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Background: Breast cancer is the leading cause of cancer among women in India. 
Treatment with hormone therapy reduces recurrence. We undertook this cost-effectiveness 
study to ascertain the treatment option offering the best value for money.
Methods: The lifetime costs and health outcomes of using tamoxifen, AI and switch therapy 
were measured in a cohort of 50-year-old women with HR-positive early stage breast cancer. 
A Markov model of disease was developed using a societal perspective with a lifetime study 
horizon. Local, contralateral, and distant recurrence were modelled along with treatment 
related adverse effects. Primary data collected to obtain estimates of out-of-pocket expendi
ture (OOPE) and utility weights. Both health system cost and OOPE were included. The 
future costs and consequences were discounted at 3%. A probabilistic sensitivity analysis 
was used.
Results: The lifetime cost of hormone therapy with tamoxifen, AI and switch therapy was to 
be ₹1,472,037 (I$ 68,947), ₹1,306,794 (I$ 61,208) and ₹1,281,811 (I$ 60,038). The QALYs 
lived per patient receiving tamoxifen, AI and switch were 13.12, 13.42 and 13.32. tamoxifen 
was found to be more expensive and less effective. As compared to switch therapy, AI for 
five years incurred an incremental cost of ₹259,792 (I$12,168) per QALY gained. At the 
willingness to pay equals to per capita GDP of India, there is 55% probability of AI therapy 
to be cost-effective compared to switch therapy.
Conclusion: In postmenopausal women with HR-positive early-stage breast cancer, switch 
therapy is recommended for use on the basis of cost-effectiveness.
Keywords: cost-effectiveness, aromatase inhibitor, tamoxifen, endocrine therapy, breast 
cancer

Background
Breast cancer is the leading cancer among women in India with 178,361 new cases 
in 2020, which accounts for 13.5% of all cancers in the country.1 This number is 
predicted to double by year 2025.2 Since the mean age of diagnosis of breast cancer 
in India is 50 years, more than half of breast cancer cases are postmenopausal, and 
more than 50% of them have a hormone receptor (HR) positive cancer.3 Adjuvant 
endocrine therapy with aromatase inhibitors (AI) for five years reduces 10-year 

Correspondence: Shankar Prinja  
Department of Community Medicine and 
School of Public Health, Postgraduate 
Institute of Medical Education and 
Research, Chandigarh, India  
Tel +91 9872871978  
Email shankarprinja@gmail.com

Breast Cancer: Targets and Therapy 2021:13 625–640                                                       625
© 2021 Butani et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms. 
php and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the 

work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For 
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

Breast Cancer: Targets and Therapy                                                     Dovepress
open access to scientific and medical research

Open Access Full Text Article

Received: 4 August 2021
Accepted: 15 October 2021
Published: 27 November 2021

B
re

as
t C

an
ce

r:
 T

ar
ge

ts
 a

nd
 T

he
ra

py
 d

ow
nl

oa
de

d 
fr

om
 h

ttp
s:

//w
w

w
.d

ov
ep

re
ss

.c
om

/
F

or
 p

er
so

na
l u

se
 o

nl
y.

http://orcid.org/0000-0003-3787-2446
http://orcid.org/0000-0001-7719-6986
mailto:shankarprinja@gmail.com
http://www.dovepress.com/permissions.php
https://www.dovepress.com


breast cancer mortality by 40% compared to no endocrine 
therapy in early stage HR-positive breast cancer.

All clinical guidelines recommend five years of adju
vant endocrine therapy for early stage HR- positive breast 
cancer.4,5 These recommendations are different for preme
nopausal and postmenopausal females. For postmenopau
sal females, there is no uniform consensus. The 
recommendations include, (i) five years of AI, (ii) two-to- 
three years of tamoxifen followed by AI for up to five 
years, (iii) AI for two-to-three years followed by tamox
ifen for up to 5 years, and (iv) tamoxifen for five years 
followed by AI.6,7 Various studies have shown that AI are 
superior to tamoxifen in preventing recurrence and 
improving overall survival. Consequently all the clinical 
practice guidelines recommend the use of an AI at some 
point of time in the adjuvant endocrine treatment of HR- 
positive postmenopausal women.8

Despite the health benefits delivered by adjuvant endo
crine therapy, adherence to treatment remains poor, more 
so in developing countries like India.9 Various reasons for 
noncompliance include the high cost of the drugs, pro
longed duration of treatment and the adverse effects asso
ciated with the endocrine therapy.10 Lack of consensus on 
the regimen of endocrine therapy combined with the non
compliance among the patients due to high cost merits an 
economic analysis.

Several cost-effectiveness analyses have evaluated 
adjuvant endocrine therapy.11–20 However, most of them 
have compared head-to-head monotherapies and have used 
effectiveness from clinical data with shorter follow-up. 
Recently, various clinical trials have reported long-term 
follow-up results. An economic evaluation using clinical 
parameters from a recently published meta-analysis will 
help in generating stronger evidence.7

Furthermore, the Indian women are diagnosed with 
breast cancer 10 years earlier than their Western counter
parts, hence the impact of treatment on survival, quality of 
life and lifetime costs can be significantly different. An 
economic evaluation from an Indian health care perspec
tive will guide towards better clinical decision making. 
Moreover, a cost-effectiveness analyses would also help 
generate evidence in the context of such price setting to 
determine value-based pricing, which would be of use to 
the National Pharmaceutical Pricing Authority (NPPA) 
which regulates the price of several anticancer drugs.

We undertook this study to assess the cost- 
effectiveness of adjuvant endocrine therapy, ie we have 
compared the effects of aromatase inhibitor and switch 

therapy (tamoxifen for two years followed by AI for the 
remaining five years) against tamoxifen in the Indian con
text among postmenopausal women, with HR-positive 
breast cancer.

Methods
The analysis was performed from a societal perspective 
over a lifetime time horizon.21 Future costs and health 
outcomes were discounted at a rate of 3% per annum 
considering recently published national guidelines on eco
nomic evaluation.22–24

Model Structure
A Markov model was developed for HR-positive postme
nopausal women with early stage breast cancer to stimu
late their lifetime costs and consequences. Based on the 
assumption that the average age of postmenopausal 
women in India is 50 years, women entered the model at 
start age of 50 years.25 The analysis was performed using 
an eight health state model built in Microsoft Excel®. 
These included: progression free health state (PFS), locor
egional recurrence (LR), contralateral breast cancer 
(CLB), distant metastasis (DM), endometrial cancer, 
thromboembolic event, death resulting from breast cancer 
and all-cause mortality. The model was adapted to utilize 
a yearly cycle based on available literature.17,20,26,27 At 
model entry all patients had a stable progression free 
disease. During each year cycle, the women faced 
a probability of transitioning to a more advanced health 
state, develop adverse events (AEs), die due to breast 
cancer or die due to other causes. In terms of AEs, tamox
ifen causes endometrial cancer and thromboembolism 
(deep vein thrombosis, DVT; and pulmonary embolism, 
PE), while AI’s have been reported to cause increased risk 
to musculoskeletal effects like osteoporosis and bone 
fracture.28 The effect of each AE was modelled separately 
with each exclusive health state. (Figure 1)

Outcomes were calculated based on life years (LY) and 
quality-adjusted life years (QALY). Results are reported as 
incremental cost (all costs are reported in Indian 
National Rupee (₹) and International dollar (I$) using the 
average conversion of 1I$=21.3 in 2020) per LY and 
QALY gained with use of adjuvant hormone therapy. 
Since hormone therapy has shown to reduce recurrence 
rates and specifically incidence of contralateral breast, the 
costs for management of a CLB for each therapy was 
reported. As per the guidelines for health technology 
assessment in India and as per WHO recommendations, 
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we used the threshold of per capita gross domestic product 
(GDP) that equals ₹134,400 (I$1840) in 2020 to evaluate 
cost-effectiveness.23,29 The International Society for 
Pharmacoeconomics and Outcomes Research Task Force 
Consolidated Health Economic Evaluation Reporting 
Standards (CHEERS) were used to report the findings.30

Intervention and Control
As per the standard guidelines for management of HR- 
positive breast cancer, adjuvant hormone therapy is admi
nistered orally once daily for a minimum duration of five 
years. We compared three treatment strategies: (i) AI 
monotherapy (five-years), (ii) tamoxifen monotherapy 
(five-years), and (iii) switch therapy (tamoxifen for two 
years followed by AI for up to year five).4,31 A no- 
treatment arm was not evaluated in this study because 
standard guidelines recommend adjuvant endocrine ther
apy for newly diagnosed HR-positive patients.

Model Assumptions
We treated the effects for AI drug class as a group without 
reference to any specific drug. This assumption was based 
on the fact that adjuvant and neo-adjuvant endocrine therapy 
studies do not show a significant difference between the 
three AIs, ie letrozole, anastrozole and exemestane in 
terms of their effectiveness and adverse effects.6,32 Further 
for simplifying the assessment of costs, the cost of letrozole 

was taken into account. This assumption was made because 
letrozole is the most frequently prescribed drug for early 
breast cancer patients, and the majority of previous studies 
used letrozole as representative for AI.17,18,27

We assumed that patients could experience non-breast 
cancer death from any health state, but the breast cancer 
related death occurs only after distant metastasis. 
Endometrial cancer was modelled as a separate health 
state and it was assumed that a patient, once diagnosed 
with endometrial cancer, will stay in that health state or 
move to death. The occurrence of endometrial cancer is 
considered to be an extreme adverse effect and it domi
nates other health states, thus once a patient is diagnosed 
with this event, the existing treatment with tamoxifen is 
stopped. Similarly, we modeled thromboembolic events as 
a separate health state but the event being an acute one, it 
was modelled as a reversible health state. Since adverse 
events like endometrial cancer and thromboembolic events 
(DVT and PE) had long-term implication on quality of life 
and were associated with elevated risk of dying,33 mortal
ity rates due to such events were combined with breast 
cancer related mortalities. A patient with osteoporosis had 
a similar risk to move from progression free health state to 
locoregional recurrence state and so on as a patient with
out osteoporosis. It was assumed that osteoporosis, once 
diagnosed, will last for a lifetime. The cost for manage
ment of osteoporotic fracture were incorporated separately.

Progression free 
state

Contralateral Breast

Distant Metastasis

All cause 
mortality

Cancer related 
mortality

Osteoporosis

Osteoporosis

Osteoporosis

Thromboembolic 
event

Endometrial Cancer

Local Recurrence

Osteoporosis

Figure 1 Markov model depicting the progression of early stage breast cancer patients on adjuvant endocrine therapy.
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Valuation of Consequences
The annual probabilities for breast cancer related events 
(PFS, LR, CLB, and DM) for year 0–4, 5–9 and 10+ 
following treatment initiation were obtained from 
a recently published meta-analysis reported by EBCTCG.7 

Table 1 summarizes the model input clinical parameters 
used in present study. The annual mortality rates for breast 
cancer related death was obtained by calculating the annual 
risk of dying from distant metastasis in patients treated with 
hormone therapy from the same meta-analysis. Risk of 
death from adjuvant endocrine therapy related adverse 
events such as endometrial cancer and thromboembolic 
events were also included.34,35 Age-wise risk of mortality 
as per the Indian sample registration survey life tables was 
applied to women in all three treatment arms.36

To measure the utility weights for a patient in progres
sion-free health state, the EQ-5D instrument, comprising 
of EQ-5D-5L descriptive system and EQ-VAS was used. 
The tool was administered to 148 PFS patients visiting 
a large tertiary hospital. As the tariff values for the EQ- 
5D-5L are not available for India, the EQ-5D-5L health 
profiles of the patients were converted to their correspond
ing utility scores using the tariff values from Thailand.37 

The utility weight for LR, CLB, and DM was obtained 
from the published result of a meta-analysis on breast 
cancer related states.38 Utility weights for thromboembolic 
health state, endometrial cancer and osteoporosis were 
obtained from available literature.39,40 An additive method 
for determining utility scores of patients with comorbid 
conditions was applied.41,42

Costs
We included both the health-care system cost and out-of- 
pocket expenditure (OOPE) incurred to patients. Indirect 
costs such as productivity loss were not considered in view 
of Indian guidelines for health technology assessment 
(HTA). Costs were calculated separately considering the 
distribution of patients in public and private sectors for 
treatment.43 The doses of tamoxifen and letrozole for 
adjuvant endocrine therapy were 20 mg and 2.5 mg 
per day, respectively and their daily health system costs 
were obtained from the procurement rates of medical 
service corporation in Tamil Nadu.44

Health system costs for progression-free health states 
included the cost of endocrine therapy drug, out-patient 
consultations (three-monthly for two years, four-monthly 
for the third year, six-monthly for years four and five, and 

annually thereafter), annual mammography, annual gynae
cological examination for women on tamoxifen, baseline 
dual-energy X-ray absorptiometry (DEXA) scan for 
women on AI, with a repeat DEXA scan once in two 
years. For patients with increased fracture risk, cost of 
injection zoledronic acid six-monthly, delivered in daycare 
was included. Costs of calcium and vitamin 
D supplements were also included for patients on AI. 
The costs for management of LR, CLB, and DM included 
the outpatient consultation cost, laboratory tests including 
hematology, biochemistry, biopsy and receptor status, radi
ological investigations like mammography, computed 
tomography, bone scan and PET scan followed by manage
ment cost as per disease status that included surgery, 
chemotherapy, and radiotherapy.

Treatment regimen were followed as per the standard 
treatment guideline (that included OPD visits, frequency 
and type of laboratory/diagnostic tests, proportion of 
patients requiring hospitalization and length of stay) and 
to keep with real data, we used the rates of various treat
ment options as reported in the pooled data from Indian 
cancer registries.31,45–49 Similarly, the cost for manage
ment of adverse events such as endometrial cancer, throm
boembolic event, and osteoporotic fracture were included 
as per the standard guidelines.50 The cost of management 
of an osteoporotic fracture was calculated using weighted 
average based on frequency of different sites of fracture in 
breast cancer patients.6 All the costs were determined from 
either an existing costing study, Costing of Health Services 
in India (CHSI)51,52 or from nationally representative pay
ment rates as listed under the national insurance scheme 
Ayushman Bharat Pradhan Mantri Jan Arogya Yojana (AB 
PM-JAY)53 (Table 2).

Out-of-pocket expenditure for patients receiving care 
from a public tertiary center was calculated separately for 
each health state. Primary data was collected for PFS from 
a large tertiary hospital to determine the direct medical and 
direct nonmedical costs by interviewing 148 patients using 
a structured questionnaire. The OOPE for patients in LR, 
CLB, and metastasis was determined deriving direct med
ical and nonmedical costs for each health state. The direct 
nonmedical costs for various procedures such as surgery, 
radiotherapy and chemotherapy were determined from 
a published Indian study.54 The direct medical costs for 
various chemotherapeutic drugs were obtained by utilizing 
generic prices. The OOPE for various diagnostic and radi
ological tests, hormone therapy and other therapeutic 
drugs were obtained by using market rates or from 
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Table 2 Cost Parameters

Parameter Base Value (INR) 95%CI (INR) Source

1. Drugs

Health system cost

Annual tamoxifen 1200 600–1800 44

Annual letrozole 3900 1950–5850 44

OOPE

Annual tamoxifen 1989 995–2984 Market rates

Annual letrozole 11,571 5785–17,356 Market rates

2. Procedures

Health system cost

Radiotherapy 18,038 9018–27,057 Authors' calculation

Chemotherapy 13,038 6519–19,556 Authors' calculation
Mastectomy 20,300 20,000–25,000 53

Hysterectomy 23,000 27,000–34,000 53

OOPE

Radiotherapy 30,160 15,080–45,240 53
Chemotherapy 14,900 7450–22,305 53

Mastectomy 25,000 12,500–37,500 Market rates

Hysterectomy 22,000 11,000–33,000 Market rates

3. Investigations

Health system

CBC 140 70–210 55
DEXA scan 3834 1917–5751 55

Chest X-ray 4475 2238–6713 55

Abdomen USG 4475 2238–6713 55
Breast USG 300 150–450 55

Mammography 220 110–330 55

PET scan 14,663 7332–21,995 55
ECG 155 78–233 55

ECHO 258 129–387 55

Biopsy 1107 554–1661 55
ER/PR/HER2 500 250–750 55

OOPE private sector

CBC 377 189–566 Market rates
DEXA scan 5100 2550–7650 Market rates

Chest X-ray 400 200–600 Market rates

Abdomen USG 470 235–705 Market rates
Breast USG 1840 920–2760 Market rates

Mammography 2100 1050–3150 Market rates

PET scan 12,000 6000–18,000 Market rates

ECG 250 125–375 Market rates

ECHO 2400 1200–3600 Market rates

Biopsy 6000 3000–9000 Market rates
ER/PR/HER2 5600 2800–8400 Market rates

(Continued)
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provider payment rates under the national social insurance 
scheme for central government employees.55

The OOPE for patients seeking care in private sector 
was determined similarly. Costs for hormone therapy, out
patient consultation, diagnostic tests and drugs were 
obtained by market survey of various online 

platforms.56,57 For determining costs of procedures such 
as surgery, chemotherapy and radiotherapy package rates 
as listed in AB PM-JAY were used.53 All costs are 
reported in Indian national rupee (₹) and international 
dollar (I$) using the average conversion of 1 I$=₹21.3 in 
2020.

Table 2 (Continued). 

Parameter Base Value (INR) 95%CI (INR) Source

5. Other

Health system

OPD consultation 364 214–563 67

Per day ward charges 1671 836–2507 67

OOPE

OPD consultation 1350 675–2025 Primary data

Per day ward charges 1800 900–2700 Authors' calculation

Abbreviations: OOPE, out-of-pocket expenditure; CBC, complete blood count; USG, ultrasonography; ECG, electrocardiography; PET, positron emission tomography; 
ECHO, echocardiogram; ER, estrogen receptor; PR, progesterone receptor; OPD, out patient department; INR, Indian national rupee.

Table 3 Lifetime Costs, Health Outcomes, and Incremental Values per Patient in Different Treatment Arms: Tamoxifen, AI and Switch 
Therapy

Findings Tamoxifena Aromatase Inhibitora Switch Therapya

LYs • Discounted 16.74 (16.31–17.19) 16.86 (16.42–17.26) 16.78 (16.40–17.14)
• Undiscounted 24.49 (23.54–25.54) 24.74 (23.80–25.73) 24.56 (23.70–25.43)

QALYs • Discounted 13.12 (12.19–14.00) 13.42 (12.43–14.27) 13.32 (12.35–14.18)
• Undiscounted 18.78 (17.23–20.27) 19.34 (17.84–20.71) 19.12 (17.65–20.51)

Health system cost in million INRs • Discounted 0.78 (0.57–1.09) 0.70 (0.53–0.94) 0.64 (0.46–0.88)
• Undiscounted 1.33 (0.95–1.88) 1.16 (0.86–1.59) 1.08 (0.76–1.52)

OOPE in million (INR) • Discounted 1.23 (1.18–1.25) 1.09 (1.01–1.18) 1.08 (0.76–1.52)
• Undiscounted 2.05 (1.88–2.25) 1.78 (1.66–1.89) 1.79 (1.65–1.88)

Total cost in million (INR) • Discounted 1.47 (1.64–1.72) 1.37 (1.46–1.52) 1.28 (1.44–1.50)
• Undiscounted 2.45 (2.72–2.85) 2.13 (2.3–2.5) 2.12 (2.35–2.50)

Incremental values AI vs tamoxifen Switch vs tamoxifen AI vs switch

LYs • Discounted 0.120 0.040 0.080
• Undiscounted 0.251 0.067 0.183

QALYs • Discounted 0.301 0.205 0.096
• Undiscounted 0.564 0.344 0.220

Costs in million (INR) • Discounted −0.16 −0.190 0.025

• Undiscounted −0.31 −0.332 0.015

Note: aValues in parenthesis represent 95% confidence intervals. 
Abbreviations: LYs, life years; QALYs, quality-adjusted life years; OOPE, out-of-pocket expenditure; INR, Indian national rupee.
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Sensitivity Analysis
A probabilistic sensitivity analysis (PSA) using a second- 
order Monte Carlo simulation was undertaken. Probability 
of adjuvant endocrine therapy to remain cost-effective at 
a willingness to pay threshold equal to GDP was esti
mated. The per capita GDP of India in 2020 was 
₹134,400 (I$ 1840). Beta distribution was used to para
meterize transition probability and health state utilities 
because these are binomial parameters that are constructed 
in the interval from zero to one. Similarly, gamma distri
bution was used to for cost parameters. Wherever the 
upper and lower bounds were not provided in the litera
ture, we assumed variation of 20% for clinical parameters, 
whereas the values for cost were varied by 50% each 

round around the base value. The number of simulations 
were fixed to 1000. Median was computed along with 
2.5th and 97.5th percentile to estimate 95% confidence 
interval. The results of sensitivity analysis are presented 
in form of a “Cost-effectiveness plane comparing three 
treatment arms: Tamoxifen, Aromatase inhibitor and 
Switch therapy for 5 years” and “Cost-Effectiveness 
Acceptability Curve” respectively.

Results
Costs
The lifetime cost per patient for those treated with tamox
ifen, AI five years, and switch therapy were ₹14,72,037 (I 
$68,948), ₹13,06,795 (I$61,208) and ₹12,81,350 (I 

Table 4 Cost of Management of Breast Cancer Recurrence, Contralateral Breast, Adverse Events and Hormone Therapy in Each 
Treatment Arm: Tamoxifen, Aromatase Inhibitor and Switch Therapy

Total Cost per Patient (INR) Tamoxifen Aromatase Inhibitor Switch Therapy

Recurrence • Discounted 12,06,411 10,89,040 10,72,997
• Undiscounted 19,99,576 17,54,074 17,56,846

Adverse events • Discounted 1,32,409 1,48,650 1,49,500
• Undiscounted 2,33,239 2,67,826 2,65,831

Contralateral breast • Discounted 1,33,216 69,105 59,315
• Undiscounted 2,21,139 1,14,714 98,462

Hormone therapy • Discounted 26,138 57,505 39,400
• Undiscounted 43,650 96,034 65,798

Figure 2 Cost of management of breast cancer recurrence, contralateral breast, adverse events, and hormone therapy in each treatment arm: tamoxifen, aromatase 
inhibitor, and switch therapy.
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Figure 3 Cost-effectiveness plane comparing three treatment arms: tamoxifen, aromatase inhibitor, and switch therapy for five years.

Figure 4 Probability of aromatase inhibitor and switch therapy being cost-effective at varying willingness to pay thresholds. ₹, Indian national rupees.
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$60,016), respectively. The incremental cost per patient 
when tamoxifen was compared with AI and switch therapy 
was ₹1,65,242 (I$7740) and ₹1,90,226 (I$ 8909), respec
tively. The incremental cost with AI as compared to switch 
was ₹24,983 (I$ 1170) (Table 3).

In the tamoxifen arm, the cost of management of 
a recurrence, contralateral breast and adverse events per 
patient was ₹12,06,411 (I$56,506), ₹1,33,216 (I$ 6240) 
and ₹1,32,409 (I$ 6202) respectively. The five-year cost 
of tamoxifen drug accounted for ₹26,138 (I$1,224) per 
patient (Table 4).

Similarly, the cost for management of a recurrence, 
contralateral breast and adverse event per patient in case 
of AI-five years was ₹10,89,040 (I$51,009), ₹69,105 (I 
$3237) and ₹1,48,650 (I$6962) respectively, and 
₹10,72,997 (I$50,257) ₹59,315 (I$2778) and ₹1,49,500 (I 
$7002) for switch therapy (tamoxifen two years- AI three 
years), respectively (Figure 2).

The five-year cost of AI-five years and switch therapy 
was ₹57,505 (I$2693) and ₹39,400 (I$1845) per patient.

Health Outcomes
The number of QALYs lived per patient among those 
receiving tamoxifen, AI, and switch therapy were 13.11 
(12.20–14.00), 13.41 (12.43–14.28) and 13.32 (12.35– 
14.18), respectively. The incremental health benefits of 

AI, compared with tamoxifen and switch therapy, were 
0.301 and 0.096 QALYs, respectively (Table 3).

Cost-effectiveness
The incremental cost-effectiveness plane comparing the 
three adjuvant hormone therapies shows that both AI and 
switch treatment arms are more effective and less costly 
when compared to tamoxifen. When compared to switch 
therapy, AI results in incremental cost of ₹2,59,792 (I 
$12,168) per QALY gained (Figure 3).

Sensitivity Analysis
We found that at a willingness to pay equals to per capita 
GDP of India, there is 55% probability of AI therapy to be 
cost-effective compared to switch therapy. (Figure 4). If 
we reduce the price of AI by 35% (₹10,057/year) it 
becomes cost-effective compared with switch therapy at 
a willingness to pay equal to per capita GDP of India 
(Figure 5).

Discussion
Overview
The results of our economic evaluation indicate that five 
years of tamoxifen delivers fewer health benefits and 
greater lifetime cost when compared to AI monotherapy 
or switch therapy. The unit cost of tamoxifen is less when 

Figure 5 Price threshold analysis at different levels of aromatase inhibitor (AI) cost/year. aICER per QALY gained refers to ICER when AI monotherapy (five-year) is 
compared with switch therapy.
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compared to AI, however, due to higher incidence of 
recurrence rate and contralateral breast cancer with tamox
ifen, overall lifetime management costs become higher. In 
the switch therapy, the incidence of breast cancer events is 
comparable to the AI arm, but the overall management 
cost is lower than AI due to low cost of drugs and adverse 
effect management.

EBCTCG meta-analysis shows that five years of AI is 
superior to five years of tamoxifen in decreasing the locor
egional recurrence (19% vs 23%) and 10 year mortality (12% 
vs 14%), with the added advantage of decreasing the con
tralateral breast recurrence. Similarly, when AI is compared 
with switch therapy the analysis shows that the decrease in 
locoregional recurrence (13.8% vs 15.5%) and decrease in 
10-year mortality (8.2% vs 9.3%) is not as significant as seen 
with tamoxifen.7 As a result of these findings, there is no 
consensus on the best single line of adjuvant hormone ther
apy in postmenopausal hormone receptor positive patients. 
Various guidelines recommend five years of tamoxifen or 
a switch therapy based on informed decisions by physicians 
about the effectiveness and adverse effect profile.4,31

Overall our findings indicate tamoxifen to be cost- 
ineffective when compared to AI monotherapy and switch 
therapy. When compared to switch therapy, AI for five years 
has an incremental cost of ₹259,792 per QALY gained, 
which is above the threshold for cost-effectiveness in India. 
Given all parameter uncertainties, switch therapy (tamoxifen 
for two years followed by AI for three years) is recom
mended for use in India on grounds of cost-effectiveness.

Model Validation
When comparing with other cost-effectiveness studies, out of 
the 15 studies identified for CEA on adjuvant hormone 

therapies, only two studies compared all the three treatment 
arms, ie tamoxifen, aromatase inhibitor, and sequential 
arms.11–20,26,27,58–61 The results of present study fall in similar 
line to these international studies that compared cost- effec
tiveness of all the three treatment arms available for hormone 
therapy. Studies done from Canadian and Chinese 
perspectives have suggested tamoxifen to be the least cost- 
effective option in terms of both cost per life year gained and 
cost per QALY gained. Our study indicates tamoxifen to be 
cost-ineffective. When AI-containing strategies were com
pared (monotherapy and switch), the Canadian study shows 
results similar to our study, ie they found switch to be the most 
cost-effective drug when compared to three alternatives.17 

However, the Chinese study suggested AI therapy to be 
more effective and less costly.18 The results comparing the 
outcomes with the present study are summarized in (Table 5).

Strengths and Limitations
The present study is the first economic evaluation of 
adjuvant hormone therapy for postmenopausal women 
with hormone receptor positive breast cancer done from 
an Indian societal perspective. Most of the previous cost- 
effectiveness studies used data from trials such as ATAC, 
IES, and BIG-1 98. We used clinical data for breast cancer 
outcomes from the latest updated EBCTCG meta-analysis 
that presented its results for a mean follow-up period of 10 
years.7 The results have a higher statistical power and are 
potentially less biased, thus allowing a generalizability as 
compared to individual clinical trials results.

Secondly, we used the rates for breast cancer specific 
events (recurrence, metastasis, breast cancer mortality, etc) 
for each treatment arm (tamoxifen, AI and switch) sepa
rately. We used individual rates for each breast cancer 

Table 5 Comparison of Health Outcomes and Cost from Earlier Studies and Present Evaluation

Study Outcomes Tamoxifen Aromatase 
Inhibitor

Switch 
Therapy

Economic evaluation of letrozole for early breast cancer in a health 

resource limited country (China)18

Costs (CNY ¥) 13,613 28,797 20,061
QALY 10.44 10.84 10.71

Life Years 18.34 19.17 18.91

Economic evaluation of hormonal therapies for postmenopausal women 
with estrogen receptor–positive early breast cancer in Canada17

Costs (CA$) 19,534 19,359 18,953
QALYs 8.86 9.06 9.05

Life Years 17.93 18.33 18.32

Present study Costs (INR) 14,72,037 13,06,795 12,81,811

QALYs 13.12 13.42 13.32
Life Years 16.74 16.86 16.78
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event that were time dependent starting from 0–4 years, 5– 
9 years and 10+ years following treatment initiation. 
Similarly, individual probabilities of adverse events like 
endometrial cancer were used, which further strengthened 
the results.

Thirdly, we used primary data of 148 patients on hormone 
therapy, recruited from two large tertiary care centers in India, 
to determine the out-of-pocket expenditure and quality of life 
for progression-free health state of early stage breast cancer 
patients. Data for cancer costs was obtained from a large 
nationally representative CHSI study, or from rates listed by 
India’s large-scale health insurance scheme AB-PMJAY and 
CGHS. Hence our cost results can be generalized to an Indian 
population. Finally, the cost of management were estimated 
based on recommended Indian treatment guidelines.

Adverse events have been incorporated with each 
health state and modelled in way that are similar to real 
life scenarios.

In spite of our best efforts there are some data limita
tions our study. A limitation of our study is that the switch 
involving AI for two-to-three years followed by tamoxifen 
up to five years was not included in the analysis. However 
robust clinical data for this arm is not available and hence 
it could not be included in the analysis. When the local 
recurrences are compared between starting with AI 
vs tamoxifen, we see there is a significant decrease in 
recurrences (30%) during the first year of therapy when 
switch is started with AI and not subsequently. Hence, it 
would be practical to start the switch with AI and then 
shift to tamoxifen instead of vice versa.

The cost for treatment of breast cancer was determined 
based on the recommended standard guidelines by Indian 
Council of Medical Research. For example, while the cost of 
radiotherapy was obtained from an original Indian study in the 
context of head and neck cancer, in our study we used esti
mates for unit cost of radiotherapy per cycle which is likely to 
be the same for breast cancer. Since breast cancer is 
a heterogeneous disease with availability of various treatment 
options that are personalized based on patient profiles as well 
as based on ability to pay. However, we believe that our results 
would be generalizable to the context of a single large payer 
such as AB-PMJAY. Longer duration of endocrine therapy up 
to 10 years in high risk cases of hormone receptor positive 
breast cancer remains a future area of research.

Conclusion and Policy Implications
Tamoxifen is cost-ineffective compared to the other two 
treatment options, hence future policy recommendations 

for treatment guidelines should reconsider the prescription 
of same to hormone receptor positive postmenopausal 
women. Based on our study findings, switch therapy is 
recommended for use on the basis of cost-effectiveness. 
Reducing the price of aromatase inhibitor by 35% makes 
AI-five years the most cost-effective. Future research is 
required to address uncertainties about long-term breast 
cancer events and adverse event probabilities.
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