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Impact of diabetes mellitus on morbidity and survival after 
pancreaticoduodenectomy for malignancy
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Backgrounds/Aims: Diabetes mellitus (DM) is a known risk factor for morbidity, length of hospital stay, or mortality 
after surgery, however, its impact on postoperative course and long-term survival after pancreaticoduodenectomy (PD) 
is not clear. Methods: This is a retrospective analysis of prospectively maintained database of 141 patients with peri-
ampullary and pancreatic head adenocarcinoma operated between January 2001 and March 2019. Clinico-pathological 
records and follow-up data were retrieved and analyzed. Cumulative hazard was computed for comparing the survival 
between DM and non-DM. Results: DM was present in 31/141 (21.9%) patients, while 16/31 (51.6%). were new-onset 
DM (NODM). Tumor size, lymphovascular & perineural invasion, type of surgery, lymph node positivity and R0 resection 
rate were comparable between diabetic and non-diabetic. There was no significant difference in postoperative pancre-
atic fistula, delayed gastric emptying, infectious complication, hospital stay and mortality between DM and non- 
diabetics. Patients with DM had worse survival at 3 years (OS: HR, 3.11 [1.43-6.76] p=0.004, DFS: HR, 2.61 [1.23-5.53] 
p=0.01) and 5 years (OS: HR, 3.32 [1.46-7.53] p=0.004, DFS: HR, 2.87 [1.29-6.41] p=0.009). On multivariate analysis, 
DM (3 year OS: HR, 2.61 [1.14-5.98] p=0.022, DFS: HR, 2.19; p=0.058) (5 year OS: HR, 2.55; p=0.04, DFS: HR, 
2.25; p=0.068) and pylorus resecting surgery were significantly associated with worse survival at 3 and 5 years. 
Conclusions: Preoperative DM has no significant effect on postoperative course but has negative impact on 3-year 
and 5-year OS and DFS after PD for pancreatic and periampullary adenocarcinoma. (Ann Hepatobiliary Pancreat Surg 
2021;25:230-241)
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INTRODUCTION

Diabetes mellitus (DM) is a known risk factor for mor-

bidity, length of hospital stay, or mortality after surgery.1,2 

This is usually attributed to poor immune function, stress 

hormone metabolism, and disturbed vascular homeostasis 

due to poor glycemic control and insulin secretion. 

Studies have shown that patients with HbA1c of ≥6.0% 

and postoperative blood sugar ≥200mg/dl had a higher 

risk (Odds ratio: 4.2, p＜0.01) of developing major com-

plications after emergency general surgery.3

Pancreaticoduodenectomy (PD) is a formidable proce-

dure with high morbidity and mortality.4,5 The impact of 

DM on perioperative outcome after PD is conflicting. 

Earlier studies had shown that DM negatively impacts 

postoperative outcomes as it leads to more abdominal 

complications.2,6 The complications like acute kidney in-

jury, postoperative pancreatic fistula were found more in 
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patients with DM.7 This has been attributed to older age, 

increased body mass index (BMI), malnutrition, and coex-

isting co-morbidities in diabetic patients. However, sub-

sequent studies showed that patients with DM did not 

have an increased risk of postoperative complications.8,9 

Some studies have even shown the protective role of DM 

on postoperative pancreatic fistula (POPF).10 These au-

thors have attributed their findings to increased deposition 

of pancreatic fibrosis and less pancreatic fat which makes 

pancreatico jejunostomy more secure with less incidence 

of postoperative pancreatic fistula (POPF).10,11 

The effect of DM on the long-term outcome of patients 

undergoing PD for pancreatic and periampullary carcino-

ma is also debatable. Some studies have shown no effect 

of DM on the long-term survival.12,13 While other study 

shows that pancreatic cancer patients with DM enjoyed 

better overall survival compared to those without DM.14 

On the other hand, many studies have shown poor surviv-

al in patients with DM undergoing PD for pancreatic can-

cer compared to non DM counterparts.15-17 This has been 

attributed to insulin resistance, hyperinsulinemia, and al-

teration of the intracellular metabolic environment which 

creates a favorable environment for the growth of these 

tumors. In addition, these subsets of patients were likely 

to have larger tumor with more chance of perineural 

invasion. We still do not have robust data on impact of 

DM on perioperative outcomes and survival. 

In the past decade or so, the prevalence of DM has 

been increasing in India.18,19 Thus, it is imperative to un-

derstand impact of DM on postoperative morbidity and 

survival in patients who undergo such formidable 

procedure. We, therefore, planned the present study to 

look at our data to find out the role of DM in the peri-

operative outcome and survival in periampullary and pan-

creatic head adenocarcinoma undergoing pancreatoduo-

denectomy. 

MATERIALS AND METHODS

Patient selection

Patients with periampullary and pancreatic head ad-

enocarcinoma who underwent PD in the setting of a ter-

tiary care referral center were included in this study. Data 

was retrieved from prospectively maintained records. 

Patients operated between January 2001 and March 2019 

were included. Information related to presentation, inves-

tigations, operative and postoperative course and patho-

logical records was retrieved. Patients with incomplete da-

ta were excluded. Follow-up data was retrieved from a 

prospectively maintained record of follow-up outpatient 

visits while additional information was received through 

telephonic conversation after obtaining informed consent. 

Patients who underwent PD for adenocarcinoma of the 

periampullary region and pancreatic head were included. 

Patients undergoing PD for non-adenocarcinoma histology 

were excluded. This study was approved by the Institutional 

Ethical Committee of PGIMER, Chandigarh (IEC/2019/ 

SPL-1463).

Diagnosis of periampullary and pancreatic head ad-

enocarcinoma was established from clinical and radio-

logical records. We included only those patients for whom 

histopathological confirmation of adenocarcinoma was 

available in the records.

We applied the diagnostic criteria of the American 

Diabetes Association, January 2009 for the diagnosis of 

preoperative DM based upon documented clinical history 

or laboratory studies.20 Based on duration of DM, patients 

were grouped as long-standing and new-onset DM 

(NODM). NODM was defined as diagnosis of DM within 

two years of diagnosis of carcinoma.16 We separately ana-

lyzed NODM and long-standing DM as subsets of DM. 

All patients had undergone surgery after glycemic control 

and clearance from endocrinologists.

Preoperative variables analyzed for the study included 

age, sex, clinical presentation, co-morbidities, smoking, 

alcohol abuse, preoperative biliary drainage like endo-

scopic retrograde cholangiogram (ERC) with stenting or 

percutaneous trans-hepatic biliary drainage (PTBD), radio-

logical data related to location, size, relationship with vas-

cular structures, metastasis and size of pancreatic and bile 

duct. Operative data included the type of surgery like PD 

with or without pylorus preservation, operative time and 

blood transfusion, tumor location, resectability, lymph no-

des, pancreatic and bile duct size, and consistency of pan-

creatic parenchyma (firm or soft). All pancreatico-jejunal 

anastomosis were performed with duct-to-mucosa techni-

que and rarely by dunking technique when duct was not 

identifiable. 

Postoperative variables included hospital stay, morbid-

ity (Clavien-Dindo grade)21, and need for reoperation. 
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Table 1. Clinico-demographic and pathological comparison between DM and non DM

Variables DM (31) Non DM (110) Total (141) p-value

Age 57.64±9.99 53.21±1.15 54.1±11.73 0.06
Sex
  Male 18 (58.1%) 68 (61.8%) 86 (61.0%) 0.70
  Female 13 (41.9%) 42 (38.2%) 55 (39.0%)
Pain abdomen 14 (45.2%) 55 (50.0%) 69 (48.9%) 0.63
Jaundice 21 (67.7%) 89 (80.9%) 110 (78.0%) 0.11
Weight loss 20 (64.5%) 77 (70.0%) 97 (68.8%) 0.56
Alcohol 5 (16.1%) 27 (24.5%) 32 (22.7%) 0.32
Smoking 4 (12.9%) 21 (19.1%) 25 (17.7%) 0.42
Preoperative biliary drainage 14 (45.2%) 57 (51.8%) 71 (50.4%) 0.51
Site of tumor
  Pancreas* 12 (38.7%) 24 (21.8%) 36 (25.5%) 0.30
  Ampulla 9 (29.0%) 39 (35.5%) 48 (34.0%)
  Lower third CBD 6 (19.4%) 28 (25.5%) 34 (24.1%)
  Duodenum 4 (12.9%) 19 (17.3%) 23 (16.3%)
Surgery performed
  Pylorus not preserved 17 (54.8%) 54 (49.1%) 71 (50.35%) 0.57
  Pylorus preserved 14 (45.2%) 56 (50.9%) 70 (49.64%)
Mean operative time (min) 366.53±95.1 346.57±80.18 349.57±82.41 0.43
Pancreatic consistency
  Soft 8 (29.6%) 33 (35.9%) 41 (34.5%) 0.55
  Firm 19 (70.4%) 59 (64.1%) 78 (65.5%)
Dilated MPD 16 (66.7%) 40 (51.3%) 56 (54.9%) 0.18
Vascular repair 1 (3.2%) 4 (3.6%) 5 (3.5%) 0.19
Blood transfusion 5 (16.1%) 21 (19.9%) 26 (18.4%) 0.86
Tumor differentiation
  Well 4 (12.9%) 21 (19.1%) 25 (17.7%) 0.57
  Moderate 21 (67.7%) 68 (61.8%) 89 (63.1%)
  Poor 0 4 (3.6%) 4 (2.8%)
  NOS 6 (19.3%) 17 (15.4%) 23 (16.3%)
T stage 28 99 127
  1 2 (7.1%) 17 (17.2%) 19 (15.0%) 0.23
  2 10 (35.7%) 37 (37.4%) 47 (37.0%)
  3 16 (57.1%) 40 (40.4%) 56 (44.1%)
  4 0 5 (5.1%) 5 (3.9%)
N stage 29 95 124 0.75
  0 15 (51.7%) 57 (60.0%) 72 (58.1%)
  1 12 (41.4%) 32 (33.7%) 44 (35.5%)
  2 2 (6.9%) 6 (6.3%) 8 (6.5%)
Lymphovascular invasion 6 (19.3%) 25 (22.7%) 31 (21.9%) 0.88
Perineural invasion 5 (16.1%) 21 (19.0%) 26 (18.4%) 0.75
Adjuvant therapy** 15/28 (53.6%) 48/93 (51.6%) 63/121 (52.1%) 0.85
  Chemotherapy only 3 (10.7%) 9 (9.7%) 12 (9.9%) 0.87
  Radiation only 6 (21.4%) 18 (19.4%) 24 (19.8%) 0.81
  Chemoradiation 6 (21.4%) 21 (22.6%) 27 (22.3%) 0.89

DM, diabetes mellitus; Non DM, non diabetes mellitus; CBD, common bile duct; MPD, main pancreatic duct; NOS, not otherwise specified
*Within pancreas as site of tumor, in DM 3 out of 12 cases were periampullary carcinoma (pancreatic origin) and in non DM 
5 out of 24 cases were periampullary carcinoma (pancreatic origin)
**Data of adjuvant therapy was available in 121 patients out of 141 patients. Out of these 63 patients received adjuvant therapy

Postoperative pancreatic fistula (POPF), delayed gastric 

emptying (DGE), and post-pancreatectomy hemorrhage 

were defined as per the definition used by the Internatio-

nal Study group on Pancreatic Surgery (ISGPS)22-24. All 

consensus and standardized criteria for definitions of com-

plications were retrospectively applied based upon records 
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from the database. 

Adjuvant therapy was given to resected cases of pan-

creatic head cancer based upon the patient’s tolerance and 

performance status. Adjuvant therapy was given for tu-

mors stage ≥T3, positive lymph node, positive resection 

margin, or presence of high-risk features like lymphovas-

cular or perineural invasion. Choice of chemotherapy 

(Gemcitabine or 5-FU based regimens)±radiotherapy de-

pended on the patient’s profile and tolerance to toxicity. 

Survival analysis was done only on patients with fol-

low-up data and in case of discrepancy telephonic con-

versation was made. Overall survival (OS) was defined as 

the time interval from the date of surgery till death or last 

follow-up. Disease-free survival (DFS) was defined as the 

time interval between the date of surgery and either date 

of recurrence or last follow-up without recurrence. Survival 

analysis was performed in patients who had at least 1-year 

of follow-up. While performing survival analysis by the 

site of the tumor, we grouped patients into pancreatic duc-

tal adenocarcinoma and other periampullary adenocar-

cinoma which comprised ampullary, duodenal, and distal 

common bile duct adenocarcinoma.

Statistical analysis

All records of patients were maintained in the excel 

sheet. The analysis was performed using R statistical soft-

ware version 3.6.1 and SPSS version 23. In R, other than 

the base package ggplot225, pROC26, haven27, survival28, 

survminer29, ez30, plyl31, were used. For the description of 

a continuous variable, mean±standard deviation was used 

for parametric variables, and median with interquartile 

range (IQR) (25th to 75th percentile) was used for non- 

parametric variables, and categorical variables were ex-

pressed as a column along with percentages. For in-

ferential analysis of continuous data, parametric variables 

were compared using Independent t-test and non-para-

metric variables were compared using the Mann-Whitney 

U test and for categorical data, the comparison of two 

groups was done using Chi-square (X2) test (if all the cell 

in the expected contingency table is ＞5) and Fisher Exact 

test (if any one of the cells in the expected contingency 

table is ＜5). Survival analysis viz. OS and DFS were per-

formed using a cumulative hazard in Kaplan Meier sur-

vival curves, taking patients with DM as the grouping var-

iable, and groups were compared using log-rank (p＜0.05). 

For assessing the effect of other variables on survival in 

addition to diabetes, we did Cox Regression proportional 

hazard model development, for which we initially as-

sessed each variable (univariate) for its effect on 1-, 3- 

and 5-year OS & DFS and then based on the significance 

in Wald test (p＜0.05), we added to the multivariate cox 

regression model. We assessed for the global concordance 

of the developed model using a likelihood ratio test (p＜0.05) 

and described the hazard ratio (HR) (along with the 95% 

Confidence interval (CI) for each factor both for uni-

variate and multivariate) along with the computed p-value. 

RESULTS

Records of 220 patients undergoing PD were available. 

70 cases were excluded due to PD for diseases other than 

adenocarcinoma. There were 150 resected cases of ad-

enocarcinoma of the pancreatic head and periampullary 

region. 9 cases of pancreatic ductal adenocarcinoma 

(PDAC) were excluded due to incomplete data. A total 

of 141 patients were analyzed for perioperative outcomes. 

DM was present in 31 (21.9%) patients out of which 

NODM was present in 16/31 (51.6%). Three patients had 

less than 1 year follow up and were included for analysis 

of the perioperative outcome. Survival data of 41 patients 

was incomplete and these patients were included for peri-

operative outcomes only. Finally, survival data of 1, 3, 

and 5 years was available for 97, 86, and 60 patients 

respectively. At 1-year, there were 23 patients with DM 

out of which 11 patients had NODM. At 3-year, there 

were 22 patients with DM and out of which 11 patients 

had NODM while at 5-years, there were 14 patients of 

DM and 6 had NODM. 

Demographic characteristics and baseline variables are 

shown in Table 1. Pylorus preserving PD was performed 

in 71 (50.3%) patients while pylorus was resected in 70  

(49.6%) patients. Venous resection was done in 5 (3.5%) 

cases. Preoperative biliary drainage, either endoscopic or 

percutaneous, was performed in 71 (49.3%) patients. The 

clinical-demographic parameters were comparable in dia-

betic and non-diabetic patients (Table 1). Tumor charac-

teristics like tumor differentiation, T stage, N stage, lym-

phovascular invasion, perineural invasion were also sim-

ilarly distributed in both groups (Table 1). There was no 

significant difference in the number of the patients receiv-
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Table 2. Comparison of postoperative outcomes between DM and non DM

Variables DM (31) Non DM (110) Total (141) p-value

DGE 11 (35.5%) 35 (31.8%) 46 (32.6%) 0.70
  Grade A 3 (9.7%) 15 (13.6%) 18 (12.8%) 0.71
  Grade B 6 (19.4%) 13 (11.8%) 19 (13.5%)
  Grade C 2 (6.5%) 8 (7.3%) 10 (7.1%)
POPF 9 (29.0%) 28 (25.5%) 37 (26.2%) 0.68
  Grade A 4 (12.9%) 12 (10.9%) 16 (11.3%) 0.4
  Grade B 5 (16.1%) 10 (9.1%) 15 (10.6%)
  Grade C 0 6 (5.5%) 6 (4.3%)
Hemorrhage 3 (9.7%) 3 (2.7%) 6 (4.3%) 0.09
Surgical site infection 9 (29.0%) 23 (20.9%) 32 (22.7%) 0.34
Intraabdominal abscess 4 (12.9%) 11 (10.0%) 15 (10.6%) 0.14
Cholangitis 1 (3.2%) 7 (6.4%) 8 (5.7%) 0.5
Pneumonia 0 2 (1.8%) 2 (1.4%) 1.0
Bile leak 2 (6.5%) 2 (1.8%) 4 (2.8%) 0.17
Median hospital stay (range) 13.0 (6-46) 11.0 (6-45) 11.0 (6-46) 0.30
Morbidity (Clavien-Dindo grade)
  ＜III 27 (87.1%) 91 (82.7%) 118 (83.7%) 0.56
  ≥III 4 (12.9%) 19 (17.3%) 23 (16.3%)
Hospital mortality 0 2 (1.8%) 2 (1.4%) 0.45
90 days mortality 1 (3.2%) 2 (1.8%) 3 (2.12%) 0.63

DM, diabetes mellitus; Non DM, non diabetes mellitus; DGE, delayed gastric emptying; POPF, postoperative pancreatic fistula

ing adjuvant chemotherapy (55.1% vs 50.5% p=0.77) and 

patients receiving radiation therapy (either with chemo-

therapy or alone) (41.4% vs 41.9% p=0.95) (Table 1). 

Incidence of delayed gastric emptying (DGE), as well 

as postoperative pancreatic fistula (POPF), was not sig-

nificantly different between the two groups (Table 2). We 

did not find a significant difference in complications like 

hemorrhage, surgical site infections, intraabdominal ab-

scess, cholangitis, pneumonia, and length of postoperative 

stay (Table 2). There was one case of 90-day mortality 

in the diabetes group and three in the non-diabetes group, 

which was also not significantly different (Table 2). 

We noted that patients with DM had significantly de-

creased OS as well as DFS at 3-year and 5-year follow-up 

while there was no significant difference at 1-year follow 

up. Subgroup survival analysis of Type 2 DM and new- 

onset DM showed that both subgroups had significant sur-

vival hazard for OS and DFS compared to non-diabetics 

at 3- and 5- year while no difference was noted at 1- year 

survival. The cumulative hazard of all cases of DM, 

long-standing DM and new-onset DM at 1-, 3- and 5-year 

follow-up in both OS and DFS are shown in Table 2 and 

Fig. 1. 

Univariate survival analysis of patients at 1-year fol-

low-up revealed that pylorus resecting surgery, pancreatic 

adeno carcinoma, and positive resection margin sig-

nificantly affected both OS and DFS negatively. Other 

factors like DM, or NODM, gender, T-stage, adjuvant 

therapy did not affect 1-year survival. The hazard ratio 

of each factor has been provided in Table 3. On multi-

variate analysis, only pylorus resecting surgery and pan-

creatic cancer had a significant negative impact on 1-year 

survival (Table 4). The number of each covariates and 

distribution of DM, NODM, and long-standing DM in 

pancreatic and periampullary carcinoma in survival analy-

sis is shown in Table 5, 6.

At 3-year follow up, factors significantly affecting sur-

vival on univariate analysis were DM, NODM, long- 

standing DM, pylorus resecting surgery, pancreatic ad-

enocarcinoma, positive resection margin, and positive 

lymph node status (Table 3). Multivariate analysis of 

these factors showed that presence of DM and pylorus re-

secting surgery was significant factors affecting overall 

survival negatively at 3-year follow-up (Table 4). 

Univariate survival analysis at 5-year showed that the 

presence of DM, NODM, long-standing DM, pylorus re-

secting surgery, positive resection margin, and positive 

lymph node status significantly affected survival (Table 3). 
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Fig. 1. Cumulative hazard plot showing 1, 3, and 5-year overall survival and disease-free survival for non-diabetes, long-standing 
DM, and new-onset DM. p values of each long standing and new onset DM are in comparison with non-diabetics. OS, overall 
survival; DFS, Disease free survival.

However, in multivariate analysis, DM, pylorus resecting 

surgery, and positive lymph node status affected survival 

significantly (Table 4). The global concordance of the en-

tire developed cox-regression model was significant (p＜0.05) 

as assessed by the Likelihood test suggesting that the co-

efficient determined were not by chance. 

DISCUSSION

Our results showed that the presence of DM did not 

affect postoperative morbidity, mortality or hospital stay 

in patients undergoing PD for periampullary and pancre-

atic head adenocarcinoma. On the other hand, we noted 

that DM had significant adverse effect on 3- and 5- year 

survival but not 1-year survival.

The impact of DM on morbidity and mortality after PD 
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Table 4. Multivariate analysis for overall and disease free survival

Factors
Overall survival Disease free survival

Hazard ratio (95% CI) p-value Hazard ratio (95% CI) p-value

1 year survival
  Pylorus resection 13.51 (1.76-103.78) 0.012 4.06 (1.33-12.35) 0.014
  Positive resection margin 1.06 (0.30-3.76) 0.92 1.23 (0.36-4.19) 0.74
  Pancreatic tumor 4.78 (1.55-14.76) 0.006 4.27 (1.59-11.47) 0.004
3 year survival
  Diabetes mellitus 2.61 (1.14-5.98) 0.022 2.19 (0.97-4.94) 0.058
  Pylorus resecting surgery 3.55 (1.47-8.57) 0.0047 3.98 (1.67-9.48) 0.0018
  Positive lymph node 2.0 (0.84-4.78) 0.12 1.42 (0.61-3.31) 0.41
  Positive resection margin 1.32 (0.37-4.69) 0.66 1.81 (0.55-5.94) 0.33
  Pancreatic tumor 1.84 (0.68-4.94) 0.23 2.10 (0.78-5.67) 0.14
5 year survival
  Diabetes mellitus 2.55 (1.04-6.27) 0.04 2.25 (0.94-5.39) 0.068
  Pylorus resecting surgery 2.67 (1.14-6.23) 0.023 2.49 (1.09-5.68) 0.029
  Positive lymph node 3.04 (1.23-7.38) 0.013 2.46 (1.02-5.93) 0.044
  Positive resection margin 1.29 (0.39-4.20) 0.66 1.43 (0.44-4.66) 0.55

CI, confidence interval 
Diabetes mellitus (DM) here means both long standing and new onset DM combined

has been debatable. Earlier studies had shown that DM 

was associated with increased abdominal complication 

and was an independent risk factor of POPF in patients 

undergoing PD for pancreatic cancer.6,7,32 Recent study by 

Hank et al.33 also showed DM was associated with in-

creased postoperative mortality after PD in pancreatic 

cancer. Various factors like advanced age, high BMI, mal-

nutrition, coexisting co-morbidities were considered to be 

contributory. On the contrary, DeOliveira et al.34 did not 

find any significant association between DM and POPF, 

while Lin et al.11 in their retrospective study reported that 

DM appeared to decrease the risk of POPF. Similarly, 

Mathur et al.10 reported that patients with pancreatic fistu-

la had lower incidence of DM. This finding was attributed 

to less pancreatic fat and increased fibrosis in pancreatic 

remnant. Presence of increased pancreatic fibrosis pro-

vides a firm grip to sutures, leading to secure pan-

creatico-jejunal anastomosis and resultant decreased POPF. 

Furthermore, a recent meta-analysis showed that patient 

with DM did not have increased overall morbidity (OR 

0.90), pancreatic fistula (OR 0.88) or delayed gastric emp-

tying (OR 1.08). The findings in the present study are also 

on the similar line as we also did not find impact of DM 

on morbidity following PD. 

There is also no clarity in the literature on the impact 

of DM on survival after PD for periampullary and pancre-

atic head adenocarcinoma. Results of our study showed 

that there was no significant effect of DM on 1-year sur-

vival in patients undergoing PD. Karlin et al.35 also ob-

served no significant difference observed between DM 

and non-diabetics at 2-year overall survival of pancreatic 

cancer. A large study from UK compared 745 patients 

with DM in pancreatic ductal adenocarcinoma (PDAC) 

with 2402 PDAC without DM and found no difference 

in overall survival.36 However, in subset analysis, in-

creased pancreatic cancer mortality was observed in 

long-standing (＞5 years) DM (HR 1.16). However anoth-

er study showed that NODM but not long-standing DM 

(≥2 years duration) was associated with reduced overall 

survival in patients undergoing PD for pancreatic cancer. 

Similarly, other clinical studies also did not find an asso-

ciation between DM and survival in patients with 

PDAC.12,37,38 In contrast, our findings suggested that DM 

adversely impacted 3- and 5- year survival. The poor sur-

vival of DM after PD in pancreatic cancer has been ob-

served in recent studies.15,17,33 The meta-analysis by Mao 

et al.15 showed that DM had a significantly higher risk 

of cancer-specific mortality and poor disease free survival 

(HR 1.54). Hank et al.33 showed worse median overall 

post resection survival in both long standing and new on-

set DM with pancreatic cancer. The effect was more pro-

nounced in patients receiving neoadjuvant therapy. 
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Table 5. Number of patients in each group in survival analysis

Factors
No of patients (%)

1 year 3 year 5 year

Sex
  Male 57 (58.76%) 51 (59.30%) 38 (63.33%)
  Female 40 (41.24%) 35 (40.70%) 22 (36.67%)
Significant weight loss
  Yes 65 (67.71%) 58 (68.23%) 41 (68.33%)
  No 31 (32.29%) 27 (31.76%) 19 (31.67%)
DM
  Yes 23 (24.21%) 22 (26.19%) 14 (23.33%)
  No 72 (75.79%) 62 (73.81%) 46 (76.67%)
New onset DM
  Yes 11 (11.34%) 11 (13.09%) 6 (10.00%)
  No 86 (88.66%) 73 (86.90%) 54 (90.00%)
Type of Pancreaticoduodenectomy
  Pylorus resecting surgery 45 (46.39%) 43 (50.00%) 24 (40.00%)
  Pylorus preserving surgery 52 (53.61%) 43 (50.00%) 36 (60.00%)
Site
  Pancreas 25 (25.77%) 21 (24.42%) 10 (16.67%)
  Bile duct 20 (20.62%) 18 (20.93%) 12 (20.00%)
  Ampulla 36 (37.11%) 32 (37.21%) 28 (46.67%)
  Duodenum 16 (16.49%) 15 (17.44%) 10 (16.66%)
T stage
  T 1 15 (16.48%) 15 (18.29%) 14 (24.14%)
  T 2 34 (37.36%) 27 (32.93%) 16 (27.59%)
  T 3 39 (42.86%) 37 (45.12%) 25 (43.10%)
  T 4 3 (3.29%) 3 (3.66%) 3 (5.17%)
N stage
  N 0 54 (62.07%) 47 (60.26%) 35 (64.81%)
  N 1 30 (34.48%) 28 (35.89%) 18 (33.33%)
  N 2 3 (3.45%) 3 (3.85%) 1 (1.85%)
Tumor differentiation
  Well 22 (27.50%) 22 (30.55%) 18 (33.33%)
  Moderate 55 (68.75%) 47 (65.28%) 34 (62.96%)
  Poor 3 (3.75%) 3 (4.17%) 2 (3.70%)
Resection margin
  Negative 83 (92.22%) 75 (92.59%) 52 (91.23%)
  Positive 7 (7.78%) 6 (7.41%) 5 (8.77%)
Adjuvant therapy
  Yes 50 (53.76%) 45 (53.57%) 36 (62.07%)
  No 43 (46.24%) 39 (46.43%) 22 (37.93%)

DM, diabetes mellitus 

Table 6. Distribution of DM and its sub types according to site of tumor in survival analysis

Site of tumor DM Long standing DM New onset DM

1 year
  Pancreas 9 3 (33.3%) 6 (66.7%)
  Non pancreatic periampullary 14 9 (64.3%) 5 (35.7%)
3 year
  Pancreas 8 2 (25%) 6 (75.0%)
  Non pancreatic periampullary 14 9 (64.3%) 5 (35.7%)
5 year
  Pancreas 2 1 (50%) 1 (50%)
  Non pancreatic periampullary 12 7 (58.3%) 5 (41.7%)

DM, diabetes mellitus
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It is difficult to find out the exact mechanism behind 

inferior survival in diabetics with pancreatic cancer. There 

is increasing evidence to suggest that DM indirectly alters 

and reprograms the intracellular metabolic environment 

and makes it favorable to the proliferation of tumor cells 

in the pancreas.39,40 Additionally, hyperinsulinemia has 

been shown to enhance pancreatic cell proliferation di-

rectly or indirectly by its effect on insulin like growth fac-

tor pathway.39 Recent studies have shown that diabetic pa-

tients tend to have larger tumor, higher T-stage, increased 

lymph node involvement, perineural and lymphovascular 

invasion or advances stage in pancreatic cancer compared 

to non-diabetic individuals.33,41 However, findings of our 

study showed no difference in T and N stage between dia-

betic and non-diabetic groups. Interestingly, we did not 

find effect of DM on 1-year survival. Our results showed 

that tumor-related factors like site of tumor (pancreatic 

ductal adenocarcinoma) and surgical factors like resection 

margin and pylorus resection impacted early postoperative 

period while DM was significant factor affecting survival 

in patients who survived first year.

Similar to previous reports, the results of our study 

showed that positive resection margin, pancreatic tumor, 

and positive lymph node negatively affected survival.42,43 

Many studies have shown that pylorus resection or pre-

serving surgery in PD for adenocarcinoma has no sig-

nificant difference on the survival.44,45 The negative im-

pact of pylorus resection in our study could be due to se-

lection bias because patients with large pancreatic tumors, 

as well as bulky lymphadenopathy are more likely to have 

pylorus resection, thereby, indirectly impacting survival.

The limitation of our study is that it is single center 

and retrospective. However, all surgeries were performed 

by single surgeon and that helped to eliminate technique 

related variabilities in the data. Besides, the survival data 

for 41/141 (29.1%) patients was missing. This is mainly 

due to patients referred for treatment to our tertiary care 

facility from far-off places, and they prefer to follow-up 

in nearby hospitals. However, in our study, the possible 

confounders of survival like site of a tumor i.e., pancreatic 

adenocarcinoma or periampullary carcinoma, type of sur-

gery, perioperative complications, tumor stage, differ-

entiation, nodal stage, lymphovascular and perineural in-

vasion, and patients receiving adjuvant therapies were 

equally distributed in both the groups. This shows that 

diabetes had independent prognostic significance on 3 and 

5-survival after PD for periampullary and pancreatic head 

adenocarcinoma. Most of the available literature is on the 

effect of DM on patients of pancreatic adenocarcinoma 

undergoing resection. Our study is one of the few studies 

that has looked at the effect of DM on patients undergoing 

PD for both pancreatic and periampullary adenocar-

cinoma. Results of our study show significant impact of 

diabetes on long-term survival even in periampullary 

cancers. Therefore, we believe that adverse impact of dia-

betes on pancreatic adenocarcinoma cannot be explained 

by “para-neoplastic” phenomenon alone and needs further 

investigations. 

In conclusion, there was no significant effect of dia-

betes mellitus on perioperative morbidity and short term 

survival (1-year) after pancreaticoduodenectomy in the 

present study. However, presence of diabetes had sig-

nificant adverse effect on 3-year and 5-year disease-free 

survival and overall survival in both periampullary and 

pancreatic adenocarcinoma undergoing resection.
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