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Purpose: Pancreatic cyst neoplasm (PCN) is a precursor of pancreatic cancer. Previous studies reported PCN was often concurrent
with diabetes. We aim to examine the association between diabetes with PCN malignancy and to detect the potential role of diabetes in
PCN management and treatment.

Patients and Methods: A total of 224 patients who were diagnosed with the three major types of PCN (IPMN, MCN, and SCN) and
underwent surgical resection were selected. Patients were divided into three groups (normal group, new-onset diabetes group (NODM)
(<4years), and long-standing diabetes group (LSDM) (>4years)) according to diabetic history and diagnostic time interval. Diabetes,
fast blood glucose level, HbAlc, and insulin resistance level were measured. Malignant PCN (mPCN) radiological features (worri-
some features and high-risk stigmata) were analyzed. Pathological features (PCN type, dysplasia grade, tumor stage, and tumor
volume) and immunohistology of Ki67 and SMAD4 were performed. Diagnostic efficacy of each variable was determined by the ROC
curve. mPCN diagnosis was the main outcome in diagnostic prediction and overall survival as the glucose controlling outcome
variables.

Results: Diabetes groups (NODM and LSDM) showed difference with the normal group in age, weight loss, malignancy, CA19-9
value, CEA value, Ki-67 value, tumor volume, pathological grade, and a lowered pancreatic fistula risk. NODM was related to insulin
resistance, weight loss, and SMAD4 mutation. NODM (87.3%) and high insulin resistance rate (93.6%) significantly increased the
sensitivity of radiological evidence-based mPCN diagnosis. Moreover, long-standing diabetes and elevated HbAlc led to reduced
survival in mPCN patients than the normal PCN group. Anti-diabetic drugs showed limited influence on PCN malignancy and tumor
volume.

Conclusion: NODM in PCN patients was associated with malignancy, insulin resistance, weight loss, and SMAD4 mutation.
Prediabetic status and NODM diagnosis enhanced the diagnostic accuracy of radiological standards (worrisome features and high-
risk stigmata). Stable glucose surveillance is necessary for mPCN patients’ survival.
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Introduction

Pancreatic cyst neoplasms (PCN), including intraductal papillary mucinous neoplasms (IPMN), mucinous cystic neo-
plasms (MCN), serous cystic neoplasms (SCN), and other rare cystic lesions, are regarded as a group of heterogeneous
pancreatic cysts." The prevalence of PCN is rare in pancreatic diseases, and it is estimated that less than 1% of pancreatic
tumors seen in oncology clinics are cystic.” However, PCNs are known to be the precursor of pancreatic ductal
adenocarcinoma (PDA), which is projected to be the second leading cause of cancer death in 2030.% It is generally
accepted that malignant PCN (mPCN), or invasive PCN is a type of pancreatic cancer. Currently, with the increasing use
of high-quality and cross-sectional imaging technologies, the diagnosis of PCNs is significantly increased in the past
decades. Radiological features, including worrisome features and high-risk stigmata, have been applied to help doctors
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make resection discission to distinguish malignant PCN. However, the accuracy of radiological features is controversial,
and novel methods for enhancing the efficiency of worrisome features and high-risk stigmata are warranted currently.*

Recently, due to the high prevalence of diabetes mellitus (DM) in PDA, the relationship between DM with PDA has
been raising great attention recent years. Currently, DM is divided into the new-onset diabetes mellitus (NODM) and
long-standing diabetes mellitus (LSDM).” Long-term diabetes is regarded as a prognostic factor for pancreatic cancer
(PDA) onset, and NODM is a paraneoplastic syndrome induced by PDA.®7 At the time of NODM diagnosis, most
unresectable pancreatic tumor tissue is resectable, and tumor stages were much lower, which may significantly increase
the survival of PDA patients.® Because of this, a predicting model based on diabetes and hyperglycemic status was
developed to assess PDA risk.” As the precursor of PDA, IPMN and MCN were also reported to have a close relationship
with diabetes, especially NODM.''? The odds ratio of malignance in DM patients was 2.69 and 3.26, and the
percentage was significantly elevated to 4.65 and 6.95 in NODM cases.'”!" Because of this, it is logical to extrapolate
that DM is a potential diagnostic predictor for invasive PCN diagnosis. In the 2018 version of European evidence-based
guidelines on pancreatic cyst neoplasms, NODM was listed as a relative resection indication for branch duct IPMN (BD-
IPMN)."?> However, BD-IPMN only exists in a small part of PCN patients, and it is not clear whether DM or NODM is
associated with malignancy in the whole PCN population. Aside from this, the mechanism of how DM affects PCN
perioperative management, and the postoperative prognosis is still unknown.

Hence, this study is aimed to evaluate the relationship between DM and malignant PCN diagnosis, perioperative manage-
ment and prognosis after surgery. We also examined diabetic markers, such as HbA ¢, fasting blood glucose, and insulin level,
to determine which may be the ideal predictor for malignant diagnosis and long-term glucose management targets.

Methods

Case Selection and Power Analysis
In this study, we mainly focused our study on the three major type of PCN: IPMN, MCN and SCN. We selected 502
patients (male 189, female 313) primarily. By excluding patients who did not test fasting blood glucose (n=7), blood
insulin level (n=150), unclear diabetes diagnosis records (n=21), and HbAlc level (n=100), 224 cases (male 72, female
152) were left in our study. A cohort of 224 consecutive patients who underwent pancreatic resection for histologically
confirmed IPMN, MCN, and SCN between September 2013 and December 2020 at the Dept. pancreatic surgery in
Huashan Hospital, Fudan University, Shanghai, China, were reviewed retrospectively. The clinical, radiological and
pathological information was collected from medical histories and surgery records.

What is more, a power analysis was used to assess the expected sample size.'* The prevalence of malignancy in the
normal group was 20%, and 57.5% in the diabetic group. The expected sample size was 43 in the Normal group and 15 in
the DM group (P<0.05).

Assessment of Preoperative Diabetes Mellitus and Diabetic Markers

The assessment of diabetes mellitus (NODM) is based on the current American Diabetes Association (ADA)
guidelines.'>'® The major criteria of DM diagnosis were preoperative fasting plasma glucose >12.6 mg/dL, random
plasma glucose > 200mg/dL or hemoglobin Alc (HbAlc) >6.5%. Patients who had DM history were also concluded into
DM group.'® According to the data from previous studies, the definition of new-onset diabetes mellitus (NODM) is DM
diagnosed within four years from PCN diagnosis.'”'® DM patients who had DM for more than four years were taken into
the long-standing diabetes mellitus (LSDM) group. For cohort clean, patients who did not have a clear DM diagnosis
date were excluded from our research. Patients’ insulin resistance (IR) level was measured through the HOMA-IR index.
HOMA-IR was calculated as [fasting glucose (mmol/l) x fasting insulin (p mol/L)]/ 135.1°

Surgical Indications

Pancreatic surgery was performed based on malignant signs and patients’ decisions. The planning of resection was made
according to the site, and the dimension of the tumor. The extension resection and vascular resection choices were made
according to intraoperative findings and the results of the frozen section analysis of the resection margin.
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Radiological Evaluation

A radiologist blinded to the final pathological diagnosis evaluated preoperative computed tomography and magnetic
resonance imaging studies. The radiological evaluation was consistent with the 2012 Fukuoka consensus,”’ worrisome
features and high-risk stigmata were determined by assessing: (1) the main pancreatic duct (MPD) largest diameter, (2)
enhancing solid components within the cyst, (3) largest cyst size, (4) thickened/enhancing cyst walls, (5) non-enhancing
mural nodules, (6) abrupt change in caliber of the MPD with distal pancreatic atrophy, (7) lymphadenopathy.
Radiological IPMN type was classified as follows: IPMN with MPD dilatation >5 mm was classified as the main duct
IPMN (MD-IPMN); lesions with cysts >5 mm showing communication with the MPD were classified as the branch-duct
IPMN (BD-IPMN).

Pathological Evaluation

Pathological evaluations, including the measurement of gene mutations and PCN type definition, were performed by two
independent professional pathologists at Huashan Hospital. 1. Protein expression analysis, including SMAD4 protein
expression, and Ki-67 expression, were analyzed and graded by immunolabeling the resected tumor sample. 2. History of
the KRAS G12D mutation and TP53 mutation was obtained from the pathological record of patients. 3. PCN type
definition. In our study, three major PCN types: SCN, MCN, and IPMN were included in our study. MCN was measured
based on the presence of ovarian-type stroma, which forms a layer of variable thickness beneath the epithelial lining. The
stromal cells have oval nuclei and spindled cytoplasm arranged in long fascicles. The resemblance to ovarian stroma is
strengthened by the presence of occasional “luteinized” cells — epithelioid cells with abundant clear cytoplasm.'*?
According to the 2012 international consensus for IPMN and MCN management, IPMN was defined as branch-duct
IPMN (BD-IPMN) in the presence of cysts >5 mm without the involvement of the MPD, and IPMN with MPD

dilatation>5 mm was classified as the main duct IPMN (MD-IPMN).%°

Outcome Measurement

The outcome of histopathological samples was determined as low-grade dysplasia (LGD), high-grade dysplasia (HGD),
and malignant PCN (mPCN). Analysis of high-grade dysplasia used patients with low-grade dysplasia as the reference
group. Analysis of mPCN used patients with low- and high-grade dysplasia as the reference group. One thing should be
noted that pancreatic cancer that originated separately from the IPMN was considered a concomitant or distinct
pancreatic ductal carcinoma. These patients were excluded from our analysis.

Statistical Analysis

The examined variables are shown as frequencies and percentages, and continuous variables as median and range.
Comparisons of the variables were conducted using the chi-square or Fisher exact tests depending on the number of
observations using SPSS software (SPSS, Chicago, IL, USA). All hypothesis tests were 2-sided. The statistical
significance was set at P <0.05. ROC, binominal logistic regression, and linear regression analysis were performed
using SPSS software (SPSS, Chicago, IL, USA). Odds ratio (ORs) and 95% confidence intervals (CIs) were calculated
using an unadjusted binomial logistic regression. Continuous variables were analyzed using the Mann—Whitney U-test or
Kruskal-Wallis test appropriately. Overall survival (OS) of the patients was measured by Kaplan-Meier Curve through
Prism 9 Software. Anti-diabetic drug analysis was calculated by one-way ANOVA in Prism 9 software. All the study data
and reviewed and approved by all the authors.

Results

Baseline Characteristics of PCN Cohort

We divided all PCN patients into three groups: The normal group, the new-onset diabetes mellitus (NODM) group, and
the long-standing diabetes mellitus (LSDM) group. Both the NODM and LSDM groups were the DM groups. The
baseline characteristics of our study are shown in the Table 1. In this study, 33 (14.73%) patients met the criteria of new-
onset diabetes mellitus, and 21 (9.37%) cases met the criteria of long-standing diabetes mellitus. The mean duration of
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Table | Basic Information of the Normal, the NODM, and the LSDM Group
Basic Information Status Whole Group Normal NODM LSDM P-value
Men Yes 69(30.8%) 50(72.46%) 13(18.84%) 6(8.70%) P=0.664
No 155(67.9%) 120(77.24%) 20(12.90%) 15(9.68%)
Age 59.72 (19-86) 58.72(19-86) 63.21(28-79) 62.69(42-75) P<0.01
Body Mass Index (BMI) 23.0500(14.2-37.46) 22.9034(14.2-30.12) 23.2134(17.97-23.38) 24.0543(18.59-37.46) P=0.206
Malignance Yes 63(28.12%) 34(53.97%) 21(33.33%) 10(15.87%) P<0.01
No 161(71.88%) 136(84.47%) 12(7.45%) 11(6.83%)
Carbohydrate 19-9 (CA19-9) (ug/L) 162.91(5560-0.6) 115.98(0.60-5267) 470.05(5560-5.77) 184.87(2074—4.85)* P=0.024
Carcinoembryonic Antigen (CEA) 14.58(0.20-63.20) 4.76(0.20-17.89) 22.19(0.57-51.70)# 36.97(0.84-63.20)% P<0.01
(ng/t)
Duration of DM before PCN - - 0.97 115.68
(Months)
Blood Glucose (BG) (mmol/L) 6.18(3.20-34.00) 5.31(3.20-10.10) 9.9111(5.90-34.0) 8.74(4.30-24.10) P<0.01
Glycosylated Hemoglobin Type 6.08% (4.40-13.0%) 5.58% (4.4-6.4%) 7.52% (5.7-12.5%) 8.22% (5-13%) P<0.01
Alc (HbAIc) (%)
Insulin Resistance Level (IR) 3.91(0.38-33.02) 2.88(0.38-24.42) 8.70(0.84-33.02) 5.44(1.04-10.18) P<0.01

Notes: *The comparison of the CA19-9 values between the normal group with the NODM group (**P<0.01). ®The comparison of the CA19-9 values between the normal
group with the LSDM group (*P=0.048). “The comparison of the CEA values between the normal group with the NODM group (¥*P <0.001). “The comparison of the CEA
values between the normal group with the LSDM group (***P <0.001).

NODM and LSDM were 0.97 and 115.68 months. Only 5 NODM patients were diagnosed with NODM before hospital
admission. For diabetic markers, NODM and LSDM showed statistical differences in HbAlc (P=0.036), IR (P=0.461),
and blood glucose (P=0.124) had no difference in the two groups. DM groups showed statistical difference with normal
group in age (Normal: NODM: LSDM= 58.72: 63.21: 62.69, P<0.01), malignancy (P<0.01), CA19-9 (115.98: 470.05:
184.87, P=0.024), CEA (4.76: 22.19: 36.97, P<0.01), blood glucose level (BG) (5.31:9.91:8.74, P<0.01), HbAlc (5.58:
7.52: 8.22, P<0.01) and insulin resistance (2.88: 8.70:5.44, P<0.01). But no difference was observed in sex and BMI
variables.

Clinical-Pathological Features in Diabetic PCN

In clinical symptoms when patients were admitted to our hospital, DM groups had a higher frequency of weight loss
(P=0.041) and jaundice (P=0.025) (see Table 2). Other clinical symptoms, including the history of chronic pancreatitis,
abdominal pains, obstructive jaundice, nausea, and history of acute pancreatitis, showed no statistical difference between
normal PCN patients with DM patients.

Table 2 Clinical Symptoms and Features

Clinical Symptoms Whole Group | Normal NODM LSDM P-value

Chronic pancreatitis Yes 4(1.8%) 3(75%) 0 1(25%) P=0.455
No 220(98.2%) 172(78.18%) | 28(12.72%) | 20(9.09%)

Abdominal Pain Yes 130(58.03%) 106(81.54%) I5(11.54%) 10(6.92%) P=0.827
No 92(41.97%) 67(72.83%) 14(15.22%) I1(11.95%)

Jaundice Yes 12(5.35%) 6(50%) 5(41.7%) 1(8.33%) P=0.025
No 212(94.64%) 164(77.35%) | 28(13.21%) | 20(9.43%)

Weight loss Yes 9(4.02%) 5(55.56%) I(11.11%) 3(33.33%) P=0.041
No 215(95.98%) 170(79.07%) | 27(12.56%) 18(8.37%)

Nausea No 209(93.30%) 161(77.03%) | 30(14.35%) | 3(1.43%) P=0.25
Yes 15(6.70%) 9(60.00%) 3(20.00%) 3(20.00%)

History of Acute Pancreatitis Yes 2(0.89%) 1(50%) 0 1(50%) P=0.15
No 222(99.11%) 169(76.12%) | 33(14.86%) | 20(9.01%)
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DM was associated with malignancy in PCN cases (see Table 3). DM showed a higher proportion of HGD and mPCN
than the normal group. The odds ratio of LSDM, NODM, and DM for malignancy were: 3.443 (95% CI:2.735-4.334,
P<0.01), 7.464 (95% CI:6.089-9.150, P<0.01,) and 4.605 (3.892-5.448, P<0.01). But DM and the normal group had no
difference in PCN types (IPMN, MCN, and SCN) distribution. Compared with the normal and the LSDM groups,
NODM patients had a higher rate of BD-IPMN (66.67%, P=0.01). Moreover, compared with the normal group and the
LSDM group, NODM showed a higher proportion of invasive carcinoma and higher pathological grade (G2 and G3,
P<0.01). Ki-67 was significantly increased in DM groups compared with the normal group (19.71% (NODM), 20.31%
(LSDM) vs 7.96% (Normal)) and a statistical difference was shown in Figure 1B. In Figure 1A, compared with the
normal group, the LSDM group and the NODM group had deeper Ki-67 staining in both benign and malignant samples.

As for gene mutation frequencies in malignant PCN samples, the NODM group showed a significantly increased rate
in SMAD4 compared with the LSDM and the normal group (6:1:0, P<0.01). In Figure 1A, SMAD staining was deeper in
the LSDM group and the normal group. The NODM group showed a deletion of SMAD4 protein, which symbolized the

Table 3 Radiological and Pathological Features

Radiological Features Whole Group Normal NODM LSDM P-value
Tumor Location P=0.089
Head 81(36.16%) 55(67.90%) 17(20.99%) 9(11.11%)
Body/tail 143(63.84%) 115(80.42%) 16(11.19%) 12(8.39%)
Main pancreatic duct (MPD) Dilation
MPD <5mm 162(72.32%) 132(81.48%) 17(10.49%) 13(8.02%) P=0.005
MPD 5-9mm 42(18.75%) 29(69.05%) 9(21.42%) 4(9.52%)
MPD >10mm 20(8.93%) 9(45%) 7(35%) 4(20%)
Abrupt Change of Caliber (pancreatic atrophy) Yes 28(12.50%) 19(67.85%) 6(21.43%) 3(10.71%) P=0.130
No 196(87.50%) 151(67.86%) 27(21.43%) 18(10.71%)
Cyst Size 23cm Yes 116(51.79%) 83(71.55%) 24(20.69%) 9(7.76%) P=0.029
No 108(48.21%) 87(80.56%) 9(8.33%) 12(11.11%)
Thickened enhanced walls Yes 21(9.38%) 18(85.71%) 3(14.29%) 0 P=0.291
No 203(90.63%) 152(74.88%) 30(14.78%) 21(10.34%)
Lymphadenopathy Yes 18(8.04%) 9(50.00%) 7(38.89%) 2(11.11%) P=0.008
No 206(91.96%) 161(78.16%) 26(12.62%) 19(9.22%)
Enhancing Solid Components Yes 60(26.79%) 35(58.33%) 17(28.33%) 8(13.33%) P=0.001
No 164(73.21%) 135(82.32%) 16(9.76%) 13(7.93%)
PCN Type P=0.25
Intraductal Papillary Mucinous Neoplasms (IPMN) 68(30.36%) 43(63.24%) 15(22.06%) ** 10(14.71%) ™® | P=0.0458
Branched Duct IPMN (BD-IPMN) 27(12.05%) 13(48.15%) 10(37.04%) 4(14.81%)
Main Duct IPMN (MD-IPMN) 41(18.30%) 30(73.17%) 5(12.20%) 6(14.63%)
Mucinous Cystic Neoplasms (MCN) 73(32.59%) 56(76.71%) 12(16.44%) 5(6.85%)
Serous Cystic Neoplasms (SCN) 83(37.05%) 71(85.54%) 6(7.23%) 6(7.23%)
Grade of Dysplasia P<0.01
Low-Grade Dysplasia 130(58.04%) 113(86.92%) 9(6.92%) 8(6.15%)
High-Grade Dysplasia 29(12.95%) 23(79.31%) 3(10.34%) 3(10.34%)
Invasive Carcinoma (mPCN) 65(29.02%) 34(52.31%) 21(32.31%) 10(15.38%)
Pathological Cancer Stage P<0.01
Gl 4(1.79%) 2(50%) 0 2(50%)
G2 40(17.86%) 28(70%) 10(25%) 2(5%)
G3 17(7.59%) 4(23.53%) 10(58.82%) 3(17.65%)
G4 4(1.79%) 0 1(25%) 3(75%)
Tumor Volume (mm?3) 3.63(0.8-14.5) 3.47(0.8-14.5) 4.28(2.0-8.0) 3.87(1.0-10.0) | P=0.0016
Ki-67 value (%) 11.47% (1-90%) | 7.96% (1-60%) | 19.71% (1-90%) | 20.31% (1-80%) | P=0.007

Notes: *The comparison of IPMN rate between the Normal group with the NODM group (*P=0.01). ®The comparison of IPMN rate between the Normal group with the

NODM group ("P>0.05).
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Figure | The Ki-67 and SMAD4 expression in PCN patients. (A) The immunohistochemistry plot of Ki-67 and SMAD4 in PCN surgical samples (Left three plots: samples
from the normal group; middle three plots: samples from the NODM group; right three plots: samples from the LSDM group). The upper three plots were the Ki-67 level
(the brown dots) in benign PCN patients. The middle three plots were the Ki-67 level (the brown dots) in the malignant PCN patients. The lower three plots were the
SMAD4 expression level (the brown dots) in the malignant PCN patients. (B) The conclusive histogram of the Ki-67 in the normal group, the NODM group and the LSDM
group. The NODM and the LSDM group showed a significant elevation in Ki-67 value compared with the normal group (**P<0.01; *P<0.05). (C) The conclusive SMAD4
mutation proportion in three groups. The red bar represents the samples without SMAD4 mutation while the blue bar symbolizes the SMAD4 loss mutation in the NODM
and the LSDM group. The NODM group showed a statistical increase in SMAD4 mutation than the normal group (**P<0.01), but the LSDM group showed no statistical
difference from the normal group in SMAD4 mutation (ns: P>0.05).

SMAD#4 loss mutation in samples. But there was no difference in KRAS G12D mutation (7:5:16, P=0.603) and TP53
mutation (3:0:4, P=0.449).

Surgery and Surgical Outcomes

In this study, 224 patients underwent surgical resection in our hospital. There was no statistical difference in surgery
selection between euglycemic patients with diabetic patients (see Table 4). But the rate of laparoscopic surgery and PPPD
was slightly higher in the normal group (27.64% and 5.88%) than in NODM (24.24% and 0%) and LSDM (19.04% and
0%). Moreover, we did not observe a statistical difference in most postoperative complications, including hospital stay,
bleeding, wound infection, and delayed gastric emptying, except for pancreatic fistula (P=0.023). Through binomial logistic
regression analysis, the odds ratio of DM, NODM, and LSDM in the onset of pancreatic fistula were 0.456 (95% CI:0.371—
0.560, P<0.01), 0.481 (95% CI:0.402-0.575, P<0.01) and 0.703 (95% CI:0.541-0.913, P<0.01) By using linear logistic
regression method, R? value was highest in HbAlc (R?=0.061) compared with BG ((R*=0.041) and IR ((R?=0.003).
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Table 4 Surgery and Surgical Outcomes

Surgery and Postoperative Complications Whole Group | Normal NODM LSDM P-value

Resection Type P=0.2626

Pancreaticoduodenectomy 57(25.45%) 46(80.70%) 10(17.54%) 7(12.28%) P=0.1723

Pylorus Preserving Pancreaticoduodenectomy (PPPD) 10(4.46%) 10(100%) 0 0

Distal Pancreatectomy (DP) P=0.23

Open DP 67(29.91%) 46(68.66%) 15(22.38%) 6(8.95%)

Laparoscopic DP 59(26.33%) 47(79.66%) 8(13.56%) 4(6.78%)

Enucleation 18(8.03%) 15(83.33%) 1(5.55%) 2(11.11%) P=0.51

Total Pancreatectomy 7(3.12%) 3(42.85%) 2(28.57%) 2(28.57%) P=0.08

Vascular Resection 7(3.12%) 3(42.85%) 3(42.85%) 1(14.28%) P=0.079

Surgical Complications Whole Group Normal NODM LSDM

Length of hospital stays 15.54(3-67) 15.43(7-67) 15.87(3-35) 15.85(5-55) P=0.543

Pancreatic fistula Levels Yes | 181(80.80%) 144(79.56%) | 22(12.15%) *a | 15(8.29%) ™b | P=0.023

Level A 125(69.06%) 96(76.8%) 17(13.6%) 12(9.60%)

Level B 55(30.39%) 48(87.27%) 4(7.27%) 3(5.45%)

Level C 1(0.55%) 0 1(100%) 0
No | 43(19.20%) 26(60.46%) 11(25.58%) 6(13.95%)

Bleeding Yes | 11(4.91%) 8(72.73%) 0 3(27.27%) P=0.075
No | 213(95.09%) 162(76.05%) | 33(15.49%) 18(8.45%)

Wound Infection Yes | 14(6.25%) 12(85.71%) 1(7.14%) 1(7.14%) P=0.653
No | 210(93.75%) 163(77.62%) | 32(15.24%) 20(9.52%)

Delayed Gastric Emptying Yes | 9(4.01%) 7(77.78%) 1(11.11%) I(11.11%) P=0.94
No | 215(95.99%) 163(75.81%) | 32(14.88%) 20(9.30%)

Notes: *The pancreatic fistula rate comparison between the Normal group with the NODM group (*P=0.01). "The pancreatic fistula rate comparison between the Normal
group with the LSDM group ("P=0.079).

mPCN Diagnostic Prediction

Currently, worrisome features and high-risk stigmata are the two main radiological diagnosis methods for mPCN. In
radiological features (worrisome features (WF) and high-risk stigmata (HRS)), DM was not associated with tumor site
(P=0.089), abrupt change of caliber with pancreatic atrophy (P=0.130), thickened enhanced walls (P=0.291). Worrisome
features and high-risk stigmata features, including main pancreatic duct (MPD) dilation, cyst size bigger than 3 cm,
lymphadenopathy, and enhanced solid components, were associated with DM. We then compared the diagnostic efficacy
of DM, LSDM, and NODM with WF and HRS. The result is shown in Table 5. In the whole PCN group, NODM, DM,
LSDM, IR, HbAlc, and BG did not better than the WF and the HRS systems in distinguishing mPCN. NODM had
a better sensitivity and specificity score than DM and LSDM. The unadjusted odds ratio of malignancy was 8.264
(P<0.01) in NODM (P<0.01), 5.56 in LSDM (P<0.01), and 7.23 in the DM group (P<0.01).

Because of this, we then combined NODM, HbAlc, BG, and IR with WF and HRS to see whether these variables
could strengthen the diagnostic efficacy of worrisome features and high-risk stigmata. IR had the highest score in the
WF combination groups with 96.7% sensitivity and 35.3% specificity. In the HRS combination groups, IR also showed
the highest specificity (82.5%) and a slightly lower sensitivity score (93.6%) compared with the BG group (81.1% and
94.2%). In both WF and HRS combinations tests, all diabetic markers increased the sensitivity of WF and HRS, but
specificity was decreased to a different extent. In IPMN subgroup analysis, blood glucose level combined with HRS
had the highest score (92% sensitivity and75% specificity). In the MCN group, due to all variables having 100%
sensitivity, BG and NODM slightly increased the specificity of the WF, but single HRS had the highest specificity
score (93.2%).

Malignant PCN Survival and Cancer Biomarkers Analysis

We divided mPCN patients into three groups: The normal group, the NODM group and the LSDM group. By using the
K-M curve to analyze the overall survival (OS) of these three groups (as is shown in Figure 2), we found that there was no
statistical difference in the median survival time between the NODM group and the normal group (1590 days vs 1260 days,
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Table 5 ROC Result of Diagnostic Efficacy in Each Variable

Variable AUC 95% ClI Sensitivity Specificity Cut off Value
The Whole Cohort
WEF 0.635 0.614-0.655 0.907 0.362
HRS 0.841 0.824-0.858 0.80 0.882
HbAIlc 0.783 0.765-0.801 0.544 0.887 6.15
IR 0.695 0.673-0.717 0.812 0.43 1.75
BG 0.784 0.764-0.805 0.595 0.921 6.35
DM 0.659 0.636-0.683 0.378 0.941
LSDM 0.560 0.538-0.582 0.180 0.940
NODM 0.701 0.681-0.722 0.529 0.873
WF&HbA I c 0.629 0.610-0.648 0.936 0.322
WF&BG 0.651 0.633-0.669 0.967 0.335
WEF&IR 0.660 0.642-0.671 0.967 0.353
WF&NODM 0.653 0.635-0.671 0.950 0.356
HRS&HbA I c 0.849 0.836-0.863 0.931 0.768
HRS&BG 0.876 0.864-0.889 0.942 0.811
HRS&IR 0.880 0.868-0.893 0.936 0.825
HRS&NODM 0.871 0.858-0.885 0911 0.832
Subgroup Analysis of IPMN Cohort
WEF 0.525 0.375-0.677 0.800 0.25
HRS 0.726 0.589-0.864 0.64 0.812
HbAIc 0.796 0.682-0.910 0.544 0.887 6.15
IR 0.807 0.689-0.925 0.524 0.84 3.57
BG 0.766 0.631-0.901 0.595 0.921 6.35
NODM 0.709 0.567-0.851 0.48 0.937
WEF&HbA I c 0.538 0.387-0.689 0.92 0.156
WF&BG 0.569 0.420-0.718 0.92 0.219
WEF&IR 0.621 0.476-0.765 0.96 0.281
WF&NODM 0.565 0.415-0.715 0.88 0.25
HRS&HbA I c 0.706 0.570-0.842 0.88 0.531
HRS&BG 0.835 0.725-0.945 0.92 0.75
HRS&IR 0.714 0.581-0.848 0.96 0.479
HRS&NODM 0.795 0.673-0.917 0.84 0.75
Subgroup Analysis of MCN Cohort
WEF 0.739 0.623-0.855 | 0.477
HRS 0.966 0.921-1.00 | 0.932
HbAIc 0.755 0.627-0.883 0.5 0.886 6.15
IR 0.580 0.425-0.734 0.545 0.727 2.40
BG 0.850 0.745-0.955 0.545 0.932 6.25
NODM 0.642 0.504-0.780 0.37 0913
WEF&HbA I c 0.728 0.616-0.841 | 0.457
WF&BG 0.739 0.628-0.850 | 0.478
WEF&IR 0.685 0.566-0.804 | 0.370
WF&NODM 0.739 0.628-0.850 | 0.478
HRS&HbA I c 0913 0.845-0.981 | 0.826
HRS&BG 0.935 0.875-0.994 | 0.870
HRS&IR 0.837 0.746-0.928 | 0.684
HRS&NODM 0.946 0.89-1.00 | 0.891

Abbreviations: (1) WF, the prediction value based on single worrisome features; HRS, the prediction value based on single high-risk stigmata;
HbA I, the prediction value based on high HbAlc level (high HbAIc level was defined by the cut off value); IR, the prediction value based on high
insulin resistance (IR) level (high IR level was defined by the cut off value); BG, the prediction value based on high blood glucose (BG) level (high BG
level was defined by the cut off value); NODM, the prediction value based on single NODM diagnosis; (2) WF&HbA I c, the prediction value based
on the combination of worrisome features with high HbA | c level; WF&BG, the prediction value based on the combination of worrisome features
with high BG level; WF&IR, the prediction value based on the combination of worrisome features with high IR level; WF&NODM, the prediction
value based on the combination of worrisome features with the NODM diagnosis; (3) HRS&HbA ¢, the prediction value based on the
combination of high-risk stigmata with high HbAlc level; HRS&BG: the prediction value based on the combination of high-risk stigmata with
high BG level; HRS&IR, the prediction value based on the combination of high-risk stigmata with high insulin resistance (IR) level; HRS&NODM, the
prediction value based on the combination of high-risk stigmata with the NODM diagnosis.
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Figure 2 K-M survival plots of diabetes and diabetic markers. (A) The overall survival (OS) comparison between the LSDM group with the Normal group (median survival:
581 days vs 1260 days, P=0.015). (B) OS comparison between the NODM group with the Normal group (median survival: 1590 days vs 1260 days, P=0.77). (C) OS
comparison between high HbA | c group (cut off value: 6.3%) with low HbAIc group (median survival: 764 days vs 1260 days, P=0.04); (D) OS comparison between high BG
group (cut off value: 6.9 mmol/L) with low BG group (median survival: 894 days vs 1595 days, P=0.72); (E) The OS comparison between high IR (cut off value: 2.50) group
with low IR group (median survival: 1260 days vs 1595 days, P= 0.62).

P=0.77) and a significantly reduced median survival was found in LSDM patients (581 days vs 1260 days, P=0.015). We
ranked the patients based on each diabetic marker and defined the top 50% as the high group while the last was the low group.
Based on this, the cut-off value of BG, IR and HbAlc were 6.9, 2.50, and 6.3. No statistical difference was found in BG
(median survival: 894 days vs 1595 days, P=0.72) and IR (median survival: 1260 days vs 1595 days, P= 0.62). The high
HbA lc group had a reduced OS than the lower group (median survival: 764 days vs 1260 days, P=0.04). Linear regression
analysis was performed later to test the relationship between diabetic markers with tumor biomarkers. We tested CA19-9,
CEA, and tumor volume. CA19-9 linear regression test showed that HbA 1¢ (R?=0.512, P<0.05), IR (R?=0.118, P<0.05), and
BG (R2=O.235, P<0.05) had a close relationship with CA19-9 elevation. With tumor volume, HbAlc (R2=0.078, P<0.05), IR
(R>=0.001, P=0.202) and BG (R?=0.023, P<0.05). In CEA analysis, HbAlc also ranked the highest R? level (R>=0.239,
P<0.05) compared with IR (R*=0, P=0.232) and BG (R*=0.198, P<0.05).

Sub-Group Analysis of Anti-Diabetic Drugs
We then analyzed the influence of anti-diabetic drugs in diabetic PCN patients. In this part, patients who took acarbose were
excluded from our study due to too few numbers (n=3). According to the different medications, we divided PCN patients
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Figure 3 Subgroup analysis of anti-diabetic drugs in PCN patients. We divided diabetic patients into four groups. |. patients who never took anti-diabetic drugs were in the
“No group (N)” (n=11); 2. Patients who mainly took metformin as the “metformin group (M)” (n=10); 3. patients whose regimen was primarily based on gliclazide was
“gliclazide group (G)” (n=16); 4. patients who only used insulin was the “insulin group (I)” (n=16). (A) The comparison of tumor volume (P=0.3264) between the no,
gliclazide, insulin and metformin groups. (B) The comparison of CEA (P=0.0847) between the no, gliclazide, insulin, and metformin groups. (C) The comparison of CA19-9
(P=0.6079) between the no, gliclazide, insulin and metformin groups. (D) The comparison of the tumor grade (P=0.3264) between the no, gliclazide, insulin and metformin
groups. (E) The comparison of the Kié7 value (P=0.7698) between the no, gliclazide, insulin and metformin groups.

into four groups: 1. patients who never took anti-diabetic drugs were defined as the “No group (N)”(n=11); 2. Patients who
mainly took metformin as “metformin group (M) (n=10); 3. patients whose regimen was primarily based on gliclazide was
defined as the “gliclazide group (G)” (n=16); 4. patients who only used insulin was defined as the “insulin group (I)”(n=16).
According to our result, we did not find any statistical difference between these four groups in variables including tumor
volume (P=0.3264), CEA (P=0.0847), and CA19-9 (P=0.6079), tumor grade (P=0.3264) and Ki67 (P=0.7698). Metformin
group had the lowest CA19-9 level (53.93 (M):74.7 (I): 392.74 (G): 456.92 (No)) and Ki67(0.10 (M):0.23 (I): 0.21 (G):
0.20 (No)), but had the highest value in CEA value (14.51 (M):3.334 (I): 3.04 (G): 4.57(N)) and tumor volume (4.66
(M):4.45 (I): 3.86 (G): 4.105 (No)) and tumor grade (2.22 (M):1.63 (I): 1.87 (G): 1.57(No)) (Figure 3).

Discussion

Our study raised many unanswered questions. The first is that we observed that SMAD4 mutation might be a bridge
linking NODM and PCN malignancy. Currently, genetic mutations including KRAS, TP53, and SMAD4 have already
been reported as the main driving mutations in the development of mPCN. These three somatic mutations were closely
related to the malignancy in PCN.?' Especially SMAD4 was differently expressed in benign PCN and malignant
PCN.?*?* In our study, we found that NODM was related to mPCN with the highest odds ratio, which is generally
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regarded as a type of pancreatic cancer (PDA). From the result of our cohort, a significant increase in SMAD4 mutation
was also found in the NODM group.

As one of the most common somatic mutations in pancreatic cancer, the loss of SMAD4 occurs in about half of the
pancreatic cancer patients.”* Interestingly, the frequency of the newly occurred hyperglycemia in PDA patients was about
50%.%° In pancreatic cancer, SMAD4 protein works as a vital negative regulator of the TGF-p signal pathway.”® The
transforming growth factor -p (TGF-B) signaling pathway is an important factor for malignant transformation, cancer
invasion and metastasis in PDA.?” With the deletion of SMAD4 protein, the TGF-B signal pathway is over-activated and
thus leading to the carcinogenesis of pancreatic cancer. Moreover, TGF-B has also been reported to have a close
relationship with the diabetic event in PDA patients. On the one hand, the TGF- signal pathway directly induced
insulin secretion dysfunction and insulin intolerance in pancreatic  cells, which might cause a delayed insulin secretion
peak in patients.”® With the reduced insulin response to blood glucose, peripheral blood glucose concentration could
maintain a relatively higher blood glucose level. On the other hand, TGF-p could also activate NF-kB and hypoxia-
induced factor-1 alpha (HIF-1 alpha) signal pathway, which were essential for the expression of adrenomedullin and
galectin-3 in PDA.?*? Adrenomedullin directly exacerbated the lipolysis in the peripheral adipose tissue and finally
caused insulin resistance in fat tissue.”® And galectin-3 was important for eliciting a blunted insulin sensitivity in the
muscle tissue.** Coincidently, we also observed elevated insulin resistance in the NODM group, while the NODM group
showed little relationship with BMI. This indicated that the mechanism of NODM onset in mPCN might be different
from the typical mechanism of type 2 diabetes mellitus. With the occurrence of SMAD4 mutation, it is reasonable to
postulate that PCN is more likely to be malignant and has a larger possibility to induce insulin resistance which may be
the key driver of NODM in PCN patients. Due to the close relationship with SMAD4 mutation, NODM acquired the
power of predicting malignancy in pancreatic cyst neoplasms. In the future, more studies on the relationship between
SMAD4 and new-onset diabetes in pancreatic cyst neoplasms are needed to confirm our postulation.

As for the postoperative complications, diabetic patients showed a decreased risk of having pancreatic fistula,
indicating that DM might be a protective factor for postoperative pancreatic fistula. One possible explanation is those
diabetic patients had a harder pancreas texture and more peripancreatic fat mass which may block the formation of
fistula.>> 7

The second is that we found that the NODM history and diabetic markers were vital for mPCN diagnosis. Worrisome
features and high-risk stigmata are generally accepted as the radiological principles for predicting malignant PCN, which
can directly guide patients’ surgery discission and clinical outcomes.'*?° We also observed that a combination of diabetic
markers with radiological features could be an ideal method for mPCN distinguishment. Although NODM was confirmed
to be an independent indication of malignancy in PCN patients in the latest version of the European consensus, we were
astonished to find that new-onset diabetic status or prediabetic status could not distinguish malignancy in PCN accurately
alone. They both had relatively lower sensitivity in mPCN diagnosis compared with WF and HRS. However, after
combining with NODM status or diabetic markers, the sensitivity of WF and HRS was significantly increased. This
improvement may help us determine malignant PCN much earlier with higher efficacy, which may prolong patients’
lifespan and enhance their quality of life.

Moreover, our results also showed that prediabetic status measurement is even more critical in mPCN diagnosis.
Prediabetic status is a status that people who have a relatively high blood glucose level but do not meet diabetes criteria.
In our study, diabetic markers including IR, HbAlc, and BG were more sensitive in their cut-off value when compared
with NODM. According to the ADA guideline, all the cut-off values did not meet diabetes diagnostic standards. This
result indicated that all of them were under prediabetic status. Among them, IR had the highest sensitivity to mPCN
prediction. Our study also confirmed that NODM had a close relationship with insulin resistance. Diabetic status may
reflect the insulin resistance severity caused by malignant tumors, but the IR rate can directly assess the trends of insulin
resistance both in diabetic status and prediabetic status. The rapid change in insulin resistance level may signal cancer
onset, which is the key to early cancer diagnosis. However, diabetic tests such as IR and HbAlc tests can often be
ignored in many studies and clinical practice.

And the third question is about the importance of glucose management and anti-diabetic drug selection. Although
LSDM showed a limited effect in malignancy diagnosis, LSDM might determine the clinical outcome of mPCN patients.
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The LSDM predicts poor overall survival in PDA patients while NODM had little influence.*® A similar result was found
in our research that the LSDM cohort had a significant OS reduction compared with the normal cohort, while NODM
showed no difference. Previous studies reported that after the removal of cancerous tissue, high glucose status in newly
diabetic patients induced by PDA would gradually be relived, which indicated that the tumor-promoting effect by NODM
was also relieved.*” But for long-standing diabetic patients, hyperglycemia cannot be relieved after surgery and can even
worsen due to normal pancreatic tissue removal. Thus, hyperglycemia can only be controlled through proper glucose
surveillance and management in LSDM patients. Our study found that HbAlc had the potential of working as a good
glucose monitoring target in malignant PCN patients. Unlike IR and BG, HbAlc reflects glucose control over a long
period and a statistical OS difference of HbAlc indicates that stable glucose management is essential for mPCN patients.
HbAlc is also associated with elevated CA19-9, CEA, and tumor volume levels, which means a high HbAlc level may
lead to a more aggressive cancer type in patients. Currently, ADA guidance recommends controlling HbAlc lower than
7%. However, based on our research, we recommend that maintaining HbAlc lower than 6.3% may significantly prolong
malignant PCN patients’ survival.'® Glucose surveillance based on HbA I¢ in the perioperative and postoperative periods
is crucial for decreasing postoperative complications and elongating patients’ lives.

As for anti-diabetic drugs selections, a lot of evidence supported the hypothesis that the application of anti-diabetic
drugs in diabetic patients can lower the risk of having pancreatic cancer in recent years, especially metformin.**** But in
our study, we did not observe any robust evidence to support this hypothesis. The metformin’s effect was controversial in
our research. The metformin group seems to have a decreased CA19-9, and Ki-67 levels but had the highest level in
tumor grade, tumor volume, and CEA level. It seems that metformin has a limited effect in suppressing pancreatic cancer
development directly. Interestingly, the metformin group showed the lowest HbAlc level compared with insulin,
gliclazide, and no drug users. This result indicated that metformin users might have better glucose controlling effect
than the anti-cancer effect. Glucose management based on HbAlc surveillance and metformin use may be an excellent
way to prevent cancer recurrence and metastasis in resected mPCN patients.

Our study also had several limitations. Firstly, our cases were selected from 2013 to 2020. In order to keep our data
consistent, the standard of worrisome features and high-risk stigmata was based on the 2012 Fukuoka consensus. We did
not use the latest 2017 update and 2018 version of the European Consensus. It is unclear how DM and diabetic markers
influence the latest diagnostic standard efficacy. Secondly, due to the low prevalence of PCN in clinical cases, we
collected 224 patients with clear DM diagnostic and medical records. We excluded cases before 2012 because the
diagnosis and treatment of PCN may not perfectly match the 2012 Fukuoka consensus. Moreover, our samples were
larger than the expected sample volume via power analysis. Our data clarified the importance of diabetic tests such as IR,
HbAlc, and fasting glucose level, which were easily ignored in clinical practice. Moreover, the diabetes diagnostic
standards and diabetes-related tests are different in the different centers. A strict retrospective study based on one large
volume pancreatic center may help us exclude the bias caused by different DM standards. By doing so, we could only
focus on the influence initiated by diabetes mellitus itself. In the future, we could launch a multi-center, prospective study
to detect the relationship between DM and PCN according to the result of this study.

Conclusion

In summary, DM showed a strong influence on the diagnosis and prognosis of mPCN (including IPMN, MCN, and
SCN). The onset of NODM had a close relationship with SMAD4 mutation, insulin resistance and weight loss. NODM
and diabetic markers could effectively strengthen the diagnostic sensitivity of WF and HRS in mPCN diagnosing, which
can help patients detect pancreatic cancer earlier. DM was a protective factor for pancreatic fistula, while LSDM was
a signal for poor prognosis of malignant PCN. Consistent and stable glucose management in diabetic patients is essential
for preventing cancer recurrence. HbAlc (lower than 6.3%) may be a potential ideal value for glucose surveillance and
the assessment of glucose management in resected mPCN patients. The effect of anti-diabetic drugs in preventing

malignancy is limited, but metformin revealed an excellent effect on long-term glucose control.
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