.80 Nasr City Cancer Center
Surgery costs 13,473.00 2,695.00 25.00 539.00 Egyptian governmental hospitals
Radiation 7,440.00 1,488.00 25.00 298.00 Egyptian governmental hospitals

Terminal care, per patientd Gamma
From EF or LR to death 5,140.00 1,028.00 25.00 206.00 Egyptian governmental hospitals
From DM to death 5,140 Egyptian governmental hospitals
Indirect costse Source

Hours of work impairment by health statec

EF Hours 29.8 5.96 25 NA 23

LR Hours 71.5 14.3 25 NA 23

DM Hours 71.5 14.3 25 NA 24

Wage per hour EGP 67.28 13.456 25 NA 20

Abbreviations. EF, event-free; DM, distant metastasis; LR, locoregional recurrence; PSA, probabilistic sensitivity analysis; NA, not applicable.
Costs associated with adverse events were not considered in the model, as patients treated with pembrolizumab experience a burden of adverse events similar 
to that of chemotherapy alone10.
aAll costs given in the 2022 Egyptian pound (EGP).
bCyclophosphamide is administered as a powder solution; all other drugs are administered as a solution.
cNumber of hours lost from a standard work week.
dWeekly work impairment costs were calculated as 5 days per week � 67.28 per day�work impairment.
eThe standard work week was assumed to be 30 h; the mean hourly wage was assumed to be EGP 67.28.
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assumptions was validated by Egyptian experts in breast can
cer oncology, and sensitivity analyses demonstrated that 
model findings were robust across a wide range of 
parameters.

2.5. Sensitivity analyses

Probabilistic sensitivity analyses (PSAs) and deterministic sen
sitivity analyses (DSAs) were performed to test uncertainty in 
the model results. The PSAs were conducted by simultan
eously varying the model inputs over 1,000 iterations. DSAs 
were performed to evaluate the model robustness and its 
results were presented in a tornado diagram, to present the 
most impactful parameters that could impact the cost-effect
iveness results.

3. Results

3.1. Base case analysis

The base case results indicate that, over a lifetime horizon, 
pembrolizumabþ chemotherapy/pembrolizumab would incur 
a total additional cost of EGP 491,695 ($102,436) compared 
with chemotherapy alone (Table 3). The excess of EGP 
491,695 ($102,436) was largely due to additional costs for 
neoadjuvant treatment (EGP 263,520 [$54,900]) and adjuvant 
treatment (EGP 201,472 [$41,973]). The model also projected 
that pembrolizumabþ chemotherapy/pembrolizumab would 
lead to a gain of 2.25 total QALYs and 2.77 event-free QALYs 
over a lifetime horizon compared with chemotherapy alone. 
Similarly, compared with chemotherapy alone, pembrolizu
mabþ chemotherapy/pembrolizumab was projected to lead 
to a gain of 2.92 total LYs and 3.28 event-free LYs over a life
time horizon. In the base case analysis, the incremental cost 
per QALY gained with pembrolizumabþ chemotherapy/ 

pembrolizumab compared with chemotherapy alone was 
EGP 218,285 ($45,476); the incremental cost per LY gained 
was EGP 168,223 ($35,046).

3.2. Sensitivity analyses

The PSA results indicate that in most of the scenarios 
assessed incremental gains in QALYs were associated with an 
increase in total costs for the treatment of eTNBC (Figure 1). 
The average ICER across 1,000 iterations of the model was 
EGP 225,232 ($46,923) per QALY gained, which is lower than 
the Egyptian cost-effectiveness threshold of EGP 398,439 
($83,008) and 93% of the iterations were below this thresh
old (Supplementary Figure S1). As shown in the tornado dia
gram (Figure 2), varying model parameters in one-way 
sensitivity analyses led to variations in ICER estimates, rang
ing from EGP 161,141 ($33,571) to EGP 432,547 ($90,113) per 
QALY gained. ICER estimates were most sensitive to changes 
in EFS probabilities for pembrolizumabþ chemotherapy and 
chemotherapy and, to a lesser extent, drug unit costs for 
pembrolizumab. The low value of EFS probability resulted in 
an ICER of EGP 161,141, while the high value of this param
eter resulted in an ICER of EGP 432,547.

4. Discussion

In 2021, neoadjuvant and adjuvant pembrolizumab were 
introduced in the United States as a treatment for high-risk 
eTBNC, based on clinical trial evidence showing the efficacy 
of this regimen in improving outcomes in this clinically chal
lenging patient group8. To assess the economic feasibility of 
pembrolizumab treatment of patients with high-risk eTNBC 
in Egypt, we performed cost-effectiveness simulations, find
ing that pembrolizumab is likely to be a cost-effective 

Table 3. Base case analysis results.
Pembrolizumabþ chemotherapy/ 

pembrolizumab
Chemotherapy Pembrolizumabþ chemotherapy/ 

pembrolizumab vs chemotherapy

Costs, per patienta

Totalb 896,873 ($186,849) 405,178 ($84,412) 491,695 ($102,436)
Neoadjuvant treatment 268,644 ($55,967) 5,124 ($1,067) 263,520 ($54,900)
Adjuvant treatment 201,472 ($41,973) 0 ($0) 201,472 ($41,973)
Surgery 13,109 ($2,731) 13,069 ($2,723) 40 ($8)
Radiation 5,647 ($1,176) 5,840 ($1,217) −193 ($−40)
Metastatic treatment 207 ($43) 3,914 ($815) −3,706 ($−772)
Disease management 68,906 ($14,355) 65,820 ($13,713) 3,086 ($643)
Indirect costs 338,832 ($70,590) 311,337($64,862) 27,494 ($5,728)

QALYs
Total 12.78 10.53 2.25
EF 13.61 10.84 2.77
LR 0.07 0.15 −0.08
DM 0.12 0.29 −0.17

Lys
Total 16.47 13.55 2.92
EF 16.18 12.90 3.28
LR 0.10 0.20 −0.10
DM 0.20 0.46 −0.26

Incremental costs per QALY gained N/A N/A 218,285 ($45,476)
Incremental costs per LY gained N/A N/A 168,223 ($35,046)

Abbreviations. EF, event-free; DM, distant metastasis; ICER, incremental cost-effectiveness ratio; LR, locoregional recurrence LY, life year; QALY, quality-adjusted 
life year.
aAll costs given in the 2022 Egyptian pound (EGP) (USD, $). All results in Egyptian Pounds were converted to USDs using purchasing power parity conversion 
factor for gross domestic product26.

bIncludes indirect cost.
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therapy, both in terms of QALYs gains and LYs gained. In the 
base case analysis, the incremental cost per QALY gained 
with pembrolizumabþ chemotherapy/pembrolizumab com
pared with chemotherapy alone was EGP 218,285 ($45,476), 
which is lower than the Egyptian WTP threshold of EGP 
398,439 ($83,008).

Our findings align with those of the US cost-effective
ness analysis of pembrolizumabþ chemotherapy/pembroli
zumab vs neoadjuvant chemotherapy model adaptation for 
patients with high-risk eTNBC reporting that pembrolizu
mabþ chemotherapy/pembrolizumab was associated with 
an ICER of $27,285 (2021 USD) per QALY gained compared 
with chemotherapy alone, which is below commonly cited 
US WTP thresholds ($50,000–$150,000 per QALY)12. Notably, 
this alignment in findings occurred despite the US cost- 

effectiveness analysis’ exclusive focus on direct costs while 
in the present study we included both direct and indirect 
costs. In an additional analysis looking only at direct costs 
only (the payer perspective), we found that pembrolizu
mabþ chemotherapy/pembrolizumab was associated with 
an ICER of EGP 206,079 ($42,933) per QALY gained com
pared with chemotherapy alone; a value still lower than the 
Egyptian WTP threshold of EGP 398,439 ($83,008). Our find
ings also align with those of the Swiss cost-effectiveness 
analysis model adaptation reporting that pembrolizumabþ
chemotherapy/pembrolizumab in patients with high-risk 
eTNBC was associated with an ICER of CHF 14,114 per 
QALY gained compared with chemotherapy alone, which is 
below the Swiss WTP threshold (CHF 100,000/QALY 
gained)13.

Figure 1. Probabilistic sensitivity analysis of cost-effectiveness of treatment for triple-negative breast cancer. 
Abbreviations. ICER, incremental cost-effectiveness ratio; QALY, quality-adjusted life year; WTP, willingness-to-pay.

Figure 2. One-way sensitivity analyses of the incremental cost-effectiveness ratio for treatment of triple-negative breast cancer. 
Abbreviations. AE, adverse event; DM, distant metastasis; EF, event-free; EFS, event-free survival; EGP, Egyptian pound; L, lower bound of confidence interval; LR, locoregional recurrence; 
QALY, quality-adjusted life year; U, upper. 
�� Indicates a sensitivity analysis in which pembrolizumabþ chemotherapy is dominated.
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Clinical benefit remains a key parameter in determining 
cost-effectiveness, as underscored by modeling findings, 
including those of the current study, that regimen-specific 
survival probabilities are more important than drug prices in 
influencing ICER estimates for breast cancer12,27. Our model 
showed that neoadjuvant and adjuvant pembrolizumab was 
likely to have a clinical benefit for Egyptian patients with 
eTNBC, as highlighted by the similarity between our esti
mates of incremental gains in event-free QALYs (2.76) and 
LYs (3.28) and those reported in the United States (event- 
free QALYs: 2.90; event-free LYs: 3.37)12.

Although not as influential as clinical benefit, affordability 
is a key parameter determining the cost-effectiveness of can
cer treatments. Indeed, multiple studies have reported that 
the high price of targeted breast cancer therapies precludes 
them from being cost-effective treatment options in some 
settings, and that differences in drug prices can contribute 
to between-country variations in cost-effectiveness 
findings27–33. Studies evaluating newer versus standard tras
tuzumab-based antibody-drug conjugate therapy for HER2- 
positive metastatic breast cancer reported substantially 
higher incremental drug costs in China than in the United 
States, contributing to the findings that the newer therapy 
was not cost-effective in China but was in the United 
States27,28. Another comparative analysis found that ICERs for 
several targeted cancer therapies were substantially lower in 
England than in the United States due to price discounts 
negotiated by England’s nationalized healthcare system29. In 
this context, our finding of cost-effectiveness suggests that 
drug costs for pembrolizumab are manageable in the 
Egyptian healthcare setting.

In the current study, findings of patient benefit were par
ticularly pronounced for LYs gained, which some argue is 
more objective than the QALY for guiding decisions regard
ing targeted breast cancer treatment34. Nevertheless, we also 
found pembrolizumab was cost-effective from the perspec
tive of QALYs, which remains the primary metric used to 
assess the cost-effectiveness of health interventions35,36. 
Thus, our findings of cost-effectiveness were robust across 
multiple metrics, which is encouraging, particularly as poor 
access to targeted cancer therapies is a key clinical care gap 
underlying poorer breast cancer outcomes in low- and mid
dle-income countries37,38.

A strength of our study was our use of a Markov model, 
which is a well-established modeling approach used in 
health technology assessment submissions that can capture 
both costs and outcomes accurately39. Furthermore, model 
inputs were derived from the KEYNOTE-522 trial, a high- 
quality clinical trial that directly compared pembrolizumabþ
chemotherapy compared with chemotherapy alone10 and 
country-specific data for competing risk of death and costs, 
including administration costs.

Nevertheless, our study had limitations, which should be 
considered in interpreting study results. At the time we con
ducted our analysis, KEYNOTE-522 trial estimates of EFS were 
based on a median follow-up of 39 months; thus, extrapola
tion to a lifetime horizon may be unreliable. Modeling with 

longer-term follow-up data from KEYNOTE-522 should be 
conducted to validate our findings. Our model was also sen
sitive to EFS probabilities for eTNBC, which were estimated 
using data from a trial conducted primarily in high-income 
settings, where clinical outcomes may differ from those in 
middle-income countries. Further, QALYs were calculated 
using utility values derived through primary analyses of the 
EuroQoL-five-dimensional questionnaire (EQ-5D-5L) data col
lected in the KEYNOTE-522 trial, and therefore, these utility 
inputs were for all patients (not exclusive to the Egyptian 
population). Cost inputs used in the model reflect costs in 
governmental hospitals, and thus our costing analysis may 
not apply to patients treated in private hospitals. Other indir
ect costs were not captured due to lack of local accurate 
data in literature about caregiver lost time and variability of 
cost data between different patient socioeconomic levels 
upon considering the premortality. Additionally, indirect cost 
assumptions were captured from international publications 
due to a lack of local data, but this was validated from our 
Delphi panel.

5. Conclusions

Findings of our economic evaluation indicate that neoadju
vant pembrolizumab plus chemotherapy followed by adju
vant pembrolizumab is a cost-effective treatment option for 
high-risk eTNBC in the Egyptian context. Consideration 
should be given to ensuring broader access to pembrolizu
mab for patients with eTNBC in Egypt.
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