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Introduction

Cervical cancer is the fourth most common cancer
among women worldwide, with India contributing to
17% of the new cases. Overall, more than 96,000 new
cases are diagnosed in India per year, with average
age standardized rates of incidence and mortality of
14.9 and 9.2 per 100,000, respectively.1-3 The high
mortality-to-incidence ratio4 suggests not only that
patients are diagnosed in advanced stages, but that
they may also have delayed or suboptimal access to
treatment. Optimal chemoradiation and brachytherapy
(BT) in locally advanced cervical cancer (LACC) are
associated with 5-year survival rates of 75% and 55%
in those with stage IB2 to IIB and IIIB disease, re-
spectively, in clinical trials and tertiary care centers in
India.5-8 Therefore, the National Cancer Grid of India
and Indian Council of Medical Research recommend
that chemoradiation and BT be the standard of care for
LACC.9,10

Because most women with cervical cancer in India (as
well as in other low-income countries) present with
locally advanced–stage disease, the overall need (in
both adjuvant and definitive settings) is expected to be
as high as 85% to 90%.7,8,11,12 However, it is unclear
if all women with cervical cancer have access to
external-beam radiotherapy (EBRT; also known as
teletherapy) or BT. A recent analysis reported that
overall, only 35% to 40% of patients in India might
have access to RT; however, no specific details are
available for cervical cancer.13 A report from India that
detailed state-level EBRT and BT infrastructure in
2008 focused on providing projections for EBRT in-
frastructure only.14 Similarly, international RT access
initiatives focus essentially on EBRT access.15-17 Al-
though therapeutic needs in most cancers can be
projected by estimating EBRT deficit, this is not the
case for cervical cancer, because paired availability of
EBRT and BT is crucial for cure. Also, because there is
substantial variation in incidence of cervical cancer
across Indian states (5.6 to 24.3 per 100,000),18 it is
important that infrastructural needs are projected in
reference to state-level rather than national incidence.

We therefore undertook a study to report access to
EBRT and BT treatment units in reference to state-

level incidence of cervical cancer and calculate the
unmet infrastructural needs. This study was planned
with the aim of providing a guidance document for
development of RT infrastructure for cervical cancer in
India.

Methods

The number of cervical cancer cases was estimated for
each state and union territory using the nearest
population-based cancer registry and verified against
published data of overall incidence, including the
Globocan 2018 report.2,3,18 State-level availability of
EBRT and BT resources was obtained through avail-
able RT facility databases. The absolute number of
cervical cancer cases in each state was obtained by
multiplying the age-specific incidence rates with the
respective age subgroups of the female population,
and an incidencemap was generated. A rate of RT use
of 85% was estimated based on available data on
incidence of cervical cancer according to stage.7,8

External radiation fractions needed were calculated
on the basis of 25 common fraction schedules as
follows: total number of fractions needed for each
state = cervical cancers in the state × 0.85 × 25.
Presuming that patients with LACC will need four
fractions of BT, the overall BT fractions needed
were estimated as: cervical cancer cases in state ×
0.85 × 4. On the basis of proportionate incidence of
cervical cancer and use of external RT machine
space across various departments, it was presumed
that 10% of the available EBRT infrastructural re-
sources would be allocated for treatment of cervical
cancer.2 For available BT machines, 100% use was
presumed for cervical cancer.

Total EBRT treatment capacity for cervical cancer (in
number of fractions) was estimated by multiplying the
number of units per state with 240 working days
(assuming 5 days per week and accounting for annual
holidays). Assuming that 50 patients would be treated
per day, a proportional treatment space of 10% was
estimated for cervical cancer. Therefore, feasible
fractions were estimated as: number of EBRT units per
state × 240 × 0.10 × 50. Similarly, BT capacity was
estimated at four procedures per unit per day for 240
days. BT fraction capacity was therefore calculated as:
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number of BT units × 240 × 4. Deficit in EBRT and BT
fractions and subsequently number of EBRT and BT units
were calculated by the difference between available and
needed infrastructure.

Results

Table 1 and Figures 1A and 1B summarize the state-level
deficit of EBRT and BT equipment for treating cervical
cancer. Overall, 22 Indian states had a deficit in equipment
for EBRT, with additional needs of 1 to 24 units just for
treating cervical cancer. A total of 14 states had a deficit in
BT units (1 to 38 units). If state-level deficit is taken into
account, an additional 109 EBRT units (or 10% of the
space of 1,090 additional EBRT units) and 127 BT units are
needed just for patients with cervical cancer.

Infrastructural deficit for cervical cancer was most pro-
nounced in the high-incidence states of Uttar Pradesh,
Bihar, West Bengal, Odisha, and Rajasthan, suggesting the
potential for a serious survival disadvantage after diagnosis
of cervical cancer in these states. It was observed that
although no states had excess EBRT resources, few states
had excess BT treatment units in reference to baseline
incidence of cervical cancer. If the excess treatment units
of adjacent states are taken into account, an additional 58
BT units will still be needed. It is estimated that with the
current BT deficit, approximately 14,000women in Indiamay
have delayed or no access to BT, thereby precluding cure.

Discussion

Cervical cancer mortality represents a great threat to
women’s health, with one death every 2 minutes esti-
mated worldwide. The WHO has issued a call to action for
the elimination of cervical cancer, with the main em-
phasis on vaccination, screening, and treatment of early
lesions and palliative care and limited emphasis on RT
availability.19 Although vaccination and screening are
likely to have an impact on incidence and mortality re-
duction over the next few decades,20 access to RT re-
sources will be crucial for the treatment of a majority of
patients with cervical cancer.

To our knowledge, our report presents the first state-
level incidence-based evaluation of RT resources for the
treatment of LACC in India. Our results highlight the re-
gional disparity in EBRT and BT treatment unit allocation
and overall deficit of treatment units for treating LACC. Our
analysis also reveals geographic clustering of therapeutic
units. Although resource-sharing models between different
states for EBRT and BT may seem to be a potential interim
solution, the implementation of such may be difficult in
India because of challenges related to the need to travel
long distances and find interim housing, inadequate fi-
nancial resources, out-of-pocket expenditures, and in-
adequate medical insurance coverage.21,22 Increasing
travel distance to receive care is known to be associated
with reduced rates of treatment completion and has had
adverse effects on survival in patients with cervical
cancer23,24 in underserved regions in the United States; this
is likely to be the same in India and other developing
countries. Results from ongoing and completed resource-
sparing BT trials are awaited to understand if existing re-
sources can be used more optimally.25,26 Furthermore,
resource sharing between geographically close institutions
or institutional networks (like the National Cancer Grid
of India)9 may help bridge the deficit in treatment units,
and such partnership models should be prospectively
investigated.

Whereas global initiatives exist to improve access to
EBRT,15-17 there are no structured international initiatives to
map BT resources, which is critical to cure of cervical
cancer. Therefore, a formal global assessment of treatment
units and practices must be undertaken. It is noteworthy
that the resource deficit for cervical cancer is reported not
only in low- to middle-income countries but in high-income
countries as well. Multiple studies have reported sub-
optimal use of cervical BT, including access to facilities,
increased overall treatment time, and sometimes omission
of BT in favor of less effective external RT techniques.27-29 A
need for a call to international action involving multiple
stakeholders was therefore recently discussed at the World
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Cancer Congress,30 and a joint international initiative is
being envisaged to map international access to cervical
cancer EBRT and BT. It is also predicted that the joint
initiative would work toward a financial investment plan and

estimate the impact of inaction, with an aim of improving
international infrastructure for treatment of LACC in the
next decade. Although we report on a treatment unit def-
icit and the potential for undertreatment in reference to

TABLE 1. State-Level Incidence, RT Needs, and Unmet Need for EBRT and BT Infrastructure for Cervical Cancer

State or Union
Territory

No. of Patients No. of EBRT Units No. of BT Units
Infrastructure

Deficit or Excess

With Cervical
Cancer Requiring RT Needed Available

Deficit
or Excess Needed Available

Deficit
or Excess EBRT BT

Uttar Pradesh 15,843 13,467 336,664 46,800 −289,864 53,867 17,280 −36,586 −24 −38

Maharashtra 8,688 7,385 184,620 97,200 −87,420 29,539 49,920 +20,381 −5 +21

Bihar 8,404 7,143 178,585 8,400 −170,185 28,574 3,840 −24,734 −14 −26

West Bengal 7,302 6,206 155,168 26,400 −128,768 24,827 13,440 −11,387 −11 −12

Madhya Pradesh 5,835 4,960 123,993 27,600 −96,393 19,839 11,520 −8,319 −7 −9

Tamil Nadu 5,533 4,703 117,576 74,400 −43,176 18,812 24,000 +5,187.8 −4 +5

Rajasthan 5,424 4,610 115,260 25,200 −90,060 18,442 8,640 −9,802 −8 −10

Karnataka 4,909 4,173 104,315 62,400 −41,915 16,690 19,200 +2,510 −4 +2

Gujarat 4,785 4,067 101,681 39,600 −62,081 16,269 17,280 +1,011 −5 +1

Andhra Pradesh 4,196 3,567 89,165 39,600 −49,565 14,266 17,280 +3,014 −4 +3

Orissa 3,357 2,853 71,335 9,600 −61,735 11,414 1,920 −9,494 −5 −10

Telangana 2,977 2,530 63,261 40,800 −22,461 10,122 13,440 +3,318.2 −2 +3

Kerala 2,920 2,482 62,050 44,400 −17,650 9,928 15,360 +5,432 −1 +5

Jharkhand 2,693 2,289 57,225 6,000 −51,225 9,156 1,920 −7,236 −4 −8

Chattisgarh 2,138 1,817 45,433 7,200 −38,233 7,269 2,880 −4,389 −3 −5

Punjab 2,099 1,784 44,604 30,000 −14,604 7,137 14,400 +7,263 −1 +7

Haryana 1,954 1,661 41,523 18,000 −23,523 6,644 8,640 +1,996 −2 +2

Delhi 1,262 1,073 26,818 38,400 +11,582 4,291 18,240 +13,949 +2 +14

Assam 1,215 1,033 25,819 13,200 −12,619 4,131 6,720 +2,589 −1 +3

Jammu and Kashmir 989 841 21,016 9,600 −11,416 3,363 4,800 1,437 −1 +1

Uttarakhand 825 701 17,531 2,400 −15,131 2,805 960 −1,845 −1 −2

Himachal Pradesh 543 462 11,539 2,400 −9,139 1,846 960 −886 −1 −1

Meghalaya 122 104 2,593 1,200 −1,393 415 0 −415 −0.11 −0.43

Goa 115 98 2,444 2,400 −44 391 0 −391 0 −1

Puducherry 111 94 2,359 3,600 1,241 377 1,920 +1,543 0 +1

Manipur 97 82 2,061 1,200 −861 330 960 +630 −1 +0.65

Chandigarh 78 66 1,658 6,000 4,343 265 3,840 +3,574 0 +3

Nagaland 74 63 1,573 1,200 −373 252 0 −252 −0.03 −0.02

Arunachal Pradesh 55 47 1,169 1,200 31 187 0 −187 0 −1

Mizoram 44 37 938 1,200 262 150 960 +810 +0.02 +0.84

Dadra and Nagar Haveli 28 24 595 0 −595 92 0 −92 −0.05 −0.09

Andaman and Nicobar 28 24 595 0 −595 95 0 −95 −0.05 −0.098

Sikkim 27 23 573 0 −573 544 960 +416 −0.05 +0.43

Daman and Diu 18 15 383 0 −383 60 0 −60 −0.03 −0.06

Lakshadweep 6 5 128 0 −128 61 0 −61 −0.01 −0.06

Total 94,854 80,489

State-level deficit 107 125

Overall deficit 105 53

Abbreviations: BT, brachytherapy; EBRT, external-beam radiotherapy; RT, radiotherapy.
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incidence, our work relies on assumptions related to
number of fractions of EBRT and BT and human resources.
A national and international systematic survey related to
real practice, available equipment (eg, applicators, imaging
units, and human resources) would be needed to further
strengthen the estimates of resource deficit.

In conclusion, access to EBRT (and concurrent chemo-
therapy) and BT is crucial for achieving local control and
improving outcomes of patients with locally advanced
cervical cancer. There is a clear need to estimate worldwide
resources to ensure treatment of all until eradication be-
comes a reality.
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FIG 1. (A) External-beam radiotherapy (EBRT) and (B) brachytherapy deficits in state-level incidence of cervical cancer in India. Assumes 10% machine
space for patients with cervical cancer in EBRT units.
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