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Abstract

Aims A meta-analysis was performed to evaluate the prognostic impact of diabetes on the clinical outcome for patients with
pancreatic cancer following the adjuvant chemotherapy.

Methods To identify all researches and studies relevant to the prognostic impact of diabetes on the clinical outcome for
patients with pancreatic cancer following the adjuvant chemotherapy, a comprehensive literature search was performed
until January 30, 2018, by searching PubMed, EMBASE, and the Cochrane Library. The relevant data were extracted from
included studies by two reviewers independently. HR and its 95% confidence interval (CI) were synthesized using STATA
12.0 software.

Results All of six studies consisting of 4241 pancreatic cancer patients (1034 patients with DM and 3207 patients without
DM) were eligible and included in this meta-analysis. The result of meta-analysis under a fixed model showed that there are
significant differences in overall survival (HR 1.16, 95% CI 1.08-1.25, P=0.000) and T stage (OR 1.30,95% CI 1.08-2.17,
P=0.005) between PC patients with DM following chemotherapy and PC patients without DM following chemotherapy.
There was no significant difference in gender (OR 1.23, 95% CI 1.00-1.50, P =0.051), tumor locations (OR 1.13, 95%
CI 0.81-1.56, P=0.476), cancer extent (OR 0.85, 95% CI 0.48-1.50, P =0.569), N stage (OR 1.01, 95% CI 0.58-1.74,
P=0.973), and M stage (OR 0.64, 95% CI10.21-1.99, P=0.441) between diabetic PC patients and non-diabetic patients.
Conclusions Diabetes mellitus patients who undergo chemotherapy for pancreatic cancer present with a reduced survival
and lager tumor. Pancreatic cancer patients with DM also have a higher risk of death after chemotherapy.
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Background

Pancreatic cancer (PC), ranking fourth leading cause of
death among all cancers [1], is predicted to be the sec-
Managed by Massimo Federici. ond leading cause by 2030. At the time of diagnosis, most
patients were diagnosed at an advanced stage with locally
advanced unresectable or distant metastasis tumors [2].
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and diabetes [6]. Both DM and pancreatic cancer share
common risk factors such as insulin resistance, obesity,
and genetic factors [7]. DM has been known as both cause
and consequences of pancreatic cancer [8]. Use of anti-
diabetes medications is also known to be an independent
risk factor and one of complications for pancreatic cancer
[9]. Compared with normoglycemic patients across all types
of cancer, the survival of diabetic individuals with cancer
seems to be less (RR 1.4) [10]. However, with the limitation
of cohort size and large number of variables, analysis on
survival outcomes for pancreatic cancer patients with DM
is difficult. In the study from Chu et al. [11], 93 patients
(45.4%, 93/209) with preoperative diabetes and pancreatic
cancer had a median survival of 15 months, which was less
than non-diabetic patients (17 months, HR 1.55).

Thus, the prognostic effect of DM in pancreatic cancer
patients following chemotherapy is uncertain. Therefore, we
conducted a meta-analysis to evaluate the prognostic impact
of diabetes on the clinical outcome for patients with pancre-
atic cancer following the adjuvant chemotherapy.

Materials and methods
Literature search

To identify all researches and studies relevant to the prog-
nostic impact of diabetes on the clinical outcome for patients
with pancreatic cancer following the adjuvant chemotherapy,
a comprehensive literature search was performed until Jan-
uary 30, 2018, by searching PubMed, EMBASE, and the
Cochrane Library. The search terms were as follows: “Pan-
creatic Neoplasm” OR “Pancreas Neoplasms” OR “Pan-
creas Neoplasm” OR “Pancreas Cancers” OR “Pancreas
Cancer” OR “Pancreatic Cancer” OR “Pancreatic Cancers”
OR “Pancreatic Ductal Carcinomas” OR PC OR PADC,
“Diabetes Mellitus” OR “DM” OR “type 2 diabetes” OR
“NIDDM” OR “T2DM” OR “IDDM” OR “type 1 diabetes”
OR “TIDM” OR “type 3 diabetes” OR “T3DM.” The lan-
guage in this research was limited to English.

Selection criteria

Eligible studies for this meta-analysis met the following
criteria: (1) patients with pancreatic cancer were diag-
nosed by pathological or histological examination and
were treated with chemotherapy; DM disease status was
defined as: patients with diabetic history, ongoing treat-
ment with anti-diabetic medication(s) or qualification as
DM during the follow-up period; (2) patients with pancre-
atic cancer were treated with chemotherapy. The regimens
of chemotherapy and anti-diabetes medications were not
limited; (3) publications reported survival outcomes; (4)
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sufficient data to estimate the hazard ratio (HR) and its
95% confidence interval (95% CI); (5) publication as a full
research article in English.

The exclusion criteria were as follows: (1) case reports,
review articles, abstracts, letters, editorials, and meta-
analyses; (2) articles without sufficient data to analyze
after contacting the authors of the study; (3) duplicate
publications.

Data extraction

The relevant data were extracted from included studies by
two reviewers independently. If any disagreement appeared,
the discussion was necessary for them. Following items were
included in data retrieved from each eligible study: (1) basic
characteristics of each study, such as authors, year of pub-
lication, journal, country, sample size, gender, treatments,
duration of follow-up; (2) clinical outcomes: tumor loca-
tion, cancer extent, T stage, N stage, M stage, and overall
survival.

Quality assessment

Two reviewers assessed the quality of retrieved studies by
independently reading the full articles according to the
Newcastle-Ottawa scale (NOS), which was included: (1)
the selection of cohorts (0—4 points); (2) comparability of
cohorts (0-2 points); (3) the exposure or outcome of the
participant (0-3 points). Finally, the total score of each study
represented the overall result of quality assessment. Studies
with 7-9 points were regarded as “high quality.”

Data analysis

The primary outcome for this meta-analysis was overall sur-
vival for the pancreatic cancer patients with DM following
chemotherapy, compared with no-DM patients. The second
outcomes were tumor location, cancer extent, TNM stage.
Heterogeneity was evaluated with a I*-based Q test: if the P
value was higher than 0.1 or I* was lower than 50%, it dem-
onstrated that all included studies were lacking heterogene-
ity, and the Mantel-Haenszel method (fixed effect model)
was used to merge the studies. Otherwise, the random effect
model was adopted. HR and its 95% confidence interval
were synthesized using STATA 12.0 software. Subgroup
analyses and sensitivity analysis were performed if there
is heterogeneity between studies. Potential publication bias
was diagnosed and measured by Funnel plots. All P values
were two-sided, and statistical significance was accepted as
P<0.05.
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Results
Characteristics of included studies

Of 133 articles were screed for eligibility, six studies [12—17]
consisting of 4241 pancreatic cancer patients (1034 patients
with DM and 3207 patients without DM) were eligible and
included in this meta-analysis. Detailed information about
the flowchart of the study selection process is reported in
Fig. 1.

Patients’ characteristics and baseline were presented to
indentify patients’ characteristics associated with diabe-
tes (Table 1). All of studies are case—control studies. The
median age of included patients was more than 55 years.
Pancreatic cancer status was advanced or locally advanced,
and few of them accepted the surgery treatment. Gemcit-
abine-based regimens were used more for chemotherapy
of pancreatic cancer in included studies. Type 1 diabetes
mellitus (T1DM) and type 2 diabetes mellitus (T2DM)

patients are both included in this meta-analysis. More
DM patients were treated with insulin and metformin.
The details of treatment of eligible studies were showed
in Table 2. Each of six included trails had a calculated
NOS score of 8, suggestive of high methodological quality.

Overall survival for pancreatic cancer patients
with DM following chemotherapy

All of included studies reported the HR and its 95% CI
for overall survival. Inter-study heterogeneity was not
observed by Q test (I?=22.0%, P=0.268). The result of
meta-analysis under a fixed model showed that there is a
significant difference in overall survival (HR 1.16, 95%
CI 1.08-1.25, P=0.000) between PC patients with DM
following chemotherapy and PC patients without DM fol-
lowing chemotherapy (Fig. 2).

Fig. 1 Flowchart of the study )
selection process c Records identified through database Additional records identified
= searching through other sources
E (n=133) (n=0)
P
c
]
]
Records after duplicates removed
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=
c
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]
3 Records screened Records excluded
(n=175) (n=163)
A
Full-text articles Full-text articles
- assessed for eligibility excluded, with reasons
= (n=12) (n=6)
=
&
w
Studies included in
qualitative synthesis
— (n=16)
. !
= Studies included in
E quantitative synthesis
- (meta-analysis)
(n=6)
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Table 1 The characteristics of included studies

Study ID Kleeft et al. [12] He et al. [13] Nakai et al. [14] Zeiss et al. [15] Choi et al. [16] Currie et al. [17]
Country UK China Japan Germany Korea Canada
Age (years) 63 (56, 70) 56.1+9.7 66 (39-89) 69 (41-82) 59.6 67.5 (13.0)
Gender
Total 1105 199 250 30 349 2308
Male 624 (56.47%) 137 (68.84%) 147 (58.80%) 17 (56.67%) 224 (64.18%)
Female 481 (43.53%) 62 (31.16%) 103 (41.20%) 13 (43.33%) 125 (35.72%)
DM status
DM 257 (23%) 90 (45.23%) 124 (49.60%) 16 (53.33%) 183 (52.44%) 364 (15.77%)
Non-DM 848 (77%) 109 (54.77%) 126 (50.40%) 14 (46.67%) 166 (47.56%) 1944 (84.23%)
Tumor location
Head 689 (62.35%) 147 (73.87%) 110 (44.00%) 12 (40.00%)
Body or tail 416 (37.65%) 74 (26.13%) 140 (56.00%) 18 (60.00%)
Cancer extent
MPC 47 (23.62%) 159 (63.60%) 27 (90.00%) 66 (18.91%)
LAPC 96 (48.24%) 91 (36.40%) 3 (10.00%) 283 (81.09%)
T stage
1 94 (8.51%) 8 (4.02%)
2 258 (23.35%) 38 (19.10%)
3 539 (48.78%) 115 (57.79%)
4 35 (3.17%) 38 (19.10%)
N stage
0 349 (31.58%) 131 (65.83%)
1 752 (68.05%) 68 (34.17)
M stage
0 653 (59.10%) 191 (95.98%)
1 435 (39.37%) 8 (4.02%)
CA-199 Level Median (range): Median (range): Elevated: 282 (80.80%)

633 (1-380,600)

1548 (3-336,000)
Normal: 67 (19.20%)

MPC metastatic pancreatic cancer, LAPC locally advanced pancreatic cancer

Clinical outcomes for pancreatic cancer patients
with DM following chemotherapy

Meta-analysis was performed to evaluate whether the DM
status effects the clinical outcomes, such as gender, tumor
location, cancer extent, and TNM stage.

There was no significant difference in gender (OR 1.23,
95% CI 1.00-1.50, P=0.051) between diabetic PC patients
and non-diabetic patients, which shows no inter-study het-
erogeneity (I’=45.8%, P=0.117) (Fig. 3).

Four of included studies reported the details of tumor
locations (pancreas head, body, and tail), and heterogeneity
test showed no statistical difference (I7=0.0%, P=0.611).
The result of meta-analysis showed that there is no signifi-
cant difference between diabetic patients and non-diabetic
ones (OR 1.13,95% CI 0.81-1.56, P=0.476) (Fig. 4).

Cancer extent is also a risk factor for survival. Pan-
creatic cancer extents for patients included in this
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meta-analysis were metastatic pancreatic cancer (MPC)
and locally advanced pancreatic cancer (LAPC). The result
of meta-analysis showed that there is no significant differ-
ence between diabetic and non-diabetic patients (OR 0.85,
95% CI 0.48-1.50, P =0.569) with significant heterogene-
ity (I?=58.0%, P=0.067) (Fig. 5).

Compared with non-diabetic patients, significant effect
of T stage was seen for PC patients with diabetes mel-
litus (OR 1.30, 95% CI 1.08-2.17, P=0.005), but there
was no significant difference in T1 stage (OR 0.97,
95% CI 0.28-3.35, P=0.957), T2 stage (OR 1.21, 95%
CI 0.90-1.63, P=0.201), T3 stage (OR 1.21, 95% CI
0.67-2.17, P=0.535), and T4 stage (OR 1.44, 95% CI
0.71-2.93, P=0.309) (Fig. 6). No significant difference
was also seen in N stage (OR 1.01, 95% CI 0.58-1.74,
P=0.973) and M stage (OR 0.64, 95% CI 0.21-1.99,
P=0.441).
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Table 2 The invention measures for the patients included in the meta-analysis

Duration of follow-up

Clinical outcomes

Treatment for DM Chemotherapy for PC

Type of DM

Study ID

2001-2010

N stage, M stage, and overall

Gender, tumor location, T stage,
survival

m? and folinic acid 20 mg/m2
daily for 5 days, monthly for

Intravenous fluorouracil 425 mg/
6 months

Insulin, metformin, or other oral
diabetic medication

Kleeff et al. [12] T1DM and T2DM

Metformin, sulfonylurea, and Gemcitabine containing regimens Gender, cancer extent, overall January 2003 to June 2010

Both recent-onset and remote-

Choi et al. [13]

survival

and gemcitabine or fluorouracil-

insulin

onset DM

based concurrent chemoradio-

therapy

Gender, tumor location, cancer June 2001 and April 2011

Gemcitabine monotherapy, S-1

Insulin, sulfonylurea, biguanide,

Nakai et al. [14] T1DM and T2DM

extent, and overall survival

monotherapy, and gemcitabine
and S-1 combination therapy

thiazolidine

Gender, tumor location, cancer July 2007 to December 2011

Gemcitabine or gemcitabine plus

Medical history of DM and new-  Not reported

He et al. [15]

extent, T stage, N stage, M

oxaliplatin/tarceva or 5-FU-

based regimen

onset DM

stage, and overall survival

September 2009 to May 2012

Gender, tumor location, cancer

Gemcitabine-based chemotherapy

Established by the pretreatment Insulin

Zeiss et al. [16]

extent, overall survival

OGTT at baseline

Currie et al. [17] T2DM

1990 to December 2009

Overall survival

Not reported

Metformin, sulfonylurea, and

insulin monotherapy

Discussion

Pancreatic cancer is currently regarded as the fourth most
common cause of cancer-related mortality in developed
countries. Surgery, chemotherapy, chemoradiotherapy,
radiotherapy, and new target therapeutic against growth
factor, gene therapy, inhibitors of cell signaling pathway,
and immunotherapy are contemporary treatment strate-
gies for patients with pancreatic cancer [18]. However,
unfortunately, a large number of patients initially present
in advance or metastatic stage. The mainstay of surgical
treatments of pancreatic cancer is pancreaticoduodenec-
tomy, distal pancreatectomy, and total pancreatectomy.
DM is not only a risk factor but also a complication of
pancreatic cancer. Previous studies have suggested that
pancreatic cancer also can increase the insulin resistance.
New-onset DM was found as a novel marker for patients
with pancreatic cancer [19]. BMI more than 30 and medi-
cal history of DM were associated with significantly
reduced overall survival for pancreatic cancer patients.

American Diabetes Association defined pancreatogenic
or pancreatogenous diabetes mellitus as type 3c diabetes,
which was caused by the diseases of the exocrine pancreas
[20]. Insulin resistance and inadequate pancreatic -cell
function were considered as two major causative factors
[21]. Many experimental data have proven various mecha-
nisms of DM as a risk factor for patients with pancreatic
cancer. Post-insulin receptor defect was associated with
pancreatic cancer, which can impair the synthesis and stor-
age of glycogen [6]. It was also proven that insulin resist-
ance and hyperinsulinemia were caused by higher level
of plasma glucagon, the polymorphism of —23a(A/T),
and islet amyloid polypeptide [22]. K-ras codon 12 muta-
tions and HK2 R844K GA/AA genotype have increased
the risk of DM for patients with pancreatic cancer [23].
There even exists numerous potential molecular biomarker
determining PC-related DM. PC patients usually have a
worse survival in the condition of increasing IGF-1(Rs)
and 14-amino-acid peptide, which help to predicts poor
survival rate and determine the diabetes [24].

The present meta-analysis shows that pancreatic can-
cer patients with diabetes mellitus have a worse overall
survival with a HR of 1.16 compared with non-diabetic
patients following chemotherapy. There is a significant
effect of T stage for diabetic patients but not for non-dia-
betic ones. In the result of our meta-analysis, there was
no significant difference in gender but with the P value
of 0.051, which indicates that male diabetes patients may
have a higher risk of pancreatic cancer. According to epi-
demiological data, the incidence rate of pancreatic can-
cer among men in 2012 was 4.9 per 100,000 and among
women 3.6 per 100,000 [25]. It indicates a trend that the
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Fig.2 Meta-analysis of overall Study %
survival for PC patients with
DM following chemotherapy D HR (95% C1) Weight
|
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i
i
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|
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i
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Zeiss K et al. 2013 < } 0.67 (0.31, 1.45) 0.83
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Overall (I-squared = 22.0%, p = 0.268) @ 1.16 (1.08, 1.25) 100.00
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Fig. 3 Meta-analysis of gender Study %
for PC patients with DM follow-
ing chemotherapy D OR (95% Cl) Weight
|
Kleeff J et al. 2016 — 1.46 (1.09, 1.94) 45.46
|
Choi Y et al. 2016 —t 0.84 (0.54, 1.30) 25.21
I
|
Nakai Y et al. 2013 —_— 1.40 (0.84, 2.32) 14.72
i
He XY et al. 2013 —++ 0.83 (0.46, 1.52) 13.46
i
I
Zeiss K et al. 2013 ; 2.93 (0.66, 13.09) 1.16
|
Overall (I-squared = 45.8%, p = 0.117) <> 1.23 (1.00, 1.50) 100.00
!
I
i
i
I
I
I
‘
T T

.0764

risk of developing pancreatic cancer in male was higher
than female.

A recent meta-analysis and systematic review were per-
formed to study the impact of diabetes mellitus on clini-
cal outcomes of pancreatic cancer after surgical resection,
the results of which showed that new-onset DM confers a
negative impact on survival of pancreatic cancer in patients
undergoing surgical resection (RR 1.54, 95% CI 1.24-1.91,
P <0.001) [26]. Interestingly, the association of elevated risk
of PC and DM was evaluated by another meta-analysis, the
result of which indicated that new-onset T2DM is probably a
manifestation of pancreatic cancer, whereas long-term T2D
is likely a risk factor for this cancer [27]. Another study
involving 16,181 patients showed that patients with DM had
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worse survival (HR 1.19, 95% CI 1.07-1.32), and tumor
stage is an independent risk factor for pancreatic cancer (HR
1.42,95% CI 1.16-1.73) [28]. Studies also suggested that
reduced overall survival for patients with pancreatic can-
cer was significantly associated with BMI more than 30,
advanced disease stage, tumor site (pancreatic body and
tail), large tumor size, history of DM, and elevated level of
CA199 [29]. DM also was associated with increase mortal-
ity of pancreatic cancer patients. Patients with a history of
DM before diagnosis of pancreatic cancer have a 1.2 months
shorter overall survival and 11 months shorter overall sur-
vival after undergoing surgical treatment [30].

The limitations of our meta-analysis should be empha-
sized as follows: (1) although the heterogeneity was
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Fig.4 Meta-analysis of tumor Study %
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Fig.5 Meta-analysis of cancer Study %
extent for PC patients with DM
following chemotherapy D OR (95% Cl) Weight
i
|
Choi Y et al. 2016 —_— 0.84 (0.49, 1.43) 3375
|
Nakai Y et al. 2013 —_ 0.50 (0.30, 0.85) 34.31
He XY et al. 2013 — 1.22 (0.62, 2.40) 28.70
Zeiss K et al. 2013

Overall (I-squared = 58.0%, p = 0.067)

NOTE: Weights are from random effects analysis

|
i
|
. 10.04 (0.47, 213.63) 3.24
|
|
|
|
|

<: 0.85 (0.48, 1.50) 100.00

T
.00468

evaluated in our meta-analysis, it is remarkable in the
chemotherapy regimens, sample size, and history of previ-
ous treatments of the patients; (2) even a comprehensive
and systematic literature search was performed, all of stud-
ies included in our meta-analysis are case—control studies,
which may lead to a high study bias;(3) among the included
studies, pancreatic cancer status were advanced or locally
advanced, and few of patients accepted the surgery treat-
ment, which could have impacted on our results. We hope
that future randomized controlled studies may resolve this

1 214

problem and provide us with much more high-quality clini-
cal evidence.

In conclusion, diabetes mellitus patients who undergo
chemotherapy for pancreatic cancer present with a reduced
survival and lager tumor size. Pancreatic cancer patients
with DM also have a higher risk of death after chemo-
therapy. Further studies should focus on the biological
mechanisms behind these observations, which may offer
new opportunities for diagnosis and therapy about pancre-
atic cancer and diabetes mellitus.
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Fig.6 Meta-analysis of T stage
Study
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