
Vol.4, No.2, 66-79 (2012)                                                                              Health 
http://dx.doi.org/10.4236/health.2012.42012  

An epidemiological study on delay in treatment  
initiation of cancer patients 

Alok Kumar Dwivedi1*, Sada Nand Dwivedi2, Suryanarayana Deo3, Rakesh Shukla1,  
Arvind Pandey4, Durgesh Kumar Dwivedi5 

 

1Center for Biostatistical Services, Division of Biostatistics and Epidemiology, Department of Environmental Health, College of Me- 
dicine, University of Cincinnati, Cincinnati, USA; *Corresponding Author: dwivedak@ucmail.uc.edu, alok_bhu1@yahoo.co.in 
2Department of Biostatistics, All India Institute of Medical Sciences, New Delhi, India 
3Department of Surgical Oncology, All India Institute of Medical Sciences, New Delhi, India 
4National Institute of Medical Statistics, Indian Council of Medical Research, New Delhi, India 
5Department of NMR & MRI Facility, All India Institute of Medical Sciences, New Delhi, India 
 
Received 25 October 2011; revised 29 November 2011; accepted 7 December 2011 

ABSTRACT 

Early diagnosis and timely initiation of treatment 
of cancer patients may improve survival and qua- 
lity of life. Various measures of delay can be made 
during diagnosis and treatment initiation. Most of 
the studies were based on single type of cancer 
with different definitions and measurements of 
delay in diagnosis and treatment. Thus, it has been 
difficult to synthesize results and generalize to 
other types of cancer. The study proposes to mea- 
sure total duration between onsets of symptom 
to start of treatment into three components, na- 
mely primary, secondary and tertiary delays. Pri- 
mary delay is defined as onset of symptoms to 
contacting the first medical person, secondary 
delay is from first medical contact to confirmed 
diagnosis, and tertiary delay is from confirmed 
diagnosis to treatment initiation. The aim of this 
study is to determine factors associated with pri- 
mary, secondary and tertiary delays in cancer pa- 
tients. This study was planned as a cross-sec- 
tional study. Data was collected from patients ad- 
mitted to the surgical wards of Department of 
Surgical Oncology, Institute Rotary Cancer Hos- 
pital, New Delhi during 2006-2007. Gamma regres- 
sion and quantile regressions at 25th, 50th and 
75th percentile of each of the delays were used 
to determine related factors. A total of 403 pati- 
ents were included in the analysis. The median 
tertiary delay was found almost two folds (59; In- 
terquartile range: 26 - 101 days) than the primary 
and secondary delays. Extremity cancer patients 
had longest primary, secondary and tertiary de- 
lays. Shortest primary, secondary and tertiary de- 
lays were observed for gastrointestinal cancer, 

breast and genitourinary cancer respectively. There 
is an urgent need and scope to reduce delay at 
each level primary, secondary and tertiary delay. 
Intervention studies are needed through infor- 
mation, education and communication/screening 
programs to reduce the diagnostic and treatment 
delays in cancer patients. 
 
Keywords: Delay; Cancer; Log Gamma Regression; 
Quantile Regression 

1. INTRODUCTION 

Cancer is one of the most leading causes of death in 
many countries despite the advancement in cancer treat- 
ment and diagnosis [1]. One of the main reasons for this is 
delay in diagnosis or initiation of treatment at advanced 
stage [2]. Prolong duration of diagnosis and treatment may 
increase the proportion of advanced stages in cancer pa- 
tients [3,4]. Thus, delay in diagnosis and treatment of 
cancer patients may impact on poor prognosis and qual- 
ity of life [5-7]. Various studies have been conducted to 
measure delay in diagnosis and treatment initiation. Dif-
ferent types of delay can occur in total duration from 
onsets of symptoms to start of cancer treatment. Thus, 
numerous measurements of delay can be made in total 
duration. Previous studies differ with different defini-
tions of delay and different measurements of delay in 
total duration [2] and are thus, inconsistent. As a result, it 
has become difficult to draw meaningful information 
from these studies. Only few studies were carried out on 
more than one organ specific cancer that can provide 
similarity and differences about delays across different 
types of cancers in one study. There is a need of a study 
on different types of cancer to provide clear picture of 
delays so that results can be generalized [8]. 
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Dividing total duration into two components has been 
clearly understood by the researchers. Primary delay is 
defined as duration between onset of symptoms to first 
presentation to clinician. Next, clinician delay covers from 
first presentation to clinician until start of treatment [9]. 
This definition of primary delay has been found to be con- 
sistent in literatures. Primary delay has been referred to 
as patient delay since it is mainly influenced by the pa- 
tients’ characteristics. One study referred this delay as eva- 
luation time [10]. Clinician delay may not only influence 
by patient’s characteristics but it may also associate with 
doctor and system related factors. Thus, clinician delay is 
clearly considered as a separate process from primary de- 
lay. Criteria for measuring clinician delay have been va- 
rying across the studies. Some studies measured clinician 
delay from first presentation to reaching secondary care 
center; some up to diagnosis; and some even up to start- 
ing treatment. Further, each of these considerations have 
either been addressed by different names or defined fur- 
ther in shorter durations [11-17]. We suggest time at di- 
agnosis is an important level in clinician delay that may 

change the process of subsequent delay. Thus, we propo- 
se to define total delay into three components to assess 
factors associated with total delay. First, primary delay is 
defined as the time from the onset of symptoms to first 
contact with medical persons. Second, secondary delay is 
defined as the time from contacting the first medical per- 
son to a confirmed diagnosis. Third and last, tertiary delay 
is defined as the time from a confirmed diagnosis to the 
start of treatment. If we model diagnostic delay to be de- 
fined as the time from the onset of symptoms to a confir- 
med diagnosis (i.e., the sum of primary and secondary de- 
lays), clinician delay to be defined as the time from the 
date of a confirmed diagnosis to the start of cancer treat- 
ment (i.e., sum of secondary and tertiary delays), and total 
delay to be defined as the time from the onset of symp- 
toms to the start of treatment, then we may not be able to 
capture all the factors associated with delays. Here we 
show the advantages of defining clinician delay into two 
components (secondary and tertiary delays). Figure 1 shows 
the schematic diagram and conceptual framework of pri- 
mary, secondary and tertiary delays in cancer patients. 

 

 

Figure 1. Schematic diagram and conceptual framework of primary, secondary and tertiary delays in cancer patients. 
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There are numerous studies for estimating delay in diag- 

nosis and initiation of treatment but very limited studies 
aimed to assess the factors associated with each compo- 
nent of delay. Most of the studies were focused upon or- 
gan specific cancer [8]. In recent years, several groups have 
given attention to identify factors associated with delays 
and their impact on cancer outcomes. A recent review in- 
dicates more work is needed to reduce delay in diagnosis 
of cancer [2]. Either socio-demographic characteristics or 
strictly psychological factors of the patients are mainly 
considered for primary delay [18-21]. Primary delay may 
be associated with patient related characteristics such as 
no accompanying person, lack of time, or family related 
problems. Clinicians and tumor related factors are being 
examined for secondary and tertiary delays [11,14,22-23]. 
However, patient related factors may also be associated 
with secondary or tertiary delay [24-26]. Studies dealing 
with tumor related factors associated with delays might 
not be of much relevance because these results might be 
the consequence of delays. A recent review indicates that 
no study has considered patient and clinician related fac- 
tors together to assess association with clinician delay in 
common cancer patients [8]. There is also scarcity in the 
literatures from developing countries. As such, no study 
exists from India that provides an estimate for various le- 
vels of delay and their associated factors in cancer. 

There is no consensus on an acceptable length of delay 
from diagnosis to the start of treatment in cancer patients. 
Studies often categorized delays to use simple regression 
models that obviously lose the information especially in 
absence of optimum time to define such delays [27-30]. 
Delay data in nature involves a positively skewed distri- 
bution even after exploring various transformations to a- 
chieve induced normality. No single study has attempted 
to use appropriate distribution to describe such delays in 
cancer patients. Due to different definitions of delay, their 
measurement and analytical procedures, it is more likely 
to get conflicting findings in estimating and assessing fac- 
tors associated with such delays. Thus, we conducted a 
single planned study to measure total duration into three 
components primary, secondary and tertiary delays and 
assess their associated factors. 

2. MATERIALS AND METHODS 

2.1. Subjects 

The study was planned as a cross-sectional study. The 
patients included in the study were newly registered in- 
door cancer patients admitted to surgical oncology wards 
during June 2006 to November 2007 at Institute Rotary 
Cancer Hospital (IRCH), All India Institute of Medical 
Sciences (AIIMS), New Delhi, India. Patients with any evi- 
dence of recurrence were excluded. Patients who could not 
receive any form of treatments (surgery/chemotherapy/ 

radiotherapy) before getting discharged from the surgical 
ward were also excluded. As approximately 80% of the 
solid tumors go for upfront surgery, data collection was 
done in surgical wards to avoid missing data for treat- 
ment initiation. Patients who consented to participate in 
the study were interviewed in the presence of one family 
member/relative who knew the entire referral pattern of 
the patients. 

2.2. Variables and Data Collection 

After pre-testing on few subjects, a semi structured ques- 
tionnaire was used to collect data which includes three 
sections. First, a primary delay section where the patients 
were asked one question for primary delay, “What was the 
time taken from the onset of symptom to first contacting 
medical person?”. Next, in the secondary delay section, 
the patients were asked for details regarding delay between 
first contacting a medical person until diagnosis. These 
details included information on place of contact, whether 
a diagnosis was made, and if yes, which diagnostic pro- 
cedures were done and what any treatment(s) (if any) 
were received before appropriate diagnosis. Patients were 
also asked about the possible reasons for such delay. In the 
case of a final diagnosis, by adding the time spent from 
contacting the first medical person until final diagnosis 
provided an estimate of secondary delay. In the tertiary 
delay section, the details related to each contact made 
starting from date of diagnosis until the commencement 
of appropriate cancer treatment was also recorded. Ob- 
viously, by summing the time spent between final diagno- 
sis and commencement of treatment provided tertiary de- 
lay. Further, cross check was made for available durations 
from the respective patient’s file. 

After exploratory analysis, only one continuous expla- 
natory variable age (in years) was retained in their origi- 
nal form. The categorical variables retained in their origi- 
nal forms were sex (female/male); residential area (urban/ 
rural); family structure (nuclear/joint); and family history 
of cancer (yes/no). To enable a meaningful analysis, some 
of the categorical variables were modified based on theo-
retical and statistical consideration such as education 
(graduate & postgraduate/higher & secondary/less than 
and middle school/illiterate), religion [(Hindu/Muslim/ 
Sikh or Christian as Other], marital status (married/ sepa-
rated or single/widower or widowed), patients relationship 
with the head of family (self/other), occupation (non- 
worker/worker); stage (early/advanced); and type of can-
cer (gas-trointestinal tract/breast/genitourinary/extremity/ 
head and neck/miscellaneous). Some of the variables were 
generated with the help of other variables. For example, 
patient who took the advice of any non-medical person 
prior to contacting first medical person (i.e., patients re-
ceived treatment/advice with family members/ relatives or 
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paramedical or quacks before contacting first medical 
person) were classified as contacting non-medical person 
prior to first medical person (no/yes). Further, multiple 
responses of the open question “what was the reason of 
primary delay (i.e., availing time duration from onset of 
symptom to first medical contacts)?” were transformed in 
to various covariates like fear of cancer/diagnosis (yes/no); 
no body to accompany for medical aid (yes/no); lack of 
time to seek medical help (yes/no); lack of awareness/ 
self-limiting disease/ignorance (yes/no); distance problem 
(yes/no); economical problem(yes/no); and family related 
problems (e.g., marriage, pregnancy, childbirth, death, 
examinations, sickness of some person in family etc.) as 
(yes/no). Similarly, multiple responses to open question 
“what was the reason of availing time between each of the 
contacts?” under the secondary and tertiary delays were 
also transformed into similar covariates as described under 
primary delay. Some additional variables considered based 
on qualitative analysis for tertiary delay were doctor as-
surance (i.e., doctor assured to the patients that he/she may 
receive cancer treatment after some time period or no ma-
jor problem) as (yes/no) and exploration for better place in 
treatment as exploration (yes/no). Some of the variables 
were generated with the help of more than one variable 
such as misdiagnosis (i.e., other than the cancer diagnosis 
was made up at any of the contacts before confirmed di-
agnosis) as (yes/no); symptomatic treatment before diag-
nosis (i.e., any treatment was given before the confirmed 
diagnosis of cancer at any of the contacts) as (yes/no); 
previous inadequate treatment {i.e., any treatment that is 
not adequate for cancer (other than surgery, radiotherapy 
or no complete surgery) after making diagnosis as cancer 
was given to patients at any of the visit to doctor, as men-
tioned on the patients’ file by the concerned clinician} as 
(yes/no); referral (i.e., the patients got diagnosed with can-
cer and got referral for other contacts as (yes/no); number 
of contacts made to medical person (including first medical 
contact) until diagnosis (1/2/3+); and number of contacts 
made to medical person after diagnosis (0 - 1/2/3+). 

2.3. Statistical Analyses 

Delay was measured in days and described using vari- 
ous summary statistics; mean, median, standard devia- 
tion (SD), inter-quartile range (IQR) and range. All of the 
qualitative variables are presented using frequency and 
proportions whereas quantitative variables are summarized 
using mean and SD. Delays were compared according to 
stage and types of cancer using t-test and one-way analy- 
sis of variance respectively. Primary, secondary and ter- 
tiary delays revealed a positively skewed distribution even 
after exploring a log transformation. Thus, the log gam- 
ma regression under a generalized linear regression mo- 
del (GLM) was used to assess the factors associated with  

each of the delays. Box Cox regression was used to iden- 
tify the link function for the GLM. Park test was used to 
determine the family distribution under the GLM for each 
of the delay. Modified Hosmer Lemshow test was carried 
out to assess the goodness of fit of the developed regres- 
sion model. Finally, a residual plot was constructed be- 
tween the deviance residuals and predicted delay trans- 
formed to constant variance. Residuals were randomly 
scattered and lie within (–2, 2) range which provides an 
indication of good fit of the model [31]. Log gamma re- 
gression is a parametric regression and provides the pre- 
diction of mean of the logarithmic delay. Since delay dis- 
tribution is heavily skewed, the median would be a better 
summary statisticsthan the mean. Thus, median regression 
(special case of quantile regression) was also used to assess 
the factors associated with each of the delays. Further, to 
assess the effect of cofactors on the entire distribution of 
each of the delays, lower quartile (i.e., 25th) and upper 
quartile (i.e.,75th) of the log transformed delay was also 
modeled separately for each of the delays. In the quantile 
regressions, standard errors were obtained using boot- 
strap method with 300 replications. Univariate regression 
analysis was carried out using both approaches (gamma 
and quantile regressions) for each of the delays. A com- 
mon set of variables were selected which emerged sig-
nificant (at 0.05 level of significance) in any of the uni-
variate regression models used for the development of 
multivariable log gamma and quantile regression for each 
separate delay. Pregibon’s link test was used to assess 
the linearity assumption in the model. First order interac- 
tion effect was also explored for some of the important 
cofactors before development of the model. Multicollin- 
earity was also assessed by estimating a variance infla- 
tion factor (VIF) through an ordinary least square regres- 
sion. VIF as 10 or higher indicates the presence of mul- 
ticollinearity. Exploratory analysis revealed no presence 
of multicollinearity and interaction effects. Multivariable 
results obtained from log gamma and quantile regression 
analyses are presented using adjusted coefficient (ARC) 
with 95% confidence interval (CI). Results are consid- 
ered to be significant at 5% level of significance. STATA 
10 was used to conduct the analysis. 

3. RESULTS 

Out of total 403 patients, 60% of patients were females. 
Mean age of the patients were 48.3 (SD: 14.3 years and 
range: 14 - 85). Most of the patients were Hindu (86.4%) 
and from urban areas (67.7%). Most of the patients (79.9%) 
were married. Only one patient had separated marital status. 
Twenty six percent of the patients were not the head of 
the family. Fifteen percent of the patients reported family 
history of cancer. Most of the patients (64.5%) were not 
found to be working. More than one third of the patients 
had breast cancer (35.2%) followed by gastrointestinal 
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tract (18.6%), head & neck (18.4%), genitourinary (10.9%), 
extremity (8.4%) and miscellaneous (8.4%). 

by only 3.5% of the patients while 9% of the patients got 
delayed in contacting to first medical person due to non- 
presence of accompanying person. The factors such as dis-
tance, economical and family related problems were ob-
served among 4.5, 12.4 and 8.7% of the total patients re-
spectively. More than 30% of the patients made three or 
more medical contacts until their confirmed diagnosis 
whereas 22% of the patients contacted three or more medi-
cal persons after getting diagnosed through the start of 
treatment. The most common patients related factors re-
ported for secondary delay were number of contacts until 
diagnosis (median 2; range: 1, 8), economical problem 
(10.4%), distance (10.2%) and then lack of awareness 
(9.4%). However, the major non-medical related factors 
reported for tertiary delay were number of contacts after 
diagnosis (median 4; range: 1 - 10), exploration (11.2%), 
and economical problem (10.4%).The medical factors re-
corded for secondary delay include doctors making an in-
appropriate diagnosis among 27.5% of the patients and 
symptomatic treatment before their confirmed diagnosis 
among more than 50% of the patents. Related with tertiary 
delay, 11% of the patients were treated inadequately before 
their start of proper treatment. One third of the patients 
reached to this tertiary hospital without taking referral. 
Further, more than 7% of the patients got assurance by the 
concerned doctor that they may receive their treatment later 
on or their disease is not a matter of serious concern. 
Nearly one fourth of the patients contacted medical person 
for the first time at specialized health centers. More than 
60% of the patients contacted primary health centers. Few  

Median total delay was observed as 194 (IQR: 112, 370) 
days. The median tertiary delay (IQR) was found to be al- 
most twice (59; IQR: 26, 101 days) that of primary (30; 
IQR: 3, 120 days) and secondary (33; IQR: 8, 124 days) 
delays (Table 1). Figure 2 reveals the comparison of de- 
lays according to organ specific cancers. Extremity cancer 
patients had maximum primary, secondary and tertiary de- 
lays. Patients with gastrointestinal cancers had the mini- 
mum primary delay followed by genitourinary, breast, head 
and neck and extremity cancer patients. Secondary delay 
was observed to be minimum for breast cancer followed 
by genitourinary, gastrointestinal tract, head and neck and 
extremity cancer patients. Tertiary delay was observed to 
be minimum for gastrointestinal tract followed by breast, 
head and neck, genitourinary and extremity cancer pati- 
ents. Patients presented to the hospital were mostly in the 
advanced stages of cancer (73.5%). The lump/swelling was 
the most common symptom at presentation (15.9%). The 
ulcer and pain were equally prevalent. There was no cor- 
relation observed among primary, secondary and tertiary 
delays. A comparison of primary, secondary and tertiary 
delays according to clinical stage of the cancer reveals that 
only the secondary delay was higher in advanced stage pa- 
tients as compared to patients with lower stage (p = 0.003). 

The lack of awareness (54.6%) was the most common 
of factors reported for primary delay. Economical prob- 
lem (12.4%) and lack of time (9.7%) were also reported 
to be important covariates. Fear of cancer was reported  
 
Table 1. Summary of delays and validity Indices related to log gamma regression model for each of the delay. 

Delay (days)  Median (IQR)  Mean (SD)  Box Cox Transformation  Park test  Modified HL test 

      Coefficient (95% CI)  Coefficient (p-value)  p-value 

Primary Delay  30 (3, 120)  101.7 (219.5)  –0.02 (–0.07, 0.02)  2.06 (0.25)  0.00 

Secondary Delay  33 (8, 124)  142.1 (360.7)  –0.01 (–0.05, 0.04)  2.03 (0.72)  0.64 

Tertiary Delay  59 (36, 101)  97.5 (166.2)  –0.07 (–0.14, 0.01)  2.39 (0.21)  0.75 

 

 

Figure 2. Primary, secondary and tertiary delays according to types of cancer patients. 
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patients (8%) took a first opinion from alternative medicine 
practitioners. Almost half of the patients were diagnosed at 
the specialized centers. At this tertiary center, 16.7% of the 
patients were confirmed diagnosed with cancer. 

In the univariate analysis of primary delay, residential 
area, types of cancer, contacting non-medical person prior 
to medical person, lack of awareness, economical prob- 
lem and family related problems were found to be associ- 
ated with median, first quartile and third quartile of loga- 
rithmic primary delay. In addition, education status of the 
patient was found to be associated with median primary 
logarithmic delay and lower quartile of logarithmic pri- 
mary delay. Fear, nobody to accompany for medical aid 
problems, lack of time, distance, were found to be asso- 
ciated with lower level of primary delay. These factors 
except education and no availability of accompanying 

person remained significant for mean of logarithmic pri- 
mary delay. In addition, sex was also found to be associ- 
ated with mean of logarithmic primary delay. Multivari- 
able analysis revealed that residential area, types of can- 
cer, contacting non-medical person prior to medical per- 
son, lack of awareness, economical problem and family 
related problems were found to be associated with mean 
of logarithmic primary delay after adjusting other signi- 
ficant cofactors from univariate analysis. Among these 
variables, contacting non-medical person prior to medi- 
cal person, lack of awareness and economical problem 
were associated with entire range of the primary delay 
distribution. However, family related problem and type of 
cancer were found to be associated with median and hi- 
gher level of primary delay only (Table 2). 

 
Table 2. Adjusted coefficients (with 95% CI)* using multiple quantile regression and gamma regression analysis of log primary de-
lay (days) in relation to considered covariates. 

Variables 25th Quartile 50th Quartile 75th Quartile Mean 

 AC (95% CI) AC (95% CI) AC (95% CI) AC (95% CI) 

Residential area     

Urban     

Rural 0.23 (–0.22, 0.68) 0.26 (–0.14, 0.65) 0.55 (–0.05, 1.14) 0.51 (0.12, 0.91) 

Contacting nonmedical person 
prior to medical person 

    

No     

Yes 0.84 (0.39, 1.29) 0.82 (0.39, 1.25) 0.92 (0.36, 1.48) 0.82 (0.42, 1.22) 

Fear     
No     

Yes 0.18 (–1.34, 1.70) 0.10 (–1.07, 1.26) 1.21 (–0.71, 3.12) 1.23 (0.24, 2.23) 

Lack of Awareness of Cancer  
Symptoms 

    

No     
Yes 2.25 (1.76, 2.74) 2.48 (2.03, 2.94) 2.14 (1.54, 2.74) 2.03 (1.64, 2.41) 
Economical Problem for  
Contacting Medical Person 

    

No     

Yes 0.79 (0.05, 1.54) 0.94 (0.32, 1.56) 1.57 (0.69, 2.44) 0.75 (0.18, 1.33) 

Family Related Problem     

No     

Yes 0.83 (–0.15, 1.82) 1.32 (0.61, 2.03) 1.31 (0.30, 2.32) 1.38 (0.73, 2.03) 

Types of cancer     

Gastrointestinal tract     

Breast –0.18 (–0.78, 0.42) –0.10 (–0.62, 0.42) 0.11 (–0.70, 0.92) 0.21 (–0.32, 0.75) 

Genitourinary –0.05 (–0.74, 0.64) 0.29 (–0.50, 1.07) 1.05 (–0.02, 2.13) 1.02 (0.34, 1.70) 

Extremity 0.16 (–0.97, 1.28) 0.90 (0.05, 1.75) 0.98 (0.02, 1.94) 0.98 (0.20, 1.76) 

Head and neck –0.05 (–0.72, 0.61) 0.21 (–0.42, 0.83) 0.87 (–0.09, 1.84) 0.77 (0.20, 1.35) 

Miscellaneous –0.04 (–0.77, 0.69) 0.38 (–0.41, 1.17) 0.21 (–0.73, 1.15) 0.28 (–0.45, 1.01) 

Constant 0.04 (–0.87, 0.96) 0.90 (0.05, 1.76) 1.31 (0.16, 2.46) 1.24 (0.31, 2.17) 

MSPE 58001.64 57811.04 57571.68 93578.92 

MAPE 100.61 99.84 99.04 145.53 
*Results are adjusted in relation to age, sex, education, no body to accompany for medical aid, lack of time and distance; MSPE: Mean square prediction error; 
MAPE: Mean absolute prediction error. 
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Table 3 reveals that types of cancer, number of times 

contacting medical persons until diagnosis, lack of aware- 
ness, misdiagnosis and symptomatic treatment before di- 
agnosis were found to be associated with entire range of 
logarithmic secondary delay (mean, median, first quartile 
and third quartile) in the univariate analysis. In addition, 
sex was also found to be associated with the mean of log 
transformed secondary delay. This variable was also as- 
sociated with median and higher quartile of log transfor- 
med secondary delay. Age of the patient was found to be 
associated with median and higher logarithmic secondary 
delay whereas family structure and distance were only as- 
sociated with lower quartile of logarithmic secondary de- 
lay. Economical problem was associated with the higher 
quartile of logarithmic secondary delay and mean of the 
logarithmic secondary delay. Among these cofactors in 

multi-variable analysis, only number of contacting medi- 
cal persons till diagnosis was found to be associated on 
entire range of secondary delay. Misdiagnosis was found 
to be associated with mean of log secondary delay only. 
Symptomatic treatments before diagnosis was only asso- 
ciated with lower quartile of logarithmic secondary delay. 
Median, higher quartile and mean of log secondary delay 
were also found to be higher for those patients who re-
ported economical problem. Patients reported lack of awa- 
reness was found to be associated with lower and higher 
quartile of logarithmic secondary delay. Patients with ex- 
tremity cancer had higher median and mean of logarith- 
mic secondary delay whereas head and neck cancer pati- 
ents had significantly higher mean of logarithmic secon- 
dary delay as compared to genitourinary cancer patients 
after adjusting other cofactors. 

 
Table 3. Adjusted coefficients (with 95% CI)* using multiple quantile regression and gamma regression analysis of log secondary 
delay (days) in relation to considered covariates. 

Variables 25th Quartile 50th Quartile 75th Quartile Mean 

 AC (95% CI) AC (95% CI) AC (95% CI) AC (95% CI) 

Contacting medical provider till 
diagnosis 

    

1     

2 1.03 (0.46, 1.60) 1.32 (0.82, 1.81) 1.37 (0.67, 2.08) 1.28 (0.79, 1.78) 

3+ 1.76 (1.09, 2.43) 2.13 (1.52, 2.74) 2.16 (1.34, 2.98) 1.87 (1.27, 2.47) 

Misdiagnosis     

No     

Yes 0.38 (–0.15, 0.91) 0.35 (–0.13, 0.83) 0.32 (–0.24, 0.88) 0.58 (0.16, 1.00) 

Symptomatic Treatment 
Before Diagnosis 

    

No     

yes 0.70 (0.21, 1.19) 0.23 (–0.16, 0.63) 0.34 (–0.23, 0.91) 0.39 (–0.07, 0.86) 

Lack of Awareness of Cancer  
Diagnosis/Treatment 

    

No     

Yes 0.84 (0.19, 1.50) 0.63 (–0.01, 1.27) 0.69 (0.03, 1.34) 0.49 (–0.04, 1.03) 

Economical Problem for  
Diagnosis/Treatment 

    

No     

Yes 0.40 (–0.44, 1.24) 0.82 (0.26, 1.38) 0.87 (0.14, 1.60) 1.05 (0.52, 1.58) 

Types of cancer     

Gastrointestinal tract     

Breast –0.17 (–0.84, 0.51) –0.18 (–0.70, 0.34) –0.31 (–1.07, 0.44) –0.16 (–0.64, 0.32) 

Genitourinary 0.25 (–0.55, 1.06) 0.29 (–0.34, 0.92) 0.10 (–0.71, 0.91) 0.18 (–0.42, 0.78) 

Extremity 0.84 (–0.06, 1.74) 0.87 (0.21, 1.54) 0.82 (–0.02, 1.66) 0.74 (0.00, 1.48) 

Head and neck 0.46 (–0.21, 1.13) 0.47 (–0.08, 1.02) 0.65 (–0.06, 1.37) 0.78 (0.24, 1.33) 

Miscellaneous 0.00 (–1.10, 1.09) 0.51 (–0.29, 1.31) 0.46 (–0.43, 1.36) 0.25 (–0.40, 0.90) 

Constant 1.49 (0.15, 2.83) 2.73 (1.82, 3.64) 3.53 (1.89, 5.17) 3.59 (2.61, 4.57) 

MSPE 148897.5 148669.1 148391.8 104557.3 

MAPE 139.54 138.79 138.04 141.12 

*Results are adjusted in relation to age, sex, family structure and distance; MSPE: Mean square prediction error; MAPE: Mean absolute prediction error. 
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Table 4 shows the results related to tertiary delay. In uni- 

variate analysis, logarithmic tertiary delay was found to 
be associated with patient head, type of cancer, lack of 
awareness, fear, number of made contacts between diag- 
nosis and treatment, inadequate treatment and doctor assu- 
rance. Among these factors, fear, type of cancer, and num- 
ber contacts between diagnosis and treatment were found 
consistently to be associated with all the three quartiles 
of log tertiary delay. Inadequate treatment and patient head 
factor were associated with only lower quartile of log ter- 
tiary delay. Those patients who reported lack of awareness 
of cancer had longer median log tertiary delay. In addi- 
tion to these factors, sex was found to be associated with 
median and higher quartile of tertiary delay and referral 
was found to be associated with lower and higher delay. 
Some of the factors such as education, economic and no 
accompaniment for medical aid were found to be associ-  

ated with lower quartile and median log tertiary delay. 
However, sex, education, number of made contacts, pre- 
vious inadequate treatment, fear, doctor assurance and type 
of cancer were remained significant after adjusting other 
cofactors in multivariable analysis. Patient’s educational 
status and number of made contacts were found to be as- 
sociated with entire range of the tertiary delay. Previous 
inadequate treatment was found to be associated with 25th 
quartile, 75th quartile and mean of the log transformed 
tertiary delay. Type of cancer and patient reported fear of 
the cancer treatment were associated with mean, median 
and 75th quartile of log transformed tertiary delay. How- 
ever, doctor assurance was only found to be associated 
with mean of the log transformed tertiary delay. Male 
patients had longer upper level of tertiary delays than the 
females. 

 
Table 4. Adjusted coefficients (with 95% CI)* using multiple quantile regression and gamma regression analysis of log tertiary delay 
(days) in relation to considered covariates. 

Variables 25th Quartile 50th Quartile 75th Quartile Mean 

 AC (95% CI) AC (95% CI) AC (95% CI) AC (95% CI) 

Sex     

Female     

Male 0.23 (–0.04, 0.49) 0.24 (–0.01, 0.48) 0.38 (0.09, 0.67) 0.22 (–0.04, 0.48) 
Education     

Graduation & Post graduation     

High school & Secondary 0.56 (0.23, 0.88) 0.34 (0.05, 0.63) 0.14 (–0.21, 0.50) 0.17 (–0.10, 0.44) 

Primary & middle school 0.75 (0.46, 1.05) 0.51 (0.23, 0.80) 0.34 (0.00, 0.68) 0.26 (–0.03, 0.54) 

Illiterate 0.78 (0.48, 1.07) 0.46 (0.18, 0.74) 0.45 (0.02, 0.88) 0.35 (0.07, 0.63) 

Contacting medical provider after diagnosis     

0 - 1     
2 0.22 (0.00, 0.44) 0.15 (–0.03, 0.33) 0.04 (–0.21, 0.30) 0.22 (0.00, 0.44) 
3+ 0.31 (0.02, 0.59) 0.41 (0.14, 0.68) 0.35 (0.02, 0.68) 0.47 (0.22, 0.72) 
PreviousInadequate Treatment     
No     

Yes 0.44 (0.09, 0.79) 0.36 (–0.01, 0.72) 0.56 (0.02, 1.10) 0.60 (0.22, 0.98) 
Fear     
No     

Yes 0.47 (–0.28, 1.21) 0.76 (0.18, 1.35) 0.91 (0.16, 1.67) 0.91 (0.40, 1.43) 

Doctor assurance     

No     
Yes –0.15 (–0.58, 0.28) –0.04 (–0.72, 0.64) 0.37 (–0.49, 1.22) 0.45 (0.00, 0.91) 

Types of cancer     

Gastrointestinal tract     

Breast 0.15 (–0.19, 0.48) 0.21 (–0.06, 0.48) 0.17 (–0.15, 0.49) 0.27 (–0.03, 0.57) 

Genitourinary 0.06 (–0.47, 0.59) 0.29 (–0.08, 0.66) 0.29 (–0.10, 0.68) 0.12 (–0.25, 0.49) 

Extremity 0.45 (–0.11, 1.00) 0.63 (0.08, 1.19) 0.58 (0.06, 1.10) 0.70 (0.29, 1.11) 

Head and neck 0.24 (–0.11, 0.60) 0.23 (–0.08, 0.53) 0.33 (0.00, 0.66) 0.42 (0.11, 0.73) 

Miscellaneous 0.19 (–0.32, 0.69) 0.38 (–0.06, 0.81) 0.38 (0.00, 0.76) 0.32 (–0.07, 0.70) 

Constant 2.29 (1.54, 3.04) 2.82 (2.17, 3.48) 3.31 (2.58, 4.04) 3.15 (2.58, 3.72) 

MSPE 36312.48 36217.29 36111.68 22344.74 

MAPE 93.86 93.38 92.92 61.51 
*Results are adjusted in relation to patients relationship with the age, head of family, referral, economic and no body to accompany for medical aid problems; 
MSPE: Mean square prediction error ; MAPE: Mean absolute prediction error. 
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Median diagnostic and clinician delays were found to 

be 107 (IQR: 40, 273) and 117 (IQR: 69, 236) days respec- 
tively. The results related to diagnostic delay (sum of pri- 
mary and secondary delays), clinician delay (sum of sec-
onddary and tertiary delays) and total delay using gamma 
regression are shown in Table 5. The analysis of diagnos- 
tic delay does not capture all the significant factors asso-
ciated with primary and secondary delays. The combined 
analysis of secondary and tertiary delays as clinician delay 
does not retain the same factors obtained under separate 
analysis of secondary and tertiary delays. Some of the sig- 
nificant factors for tertiary delay such as inadequate treat- 
ment, education and number of made contacts after diag- 
nosis could not obtain in the analysis of clinician delay. 
It indicates that there is need to consider tertiary delay se- 

parately from clinician delay. As obvious, analysis of to- 
tal does not provide all the factors associated with prima- 
ry, secondary and tertiary delays. 

Box Cox regression showed that log link as the best 
link function under GLMs for primary delay, secondary 
and tertiary delays. Under Park test, the estimated regres- 
sion coefficients were 2.06, 2.03 and 2.30 for primary, 
secondary and tertiary delays respectively. These coeffi-
cients were not found to be statistically significant diffe- 
rent than 2 indicating use of gamma regression as appro- 
priate for each of the delays. Accordingly, the log gamma 
regression models were used for each of the delays. The 
Hosmer Leme show (HL) test revealed that there is pres-
ence of systemic pattern (p < 0.001) but not for secondary 
(p = 0.64) and tertiary delays (p = 0.44) (Table 1). The  

 
Table 5. Adjusted coefficients (with 95% CI) using gamma regression analysis. 

Variables Diagnostic delay* Clinician Delay+ Total Delay† 

 AC (95% CI) AC (95% CI) AC (95% CI) 

Types of cancer    

Gastrointestinal tract    

Breast 0.12 (–0.32, 0.55) 0.11 (–0.21, 0.42) 0.15 (–0.16, 0.46) 

Genitourinary 0.72 (0.19, 1.26) 0.35 (–0.04, 0.74) 0.55 (0.17, 0.92) 

Extremity 0.50 (–0.15, 1.14) 0.60 (0.15, 1.04) 0.54 (0.10, 0.99) 

Head and neck 0.77 (0.29, 1.26) 0.70 (0.36, 1.04) 0.67 (0.33, 1.00) 

Miscellaneous 0.16 (–0.42, 0.73) 0.38 (–0.03, 0.79) 0.29 (–0.12, 0.69) 

Misdiagnosis    

No    

Yes 0.46 (0.08, 0.84) 0.45 (0.19, 0.70) 0.37 (0.11, 0.62) 

Doctor assurance    

No    

Yes  0.60 (0.21, 0.99) 0.63 (0.23, 1.02) 

Lack of Awareness of Cancer Diagno-
sis/Treatment 

   

No    

Yes  0.72 (0.37, 1.06) 0.55 (0.21, 0.89) 

Economical Problem for Diagnosis/Treatment    

No    

Yes  0.63 (0.30, 0.95)  

Symptomatic Treatment 
Before Diagnosis 

   

No    

Yes  0.37 (0.10, 0.65)  

Lack of Awareness for Cancer Diagno-
sis/Treatment 

   

No    

Yes   0.38 (0.18, 0.58) 
*Results are adjusted in relation to age, residential area, sex, no body to accompany for medical aid problems, economical problem for contacting medical per-
son, lack of awareness of cancer diagnosis/treatment, economical problem for diagnosis/treatment , symptomatic treatment before diagnosis; +Results are ad-
justed in relation to age, sex, number of made contacts before diagnosis; †Results are adjusted in relation to age, residential area, sex, no body to accompany for 
medical aid problems, economical problem for contacting medical person, distance, number of made contacts before diagnosis, economical problem for diagno-
sis/treatment , symptomatic treatment before diagnosis. 
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standardized deviance residual plots against predicated 
value of primary, secondary and tertiary delays on con- 
stant scale showed that all the points are scattered and 
most of them are found to be in range (–2, 2) indicating 
the good fit of the log gamma regression. Comparisons of 
log gamma model with quantile regression models were 
done using mean square prediction error (MSPE) and mean 
absolute prediction error (MAPE). Both errors were found 
to be higher for log gamma regression as compared to any 
of the used quantile regression models favoring the use of 
quantile regressions in case of explaining primary delay 
in relation to considered covariates. However, for secon- 
dary delay, MSPE was found to be minimum using log 
gamma regression as compared to quantile regressions but 
MAPE was found to be slightly higher for this delay us- 
ing log gamma regression. Both MSPE and MAPE were 
found to be minimum for tertiary delay using log gamma 
regression as compared to quantile regression. 

4. DISCUSSION 

Early diagnosis of any cancer has become one of the 
primary goals under various cancer control programs world- 
wide. Screening programs to reduce the diagnostic delay 
are only amenable for some of the cancers [32]. Thus, 
identifying the important cofactors that can be modifiable 
through appropriate intervention programs related to delay 
would not only reduce delays in diagnosis but also mini- 
mize time in initiating treatment. It is now a well-recog- 
nized problem that studies differ in general with study 
designs including different definitions of delays, measu- 
rements of delays, considered cofactors for delays, analy- 
tical procedures and reporting the study findings [8]. No 
study has aimed to estimate various delays and their as- 
sociated non-medical and medical factors in common can- 
cer patients. 

In this study, we tried to define the time involved from 
onset of symptoms to start of appropriate treatment in 
three components; primary, secondary and tertiary delays. 
Delays may be defined appropriately upon the data gen- 
eration process. The data generation for primary delay is 
completely separate process than any other delays in the 
total duration. This delay is solely associated with pati- 
ent’s characteristics. Further, after contacting first medi- 
cal person until diagnosis of cancer (secondary delay), the 
data generation process remains same and heterogeneity 
of this period may be explained by patient, doctor and 
system related characteristics. Once the patients get diag- 
nosed, the data generation process may change. The date 
of diagnosis works like exposure that may change the dis- 
tribution of further delays. Timing in initiating treatment 
and the speed of the referral process may depend on the 
stage of the cancer at diagnosis, biology of tumor behav- 
ior, patients understanding about severity of disease as well 

as some other patient, doctor and system characteristics 
[33]. Thus, statistically, as well as clinically, studies identi- 
fying factors associated with diagnostic delay [28,34,35] 
or clinician delay [17,36] or total delay [30] may not be 
appropriate. In other words, studies identifying factors as- 
sociated with delay including secondary delay may not pro- 
vide appropriate cofactors associated with treatment de- 
lay. To study the factors associated with diagnosis or treat- 
ment delays, the total symptom duration needs to be con- 
sidered as three components. We also showed in the pre- 
sent study that analyzing diagnostic delay, clinician delay 
or total delay may not be able to provide all factors asso- 
ciated with primary, secondary and tertiary delay. Any other 
rationale may be possible to divide these components into 
shorter intervals. However, there is a need to make rec- 
ommendation to define various delays in total duration to 
study the factors related with delays in diagnosis and treat- 
ment and their impacts on cancer outcomes. This will help 
in combining and generalizing the results from various stu- 
dies. In the absence of established cut offs for these com- 
ponents of total duration, it should be recommended to 
consider an original measure of these delays.  

Approximately 194 days (6.5 months) of total delay sug- 
gests that there is a need to make faster diagnostic proc- 
ess and initiation of cancer treatment. Estimated tertiary 
delay was found to be longer than the primary and sec- 
ondary delays that are obvious at the tertiary hospital in 
the present study because patients tend to search through 
the hospital to get all possible treatments. At this hospital, 
patient first review for confirmatory diagnosis. This ex- 
tends delay in getting treatment. Also, due to burden of 
the patient at this hospital, patients get further delay in 
start of treatment. This indicates there is a need to set up 
more specialized centers for cancer treatment to the com- 
munity. Inherently, primary delay was found to be longer 
for outer organ specific cancers than the inner organ can- 
cers. Secondary delay was shortest for breast cancer pa- 
tients because of a straight forward presentation of signs 
and symptoms and simpler and easily available diagnos- 
tic procedures. Total delay was associated with advanced 
stage of cancer [37]. In the total delay, only secondary de- 
lay was found to be associated with advanced stage of 
cancer. Tertiary delay was found twice of this period. 
This in directly indicates that delays may matter for sur-
vival and quality of life. 

The median primary delay in the present study was 
observed as 30 (IQR: 3, 120) days. This is slightly higher 
than a recent study reported the median primary delay as 
21 (IQR: 7, 56) days [19]. Most of the existing studies 
dealt with organ specific cancer and reported varied pri-
mary delay across the studies. For example, the median pri- 
mary delay varied from 30 days to 900 days in head and 
neck cancer [20,38-39]; 9 days to 35 days in breast cancer 
[29,37]; 10 days to 46 days in thorax cancer [12,37,40,41];  
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8 days to 157 days in gastrointestinal tract [4,15,37,42-44]; 
10 days to 14 days in genitourinary [29,45] and 10 days 
to 14.8 months in soft tissue sarcoma patients [37,46].In 
the present study, the median primary delay for head and 
neck cancer patients was observed as 46 (IQR: 16, 153) 
days; 31 (IQR: 5, 121) days for breast cancer; 16 (IQR: 3, 
76) days for gastrointestinal tract; 18.5 (IQR: 3.5, 104.5) 
days for genitourinary and 91 (IQR: 13, 181) days for 
extremity cancers. To our knowledge, no study has been- 
reported to estimate primary delay among irrespective of 
organ specific cancer patients using its original form in 
India. Most of the earlier studies used to describe the pri- 
mary delay either using logistic model or using ordinary 
linear regression model. However, both approaches seem 
to be inappropriate especially in absence of proper cut 
off of primary delay under logistic model and distribu- 
tion of its original structure under ordinary linear regres- 
sion model. Under distributional assumption, log gamma 
regression was found to be appropriate. This regression 
approach assumes that the primary delay should be strictly 
positive. However, in the present study, primary delay con- 
sists some zero observations (i.e., no primary delay) due to 
presentation of asymptomatic patients to the medical per- 
son. The frequency of patients at zero delays was quite 
less in the dataset. Comparative results reveal that quan- 
tile regressions seem to be more appropriate in case of 
describing log primary delay. However, combined results 
obtained under both models may provide better under- 
standing regarding its policy implications. The results were 
found to be consistent except few exceptions. The factors 
such as residential area, contacting non-medical person-
prior to first medical person, fear, lack of awareness, 
economical problem, family related problem and types of 
cancer were found to be associated with primary delay. 
Quantile regression provided additional information such 
as these factors remained significant for higher level of 
primary delay except residential area. Similar results were 
obtained in another study for primary delay. The reported 
factors were lack of information about cancer, patient edu- 
cation and financial considerations related with this delay 
[21]. There may be need of Information Education and 
Communication (IEC)/intervention programs to make com- 
munity aware about common sign/symptoms related to all 
cancers as well as they may be counseled/educated to- 
wards the need of early reporting of symptom to doctor/ 
referral centers. The economical problem may be redu- 
ced by facilitating through more free health checkup as 
well as specialized treatment providing centers to the com- 
munity. There is a need to educate the community towards 
hazards related to the late diagnosis over other major fa- 
mily related problems to reduce primary delay. To minimi- 
ze primary delay, genitourinary cancer, extremity and head 
and neck cancer patients may be targeted through impart- 
ing symptoms awareness or using screening program re- 
lated to these types of cancer. 

The median secondary delay observed under the pre- 
sent study was 33 (IQR: 8, 124) days. To our knowledge, 
none of studies has examined secondary delay as consid- 
ered in the present study. The median secondary delay was 
reported as 36 days in head and neck cancer [39], 7 days 
to 28 days in breast cancer [29,36], 65 days in thorax [12], 
0 days to 21 days in gastrointestinal tract [15,43]. In the 
present study, the median secondary delay for head and 
neck cancer patients was observed as 56 (IQR: 22, 190) 
days; 13 (IQR: 5, 60) days for breast cancer; 42 (IQR: 13, 
124) days for gastrointestinal tract; 41 (IQR: 7.5, 167) days 
for genitourinary and 124 (IQR: 30, 246) days for extre- 
mity cancers. MSPE was found to be minimum for secon- 
dary delay using log gamma regression as compared to 
quantile regressions whereas MAPE was slightly higher 
for log gamma regression. In view of advantages of mean 
modeling over other location modeling, use of log gamma 
regression may be preferred in describing secondary de-
lay. However, use of both approaches simultaneously may 
provide additional information in describing factors asso- 
ciated with entire range of the secondary delay distribu- 
tion. In summary, the non-medical factors such as number 
of contacts made till diagnosis, lack of awareness, econo- 
mical problem and types of cancer whereas under medi- 
cal factor misdiagnosis and symptomatic treatment before 
cancer diagnosis were related with secondary delay. Quan- 
tile regression provided additional information such as- 
number of contacts made till diagnosis, lack of awareness 
and economical problem were associated with prolong se- 
condary delay. To reduce secondary delay, there may be 
need of IEC/intervention programs not to make commu- 
nity more aware about cancer related information only but 
also to get the doctors more updated towards making con- 
firmatory diagnosis of cancer. The focus should preferably 
be on head and neck cancer and extremity cancer patients 
making them educated about sign and symptoms as well 
as doctors related to its accurate diagnosis. 

Median tertiary delay was observed as 59 (IQR: 36, 101) 
days. The other studies dealing with organ specific can- 
cer, median tertiary delay reported as 7 days to 8 days in 
gastric cancer [4,15,43] and 26 days in genitourinary [47]. 
In the present study, the median tertiary delay was 47 
(IQR: 27, 80) days for gastrointestinal tract; 70 (IQR: 40.5, 
110.5) days for genitourinary cancers. The non-medical 
factors such as sex, education, number of contacts made 
after diagnosis, fear and types of cancer and medical fac- 
tors such as previously received inadequate treatment and 
doctor’s assurance were found to be associated with ter- 
tiary delay. There is a need to make community aware 
about need of in time treatment as well as the doctors 
towards proper treatment. The focus may also be given 
to patients who previously received inadequate treatment. 
On the part of doctor’s assurance leading to extended 
tertiary delay should also be minimized. In order to mini- 
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mize each of the considered delays especially tertiary de- 
lay, there has to be a well-defined referral system by set- 
ting acceptable waiting time to make diagnosis and start 
of treatment. The findings observed under studies related 
to delay may be helpful to plan community level inter-
vention program propagating information about signs/sy- 
mptoms related to cancer, need of timely contacting doc- 
tor as well as getting in time diagnosis and start of ap- 
propriate treatment. 

Although the study was planned in a systematic man- 
ner, the data collection mainly focused on the cancer pa- 
tients registered at IRCH, AIIMS. Many other departments 
registering cancer patients of this institute could not be 
included in this study. This study is planned at tertiary level. 
As obvious, the patients coming to this setup are expected 
to have peculiar characteristics mainly because of dealing 
referred patients. Strictly speaking, the findings under this 
study may not be easily generalizable for other health se- 
tup. Some of factors considered for various delays in can- 
cer may not be suitable for western countries. 

5. CONCLUSION 

Current study describes various levels of delay in di- 
agnosis and treatment of common cancer patients and their 
associated factors. Total duration can be appropriately 
described using three components as primary, secondary 
and tertiary delays. Gamma regression and quantile re- 
gressions together provide more information than merely 
use of anyone regression. Study reveals that there is an 
urgent need and scope to reduce delay at each level-pri- 
mary, secondary and tertiary. Irrespective of the types of 
delay, these results suggest a need for universal educa- 
tion to achieve reduction in delay. Medical factors are 
also responsible for delays. There is a need to set up op-
timum time for diagnosis and treatment initiation irre-
spective of types of cancer. In India, there is a need to 
have well defined referral pattern. Reduction of delays in 
diagnosis and treatment may reduce the advance stage of 
cancer. 
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