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ABSTRACT 
Background.  Pancreatic ductal adenocarcinomas (PDACs) 
are sometimes diagnosed accompanied by rapidly impaired 
diabetes (PDAC-RID). Although this type of PDAC may 
have unusual biological features, these features have not 
been explained.
Methods.  Patients with PDAC who underwent upfront pan-
createctomy between 2010 and 2018 were retrospectively 
reviewed. PDAC-RID was defined as a glycated hemoglobin 
(HbA1c) value of ≥ 8.0% of newly diagnosed diabetes, and 
acute exacerbation of previously diagnosed diabetes. Other 
patients were classified as PDAC with stable glycometabo-
lism (PDAC-SG). Clinicopathological factors, long-term 
survival rates, and recurrence patterns were evaluated.
Results.  Of the 520 enrolled patients, 104 were classified as 
PDAC-RID and 416 as PDAC-SG. There was no significant 
difference regarding TNM staging, resectability, or adjuvant 
chemotherapy rate between the groups. However, 5-years 
cancer-specific survival (CSS) was significantly higher in the 

PDAC-RID group than in the PDAC-SG group (45.3% vs. 
31.1%; p = 0.02). This survival difference was highlighted 
in relatively early-stage PDAC (≤ pT2N1) (CSS: 60.8% vs. 
43.6%; p = 0.01), but the difference was not significant for 
advanced-stage PDAC. A multivariate analysis of early-stage 
PDAC showed that PDAC-SG was an independent risk fac-
tor of shorter CSS (hazard ratio 1.76; p = 0.02). The hema-
togenous metastatic rate in early-stage PDAC was lower in 
the PDAC-RID group than in the PDAC-SG group (18.3% 
vs. 35.8%; p = 0.01).
Conclusions.  PDAC-RID showed a favorable long-term 
survival rate after curative resection with low hematogenous 
metastases, which may be due to its unique biology.

Keywords  Pancreatic ductal adenocarcinoma · Rapidly 
impaired diabetes · Upfront surgical resection · Long-term 
survival · Hematogenous metastasis

Pancreatic ductal adenocarcinoma (PDAC) is one of the 
most highly malignant diseases and the fourth leading cause 
of cancer-related deaths.1 The majority (80–85%) of patients 
with PDAC present with locally advanced or distant meta-
static disease, and only a minority (15–20%) of patients are 
eligible for surgical resection.2,3 While the development of 
multidisciplinary treatment has improved the prognosis of 
PDAC, stratifying patients with PDAC according to tumor 
biology is important to select an optimal treatment option.4,5
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Diabetes is widely known as a risk factor for developing 
PDAC. Previous studies have shown that the presence of 
diabetes corresponds with a two- to eightfold increased risk 
for PDAC.6–8 In contrast, it is also known that the devel-
opment of PDAC itself brings about impaired glycemic 
control.8,9 This is caused not only by the destruction of the 
pancreas parenchyma due to malignant infiltration but also 
by a paraneoplastic phenomenon involving the release of 
peculiar molecules from the tumor itself.10–12 Thus, PDAC 
accompanied by rapidly impaired diabetes may have a dis-
tinct biology and could be a new biological marker to stratify 
patients preoperatively.

Hence, this study aimed to evaluate the long-term surgical 
outcome of PDAC accompanied by rapidly impaired diabe-
tes (PDAC-RID), and to reveal its unique biology.

METHODS

Selection of Patients

We performed a retrospective cohort study that was 
approved by the Institutional Review Board of The Can-
cer Institute Hospital of Japanese Foundation for Cancer 
Research (approval number: 2020-GA-1092). The clinical 
data of 637 patients with histologically proven PDAC who 
underwent curative-intent pancreatectomy between Janu-
ary 2010 and December 2018 were retrieved from a pro-
spectively maintained database. To minimize the effect of 
hyperbilirubinemia, carbohydrate antigen (CA) 19-9 levels 
were re-evaluated before treatment after obtaining stable 
biliary drainage, i.e., serum total bilirubin concentration 
< 3.0 mg/dL, although data for the re-evaluation of CA19-9 
were missing for 6.7% of patients. Of these patients, those 
who underwent preoperative chemotherapy were excluded 
because chemotherapy, including steroid administration, 
could have altered the glycometabolic state or cancer 
biology.

Definition of Diabetes

A diagnosis of diabetes was based on an elevated glycated 
hemoglobin (HbA1c) value ≥ 6.5%, fasting plasma glucose 
concentrations ≥ 126 mg/dL, random plasma glucose con-
centrations ≥ 200 mg/dL, and/or whether the patients had 
already received medication or dietary therapy for diabe-
tes.13 Diabetes history was investigated by a medical chart 
review, and changes in HbA1c values were examined. In 
the case of newly diagnosed diabetes, it was confirmed that 
diabetes had not been indicated from the results of previous 
medical examinations (meaning that the HbA1c value was 
< 6.5%). PDAC-RID was defined as (1) an HbA1c value 
≥ 8.0% of that with newly diagnosed diabetes at the detec-
tion of PDAC; and (2) acute exacerbation of previously 

diagnosed diabetes, which corresponded to ≥ 2.0% eleva-
tion in HbA1c levels from baseline and/or new initiation 
or addition of an oral antidiabetic or insulin when PDAC 
was detected. Other patients were defined as having PDAC 
with stable glycometabolism (PDAC-SG). These included 
patients with an HbA1c value < 8.0% of that with newly 
diagnosed diabetes at the detection of PDAC, those who had 
previously diagnosed and controlled diabetes, or those who 
did not have diabetes.

Treatment Strategy of the Cancer Institute Hospital

Preoperative assessment of tumor resectability was con-
ducted in multidisciplinary team conferences using dynamic 
computed tomography (CT) and/or magnetic resonance 
imaging as routine work-ups. Resectability was then classi-
fied into resectable, borderline resectable, and unresectable 
according to the National Comprehensive Cancer Network 
guideline.14 Before 2015, upfront surgery was applied for 
patients with resectable PDAC and those with borderline 
resectable PDAC. After 2015, we started neoadjuvant gem-
citabine/nab-paclitaxel therapy for patients with borderline 
resectable PDAC.15

Preoperative insulin treatment was performed for patients 
with poor glycemic control (high HbA1c value and/or fast-
ing plasma glucose concentration). Postoperative glycemic 
control was performed for all patients. The hyperglycemia 
was treated to maintain glucose concentrations < 180–200 
mg/dL perioperatively.16

All surgical procedures were selected according to the 
tumor location and extent, as described previously.15,17,18 
Pancreaticoduodenectomy was performed for the pancre-
atic head and body PDAC, and distal pancreatectomy was 
selected for the pancreatic body or tail PDAC. Total pan-
createctomy was performed for multiple PDACs or diffuse-
extended-type PDAC. Regional lymph node dissection was 
performed in each procedure. The dissected region of the 
nerve plexus around the superior mesenteric artery, common 
hepatic artery, and celiac artery was determined depending 
on the extent of the tumor to achieve R0 resection.17,19 Distal 
pancreatectomy with celiac axis resection was performed for 
pancreatic body cancer invading the celiac axis.18 Combined 
resection of the portal vein or superior mesenteric vein was 
conducted if the tumor was close to the veins.20 After cura-
tive surgery, adjuvant gemcitabine or S-1 chemotherapy was 
administered routinely for 6 months.

Pathological Examination

The pathological diagnosis was determined by experts 
in pancreatic tumor pathology. Pathological data, includ-
ing differentiation of the tumor, tumor diameter, micro-
scopic lymphatic invasion, vascular invasion, and neural 
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invasion, were collected. With regard to surgical curabil-
ity, R0 resection was defined as an histologically negative 
margin, while R1 resection was defined as a positive mar-
gin (0 mm rule). The number of resected lymph nodes and 
metastases were also evaluated. The Eighth Edition of the 
Union for International Cancer Control Staging was used 
for determining the TNM stage.21

Postoperative Follow‑Up

The patients were followed up every 3 months with 
laboratory tests and abdominal CT to investigate locore-
gional or systemic recurrence. Magnetic resonance imag-
ing or positron emission tomography was performed if CT 
showed lesions suspected of metastasis.

Endpoints

The postoperative short-term outcome was evaluated by 
the operative time, intraoperative blood loss, postopera-
tive complications, and postoperative hospital stay. Post-
operative complications included postoperative pancreatic 
fistula and delayed gastric emptying.22,23 Surgical compli-
cations were evaluated according to the Clavien–Dindo 
classification.24

The postoperative long-term outcome was evaluated 
by cancer-specific survival (CSS) and recurrence-free 
survival (RFS). CSS was calculated as the time from the 
day of surgery to cancer-related death, and the time was 
censored at the date of the last follow-up assessment for 
patients who were still alive or who died of other causes. 
RFS was calculated as the time from the day of surgery to 
the day of identifying recurrence by an imaging examina-
tion or to death, and the time was censored at the date of 
the last follow-up assessment for patients who were alive 
without any recurrence. The follow-up period was evalu-
ated for censored cases.

A subgroup analysis according to T and N factors 
was also performed. The patients were classified into 
the following two subgroups: T2 or lower and N1 or 
lower (early stage), and T3 or higher and N2 or higher 
(advanced stage). CSS was compared between PDAC-
RID and PDAC-SG in each subgroup. The initial recurrent 
site was compared between PDAC-RID and PDAC-SG. 
Recurrent sites were classified into the following six cat-
egories: liver, lungs, local, distant lymph node, peritoneal 
dissemination, and others. The ‘others’ category included 
the remnant pancreas, adrenal gland, bone, and other less 
common locations. The frequency of hematogenous metas-
tasis, such as the liver, lungs, adrenal gland, and bone, was 
also compared.

Statistical Analysis

Continuous variables are expressed as the median and 
range, while categorical variables are presented as fre-
quencies with percentages. The Mann–Whitney U test or 
Chi-square test was performed for comparison between 
groups. The Kaplan–Meier method was used to estimate 
the survival rate, and the log-rank test was applied to com-
pare the survival curves of two groups. Variables with a 
p-value <0.05 were applied to the subsequent multivariate 
Cox regression analysis. Independent variables were deter-
mined using the backward stepwise method. A p-value 
<0.05 was defined as statistically significant. All statistical 
analyses were conducted using IBM SPSS Statistics 25.0 
software (IBM Japan, Ltd, Tokyo, Japan).

RESULTS

Selection of Patients

Among the 637 participants, 117 were excluded because 
of administration of preoperative chemotherapy (Fig. 1). 
Among all cohorts, no patients received preoperative radi-
ation therapy. The remaining 520 patients were integrated 
into further analysis. Of these patients, 104 patients were 
classified into the PDAC-RID group (newly diagnosed 
diabetes with HbA1c values ≥ 8.0%, n = 40; previously 
diagnosed diabetes with acute exacerbation, n = 64). Of 
the newly diagnosed diabetes cases, a diagnosis of diabetes 
had been ruled out in past medical examinations in most of 
the patients (HbA1c < 6.5%). The remaining 416 patients 
were classified into the PDAC-SG group (newly diagnosed 
diabetes with HbA1c values < 8.0%, n = 29; previously 
diagnosed diabetes without acute exacerbation, n = 67; 
and no diabetes, n = 320).

Clinical Background

Preoperative Outcomes
Table 1 shows a comparison of the clinical background 

between the PDAC-RID and PDAC-SG groups. There was 
no significant difference in the tumor site, resectability, 
surgical procedure, or adjuvant chemotherapy induction 
rate between the groups. The body mass index values of 
the two groups were comparable. In contrast, the median 
values of CA19-9 and carcinoembryonic antigen (CEA) 
were significantly higher in the PDAC-RID group than in 
the PDAC-SG group (p < 0.01 and p = 0.01, respectively). 
The median HbA1c value was significantly higher in the 
PDAC-RID group than in the PDAC-SG group (p < 0.01).
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Perioperative Surgical Outcomes
Comparison of perioperative factors in the two groups 

is shown in Table 1. There was no significant difference 
in operative time, blood loss, Clavien–Dindo classification 
(including pancreatic fistula and delayed gastric empty-
ing), or postoperative hospital stay between the PDAC-
RID and PDAC-SG groups.

Perioperative Glycemic Control in the Pancreatic Ductal 
Adenocarcinoma Accompanied by Rapidly Impaired Dia‑
betes (PDAC‑RID) Group

In 104 patients in the PDAC-RID group, at the time of 
detecting PDAC, 49 (47.1%) patients had no medication 
for hyperglycemia, 50 (48.1%) had been treated by oral 
hypoglycemic agents, and insulin treatment had already 
been administered in 5 (4.8%) patients. With regard to 
preoperative glycemic control, all patients started to take 
intensive insulin therapy, adding it to the dietary treatment 
for rapidly impaired glycemic control. A mean of 29.0 
(standard deviation [SD] 12.9) units of insulin/day was 
administered at surgery. At discharge, a mean of 13.2 (SD 
8.7) units of insulin/day was administered (p < 0.01 by 
paired t-test). After discharge, 30 (28.8%) patients termi-
nated any hyperglycemia treatment, 35 (33.7%) converted 
to oral hypoglycemic agents, and 39 (37.5%) continued 
insulin therapy. In contrast, among long-standing stable 
diabetic patients (n = 67), treatment for diabetes remained 
unchanged in 44 (65.7%) patients, and 14 (20.9%) patients 
showed worsening of glycemic control and thus intensified 
the treatment for diabetes. Only 9 (13.4%) patients could 
downscale treatment. Postoperative metformin treatment 
was performed in 12 (11.5%) patients.

Pathological Findings

Table  1 also shows the pathological findings in the 
PDAC-RID and PDAC-SG groups. There was no significant 
difference in the tumor diameter, differentiation of the tumor, 
venous invasion, lymphatic invasion, perineural invasion, T 
factors, N factors, TNM staging, or surgical margin between 
the two groups.

Long‑Term Outcomes

Postoperative long-term survival was evaluated by 
Kaplan–Meier curves (Fig. 2). With regard to CSS, the 
median follow-up for censored cases in the PDAC-RID 
group was 5.10 years, and 5.06 years in the PDAC-SG 
group. The 5-years CSS rate was 45.3% in the PDAC-RID 
group and 31.1% in the PDAC-SG group (p = 0.02) (Fig. 2a). 
The 5-years RFS rate was 35.2% in the PDAC-RID group 
and 23.8% in the PDAC-SG group (p = 0.04) (Fig. 2b).

Subgroup Analyses in Early‑Stage (≤ T2N1) 
and Advanced‑Stage (≥T3N2) PDAC

Further analyses were performed to investigate the cause 
of this favorable prognosis in PDAC-RID. The prognosis 
between the PDAC-RID and PDAC-SG groups was com-
pared at every T and N stage (electronic supplementary 
material [ESM] Fig.  1). We found good long-term sur-
vival in PDAC-RID in the T1, T2, N0, and N1 subgroups. 
Therefore, a difference in survival was evident in relatively 
early-stage PDAC (≤T2N1) but not in advanced-stage 
PDAC (≥T3N2). In the early-stage subgroup, 60 patients 
had PDAC-RID, while 218 had PDAC-SG. The 5-years 

FIG. 1   Patient selection pro-
cess. PDAC pancreatic ductal 
adenocarcinoma

Curative-intent pancreatectomy for PDAC
n = 637

-Previously diagnosed diabetes with acute
exacerbation, n=64

-Newly diagnosed diabetes with HbA1c < 8.0%,
n=29

-Newly diagnosed diabetes with HbA1c > 8.0%,
n=40

-Previously diagnosed diabetes without acute
exacerbation, n=67

-No diabetes, n=320

Patients with preoperative chemotherapy were
excluded, n=117

PDAC accompanied by rapidly impaired diabetes (RID),
n=104

PDAC patients with upfront surgery, n=520

PDAC with stable glycometabolism (SG),
n=416
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CSS rate for PDAC-RID was 60.8%, which was significantly 
higher than that for PDAC-SG (43.6%; p = 0.01) [Fig. 3a]. In 
the advanced-stage subgroup, 44 patients had PDAC-RID, 
whereas 198 had PDAC-SG. There was no significant differ-
ence in the 5-years CSS rate between the two groups (PDAC-
RID: 22.0%, and PDAC-SG: 16.8%; p = 0.90) [Fig. 3b].

Multivariate Cox Regression Analysis

The multivariate Cox regression analysis for CSS in 
the early-stage subgroup is shown in Table 2. Age ≥70 

years (hazard ratio [HR] 1.46; p = 0.04), PDAC-SG (HR 
1.76; p = 0.02), a poorly differentiated tumor (HR 1.88; 
p = 0.01), a positive surgical margin (HR 1.78; p = 0.03), 
lymph node metastasis (HR 2.28; p < 0.01), and no adju-
vant chemotherapy (HR 2.15; p < 0.01) were identified 
as independent prognostic factors. In contrast, in the 
advanced-stage subgroup (Table  3), CA19-9 concen-
trations ≥500 U/mL (HR 1.89, p < 0.01), a poorly dif-
ferentiated tumor (HR 1.63; p = 0.02), a positive surgi-
cal margin (HR 1.55; p = 0.02), lymph node metastasis 
(HR 2.25; p < 0.01), and no adjuvant chemotherapy (HR 

TABLE 1   Preoperative 
outcomes, perioperative 
outcomes, and pathological 
findings between PDAC-RID 
and PDAC-SG

The pancreatic duct diameter on the left side of the tumor was evaluated only for pancreatic head cancer 
cases (325). TNM staging was considered according to the UICC Eighth Edition
Ph pancreatic head, Pb pancreatic body, Pt pancreatic tail, CA19-9 carbohydrate antigen 19-9, CEA carci-
noembryonic antigen, R resectable, BR borderline resectable, UR unresectable, PD pancreaticoduodenec-
tomy, DP distal pancreatectomy, PDAC-RID pancreatic ductal adenocarcinoma accompanied by rapidly 
impaired diabetes, PDAC-SG pancreatic ductal adenocarcinoma with stable glycometabolism, M male, F 
female, UICC Union for International Cancer Control

Variables PDAC-RID PDAC-SG p-Value
[n = 104] [n = 416]

Preoperative outcomes
Sex ratio (M:F) 70:34 244:172 0.11
Age, years 68 (51–89) 68 (36–88) 0.25
Body mass index, kg/m2 21.7 (13.5–33.3) 21.9 (11.7–34.9) 0.42
Site, Ph/Pb/Pt 63/30/11 262/111/43 0.89
Hemoglobin, g/dL 13.2 (9.4–17.4) 13.0 (8.2–17.6) 0.07
HbA1c, % 9.3 (6.8–15.4) 5.9 (4.7–8.1) < 0.01
CA19-9, U/mL 458.5 (2.0–18932.0) 123.1 (2.0–50,000.0) 0.01
CEA, ng/mL 4.4 (0.9–71.3) 2.7 (0.5–76.0) < 0.01
Total bilirubin, mg/dL 0.7 (0.2–6.9) 0.7 (0.2–10.6) 0.44
Main pancreatic duct diameter, ≥5 mm [n (%)] 35 (37.2) 131 (34.3) 0.59
Resectability, R/BR/UR 91/13/0 354/60/2 0.68
Surgical Procedure, PD/DP/others 65/38/1 264/147/5 0.96
Adjuvant chemotherapy, yes [n (%)] 86 (82.7) 341 (82.0) 0.86
Perioperative outcomes
Operative time, min 445 (225–813) 455 (132–989) 0.35
Intraoperative blood loss, mL 545 (40–1810) 500 (5–2600) 0.41
Postoperative pancreatic fistula, Grade B/C [n (%)] 16 (15.4) 100 (24.0) 0.06
Delayed gastric emptying, Grade B/C [n (%)] 14 (13.5) 49 (11.8) 0.64
Clavien–Dindo classification, ≥3a [n (%)] 13 (12.5) 75 (18.0) 0.18
Postoperative hospital stays, n 26 (12–105) 26 (8-111) 0.52
Pathological findings
Tumor diameter, cm 3.4 (0.6–11.0) 3.3 (1.2–8.5) 0.77
Differentiation, well/moderate/poor 12/72/19 88/270/50 0.07
Venous invasion, positive [n (%)] 97 (93.3) 390 (93.8) 0.86
Lymphatic invasion, positive [n (%)] 87 (83.7) 347 (83.4) 0.95
Perineural invasion, positive [n (%)] 99 (95.2) 384 (91.8) 0.36
pT factor, 1/2/3/4 15/54/30/5 52/233/111/20 0.89
pN factor, 0/1/2 35/43/26 123/170/123 0.59
Stage, I/II/III 26/48/30 96/183/137 0.72
Surgical margin, positive [n (%)] 10 (9.6) 66 (15.9) 0.11
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2.53; p < 0.01) were identified as independent prognostic 
factors.

Recurrence Pattern

The initial recurrent site of the two subgroups in the 
early and advanced stages is shown in Table 4. During the 
follow-up, 368 (70.8%) patients had recurrence, of whom 
63 (60.6%) patients had PDAC-RID and 305 (73.3%) had 
PDAC-SG. In the early stage, there was no significant differ-
ence in all individual recurrent sites between the PDAC-RID 
and PDAC-SG groups. However, the hematogenous metasta-
sis rate was significantly lower in the PDAC-RID group than 
in the PDAC-SG group (p = 0.01). In the advanced stage, the 
hematogenous metastasis rate appeared to be lower in the 

PDAC-RID group than in the PDAC-SG group, but this did 
not reach significance.

DISCUSSION

The intricate and multidirectional relationship between 
diabetes and PDAC has been known for a long time. This 
study showed that patients with PDAC-RID had a signifi-
cantly better long-term survival rate than those with PDAC-
SG after upfront curative resection. This interesting finding 
was particularly noticeable in early-stage cancer (≤T2N1), 
accompanied by a lower hematogenous metastatic rate in 
patients with PDAC-RID than in those with PDAC-SG.

One of the features of this study is that we created a new 
cohort whose rapidly impaired diabetes was associated 

FIG. 2   Comparison of Kaplan–
Meier curves of A CSS and 
B RFS between patients with 
PDAC-RID and PDAC-SG. 
CSS cancer-specific survival, 
RFS recurrence-free survival, 
PDAC-RID pancreatic ductal 
adenocarcinoma accompanied 
by rapidly impaired diabetes, 
PDAC-SG pancreatic ductal 
adenocarcinoma with stable 
glycometabolism
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with the diagnosis of PDAC. The term ‘new-onset dia-
betes’, which is used for a diagnosis of diabetes within 
24 months of detecting PDAC, has often been considered 
to correspond to this concept.7,8,25,26 However, this clas-
sification has several issues. First, patients with long-term 
diabetes (usually defined as > 2 to 3 years before detecting 
PDAC) with acute exacerbation should also be included 
in this concept. Additionally, HbA1c values in patients 
with PDAC-RID are usually much higher than 6.5%, and 
thus may only be matched to a subset of the new-onset 
diabetes cohort. In order to narrow down the cases of rap-
idly impaired diabetes by PDAC, we limited our criteria to 
cases of HbA1c ≥ 8.0% among newly diagnosed diabetes 
cases. This number is the reference value for poor glyce-
mic control worldwide.27 Since the normal value of HbA1c 

is approximately 5.0–6.0%, the increase in HbA1c value 
was more than 2.0%. Similarly, of 64 previously diagnosed 
diabetes patients, changes in HbA1c values in 55 patients 
were known and were elevated more than 2.0%. Although 
the HbA1c changes in another 9 patients were unknown, 
their diabetic treatment was intensified by a local doc-
tor at the time of PDAC diagnosis. This medical history 
qualified those 9 patients for assignment to PDAC-RID. 
Additionally, non-diabetic patients and long-standing sta-
ble diabetic patients were included in the same category 
because they were identical in glycometabolism and sur-
vival (data not shown). Thus, the new cohort used in this 
study would be suitable for selecting patients with PDAC 
whose glycemic control is exacerbated by pancreatic can-
cer. Additionally, this cohort is easily identified by the 

FIG. 3   Subgroup analysis of 
CSS according to T and N fac-
tors. A Kaplan–Meier curves in 
the T2 or lower and N1 or lower 
(early stage) subgroup were 
compared. B Kaplan–Meier 
curves in the T3 or higher and 
N2 or higher (advanced stage) 
subgroup were compared. 
CSS cancer-specific survival, 
PDAC-RID pancreatic ductal 
adenocarcinoma accompanied 
by rapidly impaired diabetes, 
PDAC-SG pancreatic ductal 
adenocarcinoma with stable 
glycometabolism
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serum HbA1c concentration and the patient’s medical his-
tory at outpatient care.

The most important finding in this study is that the long-
term survival rate after upfront surgery for PDAC-RID was 
significantly better than for PDAC-SG. Most previous stud-
ies showed that diabetes was associated with worse or com-
parable survival outcomes following the resection of pan-
creatic cancer.28–32 Although the reason for this discrepant 
result between studies is unclear, one consideration is that 
PDAC-RID might have a unique biology among all PDAC 
patients. In this study, there was no significant difference in 
well-known prognostic predictors, such as the tumor diam-
eter, lymph node metastasis, anatomical resectability, and 
induction rate of adjuvant chemotherapy, between PDAC-
RID and PDAC-SG. Although CA19-9 concentrations in 
patients with PDAC-RID were higher than those in patients 
with PDAC-SG, this tumor marker increases as glycemic 
control worsens.33 Therefore, CA19-9 concentrations in 
PDAC with diabetes can be unreliable. CEA concentrations 

in patients with PDAC-RID were higher than those in 
patients with PDAC-SG, but the median value in both 
cohorts was within normal limits. Therefore, this prognostic 
difference between PDAC-RID and PDAC-SG was apparent, 
regardless of the tumor conditions. Additionally, the number 
of cases of pancreatic head and tail cancer between PDAC-
RID and PDAC-SG was similar (head, 62 (60.6%) and 262 
(63.0%); tail, 11 (10.6%) and 43 (10.3%), respectively), and 
the rate of a dilated main pancreatic duct (≥ 5 mm) in pan-
creatic head cancer between these groups was also similar 
[35 (37.2%) and 131 (34.3%)], which indicated that PDAC-
RID was not always due to pancreatic parenchymal dysfunc-
tion, and also from the tumor itself.

In this study, a better postoperative prognosis of PDAC-
RID was highlighted in the early-stage subgroup, but was 
less noticeable in the advanced-stage group. This finding 
suggested that PDAC-RID had a unique cancer biology. 
Once a tumor has grown to the advanced stage, it acquires 
a more heterogenous cancer biology, as indicated by an 

TABLE 2   Multivariate Cox 
regression analysis of CSS 
in the early-stage subgroup 
(n = 278)

Early stage was defined as T2 or lower and N1 or lower
CSS cancer-specific survival, Ph pancreatic head, Pb pancreatic body, Pt pancreatic tail, PDAC-RID pan-
creatic ductal adenocarcinoma accompanied by rapidly impaired diabetes, PDAC-SG pancreatic ductal 
adenocarcinoma with stable glycometabolism, CA19-9 carbohydrate antigen 19-9, HR hazard ratio, CI con-
fidence interval

Variables n Univariate Multivariate

HR 95% CI p Value HR 95% CI p Value

Age, years
≥70 123 1.54 1.11–2.12 0.01 1.46 1.02–2.07 0.04
<70 155
Site
Ph 174 1.26 0.90–1.78 0.18
Pb, Pt 104
Glycemic state
PDAC-SG 218 1.77 1.12–2.78 0.01 1.76 1.12–2.77 0.02
PDAC-RID 60
CA19-9, U/mL
≥500 64 1.35 0.93–1.95 0.11
<500 214
Differentiation
Poor 36 1.70 1.10–2.64 0.02 1.88 1.20–2.95 0.01
Well, moderate 238
Surgical margin
Positive 24 1.98 1.18–3.34 0.01 1.78 1.05–3.01 0.03
Negative 254
Lymph node metastasis
Yes 153 1.67 1.20–2.33 < 0.01 2.28 1.59–3.26 < 0.01
No 125
Adjuvant chemotherapy
No 43 1.75 1.16–2.64 < 0.01 2.15 1.36–3.41 < 0.01
Yes 235
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TABLE 3   Multivariate Cox 
regression analysis of CSS in 
the advanced-stage subgroup 
(n = 242)

Advanced stage was defined as T3 or higher and N2 or higher
CSS cancer-specific survival, Ph pancreatic head, Pb pancreatic body, Pt pancreatic tail, PDAC-RID pan-
creatic ductal adenocarcinoma accompanied by rapidly impaired diabetes, PDAC-SG pancreatic ductal 
adenocarcinoma with stable glycometabolism, CA19-9 carbohydrate antigen 19-9, HR hazard ratio, CI con-
fidence interval

Variables n Univariate Multivariate

HR 95% CI p-Value HR 95% CI p-Value

Age, years
≥70 96 0.98 0.73–1.31 0.86
<70 146
Site
Ph 151 0.98 0.73–1.31 0.88
Pb, Pt 91
Glycemic state
PDAC-SG 198 0.98 0.66–1.43 0.90
PDAC-RID 44
CA19-9, U/mL
≥500 102 1.87 1.40–2.49 < 0.01 1.89 1.40–2.53 < 0.01
<500 140
Differentiation
Poor 33 1.56 1.03–2.34 0.03 1.63 1.07–2.49 0.02
Well, moderate 204
Tumor diameter, cm
≥4.0 150 1.33 1.02–1.78 0.51
<4.0 92
Surgical margin
Positive 52 1.33 0.95–1.85 0.09 1.55 1.09–2.20 0.02
Negative 190
Lymph node metastasis
Yes 209 1.87 1.17–2.97 0.01 2.25 1.38–3.65 < 0.01
No 33
Adjuvant chemotherapy
No 50 2.06 1.45–2.93 < 0.01 2.53 1.75–3.64 < 0.01
Yes 192

TABLE 4   Initial recurrent site 
of PDAC-RID and PDAC-SG

Overlap was allowed. Early stage was defined as T2 or lower and N1 or lower, and advanced stage was 
defined as T3 or higher and N2 or higher
PDAC-RID pancreatic ductal adenocarcinoma accompanied by rapidly impaired diabetes, PDAC-SG pan-
creatic ductal adenocarcinoma with stable glycometabolism

Variables Early-stage P Value Advanced-stage P Value

PDAC-RID PDAC-SG PDAC-RID PDAC-SG

[n = 60] [n = 218] [n = 44] [n = 198]

Liver metastasis 9 (15.0) 57 (26.1) 0.07 13 (29.5) 68 (34.3) 0.54
Lung metastasis 2 (3.3) 22 (10.1) 0.10 3 (6.8) 28 (14.1) 0.19
Local recurrence 11 (18.3) 32 (14.7) 0.49 9 (20.5) 37 (18.7) 0.79
Distant lymph node 1 (1.7) 9 (4.1) 0.67 5 (11.4) 21 (10.6) 0.88
Peritoneal dissemination 8 (13.3) 18 (8.3) 0.23 7 (15.9) 38 (19.2) 0.61
Others 4 (6.7) 20 (9.2) 0.54 5 (11.4) 4 (2.0) 0.01
Hematogenous, yes 11 (18.3) 78 (35.8) 0.01 17 (38.6) 96 (48.5) 0.24
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accumulating tumor mutation burden.34,35 Therefore, the 
prognostic effect of this unique cancer biology may dimin-
ish as the tumor progresses. In the early stage, the hematog-
enous metastasis rate was significantly lower in the PDAC-
RID group than in the PDAC-SG group, which might have 
directly affected the difference in long-term survival rate. 
Notably, we have reported the optimal pancreatectomy pro-
cedure to enhance the local control, which might contribute 
to the favorable outcome of this unique PDAC.17,20 We sub-
divided microscopic venous invasion into the following four 
subclassifications: v0, no evidence of venous invasion; v1, 
slight venous invasion; v2, moderate venous invasion; and 
v3, marked venous invasion.36 We found that PDAC-RID 
tended to have a lower venous invasiveness in the early-stage 
subgroup (ESM Fig. 2). Therefore, PDAC-RID may be asso-
ciated with the low frequency of venous invasion. Indeed, 
these considerations need to be validated in a larger-scale 
clinical setting. Additionally, molecular biological analyses 
would clarify the detailed mechanism of the characteristics 
of PDAC-RID.

The main treatment option for PDAC has changed from 
surgery only to a combination of surgery and cytotoxic 
chemotherapies because of recent remarkable developments 
in medical therapy.5,37 The optimal selection of patients for 
various treatment options is an important issue. In this study, 
PDAC-RID in the early stage showed a more favorable long-
term survival rate after curative upfront surgery than PDAC-
SG. In contrast, previous studies have shown that patients 
with diabetes are associated with a lower response rate, 
lower completion rate, and higher rate of death after chemo-
therapy.38–40 Therefore, especially in early-stage PDAC-RID, 
the indication for neoadjuvant chemotherapy should be care-
fully considered.

This study has several limitations. First, some patients 
had incomplete information in their clinical data and diabe-
tes history because of the retrospective design. Therefore, 
accurate previous HbA1c values cannot be determined for 
the entire cohort, which might have affected the patient flow-
chart in this study. Although preoperative biliary interven-
tions were performed for jaundice patients, not all cases of 
preoperative total bilirubin came within normal range. Thus, 
the CA19-9 values in jaundice patients might be affected by 
high total bilirubin values. Second, patients who underwent 
preoperative chemotherapy were excluded from this study, 
although this was intentional. Therefore, the association 
between impaired glycometabolism and the chemotherapeu-
tic effect remains unknown. Third, the mechanism of a better 
prognosis by upfront resection in patients with PDAC-RID 
was not able to be fully determined. Fundamental research 
needs to be performed to discover relevant biomarkers rep-
resentative of PDAC, which rapidly impairs the glycometa-
bolic state, in the future.

CONCLUSION

PDAC accompanied by rapidly impaired diabetes shows 
a favorable postoperative long-term survival rate by upfront 
curative pancreatectomy, which is especially noticeable in 
the early stage. This type of pancreatic cancer is easy to 
discriminate in the clinical setting and may have a unique 
biology.
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