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Abstract. Pancreatic ductal adenocarcinoma (PDAC) is charac-
terized by an aggressive course; therefore, it was hypothesized 
that waiting times during disease management may serve as a 
prognostic factor for patients with PDAC. Data for all patients 
with PDAC who received treatment in Fukushima Medical 
University Hospital were collected. Median disease‑free 
survival and overall survival time were calculated using the 
Kaplan‑Meier method and utilized as cut‑off points to divide 
the patients into 2 groups: A short and a long survival group. 
Clinical characteristics, including waiting times, the detec-
tion‑to‑diagnosis waiting time and the diagnosis‑to‑treatment 
waiting time, were compared between the 2 survival groups. A 
total of 149 patients were included in the present study. Among 
the 72 patients who underwent chemotherapy, no significant 
differences between the 2 survival groups regarding waiting 
times were identified; however, the proportion of patients with 
locally advanced disease and the administration of combina-
tion chemotherapy were significantly associated with increased 
survival. Additionally, no significant differences in the waiting 
times between the 2 survival groups were identified when 
evaluating the 79 patients who underwent surgical resection. 
In conclusion, the results of the present study indicated that 
detection‑to‑diagnosis and diagnosis‑to‑treatment waiting 
times do not influence the prognosis of patients with PDAC.

Introduction

Pancreatic ductal adenocarcinoma (PDAC) is one of the most 
fatal malignancies according to cancer statistics of USA in 
2016 (1). Surgical resection, to the best of our knowledge, 

is currently the only curative treatment for PDAC; however, 
<20% of patients are potential candidates for pancreatec-
tomy as the majority are diagnosed at the advanced disease 
stage  (2). Furthermore, even following successful surgical 
resection, it has been reported that the 5‑year survival rate 
following pancreatectomy is only 10‑20% due to a high 
rate of disease recurrence according to a German study 
conducted between 1998‑2003 (3), a Korean study conducted 
between 1983‑2011 (4) and a USA study conducted between 
2003‑2010 (5). Recently established chemotherapy regimens, 
including folinic acid, fluorouracil, irinotecan and oxaliplatin 
(FOLFIRINOX) and gemcitabine plus nab‑paclitaxel therapy, 
have improved the prognosis of patients with PDAC (6‑9). 
However, the median survival time among patients who 
underwent the aforementioned chemotherapy regimens has 
been reported as <1 year according to literatures published 
as international collaborative studies, which included patients 
from 11 countries and Japanese domestic studies conducted 
between 2003‑2014 (6‑9). Given the challenges associated 
with altering the biological behavior of PDAC, it is important 
to continue investigating additional ways to improve patient 
prognosis.

The length of waiting until medical care has drawn 
increasing attention in previous studies as a potential factor 
that may affect the prognosis of patients with various types of 
malignancies (10‑16). Based on previous studies, waiting times 
can be classified into four categories: i) Waiting time until 
the first medical visit; ii) waiting time until detection of the 
disease; iii) waiting time until diagnosis; and iv) waiting time 
until treatment (10‑16). The impact of waiting time on patients' 
prognosis varied in each study, but a number of the patients 
revealed reduced outcome with long waiting time, compared 
with patients with a reduced waiting time (13,15). Although a 
literature search identified 3 reports in which the authors inves-
tigated the prognostic effect of waiting time on the survival of 
patients with PDAC, none of the previous studies, to the best 
of our knowledge, evaluated the effect of waiting time between 
the detection of disease and diagnosis  (11‑13). Endoscopic 
ultrasound‑guided fine‑needle aspiration (EUS‑FNA) has been 
accepted globally as the gold standard for diagnosing PDAC 
and may be used to obtain highly accurate diagnoses (17,18). 
However, in contrast to the diagnostic yields of other modalities, 
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the diagnostic yield of EUS‑FNA is highly dependent on the 
expertise of the clinicians, cytoscreeners and the pathologists 
performing this procedure and assessing the results (19‑21). 
Consequently, patients who require EUS‑FNA are referred to 
a limited number of tertiary referral facilities and are have to 
wait for a certain length of time prior to undergoing EUS‑FNA 
to obtain a pathological diagnosis. For example, patients had to 
wait for 45.2 days until they underwent their second EUS‑FNA 
following the initial EUS‑FNA (20). Additionally, patients are 
required to wait prior to commencing treatment, which may 
be due to the high demand for pancreatic specialists (11,12). 
The aim of the present study was to clarify whether the length 
of the waiting times to diagnosis and treatment affected the 
prognosis of patients with PDAC.

Materials and methods

Patient sample collection. A retrospective observational 
study was conducted to review the data obtained from patients 
histologically diagnosed with PDAC using EUS‑FNA, who 
were treated at Fukushima Medical University Hospital 
(Fukushima, Japan) between January 2006 and July 2016. 
A total of 149 patients were included in the present study 
(mean age, 67.2 years; age range, 42.0‑86.0; 83 males and 
66 females). All patients who underwent scheduled chemo-
therapy or surgical resection with known final outcomes were 
included. To eliminate the possibility of selection bias in 
treatment, the present study included only the patients who 
were able to undergo the treatment that was originally recom-
mended at the time of diagnosis. In the case of a patient who 
was originally scheduled to undergo surgical resection, but 
tumor cell dissemination was subsequently observed during 
the surgical laparotomy, the patient was excluded from the 
analysis, as it was not clear whether the prolonged waiting 
time was the cause of the tumor cell dissemination or if it 
was originally present as occult metastasis. In cases involving 
chemotherapy, first‑line chemotherapy regimens that 
included monotherapy (gemcitabine or S‑1) and combination 
therapy (FOLFIRINOX or gemcitabine plus nab‑paclitaxel) 
were selected based on the Eastern Cooperative Oncology 
Group Performance Status Scale  (22) and comorbidity of 
the patients. Due to the national health insurance coverage, 
monotherapy was selected as the first‑line chemotherapy 
between April 2006 and December 2013. FOLFIRINOX was 
available in December 2013 and gemcitabine plus nab‑pacli-
taxel was added to the list in December 2014. Second‑line 
chemotherapy regimens were selected based on the physi-
cian's discretion, taking into consideration the patients' 
general condition. In cases involving surgical resection, 
all the patients underwent surgical resection with curative 
intent, and those who received preoperative chemoradiation 
therapy were excluded from the present study. Patients were 
followed up using imaging modalities, including computed 
tomography, every 2‑3 months following the initiation of the 
primary treatment. Median disease‑free survival (DFS) and 
overall survival (OS) time following surgical resection were 
calculated using the Kaplan‑Meier method and were each 
utilized to determine the cut‑off points to divide patients into 
2 groups: A short and a long survival group, with the median 
value included within the long survival group. For further 

Table I. Clinical characteristics of all patients.

Chemotherapy (n=72) 

Characteristics	 Median (range)

Age (years)	 66.0 (59.0‑68.0)
Tumour size (longest diameter; mm)	 35.0 (25.0‑47.5)
CEA (ng/ml)	 4.2 (2.4‑9.5)
CA19‑9 (U/ml)	 1,196.0 (157.4‑4,899.0)
WT1	 20.0 (11.0‑28.0)
WT2	 17.5 (9.0‑29.0)
Sex 
  Male	 39
  Female	 33
Tumour location
  Ph	 37
  Pbt	 35
Disease stage (UICC ver.7) (24) 
  Locally advanced	 22
  Metastatic 	 50
Chemotherapy 
  Monotherapy	 53
  Combination	 19
Surgery (n=77)	
Characteristics	 Median (range)
Age (years)	 71.0 (64.0‑76.0)
Tumour size (longest diameter; mm)	 19.0 (15.0‑25.0)
CEA (ng/ml)	 2.8 (1.9‑6.0)
CA19‑9 (U/ml)	 102.8 (25.8‑333.5)
WT1	 21.0 (14.0‑36.0)
WT2	 46.0 (29.0‑60.0)
Sex (n)
  Male	 44
  Female	 33
Tumour location (n)	
  Ph	 52
  Pbt	 25
UICC T stage (n) (24)
  T0‑1	 10
  T2	 12
  T3‑T4	 55
UICC N Stage (n)
  N0	 49
  N1	 28
Adjuvant chemotherapy 
  Yes	 48
  No	 29

CEA, carcinoembryonic antigen; CA19‑9, cancer antigen 19‑9; WT1, 
detection‑to‑diagnosis waiting time; WT2, diagnosis‑to‑treatment 
waiting time; Ph/b/t, pancreatic head/body/tail; T, tumor; N, node; 
UICC, Union for International Cancer Control classification.
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analysis, clinical data on patients in the lower and upper 
quartiles with respect to detection‑to‑diagnosis waiting time 
(WT1) and diagnosis‑to‑treatment waiting time (WT2) were 
obtained in order to assess the prognostic effect of immediate 
and delayed treatment. Survival analysis was subsequently 
performed using the Kaplan‑Meier method with log‑rank 
tests to compare the two groups for each type of treatment.

Variables. Waiting times to diagnosis and treatment were 
estimated to be the time from the detection of disease with 
imaging (computed tomography) to histological diagnosis 
using EUS‑FNA (WT1), and the time from histological diag-
nosis to treatment initiation (WT2). OS was defined as the time 
from treatment initiation to mortality from any cause. In cases 
involving surgery, DFS was defined as the survival period 
during which patients survived with no signs of recurrence 
following surgical resection. Clinical characteristics prior to 
the initiation of primary treatment, including age, sex, tumor 
size, tumor location, Tumor (T) and Node (N) stages based on 
the Union for International Cancer Control classification, ver. 
7 (23), serum levels of tumor markers, including carcinoem-
bryonic antigen and cancer antigen 19‑9, waiting times and 

the use of adjuvant chemotherapy, were compared between the 
short and long survival groups.

The protocol of the present study was in accordance to the 
ethical guidelines of the 1975 Declaration of Helsinki and was 
approved by the Institutional Review Committee of Fukushima 
Medical University School of Medicine (approval no., 2285; 
Fukushima, Japan). The institutional review board waived the 
requirement for written informed patient consent due to the 
retrospective non‑interventional nature of the present study.

Statistical analysis. The demographic and clinical character-
istic distributions for each group were compared using χ2‑tests 
and Fisher's exact test as appropriate. Variables that followed 
a Gaussian distribution were assessed using parametric tests, 
one‑way analysis of variance (ANOVA) followed by the 
post‑hoc Tukey's test for differences among all four groups 
and unpaired Student's t‑tests for differences between two 
groups. Variables that did not follow a Gaussian distribution 
were log‑transformed or assessed using non‑parametric tests, 
Kruskal‑Wallis tests (or for non‑parametric, ANOVA) for 
differences among all four groups and Mann‑Whitney U‑tests 
for differences between two groups. Survival analysis was 

Table II. Comparisons of waiting time between patients underwent surgery (n=79) and cancelled surgery (n=5).

Characteristics	 Surgery (n=79)	 Cancelled surgery (n=5)	 P‑value

WT1, days (range)	 21.0 (14.0‑36.0)	 20.0 (15.0‑30.0) 	 0.70
WT2, days (range)	 46.0 (29.0‑60.0)	 43.0 (30.0‑55.0)	 0.75

Mann‑Whitney U‑test was applied for comparison of continuous variables. WT1, detection‑to‑diagnosis waiting time; WT2, diagnosis‑to‑treat-
ment waiting time.

Figure 1. Survival analysis of patients who underwent chemotherapy and surgical resection. (A) The median OS was 9.7 months for patients who received 
chemotherapy. In the surgical resection group, the median (B) DFS was 16.4 months, and the median (C) OS was 35.0 months. DFS, disease‑free survival; OS, 
overall survival.
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conducted using the Kaplan‑Meier method with log‑rank tests. 
All statistical analyses were performed using GraphPad Prism 
6.0 (GraphPad Software, Inc., La Jolla, CA, USA). P<0.05 was 
considered to indicate a statistically significant difference. 
Data are presented as the median ± range.

Results

Patients. During the study period, 451 patients with PDAC 
were diagnosed using EUS‑FNA. The majority of the patients 
who were not considered suitable for surgical resection were 
referred to other hospitals for treatment. Consequently, a total 
of 149 patients, including 72 patients in the chemotherapy 
group and 77 patients in the surgical resection group, were 
included in the present study (Table I). Aside from the afore-
mentioned patients, there were 5 patients who were scheduled 
originally for surgical resection, but it was cancelled since liver 
metastasis or peritoneal dissemination was indicated during 
the waiting time until surgical resection or exploratory lapa-
rotomy. WT1 and WT2 of the aforementioned patients, whose 
surgical resection was cancelled, were 20.0 days (15.0‑30.0) 
and 43.0 days (30.0‑55.0), respectively. There were no signifi-
cant differences in the lengths of WT1 and WT2 between the 
79 patients with surgical resection and the 5 patients with the 
originally planned surgical resection cancelled (P=0.70 and 
P=0.75, respectively) (Table II).

Survival analysis of patients based on waiting times. The 
72  patients who underwent chemotherapy (median OS, 

9.7 months; Fig. 1A) were divided into the long survival 
group (n=42) and the short survival group (n=30) (Table III). 
No significant differences between the long and short 
survival groups were identified with respect to WT1 (20.0 
vs. 19.0 days; P=0.98) or WT2 (17.0 vs. 18.5 days; P=0.93); 
however, the proportion of patients with locally advanced 
disease (P=0.02) and the administration of combination 
chemotherapy (P=0.003) were significantly associated with 
long‑term survival, compared with short‑term survival 
(Table III). Among the 77 patients who underwent surgical 
resection, the median DFS following pancreatic resection 
was 16.4  months, and the median OS was 35.0  months 
(Fig.  1B and C). The patients were further divided into 
short (n=47) vs. long (n=30) DFS groups, and short (n=57) 
vs. long (n=20) OS groups. Additionally, no significant 
between‑group differences were observed for WT1 in the 
short vs. long DFS group (21.0 vs. 21.0 days; P=0.65) and 
the short vs. long OS group (21.0 vs. 23.0 days; P=0.45) or 
WT2 in the short vs. long DFS group (46.0 vs. 44.5 days; 
P=0.45) and the short vs. long OS group (46.0 vs. 41.0 days; 
P=0.36) (Table III). Advanced T and N stages were signifi-
cantly associated with short DFS (P=0.049 and P=0.03, 
respectively), compared with long DFS; however, only 
advanced T stage was significantly associated with short 
OS (P=0.02; Table IV).

As indicated in Fig. 2, survival analysis for DFS and OS 
did not reveal any significant survival differences between 
patients in the upper and lower quartiles for WT1 or WT2 
(Fig. 2A‑F).

Table III. Comparisons between patients receiving chemotherapy in short survival and long survival groups (n=72).

Characteristics	 Short survival (n=42)	 Long survival (n=30)	 P‑value

WT1	 20.0 (13.0‑28.0)	 19.0 (11.0‑28.0)	 0.98
WT2	 17.0 (9.0‑30.0)	 18.5 (12.0‑27.0)	 0.93
Age (years)	 64.5 (58.0‑67.0)	 66.0 (59.0‑70.0)	 0.31
Tumour size (longest diameter; mm)	 34.0 (26.0‑45.0)	 30.0 (23.0‑50.0)	 0.40
CEA (ng/ml)	 4.1 (2.0‑13.4)	 4.2 (2.5‑7.5)	 0.97
CA19‑9 (U/ml)	 1,957.0 (116.7‑11,025.0)	 628.8 (99.0‑3,197.0)	 0.17
Sex (n)			 
  Male	 23	 16	 1.00
  Female	 19	 14	
Tumour location (n)			 
  Ph	 23	 14	 0.63
  Pbt	 19	 16	
Disease stage (UICC ver.7) (n) (24)			 
  Locally advanced	 8	 14	 0.02
  Metastatic	 34	 16	
Chemotherapy (n)			 
  Monotherapy	 35	 18	 0.003
  Combination therapy	 7	 12	

Mann‑Whitney U‑test was applied for comparison of continuous variables. Fisher's exact test was applied for comparison of categorical 
variables. WT1, detection‑to‑diagnosis waiting time; WT2, diagnosis‑to‑treatment waiting time; CEA, carcinoembryonic antigen; CA19‑9, 
cancer antigen 19‑9; Ph/b/t, pancreatic head/body/tail; UICC, Union for International Cancer Control classification.
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Discussion

The present retrospective study was conducted in order to 
elucidate whether prolonged waiting times are associated 
with the prognosis of unresectable and resectable PDAC. 
To the best of our knowledge, no prior studies investigated 
the prognostic effect of waiting time‑to‑diagnosis in 
patients with PDAC. Contrary to our hypothesis, the results 
demonstrated that neither diagnostic nor treatment waiting 
times significantly affected OS. Additionally, the survival 
analysis did not reveal any notable differences in survival 
time between patients who received immediate treatment 
(patients in the lower quartile of waiting times) and patients 
whose treatment was delayed (patients in the upper quartile 
of waiting times).

A total of 3 previous studies that addressed the waiting 
times for patients with PDAC were identified: Raptis et al (12) 
combined diagnostic and treatment waiting times and investi-
gated the prognostic impact of overall waiting time. Consistent 

with the results of the present study, their findings indicated 
that the length of waiting time from initial referral to diag-
nosis or treatment did not affect operability, resectability or 
survival. Jooste et al (11) conducted a population‑based study 
that included 450 patients from two French population‑based 
cancer registries. Factors associated with patient delay (time 
between the first onset of symptoms and first consultation) and 
treatment delay (time between first consultation and treatment) 
were evaluated. Once the results were adjusted for a number 
of clinical factors, including symptoms and treatments, it was 
revealed that neither patient nor treatment delay were associ-
ated with patient outcomes. Similarly, Sanjeevi  et  al  (13) 
demonstrated that a short interval between detection of the 
disease and surgical resection did not affect OS among patients 
who underwent successful resection of PDAC; however, it may 
have been associated with a decreased risk of unresectability. 
Collectively, the aforementioned results did not clearly estab-
lish whether timely medical care improves the prognosis of 
patients with PDAC.

Table IV. Comparisons between surgically‑treated patients in the short and long survival groups (n=77).

Characteristics	 Short DFS (n=48)	 Long DFS (n=29)	 P‑value	 Short OS (n=57)	 Long OS (n=20)	 P‑value

WT1 (days)	 21.0 (15.0‑38.0)	 21.0 (6.0‑100.0)	 0.65	 21.0 (14.0‑36.0)	 23.0 (17.0‑40.0)	 0.45
WT2 (days)	 46.0 (29.0‑62.0)	 44.5 (13.0‑33.7)	 0.45	 46.0 (29.0‑62.0)	 41.0 (28.0‑55.0)	 0.36
Age (years)	 69.0 (62.0‑77.0)	 73.0 (69.0‑76.0)	 0.21	 69.0 (62.0‑77.0)	 73.0 (68.0‑75.0)	 0.31
Tumour size	 19.0 (15.0‑25.0)	 20.0 (15.0‑20.0)	 0.69	 34.0 (8‑45.0)	 30.0 (10.0‑30.0)	 0.40
(longest diameter; 
mm)
CEA (ng/ml)	 3.0 (1.9‑6.7)	 2.45 (1.7‑3.8)	 0.78	 2.9 (1.0‑6.2)	 2.4 (1.8‑5.6)	 0.97
CA19‑9 (U/ml)	 174.6 (28.4‑518.0)	 73.2 (16.0‑263.0)	 0.53	 109.0 (22.5‑447.0)	 79.7 (26.7‑270.0)	 0.17
Sex						    
  Male	 29	 15	 0.48	 33	 11	 1.00
  Female	 19	 14		  24	 9	
Tumour location						    
  Ph	 35	 17	 0.21	 31	 11	 1.00
  Pbt	 13	 12		  26	 9	
T stage (UICC 
ver.7) (24)						    
  T0‑1	 4	 6	 0.049	 8	 2	 0.02
  T2	 5	 7		  5	 7	
  T3‑4	 39	 16		  44	 11	
N stage (UICC 
ver.7) (24)						    
  N0	 26	 23	 0.03	 38	 14	 1.00
  N1	 22	 6		  19	 6	
Adjuvant 
chemotherapy						    
  Yes	 30	 18	 1.00	 36	 12	 0.79
  No	 18	 11		  21	 8	

Mann‑Whitney U‑test was applied for comparison of continuous variables. Fisher's exact test was applied for comparison of categorical 
variables. WT1, detection‑to‑diagnosis waiting time; WT2, diagnosis‑to‑treatment waiting time; CEA, carcinoembryonic antigen; CA19‑9, 
cancer antigen 19‑9; Ph/b/t, pancreatic head/body/tail. T, tumor; N, node; DFS, disease‑free survival; OS, overall survival; UICC, Union for 
International Cancer Control classification.
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The present study was originally conducted based on 
the hypothesis that prolonged waiting times from detection 
of disease to diagnosis or to the initiation of treatment may 
negatively affect patient prognosis. If that hypothesis had 
been validated, the next step would have been to establish 
rapid clinical processing of patients to facilitate prompt 
diagnosis and treatment. However, the results of the present 
study did not support this hypothesis; nevertheless, healthcare 
teams should aim to provide medical care to all patients in a 
timely manner. The results also demonstrated that in accor-
dance with common knowledge, early‑stage disease at the 
initiation of treatment, and the choice of treatment (combina-
tion chemotherapy) were significantly associated with good 
outcomes in PDAC (3,6,7).

However, the present study did have certain limitations, 
including the fact that it was conducted in a single center 
with a limited number of patients. Additionally, there may 
have been selection bias, particularly in patients who were not 
referred for surgical resection, as the majority of these patients 

were not treated in Fukushima Medical University Hospital. 
Furthermore, there could be a possibility that the length of 
waiting time may affect the choice of treatment, which may 
subsequently influence prognosis. In fact, 5 patients had their 
planned surgical resection cancelled due to metastasis detected 
during waiting time or exploratory laparotomy. However, 
in terms of the length of waiting time of these patients, the 
delay in management was not considered a direct cause of 
this consequence. Patients could have occult metastasis at the 
time of diagnosis. Additionally, the patients who underwent 
chemotherapy in Fukushima Medical University Hospital 
may have had additional reasoning, including comorbidities or 
good performance status. However, the present study included 
almost all the surgical candidates who met the inclusion 
criteria. Therefore, the results of the present study should be 
validated by assessing an increased number of patients from 
multiple clinical sites. In conclusion, the present study did not 
provide any evidence that waiting time is associated with the 
prognosis in patients with PDAC.

Figure 2. Survival analysis of patients who underwent chemotherapy and surgical resection. Survival analysis (OS) between patients who underwent chemo-
therapy in the upper and lower quartiles for (A) WT1 and (B) WT2. Survival analysis (DFS) between patients who underwent surgical resection in the upper 
and lower quartiles for (C) WT1 and (D) WT2. (E and F) Survival analysis (OS) between patients who underwent surgical resection in the upper and lower 
quartiles for (E) WT1 and (F) WT2. DFS, disease‑free survival; OS, overall survival; WT1, detection‑to‑diagnosis waiting time; WT2, diagnosis‑to‑treatment 
waiting time.
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