


Table of Contents

Original Articles
Comparison of the Effect of Echinophora platyloba DC. Extract and Cordia myxa L Extract 
on the Expression of Apoptotic Genes of Bax, Bad, Bcl2, and P53 in A549 Lung Cancer Cells. ...............................................................07
Mahshad Kalantari, Maliheh Entezari, Abolfazl Movafagh, Kiavash Hushmandi, Hossein Dehghani

The effect of body mass index on clinico-pathological features and survival outcome in metastatic bladder carcinoma. .................14
Amrallah A. Mohammed, Ayman elshentenawy, Fifi Mostafa Elsayed

Estimation of Serum Midkine in Oral Squamous Cell Carcinoma and Oral Premalignancy. ....................................................................21
Dr. Anubhuti Shrivastava, Dr. Abhinav Shrivastava, Dr. Shreenivas Kallianpur, Dr. Gaurav Sharma, Dr. Manisha S Tijare

Impact and Cost-Effectiveness of Oncotype DX for Guiding Adjuvant Chemotherapy Decisions in Early Breast Cancer. ....................27
Fadi El Karak, Elie Rassy, Josiane Bassil, Mohamed Awali, Colette Hanna, Anthony Saroufim, Fadi Nasr, Fadi Farhat,
Joseph Kattan, Marwan Ghosn, Mike Paulden

Brain Metastasis from Breast Cancer: risk factors and radiotherapy perspective from a tertiary Middle Eastern facility. ...................36
Karzan Marif Murad, Hazha Abdullah Muhammad, Hawzheen Aziz Muhammad, Shkar Othman Arif, Shwan Ali Mohammed,
Kamaran Ahmad Mohammed, Jalil Salih Ali, Bamo Muhammed Muhsin, Nyan Othman Saeed, Sazgar Star Majeed, Layth Mula-Hussain

Identification of PKHD1 mutations in Brain, Breast and Rectal tumors by Next Generation DNA Sequencing .......................................42
Duaa Mohammed Almehmadi, Abdulrhman Saleh Dairi, Amal Ali Hassan, Anas Dannoun, Hussain Saleh Banni, Ehab M. Melibary, 
Abdel-Rahman Youssef, Mohiuddin M. Taher

Mesenchymal Chondrosarcoma-A Retrospective study ...........................................................................................................................54
Deepthi Beena, Jayasree Kattoor, Anitha Mathews, Sindhu P. Nair, Venugopal M, Priyakumari T,Geetha N 

Evaluation of cardiac toxicity of systemic treatments in Moroccan patients followed for 
localized breast cancer: Prospective observational study of 549 cases. ..................................................................................................59
Mariam Haffadi, Nezha Tawfiq, Meriam Dakir, Mouna Boughafour, Zineb Bouchbika, Nadia Benchakroun, Hassan Jouhadi,
Souha Sahraoui, Abdelatif Benider, Ikram Krikez, Rim Benmallek, Rachida Habbal

Review Articles
Transanal total mesorectal excision for patients with rectal cancer: a Systematic review and meta-analysis. ...................................66 
Jihane Ziati, Amine Souadka, Amine Benkabbou, Saber Boutayeb, Brahim Ahmadi, Laila Amrani, Raouf Mohsine, Mohammed Anass Majbar

Innate and adaptive immune cells in Tumor microenvironment. ..............................................................................................................77
Shrihari T.G.

Case Reports
Primary large cell neuroendocrine carcinoma of the ovary: A rare entity. ...............................................................................................82
Fatima Safini, Hassan Jouhadi, Hicham El Attar

Langherhans cell histiocytosis presenting as primary infertility in a young male. ..................................................................................86
Chandan Kumar, Garima Jain, Hiya Boro, Deepam Pushpam, Mukesh Yadav, Sameer Bakhshi, Sandeep Mathur, Pranay Tanwar

Malignant melanoma of urethra in a young female – Case report and Literature review. .......................................................................92
Jahnabi Das, Nikhila Radhakrishna, Gunaseelan K, Bhawana A Badhe

Conference Highlights/Scientific Contributions
• News Notes .............................................................................................................................................................................................96

• Advertisements .....................................................................................................................................................................................99

• Scientific events in the GCC and the Arab World for 2021 ...................................................................................................................100



27

Abstract

Introduction: Oncotype DX is approved in multiple 
countries but its cost-effectiveness is a matter of 
considerable health debate. Lebanon is high-middle 
income country according to the World Bank classification 
however it is facing a mounting financial and health care 
burden from cancer. Therefore, we conducted a cost-
effectiveness analysis of Oncotype DX based Lebanese 
on real-life data.

Methods: We updated a Canadian cost-effectiveness 
model of Oncotype DX by incorporating Lebanese data. 
The patient population was a real-life cohort of 82 
women diagnosed with hormone receptor – positive and 
HER2 – negative early breast cancer.

Results: Overall, providing Oncotype DX to only 
intermediate Adjuvant! Online risk patients costs an 
additional $83 CAD (93,883 LBP) per additional QALY. 
From this point, extending provision to also cover high 
Adjuvant! Online risk patients costs an additional $736 
CAD (831,578 LBP) per additional QALY. From this point, 

Original Article

Impact and Cost-Effectiveness of Oncotype DX for Guiding 
Adjuvant Chemotherapy Decisions in Early Breast Cancer

Fadi El Karak1, Elie Rassy1, Josiane Bassil1, Mohamed Awali1, Colette Hanna1, Anthony Saroufim1, Fadi Nasr1, 
Fadi Farhat1, Joseph Kattan1, Marwan Ghosn1, Mike Paulden2

1 Department of medical Oncology, Saint Joseph University, Faculty of Medicine, Beirut, Lebanon 
2 School of Public Health, University of Alberta, Canada

Corresponding Author: Josiane Bassil, M.D., 
Department of medical Oncology, Saint Joseph 
University, Faculty of Medicine, Beirut, Lebanon, 

Josiane.bassil@hotmail.com

extending provision further to also cover low Adjuvant! 
Online risk patients (such that Oncotype DX is provided 
to all patients) costs an additional $14,562 CAD (16.46m 
LBP) per additional QALY. Given that most women in our 
population-based sample were classified as intermediate 
Adjuvant! Online risk patients, our study focused on 
this subset in the second analysis. Providing Oncotype 
DX to intermediate Adjuvant! Online risk patients has a 
relatively small additional cost compared to not providing 
Oncotype DX, and results in a relatively large QALY gain. 
The incremental cost per QALY is $2,022 CAD (2.29m 
LBP), implying that Oncotype DX is cost-effective 
for intermediate Adjuvant! Online risk patients if the 
willingness-to-pay for a QALY is greater than 2.29m LBP.

Conclusion: As one of the few economic evaluations 
to date conducted using Lebanese data, this evaluation 
provides information to decision makers regarding the 
cost-effectiveness of providing Oncotype DX to Lebanese 
patients.

Keywords: Oncotype DX; Lebanese; cost effectiveness; 
early stage breast cancer

Highlights
Oncotype DX is approved in multiple countries but its 

cost-effectiveness is debatable.

This evaluation provides information concerning the 
cost-effectiveness of providing Oncotype DX to patients 
in middle-income countries.

It also provides a platform for future economic 
evaluations of genomic tests in middle-income countries.

Introduction
The use of adjuvant systemic therapy for early stage 

breast cancer has led to a reduction in cancer-related 
mortality by eradicating micro-metastatic disease in the 
circulation [1]. There is currently an increasing trend towards 

an individualized approach which spares some patients 
unnecessary chemotherapy. The use of chemotherapy is 
based traditionally on multiple prognostic factors that stratify 
patients according to risk groups. The Adjuvant! Online is an 
easy tool that categorizes breast cancer patients according 
to risk categories according to the patient’s clinical and 
pathologic risk [2]. The distinction between risk categories 
is arbitrary as this classification is a continuum of risks. 
Nevertheless, adjuvant chemotherapy is recommended 
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according to these risk groups. Basically, chemotherapy 
is recommended for patients with intermediate and high 
risk while endocrine therapy is recommended for low risk 
patients [3].

Although the clinical and pathologic risk classification 
provides some discrimination among breast cancer subsets 
and helps identify appropriate therapy, more information 
can be gained through genomic signature analyses [4]. These 
tests identify patients with estrogen receptor (ER) – and/or 
progesterone receptor (PR) – positive, human epidermal 
growth factor receptor 2 (HER2) – negative early breast 
cancer who are at low risk of recurrence and therefore will 
likely do well with endocrine therapy alone. These tests are 
approved in multiple countries but their cost-effectiveness 
is a matter of considerable health economy interest that 
hampered their approval in some instances [5]. The cost-
effectiveness of Oncotype DX (Genomic Health Inc., 
Redwood City, CA), a 21-gene assay has been reported in 
guiding adjuvant chemotherapy decisions in early breast 
cancer [6–11]. Unfortunately, these studies tend to ignore the 
clinical characteristics of population-based data and/or 
the real-life distribution of Oncotype DX risk scores [6–11].

Lebanon is high-middle income country according 
to the World Bank classification however it is facing a 
mounting financial and health care burden from cancer. 
Nevertheless, local health payers approved genomic 
signature analyses in guiding adjuvant chemotherapy 
decisions in early stage breast cancer [12]. In view of the 
recent Haute Autorité de Santé (HAS) recommendation not 
to reimburse genomic signature analyses at the current 
juncture, we conducted a cost-effectiveness analysis of 
Oncotype DX based Lebanese on real-life data.

Methods

Overview
This paper updates a Canadian cost-effectiveness 

model of Oncotype DX by incorporating Lebanese data [6]. 
It also considers the cost-effectiveness of Oncotype DX 
from the Lebanese perspective in order to evaluate the 
outcomes, costs, effectiveness, and cost-effectiveness 
of Oncotype DX, when used in conjunction with the Saint 
Gallen classification and adjuvant chemotherapy, upon 
patients’ predicted risk of distant recurrence [3].

The patient population was a real-life cohort of 82 
women diagnosed with ER/PR – positive, HER2 – negative 
early breast cancer, who were treated at Hotel Dieu de 
France University hospital between 2016 and 2018. Costs 
were measured in 2019 Canadian dollars. The analysis 
was conducted in March 2019.

Patients were first stratified according to Saint Gallen 

risk categories (low risk, intermediate risk and high 
risk) [3]. Each Saint Gallen risk category was then stratified 
according to the Oncotype DX risk group (scores < 18 
classified low risk, between 18 and 30 intermediate risk 
and >30 high risk) [13]. This resulted in patients being 
assigned to one of nine risk categories. Patients were 
assumed to receive adjuvant tamoxifen 20 mg daily for 
five years or tamoxifen 20 mg daily for two years followed 
by an aromatase inhibitor for three years.

In the original Canadian analysis, the probability that 
patients receive adjuvant chemotherapy was assumed 
to differ by risk category. Patients in the Oncotype 
DX low risk category were provided adjuvant CMF 
chemotherapy in a minority of patients. Patients in the 
Oncotype DX intermediate risk category provided adjuvant 
chemotherapy received TC chemotherapy, which includes 
docetaxel 75 mg/sqm and cyclophosphamide 600 mg/
sqm, given every three weeks for four cycles. Patients 
in the Oncotype DX high risk category were provided 
adjuvant chemotherapy of 3 FEC + 3 D chemotherapy, 
which includes 5-fluorouracil 500 mg/sqm, epirubicin 100 
mg/sqm, and cyclophosphamide 500 mg/sqm (FEC), given 
every three weeks for three cycles, followed by docetaxel 
100mg/sqm given every three weeks for three cycles.

All chemotherapy patients risked toxicity requiring 
hospital treatment. Our institutional data reports 
hospitalization in 6.15% during the TC chemotherapy and 
2.9% during the 3 FEC + 3 D chemotherapy [14]. Patients 
were initially assumed to be distant recurrence free, but 
risked developing a distant recurrence over their lifetime.

Model
The model used in this analysis is based on the 

statistical model that served to conduct a cost-
effectiveness analysis of Oncotype Dx in the Canadian 
population [6]. This paper will summarize only the changes 
made from the original methods which have been 
published elsewhere [6]. The model was adjusted to the 
Lebanese population according to previous publications 
from Saint Joseph University-Faculty of Medicine [14–16]. 
Of note, the model used for the original Canadian analysis 
was based upon a consideration of Adjuvant! Online risk, 
whereas our patients were categorized according to the 
Saint Gallen risk classification. For the purpose of the 
analysis, we assumed that the Adjuvant! Online and Saint 
Gallen risk classifications were concordant in categorizing 
patients into three risk groups.

Overall, two separate analyses were conducted. The first 
analysis updated some cost parameters from the original 
2012 Canadian values to 2019 Lebanese estimates. 
The second analysis built upon the first analysis by also 
updating some probability parameters to reflect recent 
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Lebanese data. For both analyses, probabilistic analysis 
was conducted using the same types of distributions used 
in the 2012 Canadian analysis. In addition to updating the 
cost and probability parameters as described below, the 
discount rate was lowered from 5% to 1.5% per annum, in 
line with the most recent edition of the Guidelines for the 
Economic Evaluation of Health Technologies published by 
the Canadian Agency for Drugs and Technologies in Health 
(CADTH) [17]. Analyses were conducted in 2019 Canadian 
dollars (CAD). Cost-effectiveness results were converted 
into 2019 Lebanese pounds (LBP) ($1 = 1130.49 LBP as 
of 17 March 2019).

Cost parameters updated with 
Lebanese estimates

Lebanese cost estimates were provided for the 
following parameters in 2019 US Dollars (USD) and 
converted to 2019 CAD at the prevailing exchange rate on 
12 April 2019 (1 USD = 1.33 CAD):

• 21-gene assay: $3,700 USD (one time cost per 
patient);

• TC chemotherapy specific costs: $1,700 USD (each 
of 4 cycles);

• FEC-D chemotherapy specific costs: $700 USD (each 
of 3 cycles) + $1,400 USD (each of 3 cycles)

• Tamoxifen: $8 USD (per month);

• Ongoing care for recurrence-free patients: $722 
USD (total for year 1), $584 USD (total for year 2), 
$446 USD (total for year 3), $308 USD (total for year 
4), $308 USD (total for year 5);

• End of life care (last 3 months): $11,500 USD (one 
time);

• Treatment of non-fatal chemotherapy toxicity: 
$1,835.30 USD (neutropenia/fever/infections), 
$7,000 USD (injuries & trauma), $4,503.20 USD 
(malignant neoplasm), $3,023 USD (pain & pain 
management), $2,761.30 USD (nausea/vomiting/
dehydrating), $4,515.70 USD (gastrointestinal tract), 
$2,000 USD (chest pain) (one time).

For all remaining cost parameters, the original estimates 
(reported in 2012 CAD) were retained but updated to 2019 
CAD using the Ontario consumer price index for Health & 
Personal Care (2012=118.1, 2019=125.9) [18]. The updated 
cost estimates (2019 CAD) were:

• Chemotherapy laboratory tests (all regimens): 
$396.96 (total for all cycles);

• Chemotherapy human resources (all regimens): 
$943.59 (total for all cycles);

• CMF chemotherapy specific costs: $14.60 (each of 
6 cycles);

• Initial cost of treatment for distant recurrence: 
$8,908.12 (one time);

• Ongoing cost of treatment for distant recurrence: 
$764.96 (per month);

• Treatment of fatal toxicity: $35,941.62 (one time).

For this analysis, all eight strategies from the existing 
Canadian model were considered:

• Do not provide Oncotype DX to any patients 
(regardless of Adjuvant! Online risk);

• Provide Oncotype DX to low Adjuvant! Online risk 
patients only;

• Provide Oncotype DX to intermediate Adjuvant! Online 
risk patients only;

• Provide Oncotype DX to high Adjuvant! Online risk 
patients only;

• Provide Oncotype DX to low or intermediate Adjuvant! 
Online risk patients only;

• Provide Oncotype DX to low or high Adjuvant! Online 
risk patients only;

• Provide Oncotype DX to intermediate or high Adjuvant! 
Online risk patients only;

• Provide Oncotype DX to all patients (regardless of 
Adjuvant! Online risk).

These eight strategies allowed for consideration of the 
cost-effectiveness of providing the Oncotype DX across 
all possible combinations of Adjuvant! Online risk groups.

Probabilities updated with 
Lebanese estimates

For the second analysis, data from the sample of 71 
Lebanese patients with an intermediate risk Adjuvant! 
Online score were used to update two sets of probability 
parameters within the model including proportion of patients 
assigned to each risk category and proportion of patients 
in each risk category provided adjuvant chemotherapy. 
The Lebanese cost estimates from the first analysis were 
also applied in this second analysis. The proportion of 
intermediate risk Adjuvant! Online patients assigned to each 
21-gene assay risk group in the model was updated based 
upon the distribution of Oncotype DX scores observed in this 
sample of 71 Lebanese patients: 43 (60.6%) low risk, 21 
(29.6%) intermediate risk and 7 (9.8%) high risk.

For each risk group, the proportion of patients provided 
adjuvant chemotherapy was also updated, based on 
patient-level data from the sample of 71 patients 
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regarding the initial chemotherapy recommendation 
prior to receiving Oncotype DX results; and the final 
chemotherapy decision made after receiving Oncotype 
DX results. The sample data is summarized in Table 1. 
Based on these data, it was assumed that chemotherapy 
is provided to no patients (0/43) at low Oncotype DX risk, 
two thirds of patients (14/21) at intermediate Oncotype 
DX risk, and all patients (7/7) at high Oncotype DX risk. 
Under the strategy where the 21-gene assay is not 
provided, 52.11% (37/71) of patients were assumed to 
receive chemotherapy, based on the initial chemotherapy 
recommendation. The probability that chemotherapy 
results in a hospital visit due to toxicity was updated based 
on the results of a published study of toxicities associated 
with docetaxel-based regimens in the adjuvant treatment 
of Lebanese patients with early breast cancer [14].

Results

Impact of Oncotype DX on 
adjuvant treatment decisions

A total of 82 patients with early-stage breast cancer 
were eligible for analysis (Table 1). Three patients with 
Adjuvant! Online score had high Oncotype DX risk and 
one had intermediate Oncotype Dx risk. Twenty four 
patients with high Adjuvant! Online had low Oncotype Dx 
score. After Oncotype Dx testing, the recommendations 
for chemoendocrine therapy decreased from 52.4% to 
26.8% and the recommendations for endocrine therapy 
increased from 48.8% to 74.4% (p=0.007).

Analysis 1: Cost parameters updated 
with Lebanese estimates

The results of the first analysis are summarized across 
Table 2 (outcomes), Table 3 (costs), Table 4 (effectiveness) 
and Table 5 (cost-effectiveness). The strategies in each 
table have been sorted in ascending order by total lifetime 
costs.

Outcomes Providing the Oncotype DX to all patients 
minimizes the number of patients provided adjuvant 
chemotherapy (355 per 1,000 patients, versus 510 if 
no patients receive Oncotype DX). It also minimizes 
the number of patients experiencing a hospital visit for 
toxicity (60 vs 87 per 1,000), 10 year distance recurrence 
(56 vs 89 per 1,000), or 10 year death from breast cancer 
(46 vs 73 per 1,000). Providing the 21-gene assay to only 
low Adjuvant! Online risk patients moderately improves 
outcomes compared to not providing the 21-gene assay 
at all, with 10 year death from breast cancer falling from 
73 to 70 per 1,000. Greater gains arise from providing the 
Oncotype DX to intermediate and/or high Adjuvant! Online 
risk patients.

Costs Providing Oncotype DX to only intermediate 
Adjuvant! Online risk patients results in very small 
additional total lifetime costs compared to not providing 
the Oncotype DX at all ($21.26m vs $21.24m). This is 
because the additional costs of the Oncotype DX are 
almost entirely compensated for by reduced expenditures 
on adjuvant chemotherapy, reduced costs of treatment 
following distant recurrence, and reduced end of life 
expenditures (since fewer patients die from breast 
cancer). Providing Oncotype DX to low or high Adjuvant! 
Online risk patients results in greater additional total 
lifetime costs, such that the most expensive strategy is to 
provide Oncotype DX to all patients.

Effectiveness The most effective strategy is to provide 
the Oncotype DX to all patients, while the least effective 
strategy is to provide the 21-gene assay to no patients. 
This finding holds regardless of whether effectiveness 
is measured in life years or quality-adjusted life years 
(QALYs).

Cost-effectiveness Providing Oncotype DX to only 
intermediate Adjuvant! Online risk patients costs an 
additional $83 CAD (93,883 LBP) per additional QALY. 
From this point, extending provision to also cover high 
Adjuvant! Online risk patients costs an additional $736 
CAD (831,578 LBP) per additional QALY. From this point, 
extending provision further to also cover low Adjuvant! 
Online risk patients (such that Oncotype DX is provided 
to all patients) costs an additional $14,562 CAD (16.46m 
LBP) per additional QALY.

Since many of the input parameters were uncertain, 
these results are also uncertain. This is reflected in the 
probability that each strategy is cost-effective, as reported 
in Table 5 for each of two possible ‘willingness-to-pay’ 
values: 10m LBP per QALY and 20m LBP per QALY. At the 
lower of these values, there is a 78% probability that it is 
cost-effective to provide Oncotype DX to only intermediate 
and high Adjuvant! Online risk patients, and a 20% 
probability that it is cost-effective to provide Oncotype 
DX to all patients. At the higher willingness-to-pay value, 
the probability that it is cost-effective to provide Oncotype 
DX to all patients increases to 56%, while the probability 
that it is cost-effective to provide Oncotype DX to only 
intermediate or high Adjuvant! Online risk patients falls to 
43%. At either willingness-to-pay value, that probability 
that any other strategy is cost-effective is less than 1%.

Analysis 2: Probabilities also updated 
with Lebanese estimates

The results of the second analysis are summarized 
across Table 6 (outcomes), Table 7 (costs), Table 8 
(effectiveness) and Table 9 (cost-effectiveness).
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Table 1. Number and proportion of intermediate risk patients recommended chemotherapy before and after results of 
Oncotype DX are known

Patients recommended 
chemotherapy

Oncotype DX risk group

Low Intermediate High Total

Scenario: Chemotherapy not recommended before results known and not recommended after results known

Number 23 6 0 29

Proportion 32.39% 8.45% 0% 40.85%

Chemotherapy recommended before results known and recommended after results known

Number 0 11 5 16

Proportion 0% 15.49% 7.04% 22.54%

Scenario: Chemotherapy not recommended before results known and recommended after results known

Number 0 3 2 5

Proportion 0% 4.23% 2.82% 7.04%

Scenario: Chemotherapy recommended before results known and not recommended after results known

Number 20 1 0 21

Proportion 28.17% 1.41% 0% 29.58%

Adjuvant! Online risk groups 
provided with Oncotype DX

Outcomes

Provided 
Oncotype DX 

Provided adjuvant 
chemo

Hospital visit 
for toxicity

10 year distant 
recurrence

10 year death from 
breast cancer

No patients 0 510 87 89 73

Intermediate only 187 497 84 78 64

High only 283 507 86 71 58

Intermediate and high 470 493 84 61 50

Low only 530 371 63 84 70

Low and intermediate 717 358 61 74 61

Low and high 813 368 62 67 55

All patients 1000 355 60 56 46

Adjuvant! Online risk 
groups provided with 

Oncotype DX

Costs (2019 CAD)

Providing 21-
gene assay

Providing 
adjuvant 
chemo

Prior to distant 
recurrence

Following 
distant 

recurrence

Last 3 months 
of life

Total lifetime 
costs

No patients $0.00m $3.44m $10.45m $4.46m $2.89m $21.24m

Intermediate only $0.92m $3.14m $10.62m $4.00m $2.58m $21.26m

High only $1.39m $3.31m $10.71m $3.74m $2.41m $21.56m

Intermediate and high $2.31m $3.01m $10.88m $3.27m $2.11m $21.58m

Low only $2.61m $3.74m $10.62m $4.15m $2.68m $23.80m

Low and intermediate $3.53m $3.44m $10.79m $3.68m $2.38m $23.82m

Low and high $4.00m $3.61m $10.88m $3.42m $2.21m $24.12m

All patients $4.92m $3.31m $11.05m $2.95m $1.91m $24.14m

Table 2. Outcomes associated with each strategy (per 1,000 patients)

Table 3. Costs associated with each strategy (per 1,000 patients)
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Outcomes Providing Oncotype DX to intermediate 
Adjuvant! Online risk patients results in fewer patients 
provided adjuvant chemotherapy (296 per 1,000 patients, 
versus 521 if these patients do not receive Oncotype DX). 
It also reduces the number of patients experiencing a 
hospital visit for toxicity (18 vs 32 per 1,000), 10 year 
distance recurrence (56 vs 76 per 1,000), or 10 year 
death from breast cancer (46 vs 62 per 1,000).

Costs Providing Oncotype DX to intermediate Adjuvant! 
Online risk patients increases total lifetime costs ($24.00m 
vs $22.79m per 1,000 patients). These additional costs are 
relatively small compared to the additional up-front costs 
of providing Oncotype DX ($4.92m per 1,000 patients), 
since these costs are mostly compensated for by reduced 
expenditures on adjuvant chemotherapy, reduced costs of 
treatment following distant recurrence, and reduced end 
of life expenditures.

Effectiveness Providing Oncotype DX to intermediate 
Adjuvant! Online risk patients is more effective than not 
providing Oncotype DX (18,311 QALYs vs 17,716 QALYs 
per 1,000 patients).

Cost-effectiveness Providing Oncotype DX to 
intermediate Adjuvant! Online risk patients has a relatively 
small additional cost compared to not providing Oncotype 
DX, and results in a relatively large QALY gain. The 
incremental cost per QALY is $2,022 CAD (2.29m LBP), 
implying that Oncotype DX is cost-effective for intermediate 
Adjuvant! Online risk patients if the willingness-to-pay 
for a QALY is greater than 2.29m LBP. If the willingness-
to-pay for a QALY is lower than this, then Oncotype DX is 
not cost-effective for intermediate Adjuvant! Online risk 
patients. When parameter uncertainty is accounted for, 
the probability that providing Oncotype DX to intermediate 
Adjuvant! Online risk patients is cost-effective is 83% at 

Table 4. Effectiveness of each strategy (per 1,000 patients)

Adjuvant! Online risk groups provided with Oncotype DX
Effectiveness

Life years QALYs

No patients 22,495 17,423

Intermediate only 22,842 17,697

High only 23,052 17,862

Intermediate and high 23,399 18,136

Low only 22,707 17,599

Low and intermediate 23,054 17,873

Low and high 23,264 18,038

All patients 23,610 18,312

Table 5. Cost-effectiveness of each strategy

Adjuvant! Online risk groups 
provided with Oncotype Dx

Cost-effectiveness

ICER 
(per QALY)
(2019 CAD)

ICER 
(per QALY)
(2019 LBP)

Prob CE at 
10 million LBP

per QALY

Prob CE at 
20 million LBP

per QALY

No patients N/A N/A 0.01% 0.00%

Intermediate only $83 93,883 LBP 0.44% 0.12%

High only ED ED 0.63% 0.25%

Intermediate and high $736 831,578 LBP 78.27% 43.43%

Low only D D 0.00% 0.00%

Low and intermediate D D 0.14% 0.15%

Low and high D D 0.12% 0.18%

All patients $14,562 16,462,442 LBP 20.39% 55.87%

ICER: incremental cost-effectiveness ratio; LBP: Lebanese pounds; N/A: not applicable; PROB CE: probability of cost-effectiveness; QALY: 
quality-adjusted life years
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a willingness-to-pay of 10m LBP per QALY, or 88% at a 
willingness-to-pay for 20m LBP per QALY.

Discussion
TAILORx is the pivotal study evaluating the role of 

Oncotype DX in guiding treatment decision in early breast 
cancer. Patients with low Oncotype DX risk score may 
safely omit chemotherapy [19]. Although more recurrences 
are expected with longer follow-up, it is unlikely that 
these would have been prevented by the administration 
of chemotherapy whose impact is mediated by reduction 
of early recurrences in this subset [19]. Accordingly, our 
clinical practice favored endocrine therapy in patients 

with low Oncotype DX score and chemoendocrine therapy 
in the remaining patients.

In our first analysis, we found that among women with 
ER/PR – positive, HER2 – negative, Oncotype DX testing 
is not cost-effective in low Adjuvant! Online risk patients 
unless the willingness-to-pay for a QALY is higher than 
16.46m LBP ,whereas the gross domestic product per 
capita is approximately 13m LBP. Oncotype DX is cost-
effective for intermediate and high Adjuvant! Online risk 
patients if the willingness-to-pay for a QALY is higher 
than 831,578 LBP, or for only intermediate risk patients if 
the willingness-to-pay for a QALY is lower than 831,578 
LBP but higher than 193,883 LBP.

Table 6. Outcomes associated with each strategy (per 1,000 patients)

Oncotype DX 
provided to intermediate 

risk patients

Outcomes

Provided 
Oncotype DX

Provided 
adjuvant chemo

Hospital visit for 
toxicity

10 year distant 
recurrence

10 year death from 
breast cancer

Not provided 0 521 32 76 62

Provided 1000 296 18 56 46

Table 7. Costs associated with each strategy (per 1,000 patients)

Oncotype DX 
provided to 

intermediate risk 
patients

Costs (2019 CAD)

Providing 
Oncotype DX

Providing 
adjuvant 
chemo

Prior to 
distant 

recurrence

Following 
distant 

recurrence

Last 3 
months of 

life

Total lifetime 
costs

Not provided $0.00m $5.59m $10.62m $4.00m $2.58m $22.79m

Provided $4.92m $3.11m $11.08m $2.97m $1.92m $24.00m

Table 8. Effectiveness of each strategy (per 1,000 patients)

Oncotype DX provided to intermediate risk patients
Effectiveness

Life years QALYs

Not provided 22,876 17,716

Provided 23,612 18,311

QALY: quality-adjusted life years

Table 9. Cost-effectiveness of each strategy

Oncotype DX 
provided to intermediate risk 

patients

Cost-effectiveness

ICER 
(per QALY)
(2019 CAD)

ICER 
(per QALY)
(2019 LBP)

Prob CE at 
10 million LBP

per QALY

Prob CE at 
20 million LBP

per QALY

Not provided N/A N/A 17.30% 12.11%

Provided $2,022 2,285,456 LBP 82.70% 87.89%

ICER: incremental cost-effectiveness ratio; LBP: Lebanese pounds; N/A: not applicable; PROB CE: probability of cost-effectiveness; QALY: 
quality-adjusted life years
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We conducted a second analysis that also integrated 
individual level data from Lebanese patients to inform 
key model probabilities. Given that most women in our 
population-based sample were classified as intermediate 
Adjuvant! Online risk patients, our study focused on this 
subset. The results suggested that it is cost-effective to 
provide Oncotype DX to intermediate Adjuvant! Online risk 
patients if the willingness-to-pay for a QALY is greater 
than 2.29m LBP.

At the time of model conception, our approach consisted 
in treating intermediate Oncotype DX risk patients with 
chemoendocrine therapy. However, a recent analysis of 
the intermediate Oncotype DX risk patients treated in the 
TAILORx study showed that adjuvant endocrine therapy and 
chemoendocrine therapy have similar efficacy although 
some benefit of chemotherapy was found in some women 
50 years of age or younger [20]. We, therefore, modified our 
clinical practice to prescribe chemoendocrine therapy in 
patients with intermediate Oncotype DX score which adds 
to the cost-effectiveness of Oncotype DX in this subset. 
ER/PR – positive, HER2 – negative early stage breast 
cancer may be receiving endocrine therapy alone which 
spares chemotherapy specific and associated costs.

These analyses are subject to the same limitations 
reported in the original Canadian publication [6]. In addition, 
the Lebanese cost estimates are deterministic and are not 
available for some cost parameters. The remaining cost 
estimates were inflated from the original 2012 Canadian 
estimates, rather than being updated using recent cost 
data. Furthermore, since the original 2012 publication, other 
genomic tests for breast cancer have become available 
around the world, which necessitates the comparison 
of Oncotype DX to these other tests to consider whether 
Oncotype DX is truly cost-effective today. In the absence 
of existing willingness-to-pay estimates for Lebanon, this 
evaluation used arbitrary estimates of 10m LBP and 20m 
LBP per QALY to consider the probability that Oncotype 
DX is cost-effective. Further work is required to obtain 
more accurate willingness-to-pay estimates for Lebanon 
to inform future economic analyses.

Conclusion
This paper represents a first attempt to consider the 

cost-effectiveness of Oncotype DX in Lebanon, based 
upon Lebanese cost estimates and a sample of individual 
level data collected from Lebanese patients. As one of 
the few economic evaluations to date conducted using 
Lebanese data, this evaluation provides information 
to decision makers regarding the cost-effectiveness 
of providing Oncotype DX to Lebanese patients. It also 
provides a platform for future economic evaluations of 
genomic tests in Lebanon.
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