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Abstract

Background Pancreatic diseases have long been associated with impaired glucose control. This study sought to identify the
incidence of new insulin-dependent diabetes mellitus (IDDM) after pancreatectomy and the predictive accuracy of hemoglobin
Alc (HbAlc) or blood glucose.

Methods Patients who underwent partial pancreatectomy and had preoperative HbA 1¢ available at two academic institutions
were assessed for new IDDM on discharge in relation to complication rates and survival.

Results Of the 267 patients analyzed, 67% had abnormal HbA 1c levels prior to surgery (mean 6.8%, glucose 135 mg/dL). Two
hundred eight (77.9%) were not insulin-dependent prior to surgery, and 35 (16.8%) developed new IDDM after resection. On
multivariable regression, increasing HbAlc and preoperative glucose were the only significant predictors for new IDDM.
Optimal predictive cutoffs (HbAlc of 6.25% and glucose of 121 mg/dL) were determined in a discovery group (n = 143) and
confirmed in a validation group (n = 124) with a diagnostic sensitivity of 72.7% and specificity of 84.8%. Patients with new
IDDM after resection had higher rates of severe complications (OR 3.39), increased TPN at discharge (OR 4.32), and increased
rates of discharge to nursing facilities (OR 2.57) (all P < 0.05). New IDDM was also associated with a decreased cancer-specific
survival.

Conclusion Preoperative HbAlc > 6.25% and blood glucose > 121 mg/dL can accurately identify patients at increased risk of
IDDM. These diagnostics may help identify patients in a preoperative setting that may benefit from interventions such as diabetes
education or enhanced glucose control preoperatively.
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Introduction

The rates of pancreatectomy for both malignant and benign
pancreatic disease have increased in recent years, with con-
comitant improvements in morbidity and mortality despite
expanded patient selection criteria.’”"'"*> As the US popula-
tion ages, there is an increasing incidence of pancreatic cancer,

>< Mary Dillhoff
Mary.Dillhoff@osumc.edu

Division of Surgical Oncology, Department of Surgery, The Ohio
State University Wexner Medical Center, Arthur G. James Cancer
Hospital and Solove Research Institute, 395 W. 12th Avenue, Suite
670, Columbus, OH 43210-1267, USA

Department of Surgery, Baylor College of Medicine, 6620 Main
Street, Suite 1450, Houston, TX 77030, USA

and projections estimate it will be the second leading cause of
cancer death by 2030.%° In addition, as the use of cross-
sectional imaging increases and the quality of imaging im-
proves, an increasing number of lesions of the pancreas are
identified with a percentage requiring resection.'® Currently,
the morbidity for pancreaticoduodenectomy remains at 30—
50% and quality improvement has focused on perioperative
care, with the goal of recognizing and acting upon modifiable
risk factors using evidence-based bundles.?’!-*2

Glycemic dysfunction is a unique hallmark of pancreatic
cancer biology and is bidirectional such that diabetes increases
the long-term risk for pancreatic cancer, while pancreatic can-
cer itself is associated with diabetes.'* Unlike other malignan-
cies, pancreatic cancer puts patients in a diabetogenic state
with up to 47% having diabetes mellitus (DM) and 38% hav-
ing impaired fasting glucose or pre-diabetes.”® This is
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significantly higher than age-matched controls and may be
mechanistically related to parenchymal destruction, (3-cell
dysfunction, insulin resistance associated with cachexia, or a
tumor-mediated paraneoplastic phenomenon.'” This finding
holds in premalignant lesions as well; the risk of DM has been
shown to be associated with the degree of dysplasia of
resected intraductal papillary mucinous neoplasms.””

The incidence of new DM after resection is highest after
distal pancreatectomy (up to 36%) due to a loss of the majority
of insulin-producing parenchyma.*”-'® After
pancreaticoduodenectomy, the incidence of new-onset diabe-
tes is up to 18%, and half of existing diabetics require in-
creases in DM medication regimens after resection.*''??
Acquisition of insulin-dependent diabetes mellitus (IDDM)
in the short-term increases perioperative risk such as pancre-
atic fistula (up to 4.3-fold), but also in the long-term, it is a
significant lifestyle-altering change.®*' DM also plays a role
in survival outcomes as multiple studies have found elevated
hemoglobin Alc (HbAlc), a measurement of average blood
glucose over a 90-day period, to be associated with decreased
long-term survival after resection of pancreatic cancer.®”'%??

The identification of patients preoperatively who are at risk
for developing postoperative IDDM may allow early interven-
tion and the possibility of improving perioperative and long-
term outcomes. Prior studies have identified HbAlc thresh-
olds as a risk for post-pancreatectomy diabetes, and other
studies have identified uncontrolled blood glucose as a pre-
dictor for inferior outcomes;>> thus, HbAlc may also be an
important predictor of risk. Therefore, the goals of the current
investigation were to define factors that may facilitate identi-
fication of patients without IDDM patients whom are at risk
for developing IDDM postoperatively and quantify adverse
outcomes related to new insulin dependence.

Materials and Methods
Data Acquisition and Cohort Selection

Patients were identified from the Ohio State University (OSU)
and Baylor College of Medicine (BCM) who underwent
pancreaticoduodenectomy, distal pancreatectomy, and duode-
num preserving pancreatic head resection who had a HbAlc
measured prior to surgery. Patients who underwent total pan-
createctomy were excluded. At OSU, this included patients
with operations between November 2011 and October 2017
and at BCM between December 2005 and June 2017. For
analysis of our primary outcome — new IDDM at discharge
— we split the entire cohort into a discovery group and vali-
dation group by including consecutive patients at OSU from
November 2011 to January 2017 to the discovery group and
the remaining patients from OSU from January to October
2017 as well as the cohort from BCM to the validation group
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(Supplemental Fig. 1). The study was approved by the
institutional review board at both institutions.

Diabetes Definitions

A diabetic history variable was reported based on review of
past medical history and preoperative medication list noted in
the chart. Patients were also classified by preoperative medi-
cation regimen (no medications; oral medications; or insulin).
Furthermore, patients were classified based upon preoperative
HgA1C (measured within 6-months preoperatively) and
blood glucose (measured via serum glucose within 30 days
prior to surgery or in the preoperative area using fingerstick
point-of-care testing) according to definitions published by the
American Diabetic Association (ADA) (pre-diabetes, fasting
blood sugar 100-125 mg/dL or HbAlc 5.7-6.5%; diabetes,
use of DM meds, fasting blood sugar > 126 mg/dL, or hemo-
globin Alc (HbAlc) > 6.5%)." Glucose was labeled as under
control in those patients with a preoperative HbAlc < 7%.
Uncontrolled diabetes was defined as a HbAlc > 10%).

The discharge summary from the index hospitalization was
used to determine if insulin and/or oral DM medications were
continued/prescribed at discharge. If a readmission occurred
within 30 days, the subsequent discharge summary was used.

Patients were ultimately classified into 3 groups. Patients
were deemed at risk when they did not use insulin preopera-
tively, irrespective of DM history. If they did not develop
insulin dependence after surgery, they were further classified
as at-risk-no-change; if they developed insulin dependence
after surgery, they were classified as at-risk-new-IDDM.
Patients were classified as not at risk when they were already
using insulin prior to surgical intervention (known-IDDM).
Long-term diabetes outcomes were measured at least 6
months after surgery.

Complication Definitions

Complications were graded [-V based on Clavien-Dindo clas-
sification. Severe complications were classified as those
grades IIT and above.'® Postoperative pancreatic fistula and
delayed gastric emptying were graded based on published
International Study Group of Pancreatic Surgery (ISGPS)
definitions.**

Statistical Analysis

Diabetic medication use was coded as an ordinal variable with
no medications as the lowest, increasing to oral medications
and then insulin use with or without oral medications. Death
was coded both as death from any cause or death from cancer
to determine overall survival (OS) and disease-specific surviv-
al (DSS), respectively.
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Table 1 Clinicopathologic variables of the patient cohort (n = 267)

Variable All Patients At-risk-no-change At-risk-new-IDDM Known-IDDM p-value
mean (IQR) or number (%) (n=267) n=173) (n=35) (n=59)

Age (years) 62.1(17.9) 61.0 (15.3) 65.3 (14.3) 63.5(16.8) 0.179
BMI (kg/m?) 28.6 (8.4) 28.5(8.7) 29.6 (9.3) 28.0 (8.1) 0.549
Gender, Male 136 (50.9) 87 (50.3) 17 (48.6) 32 (54.2) 0.833
Ethnicity 0.725
White 226 (84.6) 143 (82.7) 31 (88.6) 52 (88.1)

African American 29 (10.9) 22 (12.7) 3 (8.6) 4(6.8)

Others 6(2.2) 3(1.7) 1(2.9) 2 (3.4)

Unknown 6(2.2) 529 0 1(1.7)

Smoking history 0.222
Never 109 (40.8) 75 (43.4) 16 (45.7) 18 (30.5)

Former 95 (35.6) 63 (36.4) 11 (31.4) 21 (35.6)

Current 63 (23.6) 35(20.2) 8(22.9) 20 (33.9)

Current alcohol use 57 (21.3) 39 (22.5) 10 (28.6) 8 (13.6) 0.186
Diabetes history 133 (49.8) 50 (28.9) 24 (68.6) 59 (100) <0.001
Medication regimen <0.001
No medications 150 (56.2) 133 (76.9) 17 (48.6) 0

Oral medications 58 (21.7) 40 (23.1) 18 (51.4) 0

Insulin 59 (22.1) 0 0 59 (100)

Hemoglobin Alc (%) 6.8(2.2) 6.0 (0.9) 7.8 (2.9) 8.5(2.5) <0.001
Normal (< 5.7%) 88 (33.0) 84 (48.6) 3 (8.6) 1 (1.7) <0.001
Pre-diabetes (5.7-6.4%) 71 (26.6) 58 (33.5) 8(22.9) 5(8.5) 0.001
Diabetes (> 6.5%) 108 (40.4) 31(17.9) 24 (68.6) 53 (89.8) <0.001
Uncontrolled (> 10%) 16 (6) 3(1.7) 4(114) 9(15.3) <0.001
Serum glucose (mg/dL) 135 (61) 112 (33) 169 (90) 179 (93) <0.001
Diabetic glucose control

Hemoglobin Alc < 7% 53 (39.8) 36 (72.0) 6 (25.0) 11 (18.6) <0.001
History of hypertension 170 (63.7) 97 (56.1) 27 (77.1) 46 (78) 0.002
Hypertension medications, median (IQR) 1(0-2) 1(0-2) 1(0-2) 1(0-3) 0.019
Family history of diabetes 88 (33.0) 49 (28.3) 13 (37.1) 26 (44.1) 0.192
History of coronary artery disease 27 (10.1) 13 (7.5) 5(14.3) 9 (15.3) 0.160
Jaundice 67 (25.1) 36 (20.8) 16 (45.7) 15 (25.4) 0.008
CA 19-9 (U/mL) 347.8 (137.1) 267.3 (71.1) 538.8 (516.3) 477.9 (273.9) 0.458
Neoadjuvant chemotherapy 29 (10.9) 21 (12.1) 4(11.4) 4 (6.8) 0.517
Operation 0.080
Whipple 180 (67.4) 112 (64.7) 25 (71.4) 43 (72.9)

Distal pancreatectomy 77 (28.8) 57 (32.9) 9 (25.7) 11 (18.6)

Other 10 (3.7) 42.3) 1(2.9) 5(8.5)

Blood transfusion 30 (11.2) 17 (9.8) 2(5.7) 11 (18.6) 0.097
Laparoscopic or robotic 37 (13.9) 28 (16.2) 7 (20.0) 234 0.026
Pathologic diagnosis 0.140
Benign 101 (37.8) 72 (41.6) 7 (20.0) 22 (37.3)

PDAC 107 (40.1) 60 (34.7) 21 (60.0) 26 (44.1)

Ampullary AC 13 (4.9) 7 (4.0) 2(5.7) 4(6.8)

cC 6(2.2) 4(2.3) 2(5.7) 0

PNET 30 (11.2) 24 (13.9) 2(5.7) 4 (6.8)

Others 4 (1.5) 2(1.2) 1(2.9) 1(1.7)

Duodenum AC 6(2.2) 42.3) 0 2 (3.4)

Cancer stage 0.883

1 30 (18.1) 17 (16.8) 5(17.9) 8 (21.6)

2 120 (72.3) 73 (72.3) 21 (75.0) 26 (70.3)

3 13 (7.8) 9 (8.9) 1(3.6) 38.1)

4 3(1.8) 2 (2.0) 1(3.6) 0

Margin positive 34 (12.7) 16 (9.2) 6 (17.1) 12 (20.3) 0.062
Cohort 0.005
Discovery 143 (53.6) 80 (46.2) 23 (65.7) 40 (67.8)

Validation 124 (46.4) 93 (53.8) 12 (34.3) 19 (32.2)

Institution 0.004
OsuU 198 (74.2) 117 (67.6) 30 (85.7) 51(86.4)

BCM 69 (25.8) 56 (32.4) 5(14.3) 8 (13.6)

IDDM, insulin-dependent diabetes mellitus; £BL, estimated blood loss; PDAC, pancreatic ductal adenocarcinoma; AC, adenocarcinoma; CC, cholan-
giocarcinoma; PNET, pancreatic neuroendocrine tumor; OSU, Ohio State University; BCM, Baylor College of Medicine

Continuous variables when parametric were analyzed by
mean and interquartile range (IQR) using the independent
sample #-test with 2-tailed significance. When non-parametric,
they were analyzed by median and interquartile range (IQR)
using the Kruskal-Wallis test. Binary, ordinal, and categorical

variables were compared as proportions using Pearson Chi-
square test with 2-tailed significance. Multivariable logistic
regression was performed for the primary outcome of interest
in the at-risk population only. All variables which met p <0.05
significance on univariable analysis were included in the
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Table2  Regression model for new insulin-dependent diabetes in those patients at risk after pancreatectomy (n = 208)

Variable Univariable p-value Multivariable p-value
OR (95% CI) OR (95% CI)
Age (year) 1.02 (0.99-1.05) 0.111
Hypertension 2.64 (1.14-6.15) 0.024 1.42 (0.51-4.02) 0.501
DM 5.37 (2.45-11.76) <0.001 2.26 (0.85-6.05) 0.104
Hemoglobin Alc (%) 1.81 (1.41-2.32) <0.001 1.41 (1.10-1.81) 0.007
Diabetic with control (HbAlc < 7%) 0.13 (0.04-0.39) <0.001
Serum glucose (mg/dL) 1.03 (1.02-1.04) <0.001 1.02 (1.01-1.03) 0.004
Jaundice 3.21 (1.50-6.85) 0.003 1.43 (0.45-4.50) 0.542
Operation Whipple Ref
Distal 0.71 (0.31-1.61) 0.411
Other 1.12 (0.12-10.46) 0.921
Malignant diagnosis 2.92 (1.21-7.05) 0.017
Pathologic diagnosis Benign Ref Ref
PDAC 3.60 (1.43-9.05) 0.006 2.05 (0.57-7.35) 0.273
Ampullary AC 2.94 (0.51-16.96) 0.228 3.50 (0.39-21.88) 0.266
CcC 5.14 (0.78-33.25) 0.085 3.91 (0.28-55.44) 0.314
PNET 0.86 (0.17-4.41) 0.854 0.82 (0.13-5.02) 0.828
Other 5.14 (0.41-64.10) 0.203 7.40 (0.45-122.2) 0.162
Duodenum AC 0 0.999 0 0.999

OR, odds ratio; DM, diabetes mellitus; HbAIc, hemoglobin Alc; Ref; referent; PDAC, pancreatic ductal adenocarcinoma; AC, adenocarcinoma; CC,

cholangiocarcinoma; PNET, pancreatic neuroendocrine tumor

multivariable model. Receiver operating characteristic (ROC)
curves were created using significant variables on multivari-
able analysis, as well as the multivariable model, in the dis-
covery patient cohort. Youden’s J statistic (or c-statistic) was
calculated as J = sensitivity + specificity — 1 for each point,
and the highest value was chosen as the optimal cutoff for
each covariate independently. Survival analysis was per-
formed using OS in patients without cancer and using DSS
in patients with cancer. A Cox proportional hazard model was
created by incorporating all values which were predictive with
p < 0.05 significance on univariable analysis. The Kaplan—
Meier method was used for plotting proportion surviving over
time, and the log-rank statistic was used to compare survival
curves. Statistical analysis was performed using SPSS v21
(IBM).

Results
Cohort Characteristics

The current analysis included 267 patients (OSU, 74.2%;
BCM, 25.8%) who underwent a partial pancreatectomy and
had a recorded preoperative HbA 1c¢ available for analysis. The
mean age was 62.1 years (IQR 54.0-71.9), the majority were
of the white race (84.6%), and approximately half were male
(50.9%). A history of diabetes, as defined by the past medical
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history and preoperative medication list noted in the chart, was
present in half of patients (49.8%). There were 43.8% of pa-
tients that used oral DM medications or insulin prior to sur-
gery. Amongst all patients, the mean preoperative HbAlc was
6.8% (IQR 5.5-7.7%) with 6% of patients being > 10%. The
majority of patients underwent pancreaticoduodenectomy
(67.4%), and 62.2% had surgery performed for oncological
pathology. Benign pathology represented 37.8% of the cohort,
with 21 patients having a diagnosis of chronic pancreatitis
(Table 1).

Amongst the 3 groups, the at-risk-no-change group
consisted of 173 patients (64.8%), the at-risk-new-IDDM
consisted of 35 patients (16.8%), and the known-IDDM group
consisted of 59 patients (22.1%) (Table 1). Comparing these 3
groups, those in the at-risk-new-IDDM group had higher
mean HbA 1c levels than those in the at-risk-no-change group
(7.8% compared to 6.0%, p < 0.001) and lower mean HbA lc
levels than those in the known-IDDM group (7.8% compared
to 8.5%, p < 0.001).

There were no differences in the use of neoadjuvant che-
motherapy amongst groups, nor in the specific operations each
group underwent (p > 0.05). Laparoscopic/robotic procedures
were used more commonly in those patients not using insulin
preoperatively (at-risk-no-change, 16.2%; at-risk-new-IDDM,
20.0%; known-IDDM, 3.4%; p = 0.026). The respective rep-
resentation of the at-risk-new-IDDM groups in the discovery
and validation cohorts were not different from each other
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Fig. 1 ROC curve analysis of discrimination for new IDDM. a In the
discovery cohort (n = 103), optimal cutoffs were determined. b In the
validation cohort (n = 105), the metrics of the determined cutoffs were

(16.1% compared to 9.7%, p = 0.122); representation was also
not different between OSU and BCM institutions (15.2%
compared to 7.2%, p = 0.094).

Validation cohort (N=105)
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Variable AUC 95%Cl p-value
Hemoglobin Alc | 0.831 0.681-0.981 <.001

Glucose Pre-Op | 0.840 0.729-0.951 <.001

Multivariable Model | 0.895 0.819-0.970 <.001

Hemoglobin Alc > 6.25

Sensitivity | 10/12 =83.3%
Specificity | 66/93 = 71.0%
PPV 10/37 = 27.0%
NPV 66/68 = 97.1%

Glucose > 121

Sensitivity | 10/11=90.9%
Specificity | 65/90 =72.2

PPV 10/35 = 28.6%
NPV 65/66 = 98.5%

Hemoglobin Alc > 6.25 AND Glucose > 121

Sensitivity | 8/11=72.7%
Specificity | 78/92 = 84.8%
PPV | 8/22=36.4%
NPV | 78/81=96.3%

evaluated. Abbreviations: area under the curve (AUC), positive predictive
value (PPV), negative predictive value (NPV)

Factors Associated with New Insulin-Dependent
Diabetes After Pancreatectomy

On univariable analysis, several factors were associated with
developing new insulin dependence after surgery including
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Fig. 2 Univariable association of new IDDM with early postoperative outcomes in those at risk after pancreatectomy (n = 208). Abbreviations: CD,
Clavien-Dindo; Ref, referent; POPF, postoperative pancreatic fistula; SNF, skilled nursing facility

elevated levels of preoperative HbA 1c (odds ratio (OR) 1.81,
p <0.001), increased levels of glucose (OR 1.03, p < 0.001),
and surgery for pancreatic ductal adenocarcinoma (PDAC)
compared to benign pathology, (OR 3.60, p = 0.000).
Patients who had a HbA lc < 7% were not as likely to develop
new insulin dependence after surgery compared to those with
a HbAlc above 7% (OR 0.13, p < 0.001). On multivariable

modeling, factors that were independently associated with de-
veloping new insulin dependence after surgery included in-
creases in HbAlc (OR 1.41, p = 0.007) and increases in glu-
cose levels (OR 1.02, p = 0.004) (Table 2).

A ROC curve analysis was used to determine the discrimina-
tion of HbAlc, glucose, and the entire multivariable model for
the development of new insulin dependence after surgery in the

Table 3 Long-term follow-up (6

months or more) of diabetes- Postoperative variables All At-risk-no- At-risk-new- Known- -
specific outcomes after Mean (SD) or number Patients change IDDM IDDM value
pancreatectomy (%) (n=257) (n=166) (n=34) (n=57)
Diabetes 136 (53.3) 53 (32.1) 31 (91.2) 52 (92.9) <
0.0-
01
Diabetic medications
None 119 46.7) 112 (67.9) 3(8.8) 4(7.1) <
Oral 38 (14.9) 38 (23.0) 0 0 0.0-
Insulin 98 (38.4) 15(9.1) 31 (91.2) 52 (92.9) 01
Preoperative to follow-up
Diabetes status change 74 (29.0) 39 (23.6) 31 (91.2) 4(7.1) <
0.0-
01
Decrease medication 13 (5.1) 8 (4.8) 0 5(8.8) <
No change 182 (70.8) 127 (76.5) 3(8.8) 52(91.2) 0.0-
Increase medication 62(24.1)  31(18.7) 31(91.2) 0 01
Postoperative to follow-up
Diabetes status change 46 (17.9) 38 (22.9) 3(8.8) 5(8.8) 0.019
Decrease medication 14 (5.4) 6 (3.6) 3(8.8) 5(8.8) <
No change 210 (8.7) 127 (76.5) 31(91.2) 52.(91.2) 0.0-
Increase medication 33 (12.8) 33 (19.9) 0 0 01
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Table 4 Cox hazard survival model for variables associated with disease-specific survival in patients with a cancer diagnosis (n = 163)
Variable Univariable - Multivariable p-
HR (95%CI) value HR (95%CI) value
Age (years) 1.01 (0.99-1.04) 0.298
Preoperative diabetes history No medications Ref
Oral medications 1.63 (0.82-3.22) 0.157
Insulin 1.60 (0.82-3.12) 0.170
Hemoglobin Alc (%) 1.17 (1.01-1.34) 0.033 1.31 (1.02-1.69) 0.034
Glucose (mg/dL) 1.00 (0.99-1.01) 0.139
CA 19-9 elevated (> 37) 2.32(1.154.69) 0.019
Jaundice 2.63 (1.40-4.95) 0.003 1.59 (0.73-3.47) 0.243
Functionally impaired 2.30 (1.05-5.06) 0.038 1.24 (0.45-3.41) 0.676
Operation Whipple Ref Ref
Distal 0.181 (0.04-0.75) 0.019 0.40 (0.05-3.41) 0.405
Other 0 0.980 1.04 (0) 1.0
Postoperative diabetes status At-risk-no-change Ref Ref
At-risk-new-IDDM 2.54 (1.16-5.55) 0.020 0.99 (0.34-2.89) 0.978
Known-IDDM 1.53 (0.74-3.18) 0.255 0.61 (0.20-1.86) 0.382
Severe complication 2.37 (1.16-4.86) 0.018 2.71 (0.99-7.39) 0.051
Transfusion 2.40 (1.04-5.54) 0.040 1.50 (0.49-4.56) 0.476
Pathologic diagnosis PDAC Ref Ref
Ampullary AC 0.87 (0.31-2.47) 0.798 0.79 (0.14-4.52) 0.793
CC 0.60 (0.08-4.40) 0.614 1.20 (0.14-10.1) 0.867
PNET 0.07 (0.01-0.50) 0.008 0 0.937
Others 0 0.977 0 0.976
Duodenum AC 1.77 (0.54-5.83) 0.350 3.27(0.53-20.2) 0.203
Cancer stage 1 Ref Ref
2 7.37 (1.76-30.9) 0.006 3.18 (0.65-15.5) 0.152
3 8.49 (1.55-46.5) 0.014 3.97 (0.44-35.6) 0.218
4 7.15 (0.64-80.24) 0.111 0 0.920
Margin positive 2.81 (1.46-5.42) 0.002 1.69 (0.73-3.90) 0.218

HR, hazard Ratio; CI, confidence interval; Ref, referent; PDAC, pancreatic ductal adenocarcinoma; AC, adenocarcinoma; CC, cholangiocarcinoma;

PNET, pancreatic neuroendocrine tumor

at-risk cohort. This was performed in the discovery group (n =
103), repeated in the validation group (» = 105) (Fig. 1), and
lastly in the entire at-risk cohort (Supplemental Fig. 2). The area
under the curve (AUC) analysis shown in the discovery set
HbAlc (AUC 0.837, p < 0.001), glucose (0.817, p < 0.001),
and the multivariable model (0.888, p < 0.001) all showed good
discrimination, though the addition of multiple variables in the
model did not add significantly to either HbA I ¢ or glucose alone.
From the discovery cohort, the value with the highest sensitivity
and specificity in the detection of at-risk patients developing
IDDM was found to be at the cutoff of HbAlc > 6.25% and
glucose > 121 mg/dL. These values were then applied to the
validation group, and the use of both HbA 1¢ and glucose cutofts
showed a diagnostic sensitivity of 72.7% and specificity of
84.8%. Positive predictive value of using both variables together
was improved to 36.4%, and negative predictive value stayed at a
high level of 96.3%.

Development of Insulin-Dependent Diabetes After
Surgery and Postoperative Outcomes

The incidence of postoperative pancreatic fistula did not differ
between groups (at-risk-no-change, 19.7%; at-risk-new-IDDM,
17.1%; known-IDDM, 16.9%; p = 0.870) (Supplemental
Table 1). Figure 2 displays early postoperative results of the
univariable analysis comparing those at-risk-new-IDDM patients
to the at-risk-no-change patients. Compared to the at-risk-no-
change patients, the at-risk-new-IDDM patients had an increased
risk of severe complications (OR 3.39, p = 0.026). This effect was
emphasized when looking specifically at Clavien-Dindo class IV
complications (OR 7.67, p = 0.016). However, there was no dif-
ference in the risk of grade B/C pancreatic fistula between the
groups (OR 4.44, p = 0.194). Resource utilization at discharge
was increased in the at-risk-new-IDDM patients with increased
TPN use (OR 4.32, p = 0.036) and discharge to SNF (OR 2.57,

@ Springer



3126

J Gastrointest Surg (2021) 25:3119-3129

@ Springer

a
Malignant cohort (n=163)
Disease Specific Survival
1.0
0.9
0.8
o 0.7
£
=
3 067
3
w
€ 057
o
2
S 047
o
o 03
0.2 p=0052
0.1 VAt risk, no DM p=0.019
~I At risk, new IDDM p=0.088
0.0 = VKnown IDDM
T 1 l 1 1 U
0 12 24 36 48 60
Time (months)
At risk, no DM 100 47 23 14 7 3
At risk, new IDDM 28 9 1
Known IDDM 37 15 7 5 2 1
Disease Specific Survival
1.0
0.9+
0.8
=
Z 064
=]
w
c 051
°
5
S 047
[
o 03
0.2
p=0.008
0.1
-~ THbAlC <6.25
004 = THbAlC = 6.25
1 | 1 I 1 I
0 12 24 36 48 60
Time (months)
HbA1c < 6.25 ‘ 83 39 20 11 6 3
HoAlc2625 | 82 32 11 8 3



J Gastrointest Surg (2021) 25:3119-3129

3127

<« Fig. 3 Disease-specific survival of patients with a malignant diagnosis (n
= 163). a Stratified by diabetes-specific group. b Using a cutoff of HbAlc
6.25%

p = 0.030). While severe complications did not lead to increased
30-day mortality, there was an increase in mortality at 1-year (OR
3.37, p = 0.013) in the at-risk-new-IDDM patients.

Long-term diabetes-specific outcomes after pancreatectomy
are displayed in Table 3. After 6 months or more of follow-up,
91.2% of patients in the at-risk-new-IDDM group were still re-
quiring insulin. Overall, increases in diabetic medications were
seen in 33 patients (12.8%) during the 6 months following sur-
gery. Although the at-risk-no-change group did not require insu-
lin at discharge, there were 9.1% of patients who eventually
required insulin for DM management at 6 months. Of the patients
who required TPN at discharge (n = 10), all those in the at-risk-
new-DM group (n = 4) still required insulin at long-term follow-
up. There were limited patients (n = 64) in which a postoperative
hemoglobin Alc was available, thus determining glucose control
in the at-risk-new-DM cohort was limited.

Long-Term Impact of Diabetes on Survival

On univariable analysis in those with pancreatic cancer, the
hazard ratio (HR) was 1.17 (p = 0.033) for each 1% increase in
HbA 1c. Furthermore, a decreased survival was found in those
at-risk patients who developed IDDM after surgery (i.e., the
at-risk-new-DM group) compared to the at-risk-no-DM group
(HR 2.54, p = 0.020) (Table 4). On multivariable modeling,
the only factor independently associated with worse disease-
specific survival (DSS) was HbAlc (HR 1.31 per 1% HbAlc
increase, p = 0.034). In patients with benign pathology as
indication for pancreatectomy, there was a decrease in 3-
year OS only in the known-IDDM group (at-risk-no-change,
97%;, at-risk-new-DM, 100%; known-IDDM, 71%; p =
0.010) (Supplemental Figure 3).

DSS was then examined amongst the three groups with pan-
creatic cancer. The median DSS overall was 44.7 months (95%
confidence interval 37.8-51.6 months). DSS was decreased in
patients in the at-risk-new-DM group compared to the at-risk-no-
change group (median DSS, 17.3 months vs. 46.1 months, p =
0.019) (Fig. 3a). As HbA Ic was previously found to be indepen-
dently associated with decreased survival, DSS was next exam-
ined in those with a HbAlc > 6.25% compared to those < 6.25%.
Patients with a HbAlc > 6.25% were found to have decreased
median DSS (23.7 months) compared to patients with HbAlc <
6.25 (median 57.8 months, p = 0.008) (Fig. 3b).

Discussion

The influence of uncontrolled glucose on short- and long-term
outcomes after surgery is well-established.®®!%2!3* Patients

undergoing pancreatectomy are at particular risk given that re-
section removes the 3-cells responsible for innate insulin produc-
tion, evidenced by 16.8% of the study population newly requir-
ing insulin after resection. With the goal of developing reliable
measures that can identify patients at risk for developing IDDM
preoperatively, HbAlc and blood glucose were identified as in-
dependent predictors of postoperative insulin use after pancrea-
tectomy. These findings support recent results of these markers
for predicting postoperative diabetes.*** The findings also high-
light that there are many undiagnosed patients who should be
picked up by routine preoperative screening, as 50% of patients
were diabetic by history; however, 67% were diabetic or pre-
diabetic by established HbAlc or blood glucose criteria before
resection. Even those with a preoperative diagnosis of IDDM
exhibited poor glucose control evidenced by a HbAlc < 7% in
only 40% of these patients, further highlighting the need for
necessary screening and intervention.

Patients with new IDDM after surgery were found to have
an increased risk of severe complications and discharge to a
nursing facility as previously reported.***° In addition, out-
comes of patients that developed IDDM after surgery had
similar outcomes to those with existing IDDM. These data
are novel in that they connect a HbAlc screening threshold
to the risk of postoperative complications. Furthermore, the
findings support the identification of patients at risk for devel-
oping IDDM preoperatively in order to not only ascertain their
perioperative risk but also potentially to diminish their risks by
controlling their glucose perioperatively. This need is empha-
sized by the finding of those at-risk-new-IDDM patients who
had an overall mean HbAlc of 7.8%. Once a patient screens
in, interventions such as preoperative teaching and aggressive
blood sugar control with insulin may potentially improve
complication rates or grade of pancreatic leak.
Improvements in glycemic control using insulin preoperative-
ly may also promote adherence to insulin regimens postoper-
atively. Although clinical decisions should usually not be de-
layed for glucose management/education, starting early may
allow earlier and quicker control as glucose management in-
terventions may need to extend well beyond the postoperative
period. Those patients who developed IDDM after resection
stayed dependent on insulin in the long-term, evidenced by a
majority (91.2%) of those with new-onset IDDM after resec-
tion requiring insulin on follow-up 6 months out from surgery.

Hemoglobin Alc and blood glucose were found be good
independent predictors (AUC 0.837 and 0.817, respectively) of
new IDDM. Cutoff values 6.25% and 121 mg/dL were selected
using the discovery group, and application of these values to the
validation group showed a 73% sensitivity and 85% specificity.
Hemoglobin Alc cutoffs have been examined previously, with
one study determining a HbAlc level of 5.7% or greater to be
associated with new-onset diabetes after distal pancreatectomy™°
and another demonstrating the higher the HbA1C post-pancrea-
tectomy, the greater risk of developing new-onset diabetes.>*
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These two diagnostics make for excellent screening tools as they
are simple, inexpensive, easy to obtain through point-of-care
testing in the office. The cutoff values selected are accurate and
maximize the sensitivity and specificity. Screening can potential-
ly impact a large volume of patients as 60% meet either cutoff
and 34.7% screen positive using both values. The identified
screening parameters also resulted in a negative predictive value
of 96%, allowing for accurate identification of patients very like-
ly to avoid the need for insulin postoperatively.

It is well-established that a diagnosis of IDDM prior to pan-
createctomy lends to a relatively worse long-term prognosis as
several studies have previously shown.®'® The worse survival is
hypothesized to be due to larger tumors and may be a marker of
more advanced systemic disease which is not managed with
resection.'® Furthermore, the resolution of new-onset (within 2
years of diagnosis) IDDM with resection is associated with im-
proved survival.'® Our findings reiterate this finding as those
with cancer and HbAlc > 6.25%, while not only being at risk
for new insulin dependence, have decreased DSS. Interestingly,
it was found that new IDDM after resection was a risk factor for
decreased DSS (median 23.7 months vs 57.8 months), similar to
those with known IDDM. The decreased survival may be in part
due to increased rates of major complications or alternatively
further corroborates the link of DM as a sign of aggressive pan-
creatic cancer biology.

There are limitations which should be acknowledged. First,
HbA ¢ is not a routine part of the workup for pancreatectomy at
most institutions, and there may be selection bias in our study
population. However, the surgeons at OSU routinely measured
HbAlc starting in 2014 and thus are likely representative. The
utilization of a discovery and validation group predominately
from different institutions to confirm the HbAlc and glucose
cutoffs externally validates these findings.”*'**' The duration
of preoperative diabetes and the intensity of preoperative medi-
cation treatment were not available and thus could not be includ-
ed in our multivariable model. Furthermore, adherence to diabet-
ic medications and ensuring medication dosing at follow-up was
limited. We were not able to differentiate insulin use in relation to
the need for TPN on discharge or due to DM. The development
of IDDM has clinical and practical implications, as does initiation
of new oral antihyperglycemics; a very small minority started
oral antihyperglycemics in the postoperative period; however,
this subset of patients warrants further investigation. Lastly, the
cohort was comprised of two discrete groups (i.e., benign and
malignant disease); however, physician care for these patients
usually spans both cohorts and inclusivity of each lends to prac-
tical conclusions.

Conclusion

HbA ¢ greater than 6.25% and blood glucose levels greater than
121 mg/dL are simple and accurate screening tools to determine

@ Springer

the risk for new insulin dependence after pancreatectomy.
Screening should be performed as new IDDM after resection
portends increased risk of severe complications and may impact
cancer-specific survival outcomes. More aggressive diabetic
treatment of patients who screen positive before pancreatectomy
may help improve outcomes after resection.

Supplementary Information The online version contains supplementary
material available at https://doi.org/10.1007/s11605-021-05014-0.
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