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Summary
Background Treatment delays are significantly associated with advanced stage, poor response to treatment, increased
mortality risk, poor health outcomes, increased healthcare expenditures among cancer patients. However, factors
associated with these delays have not yet been robustly evaluated. In order to bridge this gap, we determined the
delayed time to treatment initiation (TTI) among cancer patients in India, ascertained its determinants, and assessed
the trends of delayed TTI.

Methods We analysed data collected from 6695 cancer patients seeking outpatient/daycare treatment, recruited at
purposively selected seven healthcare facilities across six states of India. Data on socio-demographic and clinical
characteristics including date of cancer diagnosis, date of treatment initiation, cancer site, stage and type of
treatment were collected to determine the median TTI and ascertain its determinants among cancer patients in
India. Time to treatment initiation was calculated as the duration (days) between diagnosis of cancer
(histologically/clinically) and date of initiation of treatment. Multi-variable logistic regression was employed to
analyse the relationship between the outcome variable (TTI) and each explanatory variable. A Cox Proportional
Hazard (CPH) model was used to conduct time-to-event analysis, and to assess the impact of government-funded
health insurance on timely cancer treatment initiation.

Findings The median (IQR) overall TTI was 20 (7–39) days, with a mean of 53.7 days (SD, 192.9). The TTI was higher
for those having head and neck cancer (median TTI: 29 days, IQR: 10.5–55.5) and those receiving radiotherapy as
initial treatment (27.5 days, IQR: 10–49.5). Younger patients, those educated up to graduation level and males had
significantly lower odds of delayed TTI. As compared to patients who were diagnosed between 1995 and 2017, those
diagnosed after 2018 had a 36% (26–46%) higher odds of timely initiation of treatment within 30 days. Upon
stratifying by enrolment under PMJAY, we found that while the access for timely treatment initiation increased by
33% for those who were not enrolled, vs. 90% among those enrolled under PM-JAY. Overall, this shows significant
improvement in timely initiation of cancer treatment as a result of introduction of PM-JAY.

Interpretation The study highlights the positive impact of government-funded health insurance schemes on the
timely access to cancer treatment in India. Our study recommends expanding AB PM-JAY cancer packages to
include cost-effective treatments, increasing population coverage under screening programs and promoting e-
RUPI to reduce financial constraints associated with diagnostic services to address delayed treatment initiation
due to unknown cancer stages.
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Research in context

Evidence before this study
The delay in access to timely cancer treatment initiation is an
important public health problem leading to upstaging of
cancer contributing to further degrading health implications,
increasing mortality and morbidity. Despite this majority of
the studies have focused on the initiation of treatment (yes/
no), neglecting the duration of time between the diagnosis
and initiation of treatment. We have searched for English
language articles in PubMed on 20th February 2024 without
any time restriction, using the search terms “(Carcinoma OR
Neoplasm OR Cancer) AND (Time-to-Treatment OR “time to
treatment” OR TTI OR “treatment initiation” OR delay OR
“waiting time”) AND (extent) AND (association OR
determinant) AND (trend)". A total of 366 results were
found, of which 8 were systematic reviews. Most of the
studies were sustained to single type of cancer having limited
geographical variation with smaller sample size. None of the
studies have documented the trends of access to TTI, or any
analysis of impact of policy interventions to improve timely
access to care. Above all, there was no nationally
representative study from India.

Added value of this study
We have able to provide the extent, determinants of access to
TTI among cancer patients irrespective of site, stage, locality,
residence and ethnicity across the nation (India). This is the

first ever study to cover all types of cancer patients in a
nationally representative sample. We have also provided the
differences across each type of cancer group. We found that
income and gender are important factors which are associated
with delayed TTI, even if the delay is small. Longer delays in
TTI are attributable to poor educational status, lack of
knowledge about disease staging, and lack of entitlement to
any financial protection benefits such as insurance. Another
major finding of our study is that the delays in TTI in India
has been declining, and this improvement in timely access to
treatment is further accentuated by enrolment in India’s
national insurance program – Ayushman Bharat Pradhan
Mantri Jan Arogya Yojana (PM-JAY).

Implications of all the available evidence
Understanding the extent and determinants of access to TTI
is crucial for crafting effective preventive, promotive and
curative strategies at national level. Our study findings imply
that the access to cancer treatment coverage under India’s
PM-JAY scheme should be further enhanced to bolster the
timely access to treatment. In addition, focus of timely
detection through primary care linked screening programs at
Health and Wellness Centres will help in early detection, which
will facilitate linkage for treatment and provision of cost-
effective treatment.
Introduction
According to GLOBOCAN 2020 report, high-income
countries (HIC) have three times higher cancer inci-
dence rates than low- and middle-income countries
(LMICs).1 Estimates indicate that 50% of cancer di-
agnoses and 58% of cancer-related fatalities worldwide
occur in Asia. According to the GLOBOCAN 2022 esti-
mates, the global age-standardized incidence rate (ASIR)
for all cancers is 196.9 per 100,000 individuals. Men
have a higher ASIR (212.6 per 100,000) compared to
women (186.3 per 100,000). The global age-standardized
mortality rate (ASMR) for cancer is 91.7 per 100,000,
with males (109.8 per 100,000) again exhibiting a higher
mortality rate than females (76.9 per 100,000).2,3 In In-
dia, the cancer burden reflects unique patterns
compared to global averages. The ASIR for all cancers is
98.5 per 100,000 individuals, with females exhibiting a
higher incidence (100.8 per 100,000) compared to males
(97.1 per 100,000). In contrast, the ASMR is higher in
males (66.5 per 100,000) than in females (62.6 per
100,000), with an overall mortality rate of 64.4 per
100,000 population.2,3 In India, breast cancer accounts
for the highest proportion of cancer cases overall
(13.6%), followed by lip and oral cavity cancers (10.2%).
Lung cancer ranks as the fourth most common cancer
(5.8%).

One of the reasons for higher share of the cancer
mortality in LMICs like India is the late diagnosis and
delays in the initiation of treatment. The delay in time to
treatment initiation (TTI) may lead to further upstaging
of cancer disease, which is associated with poorer health
outcomes and increased complications.4,5 Besides poorer
health outcomes, delayed TTI may lead to increased
healthcare expenditures for treatment of advanced dis-
ease and its complications.6,7

The delayed TTI in the context of cancer, and its
adverse health impact is well documented, which was
further highlighted during the COVID-19 pandemic.8–11

Subsequently, several model-based evaluations showed
that this resulted in excess cancer mortality.12 More
recently, latest epidemiological data on cancer mortality
from several countries has validated that these delays in
TTI as well as disruptions in cancer treatment led to an
increase in cancer deaths.13–15
www.thelancet.com Vol 32 January, 2025
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Another important aspect of this public health chal-
lenge to TTI is from an equity perspective. Several of the
demand side barriers to TTI are poor education, lower
socioeconomic status, socio-cultural belief, gender, dis-
tance from healthcare facility, and access to appropriate
financial protection such as insurance. Each of these
places the poor and vulnerable at a disadvantage. The
supply side barriers are due to lack of manpower,
infrastructure, services; weak referral pathways and
unrecognised stakeholder accountability, which are
again an issue in LMICs.16–18

Several efforts at the global and national level have
been undertaken to reduce these barriers for TTI as well
as access to cancer treatment. The World Health Orga-
nisation (WHO) commemorated the World Cancer Day
with the theme “close the care gap”. Similarly, the
Sustainable Development Goals call for achieving uni-
versal health coverage (UHC), including financial risk
protection, access to quality essential healthcare ser-
vices.19 Removing barriers to timely access to cancer
treatment, India launched the government-funded
health insurance program for poor population, i.e.,
Ayushman Bharat – Pradhan Mantri Jan Arogya Yojana
(AB PM-JAY). More than 1/4th of the total therapeutic
procedures covered in the health benefits package of
PM-JAY comprise of oncology treatments.20

Despite the importance of TTI for cancer, much of
the available evidence only focusses on the dichotomous
outcome of treatment being accessed or not, without
much attention on its timeliness.21,22 There are very few
studies related to access to timely treatment initiation on
all types of cancers among a large population. The
limited published literature pertains to smaller
geographic areas, in single type of cancer, and with
small sample size.23–26 There are no Indian studies using
a nationally representative data. In order to bridge this
gap in evidence which holds significant importance
from a UHC lens, we undertook this analysis among a
large sample of 12,148 cancer patients to determine the
delayed time to treatment initiation, ascertain its de-
terminants, and to assess the trends of delayed time to
treatment initiation.
Methods
We analysed the data on 12,148 cancer patients who
were interviewed to collect data on health care costs and
quality of life, as part of the Indian National Cancer
Database for Cost and Quality of Life (CaDCQoL). The
present cross-sectional study was conducted at selected
seven leading cancer care hospitals across six states of
India. We employed a multistage stratified sampling
technique for the selection of healthcare facilities.
Firstly, we selected states/regions based on the Epide-
miological Transition Level (ETL) of the top 10 cancers
in India. ETL state groups were defined by the propor-
tion of cancer-related Disability-Adjusted Life Years
www.thelancet.com Vol 32 January, 2025
(DALYs) in 2016, classified into high, middle, and low
ETL states. Chandigarh (Punjab) and Tamil Nadu were
randomly selected from high ETL states, while Delhi &
Maharashtra, and Assam were chosen from middle and
low ETL states, respectively. At the second stage, seven
healthcare facilities which cater to largest volume of
oncology patients were purposively selected. Notably,
two of these hospitals rank among the top 10 hospitals
for cancer treatment claims under AB PM-JAY scheme.
At the third stage, patients were selected using the
Probability Proportional to Size (PPS) method across
different Disease Management Groups (DMGs) at these
healthcare facilities. Detailed methodology of sample
selection and data collection are published elsewhere.27

Systematic random sampling was used to recruit the
participants from October 2020 to March 2022. Patients
irrespective of age and gender, diagnosed with any type
of cancer, seeking care from the outpatient and inpa-
tient departments, were recruited prospectively across
the selected healthcare facilities. Both the participants
on-treatment and on follow-up were included.

Out of the total 12,148 cancer patients, 9787 partic-
ipants were recruited from outpatient department
(OPD). However, data was not available for either of the
two variables, i.e., date of diagnosis, or date of treatment
initiation, for 2361 patients which precluded the op-
portunity to compute TTI.27 We have also compared
socio-demographic characteristics of included 6695 pa-
tients with overall sample to rule out any selection bias
(Supplementary Table S1).

TTI was calculated from the duration (days) between
diagnosis of cancer (histologically/clinically) and date of
initiation of treatment. The data on these two variables
was obtained from the clinical records available in the
hospital during the data collection. By directly accessing
the medical records, we ensured the accuracy and con-
sistency of these dates, thus minimizing any potential
recall bias. Using this information, we stratified the
patients according to the year of diagnosis and
compared the time to treatment initiation (TTI) across
stratified group of patients diagnosed before and after
the implementation of government funded health in-
surance scheme (AB PM-JAY). While majority of the
studies have reported TTI cut-offs of >30 days for solid
tumours,3,25,28,29 there is no universally agreed upon
threshold for TTI. Varying thresholds of delayed TTI has
been reported in different studies ranging from 7 to 90
days. The cut-offs used in various studies are ≥7 days,
≥14 days,30 ≥30 days,4,26,28,29 ≥45 days,28 ≥60 days,24,31

≥75 days32,33 and ≥90 days.34

However, we have used a TTI threshold of >30 days
to determine the association between delayed initiation
of therapy and explanatory variables, which is broadly
representative across most solid tumours and aligns
with findings from several key studies.35–37 This
threshold also resonates with clinical opinion in the
Indian context, particularly considering the resource
3
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constraints and logistical challenges often encountered
while accessing cancer care.

The explanatory variables were as follows – age,
gender, educational status, area of residence, marital
status, number of family members, socio-economic
status estimated based on monthly per capita con-
sumption expenditure (MPCE), status of enrolment
under financial benefit scheme, type of financial pro-
tection scheme, primary cancer site, stage, and type of
treatment.

Data were entered in Microsoft Excel (Microsoft Of-
fice 365) and analysed using STATA v17 (StataCorp LLC,
College Station, TX). Baseline characteristics were sum-
marized using counts and percentages for categorical
variables (such as age-group, occupation, education) and
mean ± standard deviation (SD) or median (Interquartile
range, IQR) for continuous variables (such as age, time to
treatment initiation delay).38 Multiple thresholds of TTI
delay were used to determine association between
delayed TTI and various socio-demographic and clinical
characteristics (Supplementary Tables S7–S14 of the
Supplementary appendix). Factors which were found to
be significantly associated with delayed TTI using
different thresholds were documented separately
(Supplementary Tables S7–S14). Binary logistic regres-
sion was employed to analyse the relationship between
the outcome variable and each explanatory variable, and
crude odds ratios were calculated for each variable.
Explanatory variables with crude odds ratios having a
p-value < 0.2 were selected for further analysis.39–41 Sub-
sequently, multivariable logistic regression was conduct-
ed using all eligible explanatory variables to obtain
adjusted odds ratios (Supplementary Table S15). A p-
value < 0.05 was considered statistically significant in this
analysis.

Further, in order to calculate the year wise delayed
TTI, we generated a scatterplot with the year of diag-
nosis on the x-axis and TTI on the y-axis. Additionally,
we determined the trend, represented by the line of best
fit, depicting delayed TTI over the years. Subsequently,
we documented this trend for each specific cancer type.

Additionally, a Cox Proportional Hazard (CPH)
model was used to conduct time-to-event analysis,
considering treatment initiation as the event of interest
among all cancer patients and year of diagnosis as the
explanatory variable. This model was adjusted for age
group, gender, education, residence, marital status,
number of family members, health insurance, wealth
quintile, primary cancer site, cancer stage, and type of
treatment.

To examine the effect of the national flagship in-
surance program - AB PM-JAY launched in 2018, the
trendline was reconstructed based on patients diag-
nosed during 1995–2017 compared to those diagnosed
during 2018–2022. The key assumption of the Cox
model is that the hazard ratio (the ratio of the hazard
rates between two groups being compared) is constant
over time. In other words, the hazard functions for
different groups being compared are proportional. This
has been checked using Kaplan–Meier observed survival
curves (Fig. 1). The proportional-hazards assumption
has not been violated, as the predicted and observed
curves are close together. This analysis was further
stratified into patients who were PM-JAY beneficiaries
and non-beneficiaries. Kaplan Meier curves were also
produced to graphically represent the cumulative prob-
ability of treatment initiation. A steeper slope indicates a
higher rate of event (i.e., treatment initiation).

Ethical considerations
Ethical approval was obtained individually from the
Institute Ethics Committee of all the participating cen-
tres. A written informed consent was obtained from all
study participants. For participants below the age of 18,
parental or guardian consent was sought.

Role of the funding source
There is no role of any agency in study design, data
analysis, data interpretation or writing of the report. The
corresponding author had full access to all the data in
the study and had final responsibility for the decision to
submit for publication.
Results
Study population
The study population comprised 6695 cancer patients of
whom 61% were females. The mean age of the partici-
pants was 48.7 years. Majority cancer patients were
residing in rural areas (60.2%), and were married
(80.1%). Almost two-fifth (39.4%) participants were not
covered through any financial protection scheme.
Among those who were covered, 48.6% were covered
under government-funded health insurance schemes,
and the remaining ones were supported through phi-
lanthropists (7.7%) and voluntary private health insur-
ance (1.9%). The information on cancer stage could be
elicited for only 53% patients, with 36% representing
stage 3 and 4 of cancer. Nearly half of the participants
were undergoing chemotherapy (49.42%) followed by
combination therapy (10.7%). We included patients
diagnosed with haematological cancers (25.6%), breast
cancer (25.3%), reproductive and genitourinary cancers
(18.5%), gastro-intestinal (GIT) (10.6%) and head &
neck cancer (9.2%). Baseline characteristics of the
included participants were comparable with the overall
patients (Supplementary Table S1, Supplementary ap-
pendix). Detailed participant characteristics are provided
in Supplementary Table S3 of the Supplementary
appendix.

Overall time to treatment initiation (TTI)
The median (IQR) time to initiate treatment from the date
of cancer diagnosis was 20 (7–39) days, with a mean of
www.thelancet.com Vol 32 January, 2025
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Fig. 1: Cox proportional hazard model showing the probability of treatment initiation along the TTI as per year of diagnosis (1995–2017 vs.
2018–2022): Adjusted values (A) Overall cancer patients, (B) Not availing AB PM-JAY, (C) Availing AB PM-JAY.
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53.7 days (SD, 192.9). The distribution of TTI was found to
be skewed (Shapiro Wilk test, p < 0.001). Based on
different treatment delay cut-offs ranging from 7 to 90
www.thelancet.com Vol 32 January, 2025
days, 64%, 51%, 30%, 17.5%, 12.7%, 9.5% and 8% pa-
tients were found to have a treatment delay of ≥7 days,
≥14, ≥30, ≥45, ≥60, ≥75 and ≥90 days respectively.
5
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Time to treatment initiation (TTI) by strata
Table 1 summarizes the socio-demographic and clinical
characteristics of the patients stratified by delayed TTI at
threshold of 30 days. At TTI cut-off of ≥30 days, patients
aged 46–60 years (32.1%), females (32.1%), illiterate
(31%) or those educated up-to primary and middle level
(32%), separated/divorced/widow/widower (34.7%), and
those residing in rural areas (31.8%) reported highest
TTI in excess of 30 days. The proportion of patients
reporting more than 30 days delay in TTI was highest
among GIT cancers (34.1%), followed by breast cancer
(33.4%); while least delay was seen in case of repro-
ductive and genitourinary cancers (19.5%). Higher
proportion of stage 3 cancer patients (34.5%) reported a
delay in initiation of treatment by more than 30 days
followed by Stage 1 cancer (33.9%). Further, patients
undergoing radiotherapy (35%) reported higher delay as
compared to surgery (32%) and chemotherapy (27.9%)
(Table 1).

Comparative analysis between patient groups having
delayed TTI of <30 days and >30 days suggested that
patients in whom therapy was initiated between Days
0 and 30 were younger (77% vs. 23% patients in the age
group of 0–30 years), more educated (70.2% vs. 29.8%),
and were covered through financial benefit schemes
(69% vs. 31%) when compared with those treated
beyond 30 days (Table 1).

Time to treatment initiation (TTI) by type of cancer
and type of treatment
The median TTI for each cancer type was significantly
different ranging from 11 to 29 days (p < 0.001). The
median TTI (IQR) was highest among patients with
head and neck cancer, 29 days (10.5–55.5) followed by
breast cancer, 25 days (10–43), and least among hae-
matological cancers, 11 days (4–27) as shown in Fig. 2A.
Based on the type of treatment, radiotherapy had the
highest median (IQR) TTI (days), [27.5 (10–49.5)] and
supportive therapy had the lowest median TTI (days) [9
(2–54)] (Fig. 2B). The mean and median delayed TTI
estimates stratified by type of cancer and type of treat-
ment are described in Supplementary Table S4 of the
Supplementary appendix.

Factors associated with delayed time to treatment
initiation
Multivariable analyses of clinical and socioeconomic
factors that were associated with TTI across different
cut-offs are summarized in Table 2. Table 2 shows that
the female gender and poor wealth status have a sig-
nificant association with any delayed TTI, starting with
as short as 7 days delay, implying a stronger effect. In
addition, as compared to surgical treatment, other
therapeutic modalities also have a stronger association
with even shorter threshold delays. Higher education, a
known sign of disease and the enrolment in a financial
protection scheme offers protection against longer
delays in treatment initiation. All other solid tumours
have delayed TTI, as compared to haematological ma-
lignancy, irrespective of TTI threshold.

The detailed associations between determinants and
different types of cancers with delayed TTI across
various thresholds are documented in Supplementary
Tables S7–S14 of the Supplementary appendix.

Trend analysis of delayed TTI (1995–2022)
Overall, we observed a declining trend in delayed TTI
(slope value of β = −7.64) (Supplementary Fig. S1). This
trend was consistent across all types of cancers.
Reproductive and genitourinary cancers exhibited the
steepest decrease (β = −14.58), nearly twice the overall
value. Breast cancer demonstrated the second most
rapid decrease, characterized by a β value of −9.11,
while haematological cancers exhibited a less pro-
nounced decline with a β value of −6.04 (Fig. 3). The
overall declining trend of delayed TTI significantly
intensified after 2018, evidenced by a steeper slope
with a β value of −13.20 (Supplementary Fig. S8,
Supplementary appendix). Comparable declining pat-
terns were noted across all types of cancer, as illus-
trated in Supplementary Figs. S9–S14 of the
Supplementary appendix.

As compared to patients who were diagnosed be-
tween 1995 and 2017, those diagnosed after 2018 had a
36% (26–46%) higher odds of timely initiation of treat-
ment within 30 days. Upon stratifying by enrolment
under PMJAY, we found that while the access to timely
treatment initiation increased by 33% for those who
were not enrolled, the timely access to cancer treatment
increased by 90% among those enrolled under PM-JAY.
Overall, this shows significant improvement in timely
initiation of cancer treatment as a result of PM-JAY
[Table 3].
Discussion
In the present study, we have examined the extent, de-
terminants, and trends of timely access to cancer treat-
ment in India. More importantly, we examined the
impact of PM-JAY on timely initiation of cancer
treatment.

Our study leads to six important findings. First,
overall, there is a declining trend in delayed TTI over the
years, possibly attributed to increased knowledge,
improved care seeking behaviour, reduced stigma and
fear, improved transportation, healthcare infrastructure,
advances in oncology treatment leading to better out-
comes with less toxicity, economic growth, and health
promotion initiatives by both government and non-
governmental organizations.42,43 Second, the slope of
this decreasing trend was notably higher among patients
availing benefits under AB PM-JAY, suggesting higher
probability of timely treatment initiation for cancer pa-
tients as a result of enrolment.
www.thelancet.com Vol 32 January, 2025
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Variable Total
N = 6695
Na (%)

Patients by TTI, N (%) Chi-square
p-value

<30 daysb

N = 4682
≥30 daysb

N = 2013

Age-group (years)

0–15 158 (2.36) 131 (82.91) 27 (17.09) <0.001

16–30 575 (8.59) 433 (75.30) 142 (24.70)

31–45 1814 (27.09) 1289 (71.06) 525 (28.94)

46–60 2724 (40.69) 1849 (67.88) 875 (32.12)

>60 1424 (21.27) 980 (68.82) 444 (31.18)

Sex

Male 2633 (39.33) 1925 (73.11) 708 (26.89) <0.001

Female 4062 (60.67) 2757 (67.87) 1305 (32.13)

Educational status

No education 1290 (19.27) 891 (69.07) 399 (30.93) 0.012

Primary and middle 2299 (34.34) 1569 (68.25) 730 (31.75)

Up to Senior secondary 2099 (31.35) 1479 (70.46) 620 (29.54)

Graduation and above 1007 (15.04) 743 (73.78) 264 (26.22)

Residence

Rural 4036 (60.28) 1814 (68.22) 845 (31.78) 0.013

Urban 2659 (39.72) 2868 (71.06) 1168 (28.94)

Marital status

Unmarried 587 (8.77) 460 (78.36) 127 (21.64) <0.001

Married 5366 (80.15) 3738 (69.66) 1628 (30.34)

Separated/Divorced/Widow/
widower

742 (11.08) 484 (65.23) 258 (34.77)

Number of family members

<5 3589 (53.61) 2481 (69.13) 1108 (30.87) 0.123

>5 3106 (46.39) 2201 (70.86) 905 (29.14)

MPCE quintile

Poorest 1500 (22.40) 1020 (68.00) 480 (32.00) 0.119

Poor 1387 (20.72) 973 (70.15) 414 (29.85)

Middle 1250 (18.67) 857 (68.56) 393 (31.44)

Rich 1208 (18.04) 862 (71.36) 346 (28.64)

Richest 1350 (20.16) 970 (71.85) 380 (28.15)

Financial benefit scheme

AB-PMJAY 553 (8.26) 380 (68.72) 173 (31.28) 0.166

Other State/Central Government
Sponsored Schemes

2701 (40.34) 1851 (68.53) 850 (31.47)

Employer supported (other than
govt./PSU) health protection

91 (1.36) 66 (72.53) 25 (27.47)

Voluntary private insurance 130 (1.94) 95 (73.08) 35 (26.92)

Philanthropists 515 (7.69) 366 (71.07) 149 (28.93)

Others 64 (0.96) 42 (65.63) 22 (34.38)

Not covered 2641 (39.45) 1882 (71.26) 759 (28.74)

Primary site

Head and Neck 712 (10.63) 493 (69.24) 219 (30.76) <0.001

Breast 619 (9.25) 412 (66.56) 207 (33.44)

GIT 1694 (25.3) 1117 (65.94) 577 (34.06)

Haematological 715 (10.68) 483 (67.55) 232 (32.45)

Reproductive and genitourinary 1714 (25.6) 1379 (80.46) 335 (19.54)

Others 712 (10.63) 493 (69.24) 219 (30.76)

Stage

1 298 (4.45) 197 (66.11) 101 (33.89) <0.001

2 773 (11.55) 528 (68.31) 245 (31.69)

3 1469 (21.94) 962 (65.31) 507 (34.51)

(Table 1 continues on next page)
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This may be attributed to expansion of cancer care
services under national flagship insurance program, AB
PM-JAY launched in 2018 to provide universal health
coverage to 500 million Indians. The health benefit
packages (HBPs) under AB PM-JAY to cover procedures
related to both cancer diagnosis and treatment have
increased from 112 to 557 between 2018 and 2022
respectively.20 Such initiatives appear to have helped in
decreasing the financial barriers to access and improve
early initiation of treatment.44

Third, we found the important role of social de-
terminants in timely cancer treatment as shown in
Table 2. Income was observed to be an important
determinant of delayed TTI, having lower odds of
delayed TTI (>7, >14 days) among higher income
groups as compared to lower income groups. This is
consistent with previously published studies,28,45,46 and
may be attributed to factors like inequities, limited ac-
cess to healthcare, financial constraints,30,31 and
increased exposure to infection and mortality among
cancer patients during the COVID-19 pandemic,
particularly affecting lower socioeconomic groups.47,48

Evidence suggests that cost of treatment poses a
significant barrier to accessing cancer care in India.
More recently, it has been shown that PM-JAY has
resulted in significant reduction in out-of-pocket
expenditure and financial toxicity.49 These factors are
likely to have contributed to easing barriers to access-
ing timely treatment. Additionally, it was found that
breast cancer patients enrolled under financial benefit
schemes (government/private) had higher odds of
delayed TTI when the delayed TTI thresholds were
lower (>7, >14 days). However, as the delayed TTI
thresholds increased (>60, >75, >90 days), the odds
decreased, suggesting initial delays in TTI due to
administrative formalities associated with the schemes.
Once these formalities were completed, the schemes
facilitated faster TTI, which is in concurrence with
published literature.26,29

Fourth, highest median TTI was observed among
patients whose cancer stage was not known (i.e., the
stage was not mentioned in the medical record of the
patient). This might be due to lack of access to proper
diagnostic procedures, lack of trained manpower or
health facility; leading to uncertainty of staging, which
might cause improper/delayed decision making
regarding the appropriate treatment initiation. In breast
cancer patients, higher odds were contributed by stage 3
(2.60). These findings align with similar observations in
other studies,33,50 suggesting that advanced cancer stages
may contribute to delayed treatment initiation, with
factors such as social stigma, fear and financial toxicity
associated with cost-intensive cancer treatment, poten-
tially exacerbating this delay. This finding has important
implications for the existing cancer screening pro-
grammes. The National Programme for Prevention and
Control of Cancer, Diabetes, Cardiovascular Diseases &
www.thelancet.com Vol 32 January, 2025 7
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Variable Total
N = 6695
Na (%)

Patients by TTI, N (%) Chi-square
p-value

<30 daysb

N = 4682
≥30 daysb

N = 2013

(Continued from previous page)

4 979 (14.62) 667 (68.13) 312 (31.87)

Unknown 3176 (47.44) 2328 (73.30) 848 (26.70)

Current treatment

Chemotherapy 3309 (49.42) 2384 (72.05) 925 (27.95) 0.002

Radiotherapy 234 (3.50) 152 (64.96) 82 (35.04)

Palliative Care 126 (1.88) 88 (69.84) 38 (30.16)

Surgery 393 (5.87) 267 (67.94) 126 (32.06)

Combination therapy 722 (10.78) 471 (65.24) 251 (34.76)

Maintenance therapy 170 (2.54) 130 (76.47) 40 (23.53)

Supportive care 41 (0.61) 30 (73.47) 11 (26.83)

Hormone therapy 227 (3.39) 149 (65.64) 78 (34.36)

others 1473 (22.00) 1011 (68.64) 462 (31.36)

aColumn percentage. bRow percentage.

Table 1: Patient characteristics based on delayed TTI threshold ≥30 days.
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Stroke (NPCDCS), now renamed as National Pro-
gramme for Prevention & Control of Non-
Communicable Diseases (NP-NCD) has been in opera-
tion since November 2016, however population coverage
has been extremely low. Only 1.1% population have
received cervical cancer screening, and less than 1%
have received breast or oral cancer screening till date.51

The coverage of screening needs to be expanded so
that early detection is undertaken.

Last, there was highest delay observed for radio-
therapy treatment followed by chemotherapy as
compared to surgery, which is an important argument
for strengthening public healthcare infrastructure for
provision of radiotherapy to cancer patients in India as
well as inclusion of cost-effective chemotherapeutic
agents in HBPs under AB PM-JAY.52,53 Radiotherapy is
the most resource intensive speciality of oncology
treatment requiring expensive and dedicated infra-
structure. Presently, India possesses a total of around
779 teletherapy machines, out of which nearly one-third
are telecobalt units, and the remaining are linear ac-
celerators.54 Similarly, among the 175 available simula-
tors, nearly one-third are X-ray simulators, while the
remaining are CT simulators.55,56 In most high-income
countries, there is at least 1 radiotherapy unit available
for every 250,000 people.57 This, on an average, would
mean four radiotherapy machines per million popula-
tion. Applying this factor to India would translate into a
total requirement of 5000 radiation therapy units in
India, as of now. Based on the number of existing
installed units in India, this still would mean a shortfall
of >4000 machines. According to the WHO, there
should be 1 teletherapy unit for every million people.
There would still be a major shortage of approximately
571 units since the minimum amount of teletherapy
units needed is closer to 1350 than the 779 units
currently in use. This deficient infrastructure leads to
long waiting periods for initiation of radiation treat-
ment. Similarly, chemotherapy contributed to 1.44
times higher odds of delayed TTI as compared to sur-
gery. This is probably due to higher cost associated with
chemotherapy, as outlined by another study reporting
higher odds of CHE and impoverishment due to
chemotherapy as compared to other treatment modal-
ities including radiotherapy, surgery, hormone therapy
etc.49

The overall median (IQR) TTI (days) was found to be
20 days (IQR: 7–39). Globally, studies have reported a
wide range of TTI values, spanning from 17 to 135 days
among participants with diverse cancer types.24,26,29,33,50,58

The overall median TTI estimated in our study (20 days,
IQR: 7–39 days) is indeed shorter than that reported in
the US and UK studies.25,31 One of the reasons could be
difference in the type of cancers included in these
studies. Cone et al. (2020) focused specifically on non-
metastatic breast, prostate, non-small cell lung
(NSCLC), and colon cancers,31 while Khorana et al.
(2019) included only early-stage cancers such as breast,
prostate, lung, colorectal, renal, and pancreas.25

Another, and more important reason for such an
observation is a difference in the definition of TTI.
Khorana et al. estimated TTI using dates of initial cancer
diagnosis either clinically or histologically established as
per FORDS definition and earliest cancer-directed
treatment.25 On the other hand, we estimated TTI as
difference of duration between histologically confirmed
diagnosis (not clinically) and the date of initiation of
treatment. Another potential reason for shorter time
period for delayed TTI in our hospital-based study is the
that patients who had longer delays might have been
missed in our study as they did not have the opportunity
to be enrolled in our study.

Further, in our study, the median (IQR) TTI (days)
was observed to be highest among patients with head
and neck cancer [29 (10.5–55.5)], followed by breast
cancer [25 (10–43)], and lowest among patients with
haematological cancers [11 (4–27)]. These findings align
with previous research, reporting higher TTI values [40
(28–54.8)] among head and neck cancer patients.26

Similarly, various studies have reported TTI values
ranging from 17 to 127 days among breast cancer
patients.24,25,50,58

In our study, we found that radiotherapy had the
highest median TTI of 27.5 days (IQR: 10–49.5), fol-
lowed by surgery at 25 days (IQR: 13–49). Notably,
Babatunde et al. reported lower TTI values for surgery
(17 days) and higher values for radiotherapy (135 days)
in breast cancer patients.45,46 Surgical treatments gener-
ally had shorter TTIs compared to radiotherapy. This
trend is consistent with findings from multiple studies,
possibly due to limited radiotherapy infrastructure and
high radiotherapy utilization rate (RTU) which is the
proportion of patients with cancer requiring at least one
www.thelancet.com Vol 32 January, 2025
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Fig. 2: Box and whisker plot representing the median (IQR) TTI (days) as per different types of cancers (A) and different types of cancer
treatments (B).
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treatment of radiotherapy during the course of their
disease. RTU is highest for LMICs as majority of
patients present with locally advanced disease leading
to long waiting periods.25,59 We also found that
chemotherapy had a median TTI of 17 days, shorter
than 39 days reported in another study. This
discrepancy may be due to the use of post-surgery
chemotherapy among breast cancer patients.50 Addi-
tionally, delayed TTI has also been found to be
significantly associated with gender and area of
www.thelancet.com Vol 32 January, 2025
residence. Increased TTI observed in female patients
highlights the barriers for women to access timely
treatment including their role as caregivers at home,
financial barriers, cultural and social barriers associ-
ated with stigma. Similarly, increased TTI seen
among patients reporting from rural areas highlights
the geographical barriers associated with skewed ur-
ban distribution of majority of cancer centres leading
to long travel times, language barriers, food, stay,
support required from attending caregiver, etc.
9
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Characteristics Adjusted odds ratio
(95% Confidence interval)
of Delayed time to
treatment initiation
(≥30 days)

Age-group (years)

>60 Reference

0–15 0.63 (0.37–1.07)

16–30 0.99 (0.75–1.31)

31–45 0.94 (0.80–1.10)

46–60 1.02 (0.88–1.17)

Sex

Male Reference

Female 1.04 (0.90–1.19)

Education (minimum)

No education Reference

Primary and middle 1.08 (0.93–1.25)

Up to Senior secondary 0.99 (0.84–1.17)

Graduation and above 0.87 (0.72–1.07)

Residence

Rural Reference

Urban 1.17 (1.04–1.31)

Marital status

Unmarried Reference

Married 1.11 (0.83–1.50)

Separated/Divorced/Widow/widower 1.19 (0.85–1.68)

Number of family members

<5 Reference

>5 0.99 (0.89–1.12)

Financial benefit scheme

None Reference

Government 1.04 (0.92–1.17)

Private 1.02 (0.84–1.24)

MPCE quintile

Poorest Reference

Poorer 1.00 (0.85–1.18)

Middle 1.08 (0.91–1.27)

Richer 0.94 (0.78–1.12)

Richest 0.94 (0.79–1.13)

Primary site

Haematological Reference

Head and Neck 2.12 (1.64–2.74)a

Breast 2.08 (1.64–2.65)a

GIT 2.01 (1.58–2.57)a

Reproductive and genitourinary 2.17 (1.78–2.64)a

Others 1.91 (1.53–2.38)a

Stage

1 Reference

2 0.92 (0.69–1.23)

3 1.03 (0.79–1.35)

4 0.95 (0.72–1.26)

Unknown 1.07 (0.81–1.40)

Treatment

Surgery Reference

Chemotherapy 1.03 (0.81–1.29)

Radiotherapy 1.20 (0.85–1.70)

(Table 2 continued on next column)

Characteristics Adjusted odds ratio
(95% Confidence interval)
of Delayed time to
treatment initiation
(≥30 days)

(Continued from previous column)

Palliative Care 1.03 (0.66–1.61)

Combination therapy 1.19 (0.91–1.55)

Maintenance therapy 1.28 (0.83–1.98)

Supportive care 1.05 (0.50–2.19)

Hormone therapy 1.05 (0.74–1.50)

Others 1.11 (0.87–1.42)

ap-value < 0.05 (significant).

Table 2: Determinants of delayed time to treatment initiation (≥30
days) among all cancer patients.
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Together with these key findings, an important
recommendation of the study is that AB PM-JAY should
prioritise the expansion of cancer packages under
HBPs, by including the cost-effective treatments. Sec-
ondly, there is a need to increase the infrastructure for
radiotherapy, promoting local production of quality
equipment like linear accelerators and provide afford-
able and equitable radiation treatment by rationalising
the existing HBPs pertaining to radiotherapy. Thirdly, as
unknown cancer stage has also been observed as a
determinant of delayed TTI, so there should be more
focus on increasing the population coverage under
screening programmes. To address the financial hard-
ships associated with diagnostic services, innovative
financing models such as e-RUPI could be used. e-RUPI
is a digital payment solution designed and launched by
the National Health Authority (NHA) in India, to deliver
a cashless and contactless means of payment through an
electronic voucher, which can be used for specific health
services.60 Lastly, while TTI delays as short as 7–14 days
may impact clinical outcomes in certain solid tumours,
the relationship between TTI and clinical outcomes
varies by cancer type and stage.35–37 Assessing these
outcomes falls beyond the scope of this study, which
focuses mainly on measuring the extent of delayed TTI,
identifying its determinants, and evaluating the impact
of government-funded health insurance on timely can-
cer treatment initiation. We recommended undertaking
community-based longitudinal studies to ascertain the
impact of delayed TTI on clinical outcomes as a future
area of research.

We would like to mention several methodological
strengths of our study. This is the first study to have
comprehensively estimated determinants of delay in
treatment initiation in daycare/outpatient setting at
various thresholds on such a large sample of 6695
cancer patients. Given the use of the multistage strati-
fied sampling technique for selection of states and
healthcare facilities, we believe our sample is represen-
tative of the national cancer patient population in India.
www.thelancet.com Vol 32 January, 2025
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Fig. 3: Distribution and trend of delayed TTI (days) of different types of cancers with time (year).
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Two of the selected hospitals in our sample, are among
the top 10 hospitals in terms of cancer treatment claims
as part of the national insurance scheme in India.27 Our
sample population included cancer patients from all age
groups, socio-economic categories, and with any type of
cancer (solid and haematological), thus making it more
representative and generalizable. The distribution of
cancer types in our sample is also in line with the
GLOBOCON 2022 and Indian National Cancer registry
data.2,61 Several of these socio-demographic and clinical
characteristics influence the care seeking behaviour of
Variable Cox proportional hazard model

Unadjusted

Overall cancer patients (N = 6695)

Year of diagnosis Hazard ratio (95% CI) p-

1995–2017 Reference -

2018–2022 1.20 (1.12–1.28) <0

Not availing AB-PMJAY (N = 6142)

Year of diagnosis Hazard ratio (95% CI) p-

1995–2017 Reference -

2018–2022 1.19 (1.12–1.28) <0

Availing AB-PMJAY (N = 553)

Year of diagnosis Hazard ratio (95% CI) p-

1995–2017 Reference -

2018–2022 1.42 (1.06–1.90) 0.

aRefers to adjusted with age group, gender, education, residence, marital status, numbe
stage, type of treatment. bRefers to adjusted with age group, gender, education, residen
cancer stage, type of treatment.

Table 3: Cox proportional hazard model showing the association of TTI with
PMJAY.

www.thelancet.com Vol 32 January, 2025
the patients and are predictors of TTI. Hence, our
sample is nationally representative to capture all varia-
tion across these factors. We would like to highlight that
besides the large sample size, the other contribution is
that we provide site-specific estimates (head and neck,
breast, GIT, haematological, reproductive and genito-
urinary cancers) stratified by cancer stage and treatment
on cancer treatment timeliness along with determinants
of delayed TTI. Furthermore, our study is the first study
which estimates the determinants of delayed TTI for
cancer daycare/outpatient care.
Adjusted

value Hazard ratioa (95% CI) p-value

Reference -

.001 1.36 (1.26–1.46) <0.001

value Hazard ratiob (95% CI) p-value

Reference -

.001 1.33 (1.24–1.43) <0.001

value Hazard ratiob (95% CI) p-value

Reference -

019 1.90 (1.35–2.66) <0.001

r of family members, health insurance, wealth quintile, primary cancer site, cancer
ce, marital status, number of family members, wealth quintile, primary cancer site,

year of diagnosis among overall cancer patients as per availing of AB-
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We would also like to mention some of our limita-
tions. The determinants pertaining to the supply side
(health system and healthcare services) were not
captured as part of the CaDCQoL study,27,49 thereby
limiting the extent to which these factors could be
studied. However, this limitation does not confound the
results of our time trend analysis and the impact
assessment of the government-funded health insurance
scheme. Any variations in the health system likely
remained consistent across both the groups i.e., PMJAY
users and non-users, and since we are using difference-
in-difference analysis, its effect would be multified in
the overall effect size. We also acknowledge that the
rollout of the national insurance scheme (AB PM-JAY)
likely exhibited geographic variation in terms of both
intensity and timing. However, through our use of a
multistage stratified sampling technique, we ensured
the representativeness of states, healthcare facilities, and
patients in our study sample. Given the representative-
ness of the sample, we believe that our study documents
a real-world effect of PMJAY on TTI for cancer treat-
ment given the variation in scheme implementation
across states and over time.

Patients who had longer delays might have been
missed in our study as they may not have had an op-
portunity to be enrolled yet, particularly in the most
recent years. While we do recognise that this may in-
fluence the overall estimation of TTI as well as overall
trends, however, this does not impact our cox-
proportional hazard model used to evaluate the impact
of PMJAY, as the non-PMJAY serves as a control and
mitigate the impact of any such selection bias. We rec-
ommended undertaking community-based longitudinal
studies to assess the same as a future area of research.
Sampling of patients at different stages might have led
to over-representation of cancers with longer survival
rates in our study sample. However, the findings of
trend analysis and impact of government-funded health
insurance scheme on delayed TTI along with key de-
terminants of delayed TTI are less likely to be
confounded by these factors as distribution of partici-
pants experiencing delayed TTI (threshold >30 days)
based on primary cancer site, stage, and type of treat-
ment were consistent across the different groups at
three different time periods i.e., 1995–2010, 2011–2016
and 2017–2022 (Supplementary Tables S2 and S5 of the
Supplementary appendix). We also recognize the limi-
tation in our ability to capture delays starting from the
initial suspicion of cancer to histological confirmation.
By using the date of confirmed diagnosis as the starting
point, we may have underestimated the true delay.
However, since the operational definitions used are
standardised across all years (1995–2022), TTI trends
and its determinants are not likely to be confounded by
these factors. We could not examine the barriers in ac-
cess to cancer care from a resource centric perspective
by categorizing treatments based on resource
requirements and the expertise, which could have pro-
vided a more nuanced understanding of access barriers
contributing to treatment delays. However, we have re-
ported our estimates on delayed TTI for each treatment
type. We recommended an exploration on understand-
ing of the structural challenges affecting timely treat-
ment initiation in low-resource settings as an important
area of future research. Lastly, we could not account for
patient-related factors such as adherence to medical
advice and follow-up appointments in our analysis as
they are difficult to measure and control for in studies,
although they significantly impact TTI.

Conclusion
Our study attempts to provide evidence on determinants
of delayed TTI among cancer patients in India. The
timely access to cancer treatment has improved over the
last three decades through government programs such
as PMJAY and other health system strengthening in-
terventions, however strengthening early detection and
prompt treatment will require robust screening pro-
grams and the integration of cancer care into primary
health care (PHC) and Comprehensive Primary Health
Care (CPHC) systems, particularly at the Health and
Wellness Centres (HWCs) established under the
Ayushman Bharat initiative. These centres are pivotal in
providing decentralized healthcare services and can play
a crucial role in routine screening and early diagnosis.

Contributors
Conceptualisation: SP, PH, JD. Data curation: SP, PH, JD. Formal
analysis: SP, PH, JD. Funding acquisition: SP, Investigation: SP, JD,
PH, NG, NM, AS, PM, AM, LK, ACK, SG. Methodology: SP, PH, JD.
Project administration: SP, JD, NG, NM, AS, PM, AM, LK, ACK, SG.
Resources: SP, JD, NG, NM, AS, PM, AM, LK, ACK, SG, PH. Software:
SP, PH, JD. Supervision: SP, JD, NG, NM, AS, PM, AM, LK, ACK, SG.
Validation: SP, JD, PH, NG, NM, AS, PM, AM, LK, ACK, SG. Visual-
isation: SP, JD, PH, NG, NM, AS, PM, AM, LK, ACK, SG. Writing –

original draft: JD, PH, SP. Writing– review & editing: SP, JD, NG, NM,
AS, PM, AM, LK, ACK, SG.

Data sharing statement
The datasets and analysis will be available upon request. The study in-
vestigators retain ownership of their data. Any requests for access to data
should be made directly to study investigator.

Declaration of interests
All authors declare no conflict of interest.

Acknowledgements
The authors would like to acknowledge the funding agency namely
Department of Health Research, Ministry of Health and Family Welfare,
New Delhi, as well as the collaborating seven leading cancer care centres
of India namely Post Graduate Institute of Medical Education and
Research, Chandigarh; Government Medical College and Hospital,
Chandigarh; Adyar Cancer Institute, Chennai; Christian Medical Col-
lege, Vellore; All India Institute of Medical Sciences, New Delhi; Dr. B.
Booroah Cancer Institute, Guwahati and Tata Memorial Centre,
Mumbai.

Appendix A. Supplementary data
Supplementary data related to this article can be found at https://doi.
org/10.1016/j.lansea.2024.100514.
www.thelancet.com Vol 32 January, 2025

https://doi.org/10.1016/j.lansea.2024.100514
https://doi.org/10.1016/j.lansea.2024.100514
http://www.thelancet.com


Articles
References
1 Deo SVS, Sharma J, Kumar S. GLOBOCAN 2020 report on global

cancer burden: challenges and opportunities for surgical oncolo-
gists. Ann Surg Oncol. 2022;29(11):6497–6500.

2 International agency for research on cancer, world health organi-
sation, GLOBOCAN 2022, India fact sheet [cited 2024 Sep 19].
Available from: https://gco.iarc.who.int/media/globocan/factsheets/
populations/356-india-fact-sheet.pdf.

3 Bray F, Laversanne M, Sung H, et al. Global cancer statistics 2022:
GLOBOCAN estimates of incidence and mortality worldwide for 36
cancers in 185 countries. CA Cancer J Clin. 2024;74(3):229–263.
https://doi.org/10.3322/caac.21834.

4 Shimels T, Gashaw B, Gedif T. Association between delayed initi-
ation of treatment indications and survival in patients with cervical
cancer: a systematic review and meta-analysis protocol. PLoS One.
2022;17(7):e0271604.

5 Ferreira da Silva I, Ferreira da Silva I, Koifman RJ. Cervical cancer
treatment delays and associated factors in a cohort of women from
a developing country. J Glob Oncol. 2019;5:JGO.18.00199.

6 Accordino MK, Wright JD, Vasan S, Neugut AI, Hillyer GC,
Hershman DL. Factors and costs associated with delay in treatment
initiation and prolonged length of stay with inpatient EPOCH
chemotherapy in patients with hematologic malignancies. Cancer
Invest. 2017;35(3):202–214.

7 Liao DZ, Schlecht NF, Rosenblatt G, et al. Association of delayed
time to treatment initiation with overall survival and recurrence
among patients with head and neck squamous cell carcinoma in an
underserved urban population. JAMA Otolaryngol Head Neck Surg.
2019;145(11):1001–1009.

8 Rosenbaum L. The untold toll— the pandemic’s effects on patients
without covid-19. Malina D, editor N Engl J Med.
2020;382(24):2368–2371.

9 Watkins J, Wulaningsih W. Three further ways that the COVID-19
pandemic will affect health outcomes. Int J Public Health.
2020;65(5):519–520.

10 Ranganathan P, Sengar M, Chinnaswamy G, et al. Impact of
COVID-19 on cancer care in India: a cohort study. Lancet Oncol.
2021;22(7):970–976.

11 Gupta N, Pandey A, Goyal A, Dimri K, Suraj. Effect of COVID-19
on access to cancer care in India. South Asian J Cancer.
2021;10(1):46–47. https://doi.org/10.1055/s-0041-1733313. Epub
2021 Sep 2 - Google Search.

12 Gupta N, Chauhan AS, Prinja S, Pandey AK. Impact of COVID-19
on outcomes for patients with cervical cancer in India. JCO Glob
Oncol. 2021;7:716–725.

13 Martinez D, Sarria GJ, Wakefield D, et al. COVID’s impact on ra-
diation oncology: a Latin American survey study. Int J Radiat Oncol
Biol Phys. 2020;108(2):374–378.

14 Vasquez L, Sampor C, Villanueva G, et al. Early impact of the
COVID-19 pandemic on paediatric cancer care in Latin America.
Lancet Oncol. 2020;21(6):753–755.

15 Jereczek-Fossa BA, Pepa M, Marvaso G, et al. COVID-19 outbreak
and cancer radiotherapy disruption in Italy: survey endorsed by the
Italian Association of Radiotherapy and Clinical Oncology (AIRO).
Radiother Oncol. 2020;149:89–93.

16 Faruqui N, Bernays S, Martiniuk A, et al. Access to care for
childhood cancers in India: perspectives of health care providers
and the implications for universal health coverage. BMC Publ
Health. 2020;20(1):1641.

17 Walsh J, Harrison JD, Young JM, Butow PN, Solomon MJ,
Masya L. What are the current barriers to effective cancer care
coordination? A qualitative study. BMC Health Serv Res.
2010;10(1):132.

18 Hendren S, Chin N, Fisher S, et al. Patients’ barriers to receipt of
cancer care, and factors associated with needing more assistance
from a patient navigator. J Natl Med Assoc. 2011;103(8):701–710.

19 The 17 goals | sustainable development [cited 2023 Dec 21].
Available from: https://sdgs.un.org/goals.

20 Guidelines: health benefits packages. Pradhan Mantri Jan Arogya
Yojana (PM-JAY) | GOI [cited 2023 Dec 21]. Available from: https://
pmjay.gov.in/hospital/hbc.

21 Datta SS, Ghose S, Ghosh M, et al. Journeys: understanding access,
affordability and disruptions to cancer care in India; 2022 [cited 2024
Jan 26]. Available from: http://ecancer.org/en/journal/article/1342-
journeys-understanding-access-affordability-and-disruptions-to-can-
cer-care-in-india.

22 dos-Santos-Silva I, Gupta S, Orem J, Shulman LN. Global dispar-
ities in access to cancer care. Commun Med. 2022;2(1):1–4.
www.thelancet.com Vol 32 January, 2025
23 Rahool R, Haider G, Hayat M, et al. Factors associated with treat-
ment delay in breast cancer: a prospective study. Cureus. 2021;13(2):
e13242.

24 Medeiros GC, Thuler LCS, Bergmann A. Determinants of delay
from cancer diagnosis to treatment initiation in a cohort of Bra-
zilian women with breast cancer. Health Soc Care Community.
2021;29(6):1769–1778. https://doi.org/10.1111/hsc.13284.

25 Khorana AA, Tullio K, Elson P, et al. Time to initial cancer treatment
in the United States and association with survival over time: an
observational studyAhmad A, ed. PLoS One. 2019;14(3):e0213209.

26 Schoonbeek RC, de Vries J, Bras L, Plaat BEC, van Dijk BAC,
Halmos GB. Determinants of delay in the head and neck oncology
care pathway: the next step in value-based health care. Eur J Cancer
Care. 2021;30(4):e13419.

27 Prinja S, Dixit J, Gupta N, et al. Development of national cancer
Database for cost and quality of life (CaDCQoL) in India: a protocol.
BMJ Open. 2021;11(7):e048513.

28 Mullangi S, Aviki EM, Chen Y, Robson M, Hershman DL. Factors
associated with cancer treatment delay among patients diagnosed
with COVID-19. JAMA Netw Open. 2022;5(7):e2224296.

29 Hernández Vargas JA, Ramírez Barbosa PX, Valbuena-Garcia AM,
Acuña L, González-Diaz JA. Factors associated with delays in time
to treatment initiation in Colombian women with cervical cancer: a
cross-sectional analysis. Gynecol Oncol Rep. 2021;35:100697.

30 Abebaw Wassie L, Simie Tsega S, Sharew Melaku M, Aemro A.
Delayed treatment initiation and its associated factors among can-
cer patients at Northwest Amhara referral hospital oncology units: a
cross-sectional study. Int J Afr Nurs Sci. 2023;18:100568.

31 Cone EB, Marchese M, Paciotti M, et al. Assessment of time-to-
treatment initiation and survival in a cohort of patients with com-
mon cancers. JAMA Netw Open. 2020;3(12):e2030072.

32 Kompelli AR, Li H, Neskey DM. Impact of delay in treatment initiation
on overall survival in laryngeal cancers. Otolaryngol Head Neck Surg.
2019;160(4):651–657. https://doi.org/10.1177/0194599818803330.

33 Kotha NV, Williamson CW, Mell LK, Murphy JD, Martinez E,
Mayadev JS. Racial disparities in time to start of definitive radiation
treatment for patients with locally advanced cervical cancer. Int J
Radiat Oncol Biol Phys. 2021;111(3, Supplement):e324–e325.

34 Montiel Ishino FA, Odame EA, Villalobos K, et al. Sociodemo-
graphic and geographic disparities of prostate cancer treatment
delay in Tennessee: a population-based study. Am J Mens Health.
2021;15(6):155798832110579.

35 Yang Y, Lu Y, Tan H, et al. The optimal time of starting adjuvant
chemotherapy after curative surgery in patients with colorectal
cancer. BMC Cancer. 2023;23(1):422. https://doi.org/10.1186/
s12885-023-10863-w.

36 Cai L, Tong Y, Zhu X, Shen K, Zhu J, Chen X. Prolonged time to
adjuvant chemotherapy initiation was associated with worse disease
outcome in triple negative breast cancer patients. Sci Rep.
2020;10(1):7029. https://doi.org/10.1038/s41598-020-64005-4.

37 Tewari KS, Java JJ, Eskander RN, Monk BJ, Burger RA. Early initi-
ation of chemotherapy following complete resection of advanced
ovarian cancer associated with improved survival: NRG Oncology/
Gynecologic Oncology Group study. Ann Oncol. 2016;27(1):114–121.
https://doi.org/10.1093/annonc/mdv500. Epub 2015 Oct 20.

38 StataCorp. Stata statistical software: release 17. College Station, TX:
StataCorp LLC; 2023 [cited 2024 Jan 24]. Available from: https://
www.stata.com/stata-news/news36-2/.

39 Ranganathan P, Pramesh CS, Aggarwal R. Common pitfalls in
statistical analysis: logistic regression. Perspect Clin Res.
2017;8(3):148–151.

40 Seyoum TF, Andualem Z, Yalew HF. Insecticide-treated bed net
use and associated factors among households having under-five
children in East Africa: a multilevel binary logistic regression
analysis. Malar J. 2023;22(1):10.

41 Hosmer DW, Lemeshow S, Sturdivant RX. Applied logistic regression.
New York: John Wiley & Sons, Incorporated; 2013.

42 Gupta N, Pandey AK, Dimri K, et al. Health-related quality of life
among breast cancer patients in India. Support Care Cancer.
2022;30:9983–9990. https://doi.org/10.1007/s00520-022-07395-7.

43 Sahu DP, Subba SH, Giri PP. Cancer awareness and attitude towards
cancer screening in India: a narrative review. J Family Med Prim Care.
2020;9(5):2214–2218. https://doi.org/10.4103/jfmpc.jfmpc_145_20.

44 Gupta N, Jyani G, Rajsekar K, et al. Application of health
technology assessment for oncology care in India: implications
for Ayushman Bharat Pradhan Mantri Jan Aarogya Yojana. In-
dian J Med Paediatr Oncol. 2021;42(5):479–483. https://doi.org/
10.1055/s-0041-1740536.
13

http://refhub.elsevier.com/S2772-3682(24)00164-1/sref1
http://refhub.elsevier.com/S2772-3682(24)00164-1/sref1
http://refhub.elsevier.com/S2772-3682(24)00164-1/sref1
https://gco.iarc.who.int/media/globocan/factsheets/populations/356-india-fact-sheet.pdf
https://gco.iarc.who.int/media/globocan/factsheets/populations/356-india-fact-sheet.pdf
https://doi.org/10.3322/caac.21834
http://refhub.elsevier.com/S2772-3682(24)00164-1/sref4
http://refhub.elsevier.com/S2772-3682(24)00164-1/sref4
http://refhub.elsevier.com/S2772-3682(24)00164-1/sref4
http://refhub.elsevier.com/S2772-3682(24)00164-1/sref4
http://refhub.elsevier.com/S2772-3682(24)00164-1/sref5
http://refhub.elsevier.com/S2772-3682(24)00164-1/sref5
http://refhub.elsevier.com/S2772-3682(24)00164-1/sref5
http://refhub.elsevier.com/S2772-3682(24)00164-1/sref6
http://refhub.elsevier.com/S2772-3682(24)00164-1/sref6
http://refhub.elsevier.com/S2772-3682(24)00164-1/sref6
http://refhub.elsevier.com/S2772-3682(24)00164-1/sref6
http://refhub.elsevier.com/S2772-3682(24)00164-1/sref6
http://refhub.elsevier.com/S2772-3682(24)00164-1/sref7
http://refhub.elsevier.com/S2772-3682(24)00164-1/sref7
http://refhub.elsevier.com/S2772-3682(24)00164-1/sref7
http://refhub.elsevier.com/S2772-3682(24)00164-1/sref7
http://refhub.elsevier.com/S2772-3682(24)00164-1/sref7
http://refhub.elsevier.com/S2772-3682(24)00164-1/sref8
http://refhub.elsevier.com/S2772-3682(24)00164-1/sref8
http://refhub.elsevier.com/S2772-3682(24)00164-1/sref8
http://refhub.elsevier.com/S2772-3682(24)00164-1/sref9
http://refhub.elsevier.com/S2772-3682(24)00164-1/sref9
http://refhub.elsevier.com/S2772-3682(24)00164-1/sref9
http://refhub.elsevier.com/S2772-3682(24)00164-1/sref10
http://refhub.elsevier.com/S2772-3682(24)00164-1/sref10
http://refhub.elsevier.com/S2772-3682(24)00164-1/sref10
https://doi.org/10.1055/s-0041-1733313
http://refhub.elsevier.com/S2772-3682(24)00164-1/sref12
http://refhub.elsevier.com/S2772-3682(24)00164-1/sref12
http://refhub.elsevier.com/S2772-3682(24)00164-1/sref12
http://refhub.elsevier.com/S2772-3682(24)00164-1/sref13
http://refhub.elsevier.com/S2772-3682(24)00164-1/sref13
http://refhub.elsevier.com/S2772-3682(24)00164-1/sref13
http://refhub.elsevier.com/S2772-3682(24)00164-1/sref14
http://refhub.elsevier.com/S2772-3682(24)00164-1/sref14
http://refhub.elsevier.com/S2772-3682(24)00164-1/sref14
http://refhub.elsevier.com/S2772-3682(24)00164-1/sref15
http://refhub.elsevier.com/S2772-3682(24)00164-1/sref15
http://refhub.elsevier.com/S2772-3682(24)00164-1/sref15
http://refhub.elsevier.com/S2772-3682(24)00164-1/sref15
http://refhub.elsevier.com/S2772-3682(24)00164-1/sref16
http://refhub.elsevier.com/S2772-3682(24)00164-1/sref16
http://refhub.elsevier.com/S2772-3682(24)00164-1/sref16
http://refhub.elsevier.com/S2772-3682(24)00164-1/sref16
http://refhub.elsevier.com/S2772-3682(24)00164-1/sref17
http://refhub.elsevier.com/S2772-3682(24)00164-1/sref17
http://refhub.elsevier.com/S2772-3682(24)00164-1/sref17
http://refhub.elsevier.com/S2772-3682(24)00164-1/sref17
http://refhub.elsevier.com/S2772-3682(24)00164-1/sref18
http://refhub.elsevier.com/S2772-3682(24)00164-1/sref18
http://refhub.elsevier.com/S2772-3682(24)00164-1/sref18
https://sdgs.un.org/goals
https://pmjay.gov.in/hospital/hbc
https://pmjay.gov.in/hospital/hbc
http://ecancer.org/en/journal/article/1342-journeys-understanding-access-affordability-and-disruptions-to-cancer-care-in-india
http://ecancer.org/en/journal/article/1342-journeys-understanding-access-affordability-and-disruptions-to-cancer-care-in-india
http://ecancer.org/en/journal/article/1342-journeys-understanding-access-affordability-and-disruptions-to-cancer-care-in-india
http://refhub.elsevier.com/S2772-3682(24)00164-1/sref22
http://refhub.elsevier.com/S2772-3682(24)00164-1/sref22
http://refhub.elsevier.com/S2772-3682(24)00164-1/sref23
http://refhub.elsevier.com/S2772-3682(24)00164-1/sref23
http://refhub.elsevier.com/S2772-3682(24)00164-1/sref23
https://doi.org/10.1111/hsc.13284
http://refhub.elsevier.com/S2772-3682(24)00164-1/sref25
http://refhub.elsevier.com/S2772-3682(24)00164-1/sref25
http://refhub.elsevier.com/S2772-3682(24)00164-1/sref25
http://refhub.elsevier.com/S2772-3682(24)00164-1/sref26
http://refhub.elsevier.com/S2772-3682(24)00164-1/sref26
http://refhub.elsevier.com/S2772-3682(24)00164-1/sref26
http://refhub.elsevier.com/S2772-3682(24)00164-1/sref26
http://refhub.elsevier.com/S2772-3682(24)00164-1/sref27
http://refhub.elsevier.com/S2772-3682(24)00164-1/sref27
http://refhub.elsevier.com/S2772-3682(24)00164-1/sref27
http://refhub.elsevier.com/S2772-3682(24)00164-1/sref28
http://refhub.elsevier.com/S2772-3682(24)00164-1/sref28
http://refhub.elsevier.com/S2772-3682(24)00164-1/sref28
http://refhub.elsevier.com/S2772-3682(24)00164-1/sref29
http://refhub.elsevier.com/S2772-3682(24)00164-1/sref29
http://refhub.elsevier.com/S2772-3682(24)00164-1/sref29
http://refhub.elsevier.com/S2772-3682(24)00164-1/sref29
http://refhub.elsevier.com/S2772-3682(24)00164-1/sref30
http://refhub.elsevier.com/S2772-3682(24)00164-1/sref30
http://refhub.elsevier.com/S2772-3682(24)00164-1/sref30
http://refhub.elsevier.com/S2772-3682(24)00164-1/sref30
http://refhub.elsevier.com/S2772-3682(24)00164-1/sref31
http://refhub.elsevier.com/S2772-3682(24)00164-1/sref31
http://refhub.elsevier.com/S2772-3682(24)00164-1/sref31
https://doi.org/10.1177/0194599818803330
http://refhub.elsevier.com/S2772-3682(24)00164-1/sref33
http://refhub.elsevier.com/S2772-3682(24)00164-1/sref33
http://refhub.elsevier.com/S2772-3682(24)00164-1/sref33
http://refhub.elsevier.com/S2772-3682(24)00164-1/sref33
http://refhub.elsevier.com/S2772-3682(24)00164-1/sref34
http://refhub.elsevier.com/S2772-3682(24)00164-1/sref34
http://refhub.elsevier.com/S2772-3682(24)00164-1/sref34
http://refhub.elsevier.com/S2772-3682(24)00164-1/sref34
https://doi.org/10.1186/s12885-023-10863-w
https://doi.org/10.1186/s12885-023-10863-w
https://doi.org/10.1038/s41598-020-64005-4
https://doi.org/10.1093/annonc/mdv500
https://www.stata.com/stata-news/news36-2/
https://www.stata.com/stata-news/news36-2/
http://refhub.elsevier.com/S2772-3682(24)00164-1/sref39
http://refhub.elsevier.com/S2772-3682(24)00164-1/sref39
http://refhub.elsevier.com/S2772-3682(24)00164-1/sref39
http://refhub.elsevier.com/S2772-3682(24)00164-1/sref40
http://refhub.elsevier.com/S2772-3682(24)00164-1/sref40
http://refhub.elsevier.com/S2772-3682(24)00164-1/sref40
http://refhub.elsevier.com/S2772-3682(24)00164-1/sref40
http://refhub.elsevier.com/S2772-3682(24)00164-1/sref41
http://refhub.elsevier.com/S2772-3682(24)00164-1/sref41
https://doi.org/10.1007/s00520-022-07395-7
https://doi.org/10.4103/jfmpc.jfmpc_145_20
https://doi.org/10.1055/s-0041-1740536
https://doi.org/10.1055/s-0041-1740536
http://www.thelancet.com


Articles

14
45 Guadamuz JS, Wang X, Ryals CA, et al. Socioeconomic status and
inequities in treatment initiation and survival among patients with
cancer, 2011-2022. JNCI Cancer Spectr. 2023;7(5):pkad058.

46 Amram O, Robison J, Amiri S, Pflugeisen B, Roll J, Monsivais P.
Socioeconomic and racial inequities in breast cancer screening
during the COVID-19 pandemic in Washington state. JAMA Netw
Open. 2021;4(5):e2110946.

47 Henley SJ, Dowling NF, Ahmad FB, Ellington TD, Wu M,
Richardson LC. COVID-19 and other underlying causes of cancer
deaths - United States, January 2018-July 2022. MMWR Morb
Mortal Wkly Rep. 2022;71(50):1583–1588. https://doi.org/10.15585/
mmwr.mm7150a3.

48 Feldman JM, Bassett MT. Variation in COVID-19 mortality in the
US by race and ethnicity and educational attainment. JAMA Netw
Open. 2021;4(11):e2135967.

49 Prinja S, Dixit J, Gupta N, et al. Financial toxicity of cancer treatment
in India: towards closing the cancer care gap. Front Public Health.
2023;11:1065737. https://doi.org/10.3389/fpubh.2023.1065737.

50 Babatunde OA, Eberth JM, Felder TM, et al. Racial disparities in
diagnosis-to-treatment time among patients diagnosed with breast
cancer in South Carolina. J Racial Ethn Health Disparities.
2022;9(1):124–134.

51 Gopika MG, Prabhu PR, Thulaseedharan JV. Status of cancer
screening in India: an alarm signal from the national family health
survey (NFHS-5). J Family Med Prim Care. 2022;11(11):7303–7307.
https://doi.org/10.4103/jfmpc.jfmpc_1140_22.

52 Dixit J, Malhotra P, Mehra N, et al. Cost-effectiveness of Novel
agent regimens for transplant-eligible newly diagnosed multiple
myeloma patients in India. Appl Health Econ Health Policy. 2024;7.
https://doi.org/10.1007/s40258-024-00877-1.

53 Gupta N, Gupta D, Dixit J, et al. Cost effectiveness of ribociclib and
palbociclib in the second-line treatment of hormone receptor-
positive, HER2-negative metastatic breast cancer in post-
menopausal Indian women. Appl Health Econ Health Policy.
2022;20(4):609–621. https://doi.org/10.1007/s40258-022-00731-2.

54 Gupta N, Chugh Y, Prinja S. Bridging the cancer care gap and
inequities in radiation treatment in India: a narrative review. Cancer
Res Stat Treat. 2023;6(4):554–561. https://doi.org/10.4103/crst.
crst_295_23.

55 Munshi A, Ganesh T, Mohanti BK. Radiotherapy in India: history,
current scenario and proposed solutions. Indian J Cancer.
2019;56:359.

56 Ferlay J, Ervik M, Lam F, et al. Global cancer observatory: cancer
today. Lyon France. International Agency for Research on Cancer
2018;vol. 3:2019.

57 Watanabe T, Rikitake R, Kakuwa T, et al. Time to treatment initi-
ation for six cancer types: an analysis of data from a nationwide
registry in Japan. World J Surg. 2023;47(4):877–886.

58 Hanna TP, King WD, Thibodeau S, et al. Mortality due to cancer
treatment delay: systematic review and meta-analysis. BMJ.
2020;371:m4087 [cited 2023 Dec 24]. Available from: https://www.
ncbi.nlm.nih.gov/pmc/articles/PMC7610021/.

59 Government of India. E-RUPI—digital payment solution. National
Portal of India; 2022. Available at: https://www.india.gov.in/spotlight/
e-rupi-digital-payment-solution. Accessed August 13, 2022.

60 Kaur S, Jain N, Bhatnagar P. Early trends from utilization of oncology
services: insights from Ayushman Bharat Pradhan Mantri Jan Arogya
Yojana (PMJAY); 2020. Available at: https://pmjay.gov.in/sites/
default/files/2019-11/Working%20paper-4%20(1).pdf. Accessed
December 24, 2020.

61 Mathur P, Sathishkumar K, Chaturvedi M, et al. Cancer statistics,
2020: report from national cancer registry Programme, India. JCO
Glob Oncol. 2020;6:1063–1075. https://doi.org/10.1200/GO.20.
00122.
www.thelancet.com Vol 32 January, 2025

http://refhub.elsevier.com/S2772-3682(24)00164-1/sref45
http://refhub.elsevier.com/S2772-3682(24)00164-1/sref45
http://refhub.elsevier.com/S2772-3682(24)00164-1/sref45
http://refhub.elsevier.com/S2772-3682(24)00164-1/sref46
http://refhub.elsevier.com/S2772-3682(24)00164-1/sref46
http://refhub.elsevier.com/S2772-3682(24)00164-1/sref46
http://refhub.elsevier.com/S2772-3682(24)00164-1/sref46
https://doi.org/10.15585/mmwr.mm7150a3
https://doi.org/10.15585/mmwr.mm7150a3
http://refhub.elsevier.com/S2772-3682(24)00164-1/sref48
http://refhub.elsevier.com/S2772-3682(24)00164-1/sref48
http://refhub.elsevier.com/S2772-3682(24)00164-1/sref48
https://doi.org/10.3389/fpubh.2023.1065737
http://refhub.elsevier.com/S2772-3682(24)00164-1/sref50
http://refhub.elsevier.com/S2772-3682(24)00164-1/sref50
http://refhub.elsevier.com/S2772-3682(24)00164-1/sref50
http://refhub.elsevier.com/S2772-3682(24)00164-1/sref50
https://doi.org/10.4103/jfmpc.jfmpc_1140_22
https://doi.org/10.1007/s40258-024-00877-1
https://doi.org/10.1007/s40258-022-00731-2
https://doi.org/10.4103/crst.crst_295_23
https://doi.org/10.4103/crst.crst_295_23
http://refhub.elsevier.com/S2772-3682(24)00164-1/sref55
http://refhub.elsevier.com/S2772-3682(24)00164-1/sref55
http://refhub.elsevier.com/S2772-3682(24)00164-1/sref55
http://refhub.elsevier.com/S2772-3682(24)00164-1/sref56
http://refhub.elsevier.com/S2772-3682(24)00164-1/sref56
http://refhub.elsevier.com/S2772-3682(24)00164-1/sref56
http://refhub.elsevier.com/S2772-3682(24)00164-1/sref57
http://refhub.elsevier.com/S2772-3682(24)00164-1/sref57
http://refhub.elsevier.com/S2772-3682(24)00164-1/sref57
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7610021/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7610021/
https://www.india.gov.in/spotlight/e-rupi-digital-payment-solution
https://www.india.gov.in/spotlight/e-rupi-digital-payment-solution
https://pmjay.gov.in/sites/default/files/2019-11/Working%20paper-4%20(1).pdf
https://pmjay.gov.in/sites/default/files/2019-11/Working%20paper-4%20(1).pdf
https://doi.org/10.1200/GO.20.00122
https://doi.org/10.1200/GO.20.00122
http://www.thelancet.com

	Access to timely cancer treatment initiation in India: extent, determinants and trends
	Introduction
	Methods
	Ethical considerations
	Role of the funding source

	Results
	Study population
	Overall time to treatment initiation (TTI)
	Time to treatment initiation (TTI) by strata
	Time to treatment initiation (TTI) by type of cancer and type of treatment
	Factors associated with delayed time to treatment initiation
	Trend analysis of delayed TTI (1995–2022)

	Discussion
	Conclusion

	ContributorsConceptualisation: SP, PH, JD. Data curation: SP, PH, JD. Formal analysis: SP, PH, JD. Funding acquisition: SP, ...
	Data sharing statementThe datasets and analysis will be available upon request. The study investigators retain ownership of ...
	Declaration of interests
	Acknowledgements
	Appendix A. Supplementary data
	References


