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Summary
Background The role of post-mastectomy radiotherapy (PMRT) for breast cancer is controversial when 3-or-less
lymph nodes are metastatic. Apart from local control, survival and toxicity, cost also plays an important role in deci-
sion-making.

Methods AMarkov model was designed to assess cost, health outcomes and cost-effectiveness of different radiother-
apy techniques for management of PMRT patients. Thirty-nine scenarios were modelled based on type of radiother-
apy, laterality, pathologic nodal burden, and dose fractionation. We considered a societal perspective, lifetime
horizon and a 3% discount rate. The data on quality of life (QoL) was derived using the cancer database on cost and
QoL. Published data on cost of services delivered in India were used.

Findings Post-mastectomy radiotherapy results in incremental quality adjusted life years (QALYs) that ranged from
�0.1 to 0.38 across different scenarios. The change in cost ranged from estimated median savings of USD 62 (95%
confidence intervals: �168 to �47) to incurring an incremental cost of USD 728 (650�811) across different levels of
nodal burden, breast laterality and dose fractionation. For women with node-negative disease, disease-specific sys-
temic therapy remains to be the preferred strategy. For women with node-positive disease, two-dimensional radio-
therapy (2DRT) with hypofractionation is the most cost-effective strategy. However, a CT based planning is
preferred when maximum heart distance (MHD) >1cm, irregular chest wall contour and inter-field separation
>18cm.

Interpretation PMRT is cost-effective for all node-positive patients. With similar toxicity and effectiveness profile
compared with conventional fractionation, moderate hypofractionation significantly reduces the cost of treatment
and should be the standard of care. Conventional techniques for PMRT are cost-effective over newer modalities
which provide minimal additional benefit, at high cost.
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Introduction
Breast cancer is the most common cancer among
women in India, with 162,468 new cases diagnosed in
2018 and, accounts for 27% of all cancers in women.
This number is predicted to double by the year 2025.1

Most patients with breast cancer present at a locally
advanced stage.2 Modified radical mastectomy is the
commonly performed surgery for patients with breast
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Research in context

Evidence before this study

We conducted a PubMed search using the following
search string: “((((((((((((((((((((((cost-effectiveness) OR
(cost-utility)) OR (economic evaluation)) AND (radiother-
apy)) OR (radiation)) OR (2DRT)) OR (two-dimensional
radiotherapy)) OR (3D-CRT)) OR (3 dimensional confor-
mal radiotherapy)) OR (IMRT)) OR (Intensity modulated
radiotherapy)) AND (hypofractionation)) OR (conven-
tional fractionation)) AND (lymph node subgroups))
AND (breast cancer)) AND (postmastectomy)) OR (post-
mastectomy radiotherapy)) AND (radiotherapy side-
effects)) AND (long-term toxicity with radiotherapy)) OR
(PMRT)”. No filter in terms of the time-period, language,
or study design was applied. The initial search yielded
643 results, of which 632 were eliminated based on
screening the title and/or abstract. The remaining 11
papers were reviewed in detail based on which 5
records that assessed the cost-effectiveness of postmas-
tectomy radiotherapy (PMRT) were selected. Among
these, 3 studies assessed the cost-effectiveness of two-
dimensional radiotherapy (2DRT) in comparison to no
radiotherapy, however, neither of these studies differen-
tiated based on nodal subgroups or accounted for
radiotherapy-related toxicities. One study used lymph
node stratification but did not analyse the cost and
health outcomes of modern radiotherapy techniques or
hypofractionated regimens which are now the new
standard of care. Further, none of these studies
accounted for long-term radiation toxicities like second-
ary cancers and cardiac mortality. Another recent
model-based analysis compared the newer radiation
techniques for incidence of late toxicities; however,
they did not account for variation in nodal status as well
as the side of the breast involved. Importantly, we could
not identify any study conducted on the Indian
population.

Added value of this study

We present a comprehensive analysis wherein 39 sce-
narios were modelled to assess the cost-effectiveness of
PMRT. The study accounts for the impact of modern
radiotherapy techniques on the long-term occurrence
of secondary cancers and cardiotoxicity post-radiother-
apy among women with different lymph node involve-
ment status. We also examined the impact of
radiotherapy depending on the laterality of the breast
involved. Finally, we evaluate the scenarios of standard
fractionation and hypofractionation for different combi-
nations of radiotherapy techniques, nodal status, and
laterality of breast.

Implications of all the available evidence

Current evidence indicates that adjuvant radiotherapy
remains cost-effective for all node-positive postmastec-
tomy patients, who receive systemic therapy. In the
Indian population, both three-dimensional conformal
radiotherapy (3D-CRT) and intensity modulated

radiotherapy (IMRT) were not found to be cost-effective
compared to 2DRT. This signifies that radiation doses to
the heart, lung or contralateral breast do not cause sig-
nificant long-term morbidity or mortality, and cost of
modern radiotherapy techniques outweighs the cost of
management of long-term radiation adverse effects.
Chest wall irradiation continues to be the essential tar-
get while which regional nodes to irradiate, remains a
topic of debate. Long-term survival data from recent tri-
als with use of systemic therapy including taxanes,
anthracyclines, HER2-targeted therapies and hormone
therapy with aromatase inhibitors will provide more evi-
dence about the effectiveness of radiotherapy in
patients with 1�3 positive lymph nodes.
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cancer in India, in view of advanced stage at presenta-
tion and limited resources in terms of surgical expertise,
pathology, radiology and radiotherapy.3

Postmastectomy radiation therapy (PMRT) is widely
accepted in patients with four or more positive lymph
nodes, where PMRT decreases both locoregional recur-
rence (LRR) and breast cancer mortality.4 However, for
patients with 1�3 metastatic lymph nodes and node-
negative disease with high-risk features, the use of
PMRT is widely debated.5 Newer trials with more effec-
tive systemic therapy have shown <10% loco-regional
recurrence (LRR) in the subgroup of 1�3 lymph node
positive patients.6 PMRT is associated with incidental
irradiation of lungs, heart and contralateral breast and
this may further influence treatment decisions; cardio-
toxicity is of specific concern especially with left-sided
tumours.7 These adverse effects reduce with modern
radiotherapy techniques like three-dimensional confor-
mal radiotherapy (3D-CRT) and intensity modulated
radiotherapy (IMRT). Further, hypofractionated radio-
therapy is also considered to be a safe and effective regi-
men for breast cancer patients and reduces the cost of
treatment as well.8 The conflicting data on indications
of PMRT with added cost of modern radiotherapy tech-
niques merit a cost-effectiveness analysis for use of
PMRT.

There is limited evidence on the cost-effectiveness of
PMRT. Most studies have neither used long-term sur-
vival data nor considered the subgroups according to
the number of lymph nodes involved.9�11 A study which
used the lymph node stratification did not analyse the
cost of modern radiotherapy techniques or hypofractio-
nated regimens, which are now the new standard of
care.12 Further, none of these studies accounted for the
long-term radiation toxicities like secondary cancers and
cardiac mortality.9�12 A recent model-based analysis
compared the newer radiation techniques for incidence
of late toxicities, however, the authors did not account
for variation in nodal status as well as the laterality of
breast involved.13 Most importantly, all these studies
represent high or upper middle income countries and
www.thelancet.com Vol 4 Month September, 2022
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thus there is a need to generate such evidence for low-
and-middle income countries like India as well. In the
present analysis, we evaluate the cost-effectiveness
of PMRT based on the type of radiation technique, i.e.,
2-dimensional radiotherapy (2-DRT), 3D-CRT and
IMRT; extent of lymph node involvement; incidence of
late radiation hazards; left or right sided tumours; and
finally evaluated the scenarios of standard fractionation
and hypofractionation for all the possible combinations.
Methods

Overview of analysis and scenarios
The present study was designed to compare the cost,
health outcomes and cost-effectiveness between differ-
ent radiotherapy techniques, i.e., 2-DRT, 3D-CRT and
IMRT as well as avoidance of radiotherapy for the man-
agement of patients with breast cancer after mastec-
tomy. 2-DRT in the context of breast cancer is defined
as X-ray simulator-based planning which follows the
skin marking using conventional portals based on ana-
tomical landmarks. The dose-volume constraints are
met by considering a central lung distance (CLD)
<2.5�3 cm and maximum heart distance (MHD)
<1 cm. Patients not meeting the above criterion or with
interfield separation of>18 cm, irregular chest wall con-
tour or requiring regional node irradiation (RNI) with
hypofractionation are referred for CT based planning.
Treatment is executed using tangential beams for chest
wall by 4�6 MV photons using breast board. Additional
supraclavicular, axillary, internal mammary portals
may be added as required with an ideal matching
technique.14

The analysis was undertaken for three sub-groups as
per pathologic nodal status: Node-negative disease; 1�3
positive lymph nodes and four or more positive lymph
nodes. Each subgroup was further analysed based on
whether radiation was delivered to the left or the right
breast because of possible cardiac toxicity. In addition,
each radiation technique was also assessed in terms of
dosage administered in different durations. Two scenar-
ios were considered for the same: 50 Gray (Gy) in 25
fractions delivered over 5 weeks, and 42.5 Gy in 16 frac-
tions delivered over three weeks. Overall, with these
combinations, we analysed 39 scenarios based on the
type of radiotherapy (including no radiotherapy), lateral-
ity of disease, pathologic nodal status, and dose fraction-
ation.

Model structure
We estimate the lifetime costs and consequences in a
hypothetical cohort of 50-year-old Indian women who
have undergone mastectomy. The Markov model allows
us to estimate costs and utilities using a hypothetical
cohort when individual patient-level data are not
available. The movement of patients from one stage to
www.thelancet.com Vol 4 Month September, 2022
another and for the development of toxicities has been
based on the annual transition probabilities available
from published literature. A disaggregated societal per-
spective was chosen to incorporate both the health sys-
tem costs and direct out-of-pocket (OOP) expenditure.
Indirect costs due to productivity losses were not
included in the analysis. Health outcomes were valued
in terms of life years (LY) and quality-adjusted life
years (QALY). Both the future costs and consequences
were discounted at a rate of 3%.15,16 The cycle length of
the model was assumed to be annual. The cost-effec-
tiveness of each radiation technique, in comparison
to the previous best in terms of effectiveness, was
assessed using the incremental cost-effectiveness ratio
(ICER).

We modelled 7 Markov health states which included:
disease-free, loco-regional recurrence, distant metasta-
sis, late toxicities (post-radiotherapy), death from breast
cancer as well as from late toxicities and all-cause mor-
tality. As per the model, a patient who is disease-free,
can develop LRR or metastasis or could have late side-
effects. A patient with LRR could further progress and
develop distant metastases. Moreover, a person with
LRR or distant metastases could also develop late side-
effects or vice versa. We made several assumptions
(listed below) based on published data. Every subse-
quent year, 10% of those new patients who developed
LRR were assumed to revert back to being disease-
free.17 The rate of developing metastasis from LRR
was assumed to be three times that of developing
metastasis from a disease-free state.17,18 Three types
of late toxicities were modelled: cardiotoxicity, lung
cancer and contralateral breast cancer. The incidence
of contralateral breast cancer was assumed to occur
six years after the delivery of radiotherapy, while the
occurrence of lung and cardiac events were assumed
to appear 11 years post-radiotherapy.3,7 A patient was
assumed to die of breast cancer only if she had distant
metastases. Death could also occur due to any of the
toxicities, besides risk of all-cause mortality from
unrelated illness.

Clinical parameters and utility values
The probability of progression i.e., into LRR or metasta-
sis, as per the nodal status, was assessed from the
EBCTCG (Early Breast Cancer Trialists’ Collaborative
Group) meta-analysis (Supplementary file: Table S1).4

Due to lack of strong evidence suggesting significant
difference in the effectiveness between the three radio-
therapy techniques i.e. 2-DRT, 3D-CRT and IMRT, we
assumed a similar rate of LRR and metastasis with each
of these techniques.20 The data for incidence of toxic-
ities following 2-DRT was obtained from studies that
had a follow-up period of over 15 years.3,7,19 Further, as
literature pertaining to long-term toxicities following
3D-CRT and IMRT is very scarce, we used evidence
from dosimetry studies which provide mean organ dose
3
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delivered to contralateral breast, lung and heart with 3D-
CRT and IMRT.21 The mean organ dose was then used
to calculate the corresponding incidence of organ toxic-
ity using evidence from literature.7,19,22 Finally, we
assumed that there would be no difference in the inci-
dence of toxicities following radiotherapy whether deliv-
ered with conventional fractionation (50Gy in 25
fractions) or moderate hypofractionation (42.5Gy in 16
fractions).8

We used the estimates from an Indian study that
had reported long-term breast cancer survival rates
to estimate probability of dying from primary or con-
tralateral breast cancer.23 The mortality for lung can-
cer and cardiotoxicity was assessed from published
evidence.7,19 All-cause age-specific mortality rates
were assessed from Indian sample registration sur-
vey (SRS) life-tables for women.24

Primary data being collected as part of the study to
develop cancer database of cost and quality of life
(CaDCQoL) were analysed to estimate the utility
scores.25 Data on 843 patients with breast cancer
recruited from six cancer hospitals in India, who were
interviewed using EQ-5D instrument comprising of the
EQ-5D-5L descriptive system and EQ-VAS were analysed
to estimate utility score for patients with LRR and
metastasis. For quality of life (QOL) of patients who
were disease-free, we used the gradient reported in pub-
lished literature between LRR and the disease-free state,
to patients with LRR in our dataset.12 For lung cancer
and cardiotoxicity, utility scores as available from the
published Indian literature were used (Supplementary
file: Table S1).

Costing
We included both health system cost and patient level
OOP payments for radiotherapy, management of recur-
rence, complications, and follow-up costs. The health
system cost of radiotherapy included the initial cost of
out-patient department (OPD) consultation, baseline
diagnostics, followed by planning and delivery of radio-
therapy. OOP payments constituted expenses incurred
on transport, boarding/lodging, food, etc., during the
course of radiotherapy (Supplementary file: Table S2).
The cost of OPD consultation, planning and delivery
cost (per session) with the 3 radiotherapy techniques
was assessed from a previous study undertaken in a
large tertiary-care public sector hospital in north
India.26 The estimates for OOP expenditure, separately
for each of the three modalities, have been obtained
from the primary data collected under the CaDCQoL
study.25

The cost of managing patients in LRR or a metastatic
health state included the cost of OPD consultation, rou-
tine diagnostic/radiologic tests and the cost of therapeu-
tic procedures in the form of surgery, radiotherapy,
chemotherapy or hormone therapy. The data on propor-
tion of patients requiring either or a combination of
therapeutic interventions was as per the Indian Council
of Medical Research (ICMR) cancer registry.27 The cost
of management of acute and late toxicities following
radiotherapy was as per the standard treatment guide-
lines (STG).28 Specifically, for the management of each
of the late toxicities, i.e., lung cancer, cardiotoxicity and
contralateral breast cancer, the treatment cost included
the cost of medical management, surgery, radiation,
chemotherapy or a combination of these therapeutic
interventions (based on information from STGs). In
addition to the costs associated with radiotherapy and
treatment of its recurrence/toxicities, the annual cost of
management and follow-up for patients was also incor-
porated. This included the annual OPD consultation
cost, cost of diagnostics, hormone therapy for patients
in the DFS/LRR state and cost of palliative/supportive
care for patients in metastatic state.

The unit costs of diagnostic and therapeutic pro-
cedures were obtained from the locally published
studies.17 Wherever, such data was not available, the
public procurement rates listed under the various
state medical service corporations29�31 or the pro-
vider payment rates of the national insurance
schemes (AB PM-JAY and CGHS) were utilized.32

All the costs reported in the study pertain to the year
2021 and are reported in United States Dollar (US$)
as per conversion rate for year 2021 i.e., 1 US
$ = 72.16 Indian Rupees.33 The cost estimates that
were assessed from previous studies were inflated to
the year 2021 using GDP deflators.

Sensitivity analysis
We undertook a probabilistic sensitivity analysis (PSA)
to account for the impact of joint parameter uncertainty.
Using Monte Carlo method results were simulated
1000 times and median estimates along with 2.5th and
97.5th percentile were estimated. A one-time per-capita
Gross Domestic Product (GDP) value for India of
INR145,679 (USD 1962) for the year 2020�21 was
used as the threshold for cost-effectiveness.16 This
implies that interventions which incur an incremental
cost of less than INR145,679 (USD 1962) per QALY
gained will be considered cost-effective.

Different studies report varied estimates of mean
and maximum doses delivered to heart with 3D-CRT
and IMRT, where, maximum heart dose is more with
3D-CRT when compared to IMRT and mean heart dose
delivered is more with IMRT compared to 3D-CRT.34,35

Since, the organ dose directly translates into the inci-
dence of late toxicity which develops with each radio-
therapy technique and given the uncertainty reported in
literature, a scenario analysis was done to examine the
impact on cost-effectiveness when using maximum
doses.

Secondly, the studies which reported on long-term
effectiveness of PMRT were initiated during the early
2000s, following which there has been substantial
www.thelancet.com Vol 4 Month September, 2022
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improvement in systemic treatment including chemo-
therapy, targeted therapy and hormone therapy. As a
result, it could be argued that additional improve-
ments with radiotherapy following current, more
effective systemic therapy could be less than what
has been observed in the published studies. In order
to test the same, we undertook a scenario wherein
we computed ICER values at various levels of
reduced effectiveness of radiotherapy (in terms of
LRR) in comparison to disease specific systemic ther-
apy which includes chemotherapy/ hormone therapy
or HER2 targeted therapy.

Thirdly, recently published studies suggest that there
has been a shift in the mean age of presentation of
breast cancer which is ten years earlier than the western
population.36 Therefore, we assumed the mean age of
presentation as 50 years. However, in view of the pre-
vailing debate that some cases present around
40�45 years of age, we did a scenario analysis to run
our model with the mean age of presentation as
40 years.

We have also filled out the Guidelines for Accurate
and Transparent Health Estimates Reporting
(GATHER) Statement for our analysis and reported in
the Supplementary File as Table S6.37
Role of funding source
The funding to collect primary data for the study was
provided by Department of Health Research, Ministry
of Health and Family Welfare, New Delhi, wide letter
number F. No. T.11011/02/2017-HR/3100291. The
funders had no role in the design, data collection,
analysis, and interpretation, or preparation of this
manuscript.
Results
The absolute and incremental outcomes along with the
results of cost-effectiveness have been summarised
below as the median values along with their 95% confi-
dence intervals.

Absolute outcomes
The absolute number of QALYs lived by a patient
who had mastectomy for left-sided breast cancer var-
ied from 7.46 (6.42�8.19) to 11.48 (9.87 �12.53) and
incurred a lifetime cost ranging from USD 856
(790�924) to USD 3021 (2793�3298) depending
upon the nodal status as well as the type of radio-
therapy received (Table 1). Similarly, a woman fol-
lowing mastectomy for right-sided breast cancer
lived a total of 7.46 (6.52�8.18) to 11.46
(10.03�12.43) QALYs at a lifetime cost of USD 855
(790�923) to 3020 (2785�3274) based on the nodal
status and the type of radiotherapy treatment
(Table 1).
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Incremental outcomes
Use of 2DRT when compared to no radiotherapy for the
management of a patient with left breast cancer results
in a gain of 0.23 (0.07�0.39) and 0.19 (0.10�0.27)
QALYs for N1-3 and N4+ nodal subgroups respectively.
For the same scenario, treating the patients with 1-3+
nodes results in cost saving of USD 62 (-168�47)
whereas it an additional USD 213 (137�286) incurred
for N4+ subgroup when compared to no radiotherapy
(Supplementary file: Table S3). Similarly, for patients
with left sided breast cancer treated with 3D-CRT in
comparison to 2DRT, results in incremental gains of
0.09 (0.04�0.14) and 0.04 (0.02�0.07) QALYs for
N1-3 and N4+ nodal subgroups respectively. Overall, for
both N1-3 and N4+ subgroups in this scenario, addi-
tional costs are incurred in the range of USD 464 to 821
(Supplementary File: Table S3). Further, for a patient
following mastectomy of right breast, different radio-
therapy techniques yield incremental outcomes which
were similar to those reported for the left breast (Sup-
plementary File: Table S3).
Cost-effectiveness
Among women with node negative disease, no radio-
therapy/disease specific systemic therapy (including
chemotherapy/hormone therapy or HER2 targeted ther-
apy) had lesser costs and higher health benefits than
some of the other radiotherapeutic scenarios (Tables 2
and 3). As a result, alternate radiotherapeutic scenarios
are excluded from treatment options and systemic ther-
apy alone was the most efficient strategy, at a threshold
of one-time GDP per capita. Similarly, for women in
the node status of N1-3 and N4+ with either left or right
breast, a 5-week conventional regimen of 2DRT and 3D-
CRT, as well as both 3 and 5-week regimens of IMRT,
were dominated by the hypofractionated regimen of
2DRT and 3D-CRT. However, at a threshold of GDP per
capita, 2DRT is the most preferred strategy and results
in cost savings.

Further, cost-effectiveness acceptability curves shows
that there is 100% and 99% probability of hypofrac-
tioned 2-DRT to be cost-effective as compared to no
radiotherapy for women in either N1-3 and N4+ positive
nodal status respectively (Supplementary file: Figure S1-
4). We also did a price sensitivity analysis to assess the
optimal cost for delivering 3D-CRT wherein it becomes
cost-effective. We estimated that cost of planning and
delivering 3D-CRT needs to be brought down by at least
50% to make it cost-effective (Supplementary File:
Figure S7) (Figure 1).

We also found that even if the reduction in the 10-
year locoregional recurrence risk with radiotherapy,
among breast cancer patients 1�3 lymph nodes positive
and patients with 4 or more lymph nodes positive is
40% and 60% less respectively than what has been
reported in the efficacy trial,4 PMRT remains a cost-
5



50Gy in 25 fractions over 5 weeks 42.5Gy in 16 fractions over 3 weeks

Node status Life Years (95% CI) QALYs (95% CI) Cost (95% CI) In USD Life Years (95% CI) QALYs (95% CI) Cost (95% CI)In USD

LEFT BREAST

N0 IMRT 13.22 (12.95�13.5) 11.36 (9.89�12.34) 2573 (2366�2824) 13.22 (12.95�13.5) 11.36 (9.89�12.34) 2102 (1941�2274)

3D-CRT 13.33 (13.04�13.6) 11.46 (9.99�12.43) 2221 (2049�2414) 13.33 (13.04�13.6) 11.46 (9.99�12.43) 1862 (1722�2010)

2DRT 13.21 (12.94�13.48) 11.34 (9.83�12.32) 1583 (1481�1691) 13.21 (12.94�13.48) 11.34 (9.83�12.32) 1367 (1281�1451)

No RT 13.34 (13.05�13.63) 11.48 (9.87�12.53) 856 (790�924) 13.34 (13.05�13.63) 11.48 (9.87�12.53) 856 (790�924)

N1-3 IMRT 12.15 (11.78� 12.49) 10.4 (9.11�11.29) 2736 (2522� 3002) 12.15 (11.78�12.49) 10.4 (9.11�11.29) 2259 (2093�2438)

3D-CRT 12.24 (11.86�12.58) 10.47 (9.16�11.36) 2384 (2209� 2578) 12.24 (11.86�12.58) 10.47 (9.16�11.36) 2023 (1889�2177)

2DRT 12.14 (11.81� 12.48) 10.37 (9.04� 11.29) 1741 (1635�1853) 12.14 (11.81�12.48) 10.37 (9.04�11.29) 1525 (1433�1617)

No RT 11.95 (11.58� 12.31) 10.16 (8.86�10.98) 1585 (1472�1708) 11.95 (11.58�12.31) 10.16 (8.86� 10.98) 1585 (1472�1708)

N4+ IMRT 9.05 (8.62�9.53) 7.66 (6.69� 8.37) 3021 (2793� 3298) 9.05 (8.62� 9.53) 7.66 (6.69�8.37) 2545 (2376�2736)

3D-CRT 9.09 (8.66� 9.58) 7.69 (6.72� 8.41) 2673 (2482�2873) 9.09 (8.66� 9.58) 7.69 (6.72�8.41) 2314 (2163� 2479)

2DRT 9.06 (8.59�9.54) 7.64 (6.64�8.37) 2024 (1907� 2158) 9.06 (8.59�9.54) 7.64 (6.64�8.37) 1806 (1704�1914)

No RT 8.88 (8.43�9.34) 7.46 (6.42�8.19) 1596 (1492�1704) 8.88 (8.43�9.34) 7.46 (6.42�8.19) 1596 (1492�1704)

RIGHT BREAST

N0 IMRT 13.23 (12.93�13.5) 11.36 (9.97�12.32) 2575 (2339�2825) 13.23 (12.93�13.5) 11.36 (9.97�12.32) 2105 (1938�2286)

3D-CRT 13.33 (13.04�13.6) 11.46 (10.03�12.43) 2216 (2039�2410) 13.33 (13.04�13.6) 11.46 (10.03�12.43) 1861 (1722� 2016)

2DRT 13.21 (12.93� 13.47) 11.34 (9.91�12.34) 1583 (1478�1699) 13.21 (12.93�13.47) 11.34 (9.91�12.34) 1364 (1286�1452)

No RT 13.34 (13.05� 13.63) 11.48 (9.87�12.53) 856 (790�924) 13.34 (13.05�13.63) 11.48 (9.87�12.53) 856 (790�924)

N1-3 IMRT 12.14 (11.78�12.48) 10.39 (9.06�11.29) 2733 (2508� 2987) 12.14 (11.78�12.48) 10.39 (9.06�11.29) 2264 (2092�2451)

3D-CRT 12.22 (11.84�12.56) 10.46 (9.14�11.37) 2379 (2194� 2561) 12.22 (11.84�12.56) 10.46 (9.14�11.37) 2024 (1879�2170)

2DRT 12.13 (11.78�12.5) 10.38 (9.04�11.33) 1741 (1635� 1858) 12.13 (11.78�12.5) 10.38 (9.04�11.33) 1523 (1437�1618)

No RT 11.95 (11.58�12.31) 10.16 (8.86�10.98) 1585 (1472� 1708) 11.95 (11.58�12.31) 10.16 (8.86�10.98) 1585 (1472�1708)

N4+ IMRT 9.05 (8.6�9.52) 7.64 (6.67�8.45) 3020 (2785�3274) 9.05 (8.6�9.52) 7.64 (6.67�8.45) 2551 (2377�2743)

3D-CRT 9.09 (8.63� 9.55) 7.67 (6.7�8.49) 2665 (2474�2869) 9.09 (8.63�9.55) 7.67 (6.7�8.49) 2312 (2152�2479)

2DRT 9.07 (8.59�9.52) 7.66 (6.73�8.41) 2022 (1903�2158) 9.07 (8.59�9.52) 7.66 (6.73�8.41) 1805 (1705�1915)

No RT 8.88 (8.43� 9.34) 7.46 (6.42�8.19) 1596 (1492�1704) 8.88 (8.43�9.34) 7.46 (6.42�8.19) 1596 (1492�1704)

Table 1: Lifetime health outcomes gained and costs incurred with each radiotherapy technique and with no radiation therapy.
RT: Radiotherapy, 2DRT: Two-dimensional radiotherapy, 3D-CRT: Three-dimensional conformal radiotherapy, IMRT: Intensity modulated radiotherapy, N0: Node negative disease, N1-3: One to three positive nodes, N4+: Four or

more positive nodes, QALY: Quality adjusted life years, CI: Confidence Interval.
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Left Breast Right Breast

Node status Intervention Costs QALYs ICER (USD) Intervention Costs QALYs ICER (USD)

N0 No radiotherapy 855 11.38 ND No radiotherapy 855 11.38 ND

2-DRT (3 weeks) 1365 11.26 D 2-DRT (3 weeks) 1364 11.26 D

2-DRT (5 weeks) 1585 11.26 D 2-DRT (5 weeks) 1584 11.26 D

3D-CRT (3 weeks) 1863 11.37 D 3D-CRT (3 weeks) 1862 11.37 D

IMRT (3 weeks) 2104 11.27 D IMRT (3 weeks) 2103 11.28 D

3D-CRT (5 weeks) 2219 11.37 D 3D-CRT (5 weeks) 2218 11.37 D

IMRT (5 weeks) 2583 11.27 D IMRT (5 weeks) 2582 11.28 D

N1-3 2-DRT (3 weeks) 1523 10.30 ND 2-DRT (3 weeks) 1522 10.30 ND

3D-CRT (3 weeks) 2025 10.39 5630 ND 3D-CRT (3 weeks) 2024 10.39 5628 ND

No radiotherapy 1586 10.07 D No radiotherapy 1586 10.07 D

2-DRT (5 weeks) 1743 10.30 D 2-DRT (5 weeks) 1742 10.30 D

IMRT (3 weeks) 2264 10.32 D IMRT (3 weeks) 2263 10.32 D

3D-CRT (5 weeks) 2381 10.39 D 3D-CRT (5 weeks) 2381 10.39 D

IMRT (5 weeks) 2743 10.32 D IMRT (5 weeks) 2742 10.32 D

N4+ No radiotherapy 1590 7.41 ND No radiotherapy 1590 7.41 ND

2-DRT (3 weeks) 1803 7.60 1133 ND 2-DRT (3 weeks) 1803 7.60 1127 ND

3D-CRT (3 weeks) 2312 7.64 12,170 ND 3D-CRT (3 weeks) 2311 7.64 12,168 ND

2-DRT (5 weeks) 2023 7.60 D 2-DRT (5 weeks) 2023 7.60 D

IMRT (3 weeks) 2549 7.60 D IMRT (3 weeks) 2548 7.60 D

3D-CRT (5 weeks) 2669 7.64 D 3D-CRT (5 weeks) 2668 7.64 D

IMRT (5 weeks) 3028 7.60 D IMRT (5 weeks) 3027 7.60 D

Table 2: Cost-effectiveness of radiotherapy techniques.
Note: All costs in US Dollars.

The figures reported in Table 2 do not exactly match those reported in Table 1. This is because Table 1 presents the result of probabilistic sensitivity analysis

(PSA) whereas Table 2 represents the results of dominance analysis which is based on the deterministic results. However, the figures reported in Table 2 fall

within the confidence interval generated by PSA presented in Table 1.

RT: Radiotherapy, 2DRT: Two-dimensional radiotherapy, 3D-CRT: Three-dimensional conformal radiotherapy, IMRT: Intensity-modulated radiotherapy, N0:

Node negative disease, N1-3: One to three positive nodes, N4+: Four or more positive nodes, QALY: Quality adjusted life years, ICER: Incremental cost-effec-

tiveness ratios, D: Dominated, ND: Non-Dominated.

Left Breast Right Breast

50Gy in 25 fractions
over 5 weeks

42.5Gy in 16 fractions
over 3 weeks

50Gy in 25 fractions
over 5 weeks

42.5Gy in 16 fractions
over 3 weeks

Node status: N0

IMRT Vs 3D-CRTa �3822 (�10,411 �534) �2527 (�6791 �512) �3895 (�10,736 �910) �2573 (�7577 �493)

3D-CRT Vs 2DRT 5829 (3307 � 12,577) 4485 (2612�9184) 5857 (3372�12,531) 4524 (2583�9363)

2DRT Vs No RTb �6023 (�11,684 �3901) �4143 (�7436 �2761) �6086 (�10,867 �4082) �4282 (�8070 �2713)

Node status: N1-3

IMRT Vs 3D-CRTa �4654 (�12,148 �628) �3085 (�8354 �593) �4773 (�13,354 �1055) �3115 (�9142 �569)

3D-CRT Vs 2DRT 7193 (4114�15,229) 5558 (3256�11,359) 7173 (4127�15,389) 5620 (3221�11,664)

2DRT Vs No RT 664 (112�2208) �259 (�1190 �260) 651 (89�2507) �267 (�1175 �202)

Node status: N4+

IMRT Vs 3D-CRTa �9721 (�25,593 �1310) �6473 (�16,522 �1196) �10,059 (�28,708 �2234) �6597 (�19,739 �1155)

3D-CRT Vs 2DRT 15,502 (8719�32,370) 11,947 (6938�25,034) 15,675 (9130�33,563) 12,062 (6972�24,569)

2DRT Vs No RT 2317 (1403�4235) 1121 (565�2385) 2302 (1381�4433) 1144 (539�2447)

Table 3: Incremental costs per quality-adjusted life year gained (QALY) for different radiotherapy techniques (in USD).
a The negative sign in the incremental cost-effectiveness ratio (ICER) values imply that giving 3D-CRT provides more benefits (QALYs) than IMRT, i.e, the

net incremental gains are negative when IMRT is compared over 3D-CRT. However, IMRT costs more than 3D-CRT.
b The negative sign in the incremental cost-effectiveness ratio (ICER) values imply that giving No radiotherapy yields more QALYs that 2DRT for N0 sub-

group, i.e, the net incremental gains are negative when 2DRT is compared over No radiotherapy.

RT: Radiotherapy, 2DRT: Two-dimensional radiotherapy, 3D-CRT: Three-dimensional conformal radiotherapy, IMRT: Intensity modulated radiotherapy, N0:

Node negative disease, N1-3: One to three positive nodes, N4+: Four or more positive nodes, QALY: Quality adjusted life years.
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Figure 1.Markov state transition model for breast cancer.
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effective option for treatment. Secondly, even when
using incidence of heart toxicity corresponding to maxi-
mum heart dose instead of mean dose delivered with
3D-CRT and IMRT, there is no change in the results of
cost-effectiveness, i.e., 3D-CRT yields better outcomes
in lesser costs when compared with IMRT.

Thirdly, even when using the mean age of presenta-
tion of breast cancer as 40 years instead of 50 years, the
lifetime incidence of developing cardiac toxicity
increases from 1.65% to 2.51% with 2DRT and from
1.59% to 2.44% with 3D-CRT. Similarly, the lifetime
incidence of developing lung cancer increases from
1.37% to 2.18% with 2DRT and from 0.88% to 1.34%
with 3D-CRT. However, the findings of the analysis do
not report any change in the direction of results and
PMRT remains cost-effective in node-positive patients,
rather, the cost savings increase for N1-3 group and N4+
group.

Model validation
We estimated that women with node-negative disease
have a 10-year survival of 73%. Similarly, those with 1�3
positive lymph nodes and 4 or more positive lymph
nodes have a 10-year survival of 65% and 42% respec-
tively. Our findings are consistent with stage-specific
survival data from Indian population which report an
overall 10-year estimated survival of 75% for stage I,
55% for stage II, 35% for stage III, and 5% for stage IV
patients. The survival curves have been reported in sup-
plementary file: Figure S5. Secondly, our model find-
ings are consistent with the findings of the EBCTCG
2005 report, which reports that for every 4.7 loco-
regional recurrences averted by radiation, one breast
cancer mortality is prevented at 15 years.38
Discussion
Overall, we found that postmastectomy radiotherapy is
cost-effective in patients with node-positive breast cancer.
Among the different techniques, both 2-DRT and 3D-
CRT are the preferred strategies for treatment given over
a duration of 3 weeks (42.5 Gy in 16 fractions), however,
2DRT was the most cost-effective option given a thresh-
old of GDP per capita. However, the use of 3D-CRT is
the preferred approach when MHD >1 cm, CLD > 2.5-3
cm, inter-field separation >18 cm, irregular chest wall
contours and hypofractionation schedules requiring RNI.
For node-negative disease, disease-specific systemic ther-
apy which may include chemotherapy/ hormone therapy
or HER2-targeted therapy, remains the preferred strategy
over radiotherapy.

We used the EBCTCG meta-analysis findings to
value consequences in our model-based analysis. How-
ever, there are certain limitations of this meta-analysis.
Firstly, it includes relatively old trials when systemic
therapy was inadequate and less effective. Drugs like
anthracyclines, taxanes, HER2-targeted therapy, aroma-
tase inhibitors were not used. Similarly, axillary dissec-
tion and histopathology reporting probably may not
match current standards. The staging system has also
undergone many changes since then. Hence the bene-
fits shown by PMRT may not be as high in the current
scenario with more effective systemic therapy, which
decreases both LRR and systemic metastasis. To test
www.thelancet.com Vol 4 Month September, 2022
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this model assumption, we lowered the effectiveness of
PMRT in our sensitivity analysis. Even if we reduce our
base assumption of reduction in risk of LRR following
radiotherapy by 40% and 60% among those with
patients with 1�3 nodes positive and 4-or-more nodes
positive respectively, PMRT remains to be cost-effective.
This implies that our findings are robust to the uncer-
tainties in nature of evidence available.

According to our model, there is an incremental gain
in the range of 0.16�0.39 QALYs per woman with
node-positive breast cancer. These findings are like
other studies which demonstrate a QALY gain ranging
from 0.19 to 0.76.10,12,13,39 In terms of ICER, our find-
ings are consistent with other studies in different set-
tings. Wan et al. reports that PMRT for patients with
1�3 node involvement is cost-effective in China, how-
ever, uncertainty of PMRT being cost-effective are rela-
tively greater for patients with pN4+.12 Xie and
colleagues report that PMRT with advanced techniques
like IMRT are cost-effective at a willingness to pay of
$100,000, however, none of the advanced radiotherapy
techniques are cost-effective at $50,000.13 Similar to
findings of this study, our model also reports that IMRT
is not cost-effective at our threshold of USD 1962.

Five-year breast cancer-specific survival for locally
advanced disease is 78�90%.40 In these patients with
long survival, PMRT is associated with cardiotoxicity, as
well as secondary malignancy in the lung and contralat-
eral breast. In a study by Darby et al. rates of major coro-
nary events increased linearly with the mean dose to the
heart by 7.4% per Gy (95% confidence interval, 2.9 to
14.5).19 According to the study, for a 50 year woman
with no prior cardiac risk factors, a mean dose of 3 Gy to
the heart, increased her absolute risk of a cardiac event
by 0.9% and death from ischemic heart disease (IHD)
by 0.5% before the age of 80 years.

With modern radiotherapy planning and targets,
most studies report that the heart receives 1�5 Gy
(majority receiving less than 3Gy), hence it is unlikely
that radiation will significantly contribute to cardiotoxic-
ity.7 Also, it remains unclear whether the mean or maxi-
mum heart dose is to be considered more appropriate to
assess the impact of radiation on cardiac events. In our
model, the lifetime risk of developing cardiotoxicity at
mean dose with 1�3 positive nodes receiving treatment
with 2-DRT is 1.65%, which is marginally reduced to
1.59% with 3D-CRT. Considering the maximum dose
delivered, the lifetime incidence of cardiac toxicity is
1.52% with 3D-CRT and 1.48% with IMRT.

Secondly, PMRT causes a marginally increased risk
of lung cancer due to the incidental lung irradiation.
For a 50-year-old non-smoker, a 5Gy whole lung dose
would increase lung cancer mortality before the age of
80 years by 0.3%, while for smokers this increase in
lung cancer mortality will be 4.4%.7 In our analysis,
www.thelancet.com Vol 4 Month September, 2022
only 1 in 1000 women with 1�3 positive lymph nodes
was estimated to develop lung cancer, whereas, there is
an overall reduction of 9.7% in mortality due to breast
cancer with PMRT. Hence, the health benefits of PMRT
outweigh the risk of developing long-term complica-
tions like lung cancer.

Thirdly, various studies have shown that the risk of
contralateral breast cancer with and without radiation is
around 5%. The contralateral breast cancer rate at 10
year was 5.4% for mastectomy only and 5.1% in the mas-
tectomy plus radiotherapy group.3 We also estimated a
very similar lifetime risk of developing contralateral
breast cancer to be 4.52% and 5.24% in the mastectomy
only and mastectomy plus radiotherapy group respec-
tively.

2D and 3D conformal radiation are the most com-
monly used radiation techniques in India. IMRT is con-
sidered when heart or lung volume constraints are not
met, especially for a left sided tumour.34 All these mod-
ern radiotherapy techniques come at an added cost. In
our analysis, though both 3D-CRT and IMRT generate
additional QALYs when compared to 2DRT, however
they were not found to be cost-effective when compared
to 2D radiation therapy, for both left sided and right
sided breast tumours. The incremental cost of gaining
one QALY with IMRT is 19 times the GDP per capital
of India, which is the threshold for considering an inter-
vention as cost-effective. Hence, it is not considered as
real value for money.

We acknowledge that CT based planning has entirely
changed the breast cancer treatment practices.28 How-
ever, resource-constrained settings such as India, treat-
ment with 2-DRT is practiced widely. Currently, India
has a total of approximately 545 teletherapy machines,
of which 33% are telecobalt units, while the rest are
medical accelerators. Further, of the 90 simulators
available, 36% are X-ray simulators, and the rest are CT
simulators.41 The dose constraints for this 2D planning
by X-ray based simulators are met by assessing the CLD
and MHD.

Provision of advanced radiotherapy techniques for all
cancer patients would need significant additional
resources to be incurred on infrastructure, human
resource, equipment and others. As a result, decisions
for public financing of cancer care will require priority
setting based on explicit criteria. Three important crite-
ria listed by the Indian Government for consideration of
health care interventions for public financing include �
value for money, extent to which these reduce out-of-
pocket expenditure, and finally their impact on improv-
ing equity of healthcare utilization.42,43 Our conclusions
for recommendations of therapy are based on the effi-
ciency argument, i.e. the incremental cost per unit gain
in health consequences, and whether it represents a
value for money.
9
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However, we do acknowledge the clinical effective-
ness of CT based planning. The use of 3D-CRT should
be the preferred approach when MHD >1 cm, irregular
chest wall contour and inter-field separation >18 cm. In
addition, in practice for patients with CLD >2.5�3 cm
and RNI using hypofractionation, CT based planning
should be preferred. These clinical decision rules are
also currently practiced and have been recommended
by the National Cancer Grid (NCG) guidelines in
India.41,44

Hypofractionation has been extensively used and
established as the standard of care after breast con-
servative surgery.45 However, its use for PMRT has
been limited. A recent meta-analysis showed that
hypofractionated radiotherapy (39�48.3 Gy over
13�17 fractions) for PMRT has high control rates in
terms of local control rate and survival and is associ-
ated with low acute and late toxicity, comparable to
conventional fractionation (50 Gy over 25 fractions).
(9) Hypofractionation for breast cancer has also been
reported to reduce the cost of treatment by 31.7%
and 33% in the United States and Asia
respectively.46,47 In our analysis, PMRT for 1�3
lymph node subgroup becomes cost saving when
hypofractionation is used, while it becomes even
more cost-effective for the 4-or-more lymph node
positive subgroup.

Our study has several strengths� firstly, we present a
comprehensive analysis on PMRT which factors in sev-
eral variables including nodal burden, laterality of the
breast involved, duration and dose of radiation therapy,
as well as different techniques of radiotherapy. Secondly,
most studies conducted in the same domain analyse the
outcomes of breast cancer for a 15-year time
horizon.10,12,13 We have used a lifetime horizon, which
appears to be more suitable given the longer survival
seen in patients with breast cancer. Thirdly, most of the
previous studies have considered only direct medical
costs of treatment. Given the repetitive nature of treat-
ment, it is important to account for direct non-medical
costs as well. In our country, the care for cancer treat-
ments is available at sentinel facilities and thus provision
of such care is not too decentralised. Therefore, such
expenditures related to travel, food and accommodation
contribute significantly to the total cost of care. It is also
reported that, direct non-medical expenditures account
for more than 60% of the total direct expenditure on can-
cer radiotherapy in India.48 Finally, the data on out of
pocket expenditure and QOL of different states of breast
cancer was assessed from India’s national databa-
se�CaDCQoL, making our conclusions more reliable.25

A potential limitation of our study is that we did not
consider other risk factors like tumour size, lympho-vascu-
lar invasion, margin status, receptor status and age when
evaluating the benefit of PMRT. This is especially impor-
tant for the node-negative and 1�3 lymph node positive
subgroups. However, there is no robust data available for
these scenarios at present and future prospective trials will
bring more clarity to this group with heterogeneous prac-
tice. Secondly, the valuation of the health system cost was
based on the costing in public sector hospital. We
acknowledge that the costs may vary significantly in pri-
vate sector hospitals, as there is significant heterogeneity
in private sector. However, we believe that the cost of
oncology services may differ little between public and pri-
vate sector as these are specialized services with adherence
to set guidelines. Moreover, the prices for health benefit
packages under India’s large national insurance scheme
are also set considering the costs determined in public sec-
tor tertiary care hospitals.49
Conclusion
In light of current evidence, adjuvant radiotherapy
remains a cost-effective modality for all node-positive
patients with breast cancer after mastectomy. In
resource-limited settings like India, it is not feasible to
treat high volumes of patients using the 3D technique
in public set up. However, a practical approach is to con-
sider 3D-CRT for limited indications in patients where
ideal constraints cannot be met with 2DRT. Long-term
survival data from recent trials with the use of systemic
therapy including taxanes, anthracyclines, HER2-tar-
geted therapies and hormone therapy with aromatase
inhibitors will provide more evidence about the effec-
tiveness and cost-effectiveness of radiotherapy in
patients with 1�3 metastatic lymph nodes which could
be used to update this analysis.
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