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Abstract
Introduction: The current study was aimed at quantifying the disparity in geographic
access to cancer clinical trials in India.

Research

Methods: We collated data of cancer clinical trials from the Clinical Trial Registry of India
and data on state-wise cancer incidence from the Global Burden of Disease Study. The
total sample size for each clinical trial was divided by the trial duration to get the sample
size per year. This was then divided by the number of states in which accrual was planned
to get the sample size per year per state (SSY).
For interventional trials investigating a therapy, the SSY was divided by the number of
incident cancers in the state to get the SSY per 1,000 incident cancer cases. The SSY data
was then mapped to visualise the geographical disparity.
Results: We identified 181 ongoing studies, of which 132 were interventional studies. There
was a substantial inter-state disparity—with a median SSY of 1.55 per 1,000 incident cancer
cases (range 0.00–296.81 per 1,000 incident cases) for therapeutic interventional studies.
Disparities were starker when cancer site-wise SSY was considered. Even in the state with
the highest SSY, only 29.7% of the newly diagnosed cancer cases have an available slot in a
therapeutic cancer clinical trial. Disparities in access were also apparent between academic
(range: 0.21–226.60) and industry-sponsored trials (range: 0.17–70.21).
Conclusion: There are significant geographic disparities in access to cancer clinical trials
in India. Future investigations should evaluate the reasons and mitigation approaches for
such disparities.
Keywords: geography, neoplasms, disparities, access, clinical trials

Introduction
Advances in cancer diagnosis, treatment and outcomes stem from well-designed clinical trials. Intuitively, patient participation in clinical trials is vital, but several studies
show that less than 5% of adult cancer patients participate in a clinical trial [1–4].
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Even where industry-sponsored research is concerned, a recent meta-analysis showed a marginally higher participation rate of 8% [5].
Key patient-reported barriers which limit participation are a dislike of randomisation, protocol complexity, presence of placebo arm,
potential side effects, the inappropriateness of clinical trials in serious diseases and the effect on the relationship with healthcare
providers [6]. Additionally, structural and clinical barriers exist, and non-availability of clinical trials was identified as one of the most
critical factors affecting recruitment in clinical trials by Unger et al [5]. Nearly 55% of the patients did not have a trial available for them
for participation, and an additional 21% were ineligible. Thus, geographical access to a clinical trial may impact recruitment into clinical
trials. Globally, the disparity in access to cancer clinical trials is magnified in lower-middle-income countries (LMIC) [7]. As opposed
to nearly 4,700 cancer clinical trials in breast, lung and cervical cancers in high-income countries, there were only 1,951 clinical trials
available in LMIC nations [7].

Despite the patient burden, few cancer clinical trials are available in India. A recent audit of clinical trials registered in the Clinical Trial Registry
of India (CTRI, www.ctri.nic.in) showed that only 350 interventional trials were registered during 2007–2017 period [10]. Given the large size
and wide disparity in health care services across India, there may be wide geographic variations in access to clinical trials also. The objective
of the current study was to quantify the geographic disparities in access to clinical trials in India in terms of positions or slots in clinical trials
available for newly diagnosed cancer patients.

Methods
Clinical trial data
Data regarding registered clinical trials in cancer were retrieved from the CTRI website between 15 July 2020 and 17 July 2020. Both the
simple search and advanced search facility available on the Website were used. Keywords searched for were ‘cancer’, ‘neoplasm’, ‘tumour’,
‘tumour’, ‘carcinoma’ and ‘sarcomas’. No restriction or filtering was used during the search. Search results were available on a hypertext
mark-up language (HTML) page containing tabular summaries of the trials. Links to individual pages describing the trial were then obtained,
and web data were extracted from the respective HTML pages. Extracted data on the clinical trial included information on the following
parameters, amongst others:
1.

Title and investigator names

2.	Type of trial—Interventional (I), Observational (O), Bioavailability and Bioequivalence (BA/BE) and post-marketing surveillance
(PMS) studies
3.

Recruitment status

4.

Health condition studied

5.

Intervention(s) and comparator(s) as applicable

6.

Sponsor type

7.

Trial design and phase

8.

The planned sample size for India
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India is a populous nation with an increasing burden of cancer. Recent data from population-based cancer registries (PBCR) indicate that the
age-adjusted annual incidence of cancer is 94.1 per 100,000 males and 103.6 per 100,000 females [8]. In absolute numbers, this translates
into 1,392,719 incident cases [8]. Additionally, there is significant geographic variability in the incidence and types of cancers. India has the
third-highest number of incident cases worldwide (behind China and the USA) and is the second in terms of the number of deaths (665,650
in 2019) [9].

9.

Date enrolment started and total trial duration

10. Multinational/Indian study
We then filtered these trials by their recruitment status, retaining only trials which were marked as open to recruitment. Furthermore, we also
computed the planned date of closure of the study based on the total trial duration and the date of first enrolment. Trials that were indicated
as open but had a projected date of closure earlier than 1 January 2020 were also excluded. Finally, trials which were unrelated to cancer
were removed. Studies primarily sponsored by pharmaceutical companies were considered industry-sponsored, and rest were considered
academic.
For each of these trials, we then manually abstracted the following information related to the trial:
1.

Whether the study was related to cancer:

2.

The cancer site(s)—trials recruiting patients across sites were categorised as multiple sites.

3.	Stage of disease: Categorised into metastatic, non-metastatic and unstaged (haematological malignancies, sarcoma and brain
tumours).
4.	Preventive trial: Coded as Yes or No based on whether the trial was related to primary or secondary prevention of cancer in a healthy
population.
Treatment intent: Was coded as curative or palliative or both based on the setting in which patients were treated.

6.	Treatment setting: Was coded as Definitive, Adjuvant/Neoadjuvant, Palliative and Mixed based on the setting in which the study
treatment was delivered.
7.	Treatment type: Type of treatment modality, viz. Surgery/Radiotherapy/Systemic therapy/Supportive Care and Palliative Care.
Patients who received chemotherapy, endocrine therapy or targeted therapy were categorised to be receiving systemic therapy.
8.

Complementary or alternative medicines (CAM) therapy—If the trial was related to CAM, this was marked as yes.

The names of the Indian states where the trial was open were extracted from the site addresses where available. In case the states were not
available, then reverse geocoding of the addresses was done to obtain information on the state. For each trial, we calculated the number of
states in which the trial was open. The total sample size available in India was divided by the total trial duration in years to obtain the sample
size available for recruitment per year (SY). The SY was divided equally amongst the states in which the trial was to be conducted to get the
sample size per state per year (SSY).

Cancer incidence and mortality data
We obtained the state-wise cancer incidence and mortality data from the publication on the state-wise burden of cancer (India State-Level
Disease Burden Initiative Cancer Collaborators, the year 2016) [11]. The state-wise crude incidence rate and mortality rate for cancers (for
both genders) were then multiplied by the state population to obtain the crude number of incident cases and deaths. The study also provided
the 95% confidence limits for these rates, which were similarly multiplied by the state population to obtain the 95% confidence limits of the
number of incident cases and deaths.
The National Cancer Registry Programme (NCRP) has published cancer incidence data for five common cancer sites [12]. We abstracted
data for four major cancers, viz. breast cancer, head neck cancers, lung cancer and cervical cancer from the NCRP report [12]. In the
NCRP report, statewide population-based incidence data are available for 18 Indian states. For certain states such as Maharashtra and
Kerala, more than one PBCR are available. In such a situation, we took the simple average of the reported rates. For the other states
and union territories without a PBCR, we used the average crude incidence rate of the 18 states. All incidence rates were taken for
the year 2016.
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5.

Geographical access to clinical trial
The key metric for geographical access to clinical trial data was the SSY per 100,000 population when the intervention being studied
was preventive (for example, screening trials). This is because these trials are conducted on healthy volunteers. On the other hand, when
intervention being studied was non-preventive (e.g. treatment or diagnostic), then the metric was SSY per 1,000 incident cancers. SSY per
cancer site (per 1,000 incident cases) for therapeutic intervention studies was also calculated using the same methodology. We adopted
this metric as district-wise data on cancer incidence is not available for India. Dividing the SSY by ten allows us to get an estimate of the
percentage of newly diagnosed (incident) cancer patients with an available slot in a cancer clinical trial per state.

Data on health indicators

1.

The infant mortality rate from the Open Government Data Platform (OGD) of India (https://data.gov.in/)

2.

Literacy rate of the year 2011 from the OGD platform (https://data.gov.in/ )

3.

Maternal mortality rate (2014–16) from the OGD platform (https://data.gov.in/ )

4.	The number of cancer centres per 100,000 population. This was obtained by amalgamating data from the list of hospitals which
are part of the National Cancer Grid website (https://tmc.gov.in/ncg/index.php/list-of-centers) and the list of licensed radiotherapy centres from the Atomic Energy Regulatory Board of India website (https://www.aerb.gov.in/images/PDF/Radiotheraphy/
RSD3.pdf)
5.	The number of teaching hospitals per 100,000 population from the National Medical Council website (https://www.nmc.org.in/
information-desk/for-students-to-study-in-india/list-of-college-teaching-mbbs ). Presented as
6.

Per capita state-wise net domestic product (2017–18) from the OGD platform (https://data.gov.in/ )

Statistical analysis
Statistical analysis was conducted using R. Descriptive statistics included frequencies for categorical variables and median and range for continuous variables. The Chi-square test was used for comparing categorical variables, while the Kruskal–Wallis test was used for continuous
variables. Geospatial visualisation of SSY was done using the tmap package [13]. Scatter plots were generated comparing the SSY against
the six pre-specified indicators. Locally weighted scatterplot smoothing lines were superimposed to visualise trends. However, given that the
total number of states was small (n = 36), formal linear regression was not attempted.

Results
We identified 181 open cancer clinical trials (Figure 1). Table 1 shows the descriptive analysis of these trial records. These trials were registered in CTRI between 2012 and 2020. Full details of 181 trials are available in Appendix 1 in the Supplementary Material.
Amongst the non-interventional studies, there were 6 (12.2%) BA/BE studies and two PMS studies (4.1%), while the rest were observational
studies (n = 41, 83.7%). Amongst the 96 randomised trials, there was a single cluster-randomised trial (1.0%) and six (6.3%) trials with a crossover design. Twenty-one trials (21.9%) were placebo-controlled randomised parallel-group trials. Among the interventional studies (n = 132),
121 studies were testing a form of treatment. Of these 121, 69 studies (57.0%) were being conducted in the patients being treated with
curative intent. Table 2 shows the distribution of the studies as per the treatment setting. Radiotherapy and surgery-related trials together
comprised only 39.1% of the all interventional studies being conducted in curative settings (Table 2).
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In order to evaluate the impact of health indicators on the disparity in access to clinical trials, we collected data on the following indicators
state-wise:

Total number of records after searching : 6898
Duplicated records removed : 4175
Deduplicated Records : 2723
Recruitment
Status

Not Recruiting : 1076
Terminated or Suspended:74
Completed: 854
Unknown: 3

Expected
Completion Date

Open Studies: 716

Before 1st January 2020: 493

After 1st January 2020 : 223

Cancer
Study

No: 42

Figure 1. The filtering steps employed for retrieved CTRI records. The expected completion date was calculated by adding the planned trial duration to the
date of start of enrolment. Cancer studies were studies related to cancer, and data were recorded for all open studies.

Table 1. Trial characteristics for interventional and non-interventional studies.
Interventional study

Non-interventional study

Total (N = 181)

132

49

181

Median

71

120

88

Range

5.0–110000.0

1.0–30000.0

1.0–110000.0

Total number of studies
Total sample size

p-value
0.021

Total state-wise sample size

0.007

Median

40

100

50

Range

2.0–110000.0

1.0–30000.0

1.0–110000.0

State-wise sample size per year (SSY)

<0.001

Median

13

43

18

Range

0.0–11008.0

0.0–15010.0

0.0–15010.0

Randomised trial

<0.001

No

42 (31.8%)

43 (87.8%)

85 (47.0%)

Yes

90 (68.2%)

6 (12.2%)

96 (53.0%)

Indian

86 (65.2%)

41 (83.7%)

127 (70.2%)

Multinational

46 (34.8%)

8 (16.3%)

54 (29.8%)

No

81 (61.4%)

36 (73.5%)

117 (64.6%)

Yes

51 (38.6%)

13 (26.5%)

64 (35.4%)

Nations

0.016

Industry-sponsored

0.13
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Yes : 181

Table 1. (Continued)
Post-graduate thesis

0.002

No

105 (79.5%)

28 (57.1%)

133 (73.5%)

Yes

27 (20.5%)

21 (42.9%)

48 (26.5%)

Median

3.5

2

3

Range

1.0–15.0

0.0–10.0

0.0–15.0

Trial duration

0.001

Multi-centric trial

0.017

No

71 (53.8%)

36 (73.5%)

107 (59.1%)

Yes

61 (46.2%)

13 (26.5%)

74 (40.9%)

Sites enrolling

0.017

Median

1

1

1

Range

1.0–52.0

1.0–17.0

1.0–52.0

States enrolling
Median

1

1

1

Range

1.0 - 21.0

1.0 - 9.0

1.0 - 21.0

States enrolling category

Research

0.015

0.077

>5

34 (27.0%)

8 (16.3%)

42 (24.0%)

1

75 (59.5%)

38 (77.6%)

113 (64.6%)

1–5

17 (13.5%)

3 (6.1%)

20 (11.4%)

Cancer stage

0.196

Metastatic

36 (27.3%)

9 (18.4%)

45 (24.9%)

Non-metastatic

64 (48.5%)

22 (44.9%)

86 (47.5%)

All stages

32 (24.2%)

18 (36.7%)

50 (27.6%)

Cancer site

0.126

Brain

9 (6.8%)

2 (4.1%)

11 (6.1%)

Breast

22 (16.7%)

5 (10.2%)

27 (14.9%)

Gastrointestinal

17 (12.9%)

12 (24.5%)

29 (16.0%)

Genitourinary

6 (4.5%)

6 (12.2%)

12 (6.6%)

Gynaecological

16 (12.1%)

2 (4.1%)

18 (9.9%)

Head Neck

21 (15.9%)

5 (10.2%)

26 (14.4%)

Haematological

14 (10.6%)

4 (8.2%)

18 (9.9%)

Lung

12 (9.1%)

4 (8.2%)

16 (8.8%)

Multiple types

13 (9.8%)

9 (18.4%)

22 (12.2%)

Sarcoma

2 (1.5%)

0 (0.0%)

2 (1.1%)

Individual study descriptions are available in Appendix 1. Non-interventional studies include study types like observational
studies (n = 42), BA/BE studies (n = 6) and PMS studies (n = 2). p-values calculated using Chi-square test for categorical
variables and Kruskal–Wallis test for continuous variables. Note that states with no ongoing studies have been excluded
from the analysis.
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Table 2. Table showing the type of treatments being investigated in interventional studies.
Curative (n = 69)

Palliative (n = 50)

Both (n = 2)

Total (n = 121)

p-value

Radiotherapy

17 (24.6%)

2 (4.0%)

0 (0.0%)

19 (15.7%)

<0.001

Supportive care

16 (23.2%)

2 (4.0%)

2 (100.0%)

20 (16.5%)

Surgery

10 (14.5%)

0 (0.0%)

0 (0.0%)

10 (8.3%)

Systemic therapy

26 (37.7%)

46 (92.0%)

0 (0.0%)

72 (59.5%)

Supportive care includes interventions related to pain and palliative care. Both = Patients with both curative and
palliative intent included in the study. p-value calculated using the Chi-square test.
Of the 72 interventional studies investigating systemic treatments, 46 (63.9%) were being conducted in the palliative setting. The most
common source of funding was intramural (n = 70, 38.7%), followed by industry-sponsored (n = 64, 35.4%). Twenty studies (11.04%) had
governmental funding, and 27 (14.9%) had other sources of funding.

Available SSY per state ranged between 0.00 and 296.81 per 1,000 incident cancer cases (median of 1.02 per 1,000 incidence cancer cases)
for therapeutic interventional trials (F) (Figure 2). No studies were available in 13 (13, 35.1%) states or union territories. For interventional
studies which were testing a preventive approach, the median SSY was 0.00 per 100,000 population (range: 0.00–8.94 per 100,000). Such
studies were ongoing in only two states (5.41%).
The geographical disparity in access to interventional studies for four major cancer sites is shown in Figure 3. The median SSY per 1,000
incident cases available in interventional therapeutic trials for the four common cancers was as follows (Figure 3):
1.

Breast cancer: 2.38 (range: 0.42–120.00 per 1,000 incident cases).

2.

Cervical cancer: 0.58 (range: 0.16–90.16 per 1,000 incident cases).

3.

Head and Neck cancer: 4.18 (range: 0.15–11.80 per 1,000 incident cases).

4

Lung cancer: 1.68 (range: 0.55–16.67 per 1,000 incident cases).

Even for the commonest cancer in Indian females (Breast Cancer), the highest SSY is 120.00 per 1,000 (Puducherry) implying that only 12%
of the incident breast cancer patients will have a clinical trial slot available in that state.

Panel A

Panel B

Figure 2. Heat map of inter-state variation in the sample size per year for therapeutic trials (Panel A) and preventive trials (Panel B). Note that for
therapeutic trials, the SSY per 1,000 incident cancer cases was calculated while for preventive studies, it was calculated per 100,000 population. Note that
each shade of colour scale represents a tenfold change in SSY.
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The median number of studies being conducted in each state was 16.0 (range: 1.0–119.0), and the median total sample size was 7,701
(range: 53–129,878) (Appendix 2 in the Supplementary Material).

Research

Figure 3. Heatmap of inter-state variation in the sample size per year for therapeutic trials for four major cancer sites. The SSY per 1,000 incident cancer cases is
shown in the text. Blank states have no clinical trial running for the specific disease site. Note that each shade of colour scale represents a tenfold change in SSY.

Figure 4. Faceted heatmap of variation in SSY as per the sponsor type (academic on the top versus industry-sponsored in the bottom). The SSY per 1,000
incident cancer cases is shown in the text. Blank states have no clinical trial running for the specific disease site. Note that each shade of colour scale
represents a tenfold change in SSY.

Figure 4 shows the geographical disparity in access to interventional studies based on the type of trial sponsorship. The median SSY in academic studies was 2.73 (range: 0.21–226.60), while it was 1.97 (range: 0.17–70.21) for industry-sponsored research studies. However, as can
be seen from the heatmap, geographical access to studies is likely to be more heterogeneous for academic studies.
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Scatterplots of the relationship between the SSY and the indicators are shown in Figure 5. There seems to be an association with the statewise per-capita net domestic product and the number of cancer centres per 100,000 population, but in all plots outliers are present. The
association between cancer incidence to mortality ratio and the SSY for therapeutic interventional studies is shown in Figure 6. States with
a higher incidence to mortality ratio tend to have a higher SSY per 1,000.

Figure 5. Faceted scatterplots of the relationship between SSY for therapeutic trials and key health indicators (infant mortality rate 2015, literacy rate
2011, maternal mortality rate (2014–16), number of cancer centres per 100,000 population in the state, number of teaching hospitals per 100,000
population and per-capita state net domestic product). Labels indicate state abbreviation. Loess smoothing line with 95% confidence intervals
superimposed on the scatter plot. Note that SSY is shown on the Y-axis in the log scale. Note that several states with 0 SSY are depicted at the bottom.

Figure 6. Scatter plot showing the association between state-wise incidence to mortality ratio and the log of SSY for therapeutic interventional studies.
Labels indicate state abbreviation. Loess smoothing line with 95% confidence intervals superimposed on the scatter plot. Note that SSY is shown on the
X-axis in the log scale.
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Discussion
In the current analysis, we found that there is a high disparity or difference or variation across geographic locations in India in accessing
clinical trials by the cancer patients, particularly in four common malignancies, including breast cancer, cervical cancer, head and neck cancer
and lung cancer.
There is nearly a thousandfold difference in the SSY between the states with the smallest and the highest SSY in therapeutic interventional
studies. States in the North-eastern part of the country have fewer available clinical trial slots for patients. Tobacco associated cancers
account for about one-third of all cancers in India [8]. It is, therefore, surprising to see that active intervention studies investigating a preventive approach were being conducted in only two states in the country. Across the nation, however, access to cancer clinical trials remains
poor. Even in the state with the highest SSY of 55.21 per 1,000 incident cases (Delhi), by definition, a clinical trial slot is available for only
5.5% of the new cancer patients diagnosed every year in the state. Note there are two union territories with a higher SSY—Chandigarh with
SSY of 296 per 1,000 incident cases and Puducherry with SSY of 141 per 1,000 incident cases.

The reasons behind the disparity are possibly multi-fold and out of the scope of the present analysis. As SSY is a state-level metric, the total
number of values available is limited to permit an adequate regression model. Unfortunately, district-level data of cancer incidence is not
available in India, which would have permitted evaluation of the influence of the selected indicators on the disparity in access. One factor
that shows a relationship is the per-capita state net domestic product, where the higher per-capita net domestic product seems to be associated with a higher SSY. State literacy rate also seems to have a monotonous relationship. However, given the small number of states and the
presence of outliers, a definite relationship cannot be established.
Further exploration of funding sources also reveals that disparity persists across funding sources also (Figure 7). Government-funded therapeutic interventional studies were available in only six states (6, 16%). Interestingly intra-mural funded studies seem to be spread out more
uniformly across the country. Industry-sponsored studies seem to have the least geographical disparity. This highlights the importance of
industry-sponsored studies in our country where healthcare research spending is quite limited. For example, the annual budgetary allocation
for the Department of Health Research which is broadly responsible for conducting health research for 2020–21 is Rs. 2,100 crore (approximately 283 million USD). This corresponds to a per-capita figure of 0.22 USD (assuming a population of 1.3 billion) [17].
The association between the incidence to mortality ratio and the SSY is intriguing, but a causative role cannot be attributed. Given the overall
low number of cancer clinical trial seats, it is unlikely that participation in clinical trials itself is responsible for the improved outcomes in the
states with higher SSY. Better healthcare infrastructure and facilities in these states that facilitate the conduct of cancer clinical trials may be
responsible for such an association with improved incidence mortality ratio.
Inequities in geographical access to cancer care have been demonstrated to be associated with increasing stage at diagnosis, poor compliance with treatment, worse outcomes and quality of life [18]. Syed et al [19] have additionally shown that such disparities disproportionately
affect minorities and those with lower incomes. Additionally, this is a barrier to fair representation in clinical trials. In a statewide survey of
oncology patients in Pennsylvania, only 37% of patients indicated that they would be willing to travel in order to participate in a clinical trial
[20]. Similar findings were demonstrated by Lara et al [21] in a prospective study of patients at the University of California Davis Cancer
Center, where the distance from the cancer centre was the second most common reason cited for not participating in a clinical trial. Whether
this is true for Indian patients needs to be investigated further.
A recent paper demonstrated that unequal geographic access to clinical trials exists even in the USA [median clinical trial seats per 1,000 residents: 0.64, interquartile range (IQR): 0.25–1.01] [22]. In an analysis by Galsky et al [23], it was found that 45.6%, 50.2%, 52.2% and 38.4%
of the patients with metastatic breast, prostate, colorectal and non-small cell lung cancers, respectively, will have to drive more than 1 hour
to access a clinical trial site. It should be noted that Indian cancer patients routinely travel much longer distances to avail quality cancer care
[24, 25]. Carneiro et al [26] have shown that the number of interventional cancer clinical trials per 100,000 population in the country ranges
between 0.14 and 10.7 in Europe. In India, where we identified only 132 open interventional clinical trials, the number of open interventional
trial entries per 100,000 population is only 0.01 (for a population of 1.3 billion).
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The disparity is even starker when cancer sites are considered. For example, therapeutic interventional studies are available for brain tumour
patients in only two states in the country. The true magnitude of disparity is likely to be magnified by the fact that most of the cancer centres
in which these studies are available are located in urban areas of the country, in addition to the other barriers to research [14–16].

The strengths of this study are a detailed evaluation of the intra-state geographic disparity in access to clinical trials using publicly available
high-quality data. To the author’s knowledge, this is the first analysis of this kind. Disparities exist across study types and are magnified when
specific cancer types are evaluated.
It is only natural that interventional cancer clinical trials are conducted in cancer centres—and therefore states and small union territories
with fewer cancer centres have fewer clinical trials available. However, just the presence of cancer centres is not enough. Availability of
research funding, personnel and infrastructure to conduct trials is likely to be non-uniformly distributed too [27]. In less endowed states, the
priorities of cancer centres lean towards provision of cancer care rather than research. Academic incentives for research may also be nonuniformly distributed. Healthcare literacy in the population may be influenced by the literacy rates and income. States with a high literacy
rate do not automatically have a higher number of clinical trials available.
The socio-economic disparity and cultural diversity of our nation are likely to influence the conduct and access to preventive clinical trials
[28]. Agarwal et al [29] report several barriers to conducting such studies like loss to follow up due to the migratory nature of the workforce,
socioeconomic and cultural issues (gender disparity, casteism and stigma of disease) and lack of access to primary health care services. Similar
findings have been reported by Joseph et al [30]. Securing long-term funding from the government is also challenging given the lack of social
and political demand for health care in the country [31].
Our study has several limitations. First, our analysis is limited to studies registered in the CTRI. We chose to restrict the search to the CTRI
database as the Central Drugs Standard Control Organisation (CDSCO) has mandated the registration of all clinical trials in CTRI since 15
June 2009 [32, 33]. Second, geographic access has been estimated based on state, while clinical trials are conducted in specific institutes.
Unfortunately, institute wise cancer statistics are not available in the public domain for all cancer institutes across the country. However,
the geographic disparity will likely be more magnified if an institute level analysis is conducted as the majority of cancer centres in India are
located in urban areas. Similarly, as we have considered only incident cases in the denominator, which is likely to be highly conservative as the
prevalence of several cancers is likely to be higher than the incidence. Third, we have used the incidence data from two sources which rely
on PBCR and hospital-based cancer registries for estimates of new cancer case burden. However, registry coverage across the nation is not
homogenous. Fourthly, key information about disease characteristics like stage information is inconsistently recorded in the trial registration
data which limits our ability to evaluate such factors in granular details. Finally, we restricted our analysis to open trials where studies whose
planned duration was such that they should have closed by 1 January 2020 were considered as completed. It is likely that some of these
trials may still be open to recruitment.
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Figure 7. Heatmap of SSY for interventional therapeutic studies faceted by the source of funding. The SSY per 1,000 incident cancer cases is shown in the
text. Blank states have no clinical trial funded by the specific source. Note that each shade of colour scale represents a tenfold change in SS.

Conclusion
Significant geographical variability in access to cancer clinical trials exists in India. Fewer than 10% of newly diagnosed cancer patients will have
access to a therapeutic cancer clinical trial in the same state. Further studies are needed on methods to reduce and mitigate such disparities.
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Appendix 1: trial list
The trial list is available at https://doi.org/10.6084/m9.figshare.13366238.v1.

Appendix 2: state-wise sample size

CHANDIGARH

Number of
Incident
Cases

Total
Number
of Studies

Total
Sample
Size

SSY
Per
1000

95% Lower CI
of Number of
Incident Cases

Upper 95%
CI for SSY per
1000

95% Upper CI
of Number of
Incident Cases

Lower 95%
CI for SSY per
1000

940

13.00

857.71

296.81

902.00

309.31

982.00

284.11

PUDUCHERRY

1146

5.00

292.45

140.49

1101.00

146.23

1199.00

134.28

DELHI

19254

51.00

2364.54

55.21

16185.00

65.68

20788.00

51.14

MAHARASHTRA

98762

77.00

7526.88

15.24

95437.00

15.77

104180.00

14.45

ANDHRA PRADESH

41290

25.00

1113.12

10.95

39996.00

11.30

44147.00

10.24

TAMIL NADU

64530

40.00

2482.96

9.69

61728.00

10.13

69668.00

8.97

WEST BENGAL

85066

42.00

3044.59

6.32

82178.00

6.55

87756.00

6.13

MANIPUR

1988

1.00

12.63

6.04

1907.00

6.29

2223.00

5.40

KARNATAKA

68644

39.00

1216.08

5.77

66076.00

5.99

71752.00

5.52

GUJARAT

48415

30.00

827.72

5.51

46563.00

5.73

51226.00

5.21

TELANGANA

28577

17.00

210.51

4.65

27318.00

4.87

30427.00

4.37

HARYANA

29135

18.00

318.10

4.19

27584.00

4.42

31307.00

3.90

ODISHA

38754

14.00

210.99

3.41

37270.00

3.54

42045.00

3.14

UTTARAKHAND

10238

1.00

42.00

2.73

9676.00

2.89

10823.00

2.59

KERALA

48301

12.00

332.34

2.63

38984.00

3.26

50550.00

2.51

JAMMU AND KASHMIR

11005

2.00

65.13

2.45

10616.00

2.54

11658.00

2.32

RAJASTHAN

58830

21.00

320.33

2.31

56642.00

2.40

61342.00

2.22

PUNJAB

25771

6.00

61.77

1.90

24083.00

2.03

26705.00

1.83

ASSAM

32118

3.00

40.54

1.21

30907.00

1.26

33613.00

1.16

CHHATTISGARH

24138

3.00

22.92

0.83

23313.00

0.86

25345.00

0.79

UTTAR PRADESH

187927

13.00

144.75

0.49

180553.00

0.52

196491.00

0.47

JHARKHAND

24816

1.00

12.63

0.48

23967.00

0.50

25897.00

0.46

BIHAR

67267

4.00

43.88

0.42

64272.00

0.44

70512.00

0.40

MADHYA PRADESH

70933

2.00

42.63

0.38

68031.00

0.40

73153.00

0.37

HIMACHAL PRADESH

6826

0.00

0.00

0.00

6468.00

0.00

7281.00

0.00

TRIPURA

2877

0.00

0.00

0.00

2769.00

0.00

3144.00

0.00

MEGHALAYA

2741

0.00

0.00

0.00

2636.00

0.00

2892.00

0.00

NAGALAND

1582

0.00

0.00

0.00

1523.00

0.00

1692.00

0.00

GOA

1539

0.00

0.00

0.00

1467.00

0.00

1616.00

0.00

MIZORAM

1508

0.00

0.00

0.00

1312.00

0.00

1559.00

0.00

ARUNACHAL PRADESH

1233

0.00

0.00

0.00

1121.00

0.00

1277.00

0.00

DADRA AND NAGAR HAVELI

499

0.00

0.00

0.00

480.00

0.00

522.00

0.00

ANDAMAN AND NICOBAR ISLANDS

338

0.00

0.00

0.00

325.00

0.00

354.00

0.00
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