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postoperative mortality. Today, the surgical procedure
can be performed safely, and the postoperative mortality
in some specialized pancreatic centers is reported to be
less than 5% [15-17]. In the many previous reports, the
follow-up period was within five years, but precise data on
the long-term survival and prognostic factors can be ob-
tained by analysis not only of actuarial data, but also of
data of patients who achieve actual long-term survival of
five years or more.

The aim of this study was to identify the clinical and
pathological features of five-year survivors after surgical
resection of pancreatic ductal carcinoma. This study
could aid oncologists and surgeons in determining which
characteristics or clinicopathological factors suggest an
increased possibility of five-year survival after pancreatic
resection for pancreatic carcinoma.

Methods

Patients

A total of 195 patients who underwent pancreatectomy
for pancreatic ductal carcinoma at our institution bet-
ween January 1988 and October 2012 were studied. In-
formed consent was obtained from all patients to use
the specimens for this study according to the institutional
rules of the hospital. All patients were histologically con-
firmed to have the common type of invasive ductal carci-
noma of the pancreas. Any patients with neuroendocrine
carcinoma, mucinous cystic carcinomas, or intraductal pa-
pillary mucinous carcinomas were excluded. Of the 195
patients, 48 patients were excluded for the following rea-
sons: 42 censored cases, composed of four patients who
were lost to follow-up during the observation period and
38 patients who were alive within five years after the oper-
ation; four due to postoperative mortality within 30 days;
and two were five-year survivors with recurrence disease.
The data from the remaining 147 patients, who were five-
year survivors without disease recurrence (five-year survi-
vors) and died within five years after surgery (short-term
survivors), was retrospectively analyzed. The demographic
and clinical variables included age, sex, preoperative se-
rum CA19-9 level, and tumor location. In patients with
preoperative jaundice, the data after the jaundice was re-
duced was used as the preoperative serum CA19-9 values.
In patients with jaundice at our medical center, endo-
scopic or percutaneous bile duct drainage is usually per-
formed. The CA19-9 value in all patients was the value
after total bilirubin was reduced to under 5 mg/dL. All pa-
tients had presented with resectable localized disease
without distant metastasis. None of the patients received
neoadjuvant therapy before surgery. Fourteen patients had
intraoperative radiation therapy (IORT), and 20 patients
received adjuvant chemotherapy with gemcitabine. All pa-
tients were followed up on for survival, and the median
follow-up period was 14.5 (2.1 to 170.2) months.
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Surgery and pathology

Surgery involved standard or subtotal stomach-preserving
pancreaticoduodenectomy in 90 patients (61.2%), distal
pancreatectomy in 49 (33.3%), and total pancreatectomy
in eight (5.4%). Regional lymph node dissection was per-
formed in all patients and the median number of resected
lymph nodes was 24 (range: 2 to 100). The resected speci-
mens were fixed in 10% formalin at room temperature,
and the size and gross appearance of the tumor were
recorded. The pathologic stage of all tumor specimens
was determined using the American Joint Committee
on Cancer (Sixth edition) staging system [18]. Tumor dif-
ferentiation was classified according to the World Health
Organization’s classification of either well-differentiated
(Grade 1), moderately differentiated (Grade 2), poorly dif-
ferentiated (Grade 3), or undifferentiated (Grade 4) [19].
A positive margin was defined as the presence of at least
one cancer cell within 1 mm of one or more resection
margins on a macroscopic examination. The pathological
features that might affect prognosis were histologically
assessed tumor size, serosal invasion (S), retroperiton-
eal tissue invasion (RP), intrapancreatic common bile
duct invasion (CH), portal vein invasion (PV), lymph
node metastasis, lymphatic invasion (LY), venous inva-
sion (V), and intrapancreatic nerve invasion (NE), on
the basis of the Japan Pancreas Society classification
(Sixth edition) [20].

Statistical analysis

The clinicopathological features were compared between
five-year survivors and short-term survivors. The risk
factors related to survival were examined in long-term
survivors. Categorical variables were compared using the
X test or Fisher’s exact test. A receiver operating charac-
teristics (ROC) curve was constructed to estimate the
optimal cutoff value of preoperative serum CA19-9. The
cutoff value was determined as the point closest to the
upper left-hand corner of the graph. Variables with a sig-
nificance of P <0.05 on a univariate analysis were in-
cluded in a multivariate regression analysis to identify
factors associated with long-term survival. Survival was
calculated using the Kaplan-Meier method and compared
between groups by the log-rank test. P values <0.05 were
considered significant. Statistical analyses were performed
using SAS version 9.0 software (SAS Institute, Inc., Cary,
North Carolina, United States).

Results

Characteristics of patient and tumor-related data of these
147 patients are given in Table 1. The median overall
survival of all cases was 14.4 months; short-term and
five-year survivors were 12 months and 125.6 months,
respectively. The actuarial three- and five-year survival
rates were 18.4% and 12.2%, respectively. The median
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Table 1 Patient characteristics

Characteristics Number
Gender

Male 85
Female 62
Age (years)

Median (range) 67 (33 to 85)
Tumor location

Head 97
Body/tail 50
Tumor size (cm)

Median (range) 3412110 18)
Surgery

Pancreatoduodenectomy 90
Distal pancreatectomy 49
Total pancreatectomy 8
Histologic differentiation

Grade 1 33
Grade 2 80
Grade 3 24
Grade 4 10
UICC stage Union for International Cancer Control

1A 1
1B 7
A 46
118 71
il 3
[\ 19
Positive lymph node

NO 59
N1 88
Resection status

RO 72
R1 34
R2 41

overall survival times of early cases (who were operated
on between 19888 and 2000) and late cases (2001 to
2012) were 13.5 and 14.7 months, respectively. There
are no statistical differences in survival (P = 0.65).

The median preoperative serum CA19-9 level of the 147
patients was 122 U/mL. An ROC curve demonstrated that
a preoperative serum CA19-9 level of 40 U/mL was the
optimal cutoff point for five-year survival, with a sensitiv-
ity of 66.7% and a specificity of 73.6%. The area under the
curve (AUC) was 0.670 (Figure 1).

Of the 147 patients, 18 patients (12.2%) survived more
than five years after surgery without disease recurrence.
The median age of five-year survivors (13 men, five
women) was 65 years (range: 46 to 76). The distribution
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Figure 1 Receiver operating characteristic (ROC) curve analysis
of preoperative CA19-9 for prediction of five-year survival of
patients with pancreatic carcinoma. An ROC curve demonstrated
that a preoperative serum CA19-9 level of 40 U/mL was the optimal
cutoff point. The area under the curve (AUC) was 0.670.

of the tumor stages according to The UICC TNM Classifi-
cation (UICC (Union for International Cancer Control)
Sixth) was: stage IA (n=1; 5.6%); IB (n=2; 11.1%); I1A
(n=6; 33.3%); IIB (n=9; 50%); and stage III or IV
(none). The pancreatic resections were standard pan-
creaticoduodenectomy in 12 patients and distal pan-
createctomy in six patients. The median tumor size was
32 mm (range: 12 to 55), including five patients (27.8%)
with tumor diameters of 20 mm or less. Eight patients
were positive for lymph node metastasis, and all patients
with positive lymph nodes had within two positive lymph
nodes. Portal vein resection was performed in two pa-
tients, and RO surgery was performed in 14 (77.8%) pa-
tients. Tumor recurrences beyond five years after surgery
were observed in four patients. The longest time for recur-
rence was 8.4 years after surgery (Table 2).

Table 3 shows the results of the univariate analysis of
the factors affecting five-year survival after pancreatec-
tomy in the 147 patients. Sex, age, tumor location, tumor
size, histologic differentiation, T classification, N classifica-
tion, adjuvant therapy, S, RP, CH, LY, V, portal vein resec-
tion, and IORT were evaluated, but were not significant
on univariate analysis. Significant associations with five-
year survival were observed for number of lymph node
metastases being two or less (P=0.014), a preoperative
serum CA19-9 level cutoff of 40 U/mL (P =0.0018), the
absence of NE (P = 0.028), and undergoing an RO resection
(P=0.011).

A logistic regression model adjusted for two or fewer
lymph node metastases, a preoperative serum CA19-9
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Table 2 Characteristics of five-year survivors without disease recurrence

Age/gender  CA19-9  Tumor Tumor ulcc TNM-N  Number of lymph  Surgery R Outcome  Recurrence
(U/mL) location  size (mm)  stage node metastasis {month)

71/F 2 Pb 16 A 0 0 Dp 0  68/A None

76/F 65 Ph 30 1B ] 2 PD 0 69D None

72/M 597 Pt 40 3] 1 2 DpP 1 73/D Dissemination

57/M 611 Ph 42 B 0 0 PD with PV 0 74/A None

73/F 3221 Pbt 32 1B 1 2 bP 0 78/A None

76/M 21 Ph 20 A 0 0 PD 0 79D None

62/M 103 Ph 40 1B 1 2 PD 0 85D Lymph node

61/M 29 Ph 12 HA 0 0 PD 1 86/A None

46/M 31 Ph 40 IIA 0 0 PD 0 89D Liver/local

68/F 2381 Ph 55 IIA 0 0 PD 0 92/A None

73/M 39 Pb 38 1B 1 1 DpP 0 100/A None

60/F 34 Ph 50 1B 1 2 PD 0 108/A None

70/M 29 Ph 32 1B 0 0 PD 0 111/7A None

57/M 20 Ph 30 B 1 2 PD with PV 1 122/0 Lung/skin

56/M 4.1 Ph 20 A 0 0 PD 0 129/D None

57/M 30 Pb 30 1B 0 0 DpP 0 144/A None

57/M 7 Pb 35 A 0 0 DP 0 145/A None

70/M 2 Ph 15 1B 1 1 PD 1 170/A None

A, alive; D, dead; DP, distal pancreatectomy; Pb, body of the pancreas; Pbt, body and tail of the pancreas; PD, pancreaticoduodenectomy; Ph, head of the

pancreas; Pt, tail of the pancreas; PV, portal vein resection; R, resection status.

level cutoff of 40 U/mL, resection margin status, and
the absence of NE identified the following independent
cancer-related predictors of five-year survivors: two or
fewer lymph node metastases, (OR: 6.02, 95% CI: 1.08 to
112.98; P =0.0385), CA19-9 £40 U/mL (OR: 5.02; 95% CL
1.68 to 16.48; P=0.036), and RO resection (OR: 3.63;
95% CI: 1.12 to 14.28; P =0.0316) (Table 4).

On the basis of the multivariate analysis results, a com-
bined analysis of the preoperative serum CA19-9 level, RO
resection, and number of lymph node metastases being
two or less was performed. When each of the three pre-
dictors was counted as one point and the points were cal-
culated for all 147 cases, a good stratified survival curve
was obtained, showing the longer survival in the higher
points: median survival times of three, two, one, and zero

points were 39.0, 17.0, 8.2, and 8.6 months, respectively -

(P <0.0001) (Figure 2).

Discussion

The present study identified three factors (number of
lymph node metastases being two or less, preoperative
serum CA19-9 level of <40 U/mL, and RO resection), as
being related to five-year survival after surgical resection
of pancreatic ductal carcinoma. Moreover, the longest
survival time was observed in patients who had all of
these three factors (Figure 2). To date, prognostic factors
for pancreatic carcinoma have been vigorously investi-
gated [4-11]. However, the present study did not simply
examine prognostic factors; instead, by analyzing patients
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who actually achieved five-year survival, factors for five-
year survival were more accurately identified.

Tumor size has been considered an important prog-
nostic factor for pancreatic cancer. Large surgical series
showed that five-year survival rate (20 to 41%) and me-
dian survival time (23 to 38 months) of small pancreatic
cancer were better than the five-year survival rate (1 to
20%) and median survival time (10 to 17 months) of
large pancreatic cancer [5,21-24]. In the present study,
small pancreatic cancer (<2 cm) was not a factor related
to five-year survival after surgical resection for pancre-
atic cancer on univariate analysis. About a quarter of pa-
tients surviving for more than five years had tumors 2
cm or smaller, suggesting that even patients with a larger
tumor can achieve five-year survival.

There are many reports that lymph node metastases
are a prognostic factor [4-6]. In addition, the number of
positive lymph nodes divided by the total number of
lymph nodes evaluated (LNR) has also been reported as
a prognostic factor [8]. However, there are few reports
limited to the number of lymph nodes. Huebner et al.
reported new findings on predictive factors for five-year
survival when dividing patients into groups with <1 ver-
sus 22 lymph node metastases [25]. In the present study,
actual five-year survivors were limited to patients with
two or few lymph node metastases. This result suggested
that three or more lymph node metastases may mean
that lymph node metastases exist outside the area of dis-
section, or that distal metastases may be present.
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Table 3 Univariate analysis of factors affecting five-year Table 3 Univariate analysis of factors affecting five-year
survival after pancreatectomy for pancreatic survival after pancreatectomy for pancreatic
adenocarcinoma adenocarcinoma (Continued)

Characteristics Short-term  Five-year P value

Intrapancreatic common bile

survivors survivors duct invasion

(n=129) (h=18)

Present 61 7 062
Gender
Absent 68 11
Male 72 13 0.21
Lymphatic permeation
Female 57 5
Age ( ) Present 13 16 1
e (years,
gely Absent 16 2
Median (range) 67 (33-85) 65 (46-76)  0.28
Vascular permeation
Tumor location
Present 63 8 08
Head 85 12 1
- Absent 66 10
Body/tail 44 6
Intrapancreatic nerve invasion
Tumor size (cm)
- Present 118 13 0.03
Median (range) 35(1.2-18) 321255 052
Absent 13 5
<2cm 14 5 0.06
Portal vein resection
>2.cm 115 13
- — — Present 31 2 037
Histologic differentiation
Absent 98 16
Grade 1-2 102 11 0.13
Intraoperative radiation therapy
Grade 3-4 27 7
Present 11 3 038
T classification
Absent 118 15
T1-T2 14 3 044
T3-T4 115 15
N classification In the present study, a CA19-9 cutoff value of 40 U/mL
NO 29 10 02 was established using ROC curve analysis as described in
N s 5 the statistical section. The AUC of 0.67 at the cutoff value
may be statistically insufficient for sensitivity and specifi-
Number of resected lymph nodes . . . .

: city, however, it was optimal in our data. Abnormally ele-
Median (range) 2> 2100 17 2%8) 021 vated CA19-9 levels have been reported as a prognostic
r'\mlwueq::;rsiif lymph node factor in previous studies, but the cutoff values have
= - - o0 ranged widely from 30 to 1,000 U/mL. The normal value
=2 ‘ : for CA19-9 is <37 U/mL, and interestingly, a CA19-9
23 34 0 of <40 U/mL (near the normal value) was associated with
CA19-9 level (U/mL)

Median (range) 172 (223009) 305 (23221) 002 Table 4 Multivariate analysis of factors affecting five-year
<40 34 12 0 survival after pancreatectomy with invasive carcinoma of
540 94 6 the pancreas
Resection margin Predictors Od_ds ?5% confidence P value
ratio interval
58 1 ;
RO 4 00T Number of lymph node metastasis
R1 iRz A 4 <2 6.02 1.08-112.98 0.0385
Adjuvant therapy >3 1
1 47
Yes ° L 0 CA199 level (U/mL)
No 1o 7 <40 502 1681648 00036
Serosal invasion
>40 1
Present 81 10 061 - -
Resection margin
Apsent : — 48 8 RO 363 1121428 00316
Retroperitoneal invasion RIRD ]
Present 91 11 0.58 N - - N
Intrapancreatlc penneural nvasion
Absent 3 6 Absent 272 0645-1086 0.1664
Present 1
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Figure 2 A combined analysis of the preoperative serum CA19-9 level, RO resection, and number of lymph node metastases being two
or less. The subgroup of preoperative serum CA19-9 <40 U/mL and RO resection, together with number of lymph node metastases <2, is
associated with a probability of five-year survival of 42.1%. MST, median survival time.

five-year survival in the present study. Waraya et al. re-
ported cutoff values of 28 U/mL or 30 U/mL in terms
of prognosis, which supports the current results [9].
These results might suggest that long-term survival
after surgical resection for pancreatic ductal carcinoma
requires that the preoperative CA19-9 level be around
the normal range. No other tumor markers, including
CEA (Carcinoembryonic antigen) and DUPAN-2, were
useful as prognostic indicators (data not shown).

Resection status has also been often reported as a
prognostic factor. The present study also found residual
tumor status to be an independent predictive factor re-
lated to five-year survival. On the other hand, retroperi-
toneal invasion was not a predictive factor for five-year
survival. This important finding means that, even in
cases with retroperitoneal invasion, RO resection is im-
portant and hopeful for five-year survival.

In addition, four patients had tumor recurrence be-
yond five years of follow-up. The longest interval to re-
currence was 8.7 years, with lung and skin metastases.
Therefore, it should be kept in mind during the follow-
up period that recurrences may occur even after five
years. Schnelldorfer et al. reported that none of the 30
patients who survived beyond 7.8 years had recurrence
of disease, and all survived beyond 10 years [6]. Katz et al.
also reported that late recurrence after five years occurred
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in seven patients and the latest cancer-related death oc-
curred at 7.6 years [26]. In consideration of our report and
the previous reports, survival beyond 10 years might sug-
gest a potential cure.

The CONKO-001 trial [27] reported gemcitabine to be
effective as a postoperative adjuvant therapy. This trial
reported that treatment with adjuvant gemcitabine led
to a 24% improvement in overall survival, with a signifi-
cant 10.3 percentage point absolute improvement in the
five-year overall survival rate (20.7 versus 10.4%), com-
pared with observation alone. Moreover, a recent phase
three study compared S-1 and gemcitabine as postopera-
tive adjuvant therapy and reported S-1 to be superior. In
this study, in the S-1 therapy group, median relapse-free
survival time was 23.2 months, and the two-year relapse-
free survival rate was 49% [28]. These results strongly
suggest that adjuvant chemotherapy achieved long-term
survival after surgical resection. However, in the present
study a small number of 20 patients received gemcitabine
as adjuvant therapy, resulting in no impact of adjuvant
therapy on the survival time (Table 3). Since gemcitabine
and S-1 have been recently recognized as standard adju-
vant therapies after pancreatectomy for pancreatic cancer
with the above mentioned evidences [27,28], the rate of
adjuvant therapy using either of the two drugs has grad-
ually increased in Japan. Nowadays more than 80% of the
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patients with pancreatic cancer are given gemcitabine or
S-1 after pancreatectomy in our institution. With increas-
ing use of adjuvant therapy for pancreatic cancer in the fu-
ture, five-year survivors would be expected to increase.
Although neoadjuvant chemotherapy and neoadjuvant
chemoradiotherapy for pancreatic cancer have been inves-
tigated for last two decades, their survival benefit has still
not been proven [29,30]. At our institution, neoadjuvant
chemoradiotherapy with gemcitabine and S-1 have been
used since 2013 for unresectable and borderline resectable
pancreatic adenocarcinoma. In our series, some initially
unresectable cases have been resectable. But several years
are needed to evaluate whether neoadjuvant chemoradio-
therapy will become a prognostic factor or not.

Using the predictive model, the subgroup of preopera-
tive serum CA19-9 level cutoff of 40 U/mL and RO re-
section, together with number of lymph node metastases
being two or less, is associated with a probability of five-
year survival of 42.1% (Figure 2). Although long-term
survival in this subgroup can be strongly expected, RO
resection and two or fewer lymph node metastases were
post-resection parameters. This result suggests that pa-
tients not expected to have these factors at the time of
preoperative diagnosis should have neoadjuvant treat-
ment or stronger adjuvant chemotherapy.

The limitations of the present study are as follows.
This was a retrospective study conducted at a single in-
stitution. Approximately 5 to 10% of the general popula-
tion is Lewis antigen A and B-negative, which means
that they do not synthesize the CA19-9 antigen and will
not have elevated levels, even with pancreatic cancer or
other malignancies. In the present series, the data re-
lated to Lewis antigens A and B could not be included
because of the retrospective nature of the study.

Conclusions

In conclusion, the present study showed that two or fewer
lymph node metastases, a preoperative serum CA19-9
level of 40 U/mL or less, and RO resection were associ-
ated with five-year disease-free survival of patients with
pancreatic cancer who underwent surgical resection.
Patients with these three factors are expected to have a
high five-year survival rate after surgical resection of
pancreatic carcinoma.
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Abstract

Introduction This study aimed to determine risk factors for exacerbation of diabetes mellitus (DM) after pancreatectomy.
Methods Medical records of 167 patients with benign and malignant pancreaticobiliary diseases who underwent
pancreaticoduodenectomy or distal pancreatectomy were retrospectively analyzed. DM was diagnosed by diabetic history or
American Diabetes Association criteria. Worsened and improved DM after pancreatectomy was defined when treatment intensity
or insulin/oral antidiabetic drug dosage increased or decreased, respectively, postoperatively. Long-standing DM was defined as a
duration of >2 years.

Results In 76 preoperative diabetic patients, worsened and improved DM was observed postoperatively in 46 (60.5 %) and 9
(11.8 %) patients, respectively. In 91 preoperative nondiabetic patients, 22 (24.2 %) developed new-onset DM after pancreatec-
tomy. Multivariate logistic analysis of the preoperative diabetic patients demonstrated long-standing DM and malignancy as
independent predictors for postoperative worsened DM. No patients with long-standing DM or insulin treatment experienced
improved DM after pancreatectomy. Multivariate logistic analysis of the preoperative nondiabetic patients showed body mass
index of >25 and hard pancreatic texture as independent risk factors for new-onset postoperative DM.

Conclusions These results may enable preoperative evaluation of risk factors for worsened or new-onset DM after pancreatec-
tomy and may help plan intensive care for patients at a high risk of postoperative worsened DM.

Keywords Diabetes mellitus - Pancreaticoduodenectomy - (ADA) categorizes diabetes mellitus (DM) after pancreatecto-
Distal pancreatectomy - Body mass index - Pancreatic texture my as “type 3C DM.” Type 3 is “other specific type” DM in
ADA category, meaning features are distinct from type 1 or
type 2 DM. Type 1 DM commonly begins in childhood and is
caused mainly by a T cell-mediated autoimmune attack on the
Introduction beta cells. Type 2 DM is caused by a defect in the responsive-
ness of body tissue to insulin as a result of an unknown
Pancreatectomy usually causes deterioration of glucose toler-  mechanism and is a lifestyle-related disease. Code “C” is
ance because the pancreas is the organ responsible for the  one of eight pathophysiological entities (A to H) of type 3.
hormonal regulation of glucose metabolism by secreting in-  Type 3C DM is caused by “disease of the exocrine pancreas”
sulin and ghicagon.’ The American Diabetes Association  including pancreatitis, trauma, pancreatectomy, neoplasm,
and cystic fibrosis.” Type 3C DM, or generally called

K. Hirata * B. Nakata (B) - R. Amano - S. Yamazoe - K. Kimura - “pancreatogenic diabetes,” after pancreatectomy has the fol-
K. Hirakawa lowi .. s 3.4 K
al characteristics: 1) rarely devel
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e-mail: bunzo@med.osaka-cu.ac.jp and (5) hepatic resistance to insulin and unsuppressed glucose
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and pancreatic polypeptide-secreting PP cells in pancreatic
tissue have been reduced. The association of glucose intoler-
ance and hepatic insulin resistance with deficiency of pancre-
atic polypeptide has been demonstrated.” Low insulin,
normal/high glucagon, and high pancreatic polypeptide levels
are characteristic of type 1 DM, whereas high insulin, normal/
high glucagon, and high pancreatic polypeptide levels are
distinctive of type 2 DM.** Although hormonal status differs
among the DM types, hyperglycemia of patients with type 3C
DM is treated with dietary management, an oral antidiabetic
drug (OAD), or insulin according to the intensity of the
glucose regulation disturbance.” Principally, the goal of glu-
cose control is the reduction of hemoglobin (Hb)Alc levels
below 6.5 % for Japanese® and 7.0 % for Americans and
Europeans® with type 1 or 2 DM. The target HbA Ic level is
the same for type 3C DM.”

It has been recognized that the change in glucose metabo-
lism after pancreatectomy is usually small, unless more than
50 % of the parenchyma is excised in patients with diffuse
parenchymal disease or more than 80 % in patients with
normal pancreatic function.” As approximately half the vol-
ume of the pancreatic tissue, including endocrine cells, is
removed by pancreaticoduodenectomy (PD)’ or distal pancre-
atectomy (DP),® some patients who undergo resection develop
type 3C DM. There may be different reduced ratios in the
individual kinds of islet cells between PD and DP, because
beta cells are located evenly throughout the pancreas, and
alpha cells are localized selectively in pancreatic tail, and PP
cells are localized mainly in the pancreatic head.* However, it
is difficult to predict exactly how glucose metabolic derange-
ment will occur after pancreatectomy in individual patients.
The present study investigated the impact of clinicopatholog-
ical factors on the change in postoperative diabetic status in
patients with benign and malignant tumors who underwent
PD or DP.

Materials and Methods
Patients

Data were collected retrospectively on 167 patients who
underwent PD (n=100) or DP (n=67) between June 2007
and April 2012 at Osaka City University Hospital and who
survived more than 1 year. The patients reviewed consisted of
86 males and 81 females, and their mean age was 66.0+
12.2 years. PD included subtotal stomach-preserving PD’
(n=70) and pylorus-preserving PD (n=7). Most of the PD
procedures included reconstruction by Child’s method (n=
83). Operative duration was 375+150 min. Intraoperative
blood loss volume was 719£688 ml. The pathological diag-
noses of the lesions are shown separately in the preoperative
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diabetic and nondiabetic patients in Table 1. Comprehensive
written informed consent was acquired from all patients.

Definition of DM

Diabetes in the preoperative diabetic patients was defined as
history of diabetes as treated by dietary management, OAD, or
insulin, which were listed according to treatment intensity.
Worsened DM in the preoperative diabetic patients was de-
fined as an increase in the intensity of the treatment or amount
of insulin/fOAD after pancreatectomy compared with preop-
erative treatment. Improved DM was defined as a decrease in
the intensity of the treatment or amount of insulin/OAD
compared with the preoperative treatment. New-onset DM in
the nondiabetic patients after operation was defined according
to the ADA diagnostic criteria for DM. For instance, in
patients with classic symptoms of hyperglycemia or with
hyperglycemic crisis, a random plasma glucose level of
=200 mg/dl was sufficient for the diagnosis of DM. In patients
with unequivocal hyperglycemia, the following criteria were
required to be confirmed on more than one occasion: (a)
HbAlc of 26.5 %, (b) fasting plasma glucose of >126 mg/dl

Table 1 Pathology of 167 patients who underwent pancreatectomy

Feature Preoperative Preoperative
diabetic patients nondiabetic
patients
No. of patients 76 91
Malignant
Pancreatic cancer 38 31
Intraductal papillary mucinous 4 2
carcinoma
Acinar cell carcinoma 1 0
Pancreatic metastatic tumor 1 1
from renal cell carcinoma
Ampullary cancer 7 9
Distal bile duct cancer 3 i1
Duodenal cancer 3 3
Gallbladder cancer 0 1
Benign or low-grade malignancy
Intraductal papillary mucinous 11 12
adenoma
Nonfunctioning islet cell 2 7
tumor
Gastrinoma 0 1
Solid pseudopapillary tumor 1 4
Mucinous cystadenoma 0 4
Schwannoma 0 1
Serous cystadenoma 1 0
Simple cyst 1 0
Ectopic spleen 1 0
Chronic pancreatitis 2 5
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after fasting for >8 h, or (c) 2-h value of plasma glucose of
>200 mg/d] during an oral glucose tolerance test.” DM status
was observed for 1 year after operation both in the preopera-
tive diabetic and nondiabetic patients. Outcome-based physi-
cal and blood examinations were conducted at least every
12 weeks. The data were collected until 1 year after operation
to avoid the effect of recurrent disease on DM status. Duration
of DM more than 2 years before operation was defined as
long-standing DM. "¢

Statistical Analysis

Statistical analysis was performed using JMP® 10 statistical
software (SAS Institute, Inc., Cary, NC, USA). All subjects
were classified into two groups: preoperative diabetic and
nondiabetic patients, and analyses were performed for each
group. We examined the clinicopathological risk factors for
worsened or new-onset DM using univariate logistic regres-
sion analysis. We also utilized the stepwise forward selection
method in multivariate logistic analysis to identify the covar-
iate most strongly associated with worsened or new-onset
DM. The cutoff value of body mass index (BMI) was 25,
above of which is defined as overweight by the World Health
Organization.'! Mean values were recorded with plus or mi-
nus of the standard deviation. Significance for all studies was
accepted at two-tailed P values of <0.05.

Results
Change of DM Status and Treatment Alteration

In the 76 preoperative diabetic patients, worsened DM after
pancreatectomy was found in 46 (60.5 %) patients within
1 year (Fig. 1a, Table 2). Nine (11.8 %) patients experienced
improved DM and are characterized in Table 3. Of the 91
preoperative nondiabetic patients, 22 (24.2 %) developed
new-onset DM after pancreatectomy within 1 year (Fig. 1b,
Table 2).

Of'the 76 preoperative diabetic patients, 33 were controlled
preoperatively by dietary management, 36 by OAD, and 7 by

insulin injection. An itemization of the treatment alteration for
the patients with changed DM status is shown in Table 2.

Univariate and Multivariate Analysis

With regard to risk factors for worsened DM in the preoper-
ative diabetic patients, univariate logistic analysis showed that
long-standing DM and preoperative treatment for DM with
insulin or OAD were significant factors for worsening of DM
after pancreatectomy (Table 4). Multivariate logistic analysis
revealed that long-standing DM (odds ratio, 11.4221; 95 %
confidence interval (CI), 3.2732-51.1931; P<0.0001) and
malignant disease (odds ratio, 5.9241; 95 % CI, 1.6165-
25.6499; P=0.0066) were significant independent factors for
worsening of DM following pancreatectomy. With regard to
risk factors for new-onset DM in preoperative nondiabetic
patients, BMI>25 and hard pancreatic texture were shown
as factors by univariate logistic analysis (Table 5) and were
shown as significant independent factors by multivariate lo-
gistic analysis (odds ratio, 3.5264 and 2.8522; 95 % CI,
1.0648-11.7383 and 1.0038-8.2644; P=0.0394 and 0.0492,
respectively).

Discussion

The number of patients with diabetes before undergoing pan-
createctomy accounted for 45.5 % (76/167) of the subjects in
the present study (Table 1). The prevalence of preoperative
DM in patients undergoing pancreatectomy has been scarcely
reported except with respect to pancreatic cancer and chronic
pancreatitis. In the present study, the incidence of preoperative
diabetic patients with pancreatic cancer was 55.7 % (38/69)
(Table 1); this proportion is concordant with the proportions of
patients with pancreatic cancer reported in previous studies as
30.9-54.9 %.'%1>71¢ These data also demonstrate the appar-
ently high rates of preoperative diabetic patients with various
diseases requiring treatment by pancreatectomy, although the
patient numbers were small for the individual diseases
(Table 1).
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Table 2 Change of diabetes mellitus status and treatment alteration after
pancreatectomy

Change Treatment alteration No. of No. of
preoperative  preoperative
diabetic nondiabetic
patients patients

Worsened DM 46

Diet"—OAD 9 -
Diet—insulin 3 -
OAD—1insulin 9 -
Increased OAD 20 -
Increased insulin 5 -
Improved DM 9
Insulin—diet 0 -
Insulin—OAD 0 -
OAD—diet 2 -
Decreased OAD 1 -
Decreased insulin 0 -
Diet—no treatment 6 -
New-onset DM 22
No treatment—diet - 14
No treatment—OAD  — 7

{

No treatment—insulin

DM diabetes mellitus, OAD oral antidiabetic drug
* Dietary management

The cause of worsened DM after pancreatectomy in pre-
operative diabetic patients is probably due to glucose-

regulating disturbance caused by a reduction of hormone-
secreting cells. Previous studies have found rates of worsened
DM in preoperative diabetic patients after pancreatectomy in a
wide range of 18-83.3 %.”'*!7 The present study found that
60.5 % (46/76) of the preoperative diabetic patients experi-
enced worsened DM after pancreatectomy. The definitions of
worsened DM in the previous reports were almost uniform,
defining worsened DM as a postoperative escalation of med-
ication for blood sugar control, which is the same definition
used in the current study (Table 2).

One possible explanation for the different rates of wors-
ened DM observed in various individual studies might be
different observation periods after pancreatectomy. An advan-
tage of the present investigation was that the study design
allowed the ability to indicate a gradually increasing rate of
worsened DM according to time progression (Fig. la); such
time-dependent data have not been demonstrated previously.
However, the weakness of the data in the present study is that
the observation period was limited to 1 year after pancreatec-
tomy, which is the same duration as that of the data from
several previous investigations.'>'®° The purpose of the 1-
year postoperative observation period was to diminish the
cffects on DM status by pancreatic disease recurrence. The
investigations to find predictors for change in DM status
caused by pancreatectomy have been very limited. White
etal.'® retrospectively analyzed the impact of several variables
on worsened DM, together with new-onset DM, in 101 pa-
tients with pancreatic malignant neoplasms who underwent
pancreatectomy. They showed that the duration of hospital

Table 3 Characteristics of patients who experienced improvement in preoperative diabetes mellitus after pancreatectomy

No. Age Sex Preoperative Preoperative Preoperative Long-  Preoperative Operative Pancreatic Pathology Postoperative
BMI serum jaundice standing treatment procedure texture pancreatic
albumin DM? for DM fistula grade
(mg/dl) B/C
1 68 Male 235 38 No No Diet® Dp Soft Pancreatic cancer No
2 75 Female 224 4.1 No No OAD Dp Soft Pancreatic cancer No
3 67 Female 26 33 Yes No OAD PD Soft Pancreatic cancer No
4 76 Male 248 3.9 No No OAD PD Hard Pancreatic cancer No
5 74 Male 213 3.9 No No OAD PD Hard Intraductal papillary  No
mucinous
carcinoma
6 67 Male 237 44 No No Diet Dp Soft Acinar cell carcinoma  Yes
7 63 Male 287 42 No No Diet PD Soft Intraductal papillary No
mucinous adenoma
8 50 Male 229 3.8 No No Diet PD Soft Nonfunctioning islet No
cell tumor
9 61 Male 213 3.8 No No Diet DP Soft Schwannoma Yes

Pancreatic texture was subjectively judged by the operating surgeon. Grade of pancreatic fistula was defined according to the International Study Group
on Pancreatic Fistula

BMI body mass index, DM diabetes mellitus, O4D oral antidiabetic drug, PD pancreaticoduodenectomy, DP distal pancreatectomy

# Treatment for DM over 2 years

® Dietary management
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Table 4 Impact of clinicopathological features on worsened diabetic mellitus after pancreatectomy in preoperative diabetic patients according to
univariate analysis

Feature No. of patients Univariate analysis

Odds ratio 95 % C1 P value
Age (=70:<70 years) 37:39 1.1429 0.4544-2.8947 0.7762
BMI (>25:<25) 19:57 1.5758 0.5395-5.0230 04117
Preoperative serum albumin (>3.5:<3.5 g/dl) 67:9 2.1 0.5105-9.1871 0.2990
Preoperative jaundice (yes/no) 18:58 1.4118 0.4771-4.5384 0.5388
Long-standing DM? (yes/no) 30:46 5.9524 2.0614-20.1269 0.0007
Preoperative treatment for DM (insulin or OAD/diet?) 43:33 2.7026 1.0574-7.1323 0.0378
DP:PD 42:34 1.3750 0.5443-3.5452 0.5016
Pancreatic texture (hard/soft) 28:48 1.2857 0.4953-3.4428 0.6076
Malignant/benign or low-grade malignancy 57:19 2.7500 0.9584-8.2260 0.0600
Postoperative pancreatic fistula (grade B or C/none or grade A) 21:55 0.8235 0.2968-2.3307 0.7100

Pancreatic texture was subjectively judged by the operating surgeon. Grade of pancreatic fistula was defined according to the International Study Group
on Pancreatic Fistula

CI confidence interval, BM7 body mass index, DM diabetes mellitus, OAD oral antidiabetic drug, PD pancreaticoduodenectomy, DP distal
pancreatectomy

#Treatment for DM over 2 years
® Dietary management

stay alone predicted worsened/new-onset DM after pancrea-
tectomy according to univariate logistic regression analysis;
however, the odds ratio was only 1.05. You et al.” compared
clinicopathological features between 36 patients with un-
changed glucose metabolism and 19 patients with worsened/
new-onset DM who underwent PD for various periampullary
cancers and benign diseases. They concluded that none of the
clinicopathological features showed any statistical differences
between the two patient groups. In the present study, multi-
variate logistic analysis showed that long-standing DM and
malignant disease were independent predictors for worsened
DM after pancreatectomy (Table 4). We speculated that Jong

duration of pancreatogenic DM might strongly destroy the
pancreatic tissue, including the glucose regulation hormone-
secreting islet cells, in patients with preoperative long-
standing DM. The destruction of pancreatic parenchyma
may be partly caused by a compression of the pancreatic duct
by the occupying lesion. A malignant neoplasm might be
more capable than benign disease in destroying pancreatic
tissue by this compression mechanism to the pancreatic duct.
The notable point of difference between the present study and
the studies by White et al. and You et al. was that the previous
investigators analyzed worsened DM and new-onset DM in
the same group.

Table 5 Impact of clinicopathological features on new-onset diabetes mellitus after pancreatectomy in preoperative nondiabetic patients according to
univariate analysis

Feature No. of patients Univariate analysis

Odds ratio 95 % CI P value
Age (>70:<70 years) 57:34 1.0581 0.3965-2.9665 09113
BMI (>25:<25) 16:75 3.1111 0.9738-9.7737 0.0553
Preoperative serum albumin (>3.5:<3.5 g/dl) 77:14 1.2011 0.3323-5.7155 0.7918
Preoperative jaundice (yes/no) 27:64 1.1433 0.3873-3.1590 0.8009
DP.:PD 33:58 1.298 0.4743-3.4559 0.6047
Pancreatic texture (hard/soft) 27:64 2.549 0.9276-6.9999 0.0693
Malignant/benign or low-grade malignancy 57:34 1.8211 0.6592-5.5950 0.2535
Postoperative pancreatic fistula (grade B or C/none or grade A) 28:63 1.0667 0.3624-2.9341 0.9028

Pancreatic texture was subjectively judged by the operating surgeon. Grade of pancreatic fistula was defined according to the International Study Group
on Pancreatic Fistula

CI confidence interval, BMI body mass index, PD pancreaticoduodenectomy, DP distal pancreatectomy
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Several investigators have found that DM was ameliorated
after pancreatectomy.'®'**!"** Litwin et al."® observed im-
proved DM in two of four preoperative diabetic patients with
pancreatic cancer. These authors speculated that one possible
mechanism of improved DM after PD in pancreatic cancer
might be attributed to an unknown diabetogenic factor secreted
by the tumor which is removed by resection. Previous investi-
gators have also suggested this possible mechanism.”***** Sato
et al.? observed five of seven preoperative diabetic patients
who had various periampullary neoplasms or chronic pancrea-
titis with dilated pancreatic duct. In these patients, their DM
improved within 2 months after PD. In the present study,
improved DM after pancreatectomy was observed in nine
(11.8 %) patients whose indications for surgery were various
malignant and benign neoplasms (Tables 2 and 3). The out-
standing points of Table 3 were that long-standing DM or
preoperative insulin injection, which may suggest intensive
devastation of pancreatic tissue of the patients, was not included
in improved DM patients after pancreatectony.

The published rates of new-onset DM after pancreatectomy
have ranged from 8 to 38 %.”%'>'7*2" I the present series,
22 (24.2 %) of 91 preoperative nondiabetic patients developed
new-onset DM after pancreatectomy (Fig. 1b, Table 2). In the
present study, most patients with new-onset DM after pancre-
atectomy were freated with dietary management. Only one
patient needed insulin injections (Table 3), coinciding with
clinical characteristics of mild hyperglycemia in
pancreatogenic DM after pancreatectomy. King et al.** found
no significant predictors for the development of new-onset
DM after DP among 125 patients with various pancreatic
neoplasms or chronic pancreatitis by retrospective analysis.
Bock et al.?® showed that the age of the 18 patients who
experienced new-onset DM was significantly younger than
the age of the 59 patients who did not develop DM after PD
performed for various malignant and benign diseases. Shira-
kawa et al.® identified HbAlc of 5.7 % and percent resected
volume of >44 % as independent risk factors for new-onset
DM after DP by multivariate logistic regression analysis in 61
nondiabetic patients who underwent DP for malignant and
benign pancreatic diseases. The current study indicated that
BMI>25 and hard pancreatic texture were independent pre-
dictive factors for new-onset DM according to multivariate
logistic analysis. It has been reported that the odds of devel-
oping DM in Asians increases significantly according to in-
creasing BMI*® We speculate that the higher incidence of
new-onset DM after pancreatectomy in patients with BMI>
25 compared to patients with BMI<25 may be attributed to
increasing insulin resistance of peripheral tissue and/or the
liver in patients with BMI>25. We also conjecture that a
change to hard pancreatic texture (meaning strong fibrosis)
in pancreatic tissue may cause decreased secretion of glucose-
regulating hormones prior pancreatectomy; therefore, stronger
glucose regulation disturbance after pancreatectomy may
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occur in the patients with hard pancreatic texture. The differ-
ent results between the previous reports and our investigation
might be due to different statistical methods and the number of
patients investigated.

Conclusion

In conclusion, worsened DM and new-onset DM after pan-
createctomy should be considered separately because different
predictors were detected by the present study. The use of these
predictors to identify patients who might be at risk for wors-
ened or new-onset DM after pancreatectomy may facilitate an
carly diagnosis of DM and intensive care for appropriate
patients, possibly contributing to prolonged survival in pa-
tients who undergo pancreatectomy.
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