


ISSN  2471-142X

PANCREAS
Open Journal

CONTENTS

1. Loss of Pancreatic β-cell Secretory Function During Disease Progression in Type 2 
    Diabetes Mellitus – A Small Cross-Sectional Study

– Maged Ghaly*, Emile Gogineni and Muhammad W. Saif

2. The Evolving Field of Stereotactic Body Radiation Therapy in Pancreatic Cancer

– George B. Kudolo*

Original Research

Review

1-8

9-14

 Volume 3 | Number 1

3. Why HALO 301 Failed and Implications for Treatment of Pancreatic Cancer

– Rajvi Patel, Daniel Fein, Carolina B. Ramirez, Kevin Do and     
   Muhammad W. Saif*

4. PARP Inhibitors in Pancreatic Cancer: From Phase I to Plenary Session

– Nausheen Hakim, Rajvi Patel, Craig Devoe and Muhammad W. Saif*

Editorial

Editorial

e1-e4

e5-e8



PANCREAS
PUBLISHERS

ISSN 2471-142X

Open Journal

George B. Kudolo, PhD, CPC, FAIC, FAACC*

Department of Health Sciences, Division of Medical Laboratory Sciences–MSC 6246, University of Texas Health Science Center at San Antonio, Texas 78229-3900, 
USA

*Corresponding author
George B. Kudolo, PhD 
UT Distinguished Teaching Professor and Chair, Department of Health Sciences, Division of Medical Laboratory Sciences–MSC 6246, University of Texas Health 
Science Center at San Antonio, 7703 Floyd Curl Drive, San Antonio, Texas 78229-3900, USA; Tel. 1-(210) 567 4316; E-mail: kudolo@uthscsa.edu

Article information
Received: April 25th, 2019; Revised: June 29th, 2019; Accepted: June 29th, 2019; Published: July 12th, 2019

Cite this article 
Kudolo GB. Loss of pancreatic β-cell secretory function during disease progression in type 2 diabetes mellitus: A small cross-sectional study. Pancreas Open J. 2019; 
3(1): 1-8. doi: 10.17140/POJ-3-109

Loss of Pancreatic β-cell Secretory Function During 
Disease Progression in Type 2 Diabetes Mellitus - A Small 
Cross-Sectional Study

Original Research | Volume 3 | Number 1| 1

Original Research

   Copyright 2019 by Kudolo GB. This is an open-access article distributed under Creative Commons Attribution 4.0 International License (CC BY 4.0), which 
allows to copy, redistribute, remix, transform, and reproduce in any medium or format, even commercially, provided the original work is properly cited.
cc

ABSTRACT
Introduction: Overt type 2 diabetes mellitus (T2DM) is a chronic progressive disease which is produced by the collusion of  three 
metabolic defects-increased hepatic glucose production, impaired pancreatic β-cell insulin secretion and decreased insulin action. 
The measurement of  plasma glucose 2 hours post-ingestion of  75 g of  glucose during the oral glucose tolerance test (OGTT) 
may be used to classify individuals as normal glucose tolerant (NGT), impaired glucose tolerant, T2DM and T2DM with pancre-
atic β-cell failure.
Objectives: This study was undertaken primarily to show the importance of  assessing the pancreatic β-cell function especially 
during the care of  the diabetic patient.
Methods: A standard 75 g glucose tolerance test (OGTT) was administered to four groups of  8 subjects (4 male, 4 female). Blood 
was drawn every 15 minutes for 2 hours for the measurement of  glucose, insulin and C-peptide and the measurement of  the area 
under the curve (AUC(0→2)) over the 2-hour period.
Results: American Diabetes Association (ADA) criteria were used to classify the subjects. The normal glucose tolerant (NGT), 
had 2 h glucose 111±11 mg/dL, those with impaired glucose tolerance (IGT) had 2 h glucose 160±13 mg/dL. The 2 h glucose 
for the T2DM group was 258±27 mg/dL and those for the T2DM-PE group was 260±42 mg/dL. The AUC(0→2) for NGT group 
were 254±40 mg/dL/h, 112±61 μU/mL/h and 10.2±4.6 ng/ml/h for glucose, insulin and C-peptide, respectively. The AUC(0→2) 
for the IGT group were 394±32 mg/dL/h, 160±48 μU/mL/h and 19.8±7.7 ng/ml/h for glucose, insulin and C-peptide, respec-
tively. The AUC(0→2) for the T2DM group were 474±62 mg/dL/h, 194±40 μU/mL/h and 13.4±4.7 ng/mL/h for glucose and in-
sulin, and C-peptide, respectively. The AUC(0→2) for the T2DM-PE group were 481±80 mg/dL/h, 51±29 μU/mL/h and 7.2±2.8 
ng/mL/h for glucose, insulin and C-peptide, respectively. There was no significant difference between the diabetic groups with 
respect to the glucose AUC(0→2) but a significant difference existed in the insulin AUC(0→2), (p<0.0001) mirrored by the fasting 
plasma insulin levels (30±8 μU/mL vs 14+8 μU/mL, for T2DM and T2DM-PE, respectively, p<0.0005). Although there was
about a 300% increase in fasting insulin between the IGT and T2DM groups, the corresponding fasting C-peptide levels were
only about 15%. This is probably due to differences in hepatic and renal functions in those two groups, the processes that control
insulin and C-peptide levels in the body.
Conclusion: Although measurement of  blood glucose appears adequate in the diagnosis of  the diabetes, it seems that plasma 
insulin/C-peptide measurements could guide physicians in their choice of  medications for the treatment  of  diabetic patients, 
especially when the pancreas begins to fail. To that end, larger studies are warranted to study the effects of  hypoglycemic agents 
on hepatic insulin extraction and renal C-peptide excretion to ascertain the reliability of  the plasma insulin and C-peptide levels.
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INTRODUCTION

To diagnose diseases of  specific endocrine organs, it is com-
mon practice to measure directly hormones produced by 

those organs or measure the levels of  the metabolites of  those 
hormones. For example, for the diseases of  the adrenal gland, the 
measurement of  plasma cortisol (to assess the function of  the zona 
fasciculata and diagnose either Addison’s or Cushing’s syndrome),1 
and androgens such as plasma dehydroepiandrosterone or urinary 
17-ketosteroids (to assess the function of  the zona reticularis for 
diagnosis of  congenital adrenal hyperplasia),2,3 or plasma renin 
and aldosterone (to assess the function of  the zona glomerulosa and 
diagnose Conn’s disease)4 and plasma catecholamines and its me-
tabolites plasma metanephrine and urinary vanillylmandelic acid 
(to assess the adrenal medulla and diagnose pheochromocytoma).5 
Insulin, produced by the pancreatic β-cell, is the only endogenous 
hormone that lowers blood glucose and the deficiency of  insulin 
or its inability to adequately perform this task leads to the develop-
ment of  various types of  diabetes mellitus. In all cases the hall-
mark of  the disease is hyperglycemia. For example, type 1 diabetes 
(T1DM) is produced by loss of  pancreatic β-cell function, leading 
to a deficiency of  insulin and hyperglycemia, the onset of  which 
is often seen in children and young adults, and accounting for less 
than 5% of  the incidence of  diabetes.6 The development of  type 2 
diabetes mellitus (T2DM) takes several years and is the most com-
mon type. T2DM has now reached global epidemic status, affect-
ing people in all socio-economic groups, all races and is found in 
both developed and developing countries.7-9 This type of  diabetes 
is also marked by defects of  the pancreatic β-cell, swinging from 
hyperinsulinemia, a compensatory response to increasing periph-
eral insulin resistance, and progressing to loss of  insulin produc-
tion in later years due to pancreatic β-cell exhaustion.10 It is well 
established that impaired pancreatic β-cell function, together with 
increased hepatic glucose production and increased peripheral in-
sulin resistance, contributes to the development of  T2DM.11 The 
definitive diagnosis of  T2DM uses only the plasma glucose at 2 
hours post glucose challenge6 and the care of  the diabetic subject 
thereafter is based on predominantly blood glucose and hemoglo-
bin A1c (HbA1c) measurements with only occasional tests of  the 
pancreatic β-cell function during the care of  the diabetic patient. 
The primary objective of  this paper is to present some dataon 
the pancreatic β-cell function during T2DM in a cross-sectional 
study to stimulate more discussion, why pancreatic β-cell function 
(insulin/C-peptide) is not measured on a regular basis for the care 
of  the T2DM patient.

RESEARCH DESIGN

Subjects

Study subjects were selected from prior studies12-18 in which the 
subjects were enrolled in response to advertisements on bulletin 
boards around the University campus. The experimental proto-
colswere approved by the Institutional Review Board of  the Uni-
versity of  Texas Health Science Center, the General Clinical Re-
search Center and the Research and Development Committee of  
the South Texas Veterans Health Care System, Audie L. Murphy 

Division. Written, informed, voluntary consent was obtained from 
all subjects. Body weights for all individuals had been stable for at 
least 3 months prior to study. None of  the participants was on a 
dietary or exercise program for weight reduction. Potential subjects 
with significant medical problems (major cardiovascular, hepatic 
and other endocrine disease) other than elevated total cholesterol, 
as determined by routine medical history, physical examination, 
blood and urine tests were excluded. Diabetic subjects on oral 
hypoglycemic drugs were included but those on insulin injections 
were excluded. A pregnancy test was performed in all women of  
reproductive potential, and pregnant or nursing women were ex-
cluded. Subjects with anemia [Hb<12 g/dL (female) or <13 g/dL 
(male)] were also excluded.

Study Protocol

After an overnight fast (10-12 h) all subjects were asked to come 
to the Frederic C. Bartter General Clinical Research Center, where 
they were weighed, their heights taken (for determination of  body 
mass indices), body composition profile performed using a bio-
electrical impedance method (Spectrum Lightweight II, RJL Sys-
tems Instruments), electrocardiography performed, blood pres-
sure checked and clinical examination performed. The subjects 
underwent the standard 75 g oral OGTT7 to verify normal glucose 
tolerance and provide quantitative information about pancreatic 
β-cell secretion using established procedures. Three baseline blood 
samples (5 ml) were collected (time -30, -15 and -1-min) before 
the subjects ingested the glucose drink (Trutol® 75, NERL Diag-
nostics, East Providence, IR, USA) at time zero. Blood samples 
were obtained at 15 min intervals and analyzed for plasma glucose, 
insulin, and C-peptide. Blood samples were also collected during 
the basal state for the measurement of  the basic metabolic panel, 
liver function tests and total lipid profile.

Analytical Techniques

All the clinical laboratory tests were performed in the Chemis-
try Laboratory of  the South Texas Veterans Health Care System, 
Audie L. Murphy Division. LDL cholesterol was calculated using 
the Friedwald equation because fasting triglyceride levels did not 
exceed 400 mg/dL in any subject. Glycosylated hemoglobin was 
determined using high-pressure liquid chromatography using a 
Daimet Glycosylated Hemoglobin Analyzer (Bio-Rad Laborato-
ries, Hercules, CA, USA). Plasma glucose concentrations during 
the OGTT was determined by the glucose oxidase method on a 
Beckman Glucose Analyzer II (Beckman, Fullerton, CA, USA). 
Plasma insulin and C-peptide levels were determined using radio-
immunoassay kits (Diagnostic System Laboratories, Inc. Webster, 
TX, USA). At midcurve, the cross-reactivity of  the C-peptide an-
tiserum was less than 4% for proinsulin (and non-detectable with 
insulin) but the insulin antiserum may be as high as about 40% 
cross-reactivity with proinsulin. The fasting plasma levels of  glu-
cose, insulin and C-peptide were calculated as mean of  the three 
baseline determinations whereas the fasting levels of  free fatty ac-
ids were calculated as the mean of  two baseline (-15 and -1 min) 
measurements. Intra-assay CV for plasma insulin and C-peptide 
were 3.5% and 2.6%, respectively, and inter-assay CV were 5.2% 
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and 4.2%, respectively.

Statistical Analysis

A post-hoc statistical power analysis was performed for sample 
size estimation, using G* Power v3.1 software, based on the fast-
ing insulin levels of  7.5±2.8 μU/mL and 30.0±7.9 μU/mL for 
normal glucose tolerant (NGT) and T2DM subjects, respective-
ly. The effect size (ES) was considered to be large using Cohen’s 
criteria.19 With an alpha=0.05 and power=0.8, the sample size 
of  n=8 (4 males and 4 females) for each group (total 32) for this 
simple between group comparison was more than adequate for 
the main objective of  this study. Each value is the mean±SD. Stu-
dent's unpaired t-test comparison between NGT and IGT, T2DM 
and T2DM with pancreatic exhaustion (T2DM-PE) and between 
T2DM and T2DM-PE was performed using the statistical package 
on Microsoft Excel for Mac. Differences with p<0.05 were consid-
ered significant.

RESULTS

Subject Characteristics

Using the criteria of  the American Diabetes Association (ADA) 
the subjects were divided into four groups based on their 2-hour 
plasma glucose levels after ingestion of  a 75 g glucose load. The 
clinical characteristics of  the subjects, with respect to the com-
prehensive metabolic panel, is presented in Table 1. Although this 
study was a cross-sectional one, it can be seen that in general, as 

an individual’s tolerance to the glucose load deteriorated from an 
NGT state to impaired glucose tolerant (IGT), and full-blown 
T2DM and eventually into a T2DM-PE state. Full-blown T2DM 
was defined according to the American Diabetes Association cri-
teria: 2-hour plasma glucose levels greater than 200 mg/dL after 
a 75 g glucose challenge. Whereas this is typically accompanied 
by a compensatory hyperinsulinemia, T2DM-PE patients exhibit 
hyperglycemia with reduced plasma insulin/C-peptide because of  
progressive failure of  the pancreas to respond to rising blood glu-
cose. The BMI increased from NGT to IGT to T2DM but subjects 
in the T2DM-PE state had significantly decreased BMI compared 
to the T2DM group. In all, several biochemical parameters of  the 
body began to deteriorate significantly (compared to the NGT 
group) including the lipid panel. However, there was no significant 
difference between the T2DM and T2M-PE subjects, with respect 
to HbA1c (Table 2). The pancreatic response in the 4 groups in 
response to the glucose load is shown Figures 1-4. In Figures 1 and 
2 it can be seen that using the 2-hour plasma glucose during the 
OGTT is an accurate reflection of  the total plasma glucose area 
under the curve over the course of  the 2-hour glucose challenge 
(AUC(0→2)). Importantly, although there was no difference between 
plasma glucose in T2DM and T2DM-PE, there was a very sig-
nificant difference in the insulin AUC(0→2), mirrored by the plasma 
C-peptide results (Figure 4), which reflects of  the worsened state 
of  the pancreas in T2DM-PE. One important observation was 
that although there was about a 300% increase in fasting insulin 
between the IGT and T2DM groups, the corresponding fasting 
C-peptide levels was only about 15%.
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Table 1. Summary of Selected Subject Clinical Characteristics in NGT, IGT, T2DM and T2DM-PE Subjects

Healthy 
n=8

(M/F; 4/4)

IGT 
n=8 

(M/F; 4/4)

T2DM
n=8 

(M/F; 4/4)

T2DM-PE
n=8 

(M/F; 4/4)
Tests of Significance

Age (years) 45±11 54±7a 55±4b 51±9c,d

a. NGT vs IGT, p<0.031
b. NGT vs T2DM, p<0.012
c. NGT vs T2DM-PE, p=0.127
d. T2DM vs T2DM-PE, p=0.125

BMI (kg/m2) 27.2±5.4 33.7±5.8a 36.6±5.6b 30.7±4.6c,d

a. NGT vs IGT, p<0.018
b. NGT vs  T2DM, p<0.002
c. NGT vs  T2DM-PE, p=0.089
d. T2DM vs T2DM-PE, p<0.018

Systolic BP (Hg mm) 129±14 132±13 135±16 137±17 Non-significant differences

Diastolic BP (Hg mm) 78±8 78±9 76±7 79±5 Non-significant differences

Cholesterol (mg/dL) 156±14 197±31a 185±38b 181±26c,d

a. NGT vs IGT, p<0.002
b. NGT vs T2DM, p<0.029
c. NGT vs T2DM-PE, p<0.017
d. T2DM vs T2DM-PE, p=0.387

Triglycerides (mg/dL) 114±47 131±46a 165±49b 196±103c,d

a. NGT vs IGT, p=0.240
b. NGT vs T2DM, p<0.026
c. NGT vss T2DM-PE, p<0.030
d. T2DM vs T2DM-PE, p=0.228

HDL (mg/dL) 53±16 47±9a 38±8b 37±9c,d

a. NGT vs IGT, p=0.198
b. NGT vsT2DM, p<0.014
c. NGT vs T2DM-PE, p<0.019
d. T2DM vs T2DM-PE, p=0.407

LDL (mg/dL) 93±12 125±27a 115±36b 105±28c,d

a. NGT vs IGT, p=0.004
b. NGT vs T2DM, p<0.062
c. NGT vs T2DM-PE, p=0.138
d. T2DM vs T2DM-PE, p=0.277

All values=mean±SD and unpaired t-test was used for statistical analysis and p-values<0.05 were considered significant.
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Table 2. Summary of the Fasting Glucose and Insulin/C-peptide Characteristics of the NGT, IGT, T2DM and T2DM-PE Subjects

Healthy 
n=8

(M/F; 4/4)

IGT 
n=8 

(M/F; 4/4)

T2DM
n=8 

(M/F; 4/4)

T2DM-PE
n=8 

(M/F; 4/4)
Tests of Significance

Fasting Plasma 
Glucose (mg/dL)

90±6 101±8a 121±17b 145±39c,d

a. NGT vs IGT, p<0.003
b. NGT vs T2DM, p<0.001
c. NGT vs T2DM-PE, p<0.001
d. T2DM vs T2DM-PE, p<0.024

HbA1c (%) 5.2±0.4 5.7±0.5a 6.8±1.3b 7.8±1.3c,d

a. NGT vs IGT, p<0.021
b. NGT vs T2DM, p<0.002
c. NGT vs T2DM-PE, p<0.001
d. T2DM vs T2DM-PE, p=0.077

Fasting Plasma Insulin 
(μU/mL)

7.5±2.8 10.8±5.2a 30.0v7.9b 13.9±7.8c,d

a. NGT vs IGT, p=0.066
b. NGT vs T2DM, p<0.001
c. NGT vs T2DM-PE, p<0.022
d. T2DM vs T2DM-PE, p<0.001

Fasting Plasma 
C-peptide (ng/mL) 1.1±0.5 3.4±1.5a 3.9±1.6b 2.4±1.1c,d

a. NGT vs IGT, p<0.005
b. NGT vs T2DM, p<0.001
c. NGT vs T2DM-PE, p<0.001
d. T2DM vs T2DM-PE, p<0.024

All values=mean±SD and unpaired t-test was used for statistical analysis and p-values<0.05 were considered significant.

Figure 1. Plasma Glucose at 2 hours after the Ingestion of a 75 g Glucose Beverage

Each bar represents the mean of the subjects’ plasma glucose for NGT (n=8, 4 
females and 4 males), IGT (n=8, 4 females and 4 males) and T2DM (n=8, 4 females 
and 4 males) and T2DM-PE (n=8, 4 females and 4 males) groups. SD bars have been 
omitted for clarity. p values<0.05 were considered significant.

Each bar represents the mean of the subjects’ plasma glucose for NGT (n=8, 4 females 
and 4 males), IGT (n=8, 4 females and 4 males) and T2DM (n=8, 4 females and 4 males) 
and T2DM-PE (n=8, 4 females and 4 males) groups. p values<0.05 were considered 
significant.

Figure 2. Plasma Glucose Over the Course of 2 hours after the Ingestion of a 75 g Glucose 
Beverage

Figure 3. Plasma Insulin Production Over the Course of 2 hours after the Ingestion of a 
75 g Glucose Beverage

Each bar represents the mean of the subjects’ plasma glucose for NGT (n=8, 4 
females and 4 males), IGT (n=8, 4 females and 4 males) and T2DM (n=8, 4 females 
and 4 males) and T2DM-PE (n=8, 4 females and 4 males) groups. p values<0.05 were 
considered significant.

Each bar represents the mean of the subjects’ plasma glucose for NGT (n=8, 4 females 
and 4 males), IGT (n=8, 4 females and 4 males) and T2DM (n=8, 4 females and 4 males) 
and T2DM-PE (n=8, 4 females and 4 males) groups. p values<0.05 were considered 
significant.

Figure 4. Plasma Insulin Production Over the Course of 2 hours after the Ingestion of a 75 g 
Glucose Beverage
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DISCUSSION

In 2011, the International Federation of  Diabetes (IDF)7 estimated 
that globally, there would be about 234 million people with diabe-
tes by the year 2030 while the World Health Organization’s (WHO) 
estimate was 366 million.8 Both of  these estimates appeared to be 
wrong as the global estimate of  diabetes in 2015 was actually 415 
million.9 In the United States, an estimated 30 million people of  all 
ages had diabetes, with the risk of  developing T2DM increasing 
with age (reaching 25.2% among those aged 65 years or older), 
among several other factors.20 Measurement of  glucose in the labo-
ratory, whether in plasma, serum or whole blood, is relatively easy 
and reliable and clearly self-monitoring blood glucose system is 
advantageous to patients.21 Although several factors contribute to 
the failure to maintain normal blood glucose (euglycemia), it can 
be narrowed down to primarily insulin, the only endogenous hor-
mone that lowers blood glucose. 

 The results of  the present study illustrate and confirm 
the well-known facts about the development of  T2DM. In the 
NGT individuals, plasma glucose was at euglycemia requiring rela-
tively less insulin secretion when challenged with 75 g of  glucose, 
because of  enhanced whole-body insulin sensitivity. As insulin 
resistance increased, increased pancreatic β-cell function was re-
quired to keep blood glucose under control as seen in the IGT 
(pre-diabetic) individuals. In the overt T2DM subjects, there was 
significantly increased fasting insulin and increased insulin pro-
duction in response to the 75 g glucose load. This compensatory 
hyperinsulinemia may initially produce euglycemia and may ex-
plain the substantial number of  people who are generally aware 
of  having diabetes. In this study, one important observation was 
that although there was about a 300% increase in fasting insulin 
between the IGT and T2DM groups the corresponding fasting 
C-peptide levels was only about 15%. Equimolar amounts of  in-
sulin and C-peptide are expected during synthesis from proinsulin. 
In this study, plasma levels of  fasting insulin increased by nearly 
3-fold (10.8 μU/ml vs 30 μU/ml, IGT and T2DM, respectively) 
probably due to increased peripheral insulin resistance and com-
pensatory hyperinsulinemia by the pancreatic β-cells. However, 
the fasting plasma C-peptide outputs did not appear to match the 
insulin production (3.4 ng/ml vs 3.9 ng/mL in IGT and T2DM 
groups, respectively), accounting for only about 15% increase. This 
disparity could be related to the pharmacokinetics of  these hor-
mones - either decreased hepatic extraction of  insulin or enhanced 
renal excretion of  C-peptide. The seminal work of  Matthews and 
colleagues22 showed that whereas insulin levels are extracted from 
the peripheral circulation by the liver, the C-peptide levels were 
determined predominantly by renal clearance and therefore deter-
mined by kidney function.23 In fact, subsequently, attempts to pre-
dict the actual insulin levels from the C-peptide levels have been 
described.24 An extensive review of  the clinical utility of  C-peptide 
measurements in the care of  diabetic patients has been published.25 
It is well known that diabetes confers increased risk for kidney 
diseases. Therefore, further studies are warranted to determine the 
effects of  diabetes medications on hepatic and renal functions as 
they relate specifically to the insulin and C-peptide levels.

 With entrenched insulin resistance and years of  exces-
sive secretory activity the pancreatic β-cells begin to fail as seen in 
the T2DM-PE, exhibiting increased fasting plasma glucose, with 
corresponding worsening of  the HbA1c and decreased fasting 
plasma insulin/C-peptide (Table 2) and the insulin and C-peptide 
AUC(0→2) (Figures 3 and 4). It has long been known that the pro-
gression of  NGT to IGT and ultimately to T2DM is typically has-
tened by obesity26-28 which increases insulin resistance and is seen 
here by the increased BMI from NGT to T2DM. The decreased 
BMI in T2DM-PE compared to the overt T2DM is expected be-
cause T2DM diabetic patients are known to become leaner during 
pancreatic exhaustion. 

 The pancreas is a very unique organ performing both en-
docrine and exocrine functions in the body. The endocrine func-
tion of  the pancreas controls predominantly carbohydrate me-
tabolism. The pancreatic α-cells constitutes about 30-40% of  the 
islet population, producing glucagon that elevates blood glucose 
by stimulating glycogenolysis and gluconeogenesis and adipose 
tissue lipolysis. On the other hand, the pancreatic β-cells, consti-
tuting about 50-60% of  the islet population produces insulin, the 
only hormone that lowers blood glucose. Insulin acts by increas-
ing glucose uptake by the liver, skeletal muscle and adipose tissue, 
stimulating glycogenesis and inhibiting gluconeogenesis. Impaired 
insulin secretion and/or insulin action may lead to the failure to 
maintain glucose at euglycemia, leading to hyperglycemia. 

 The age of  diagnosis of  the disease in the T2DM group 
was 47±3 years which agrees with the Centers for Disease De-
tection and Prevention (CDC) report indicating that adults in the 
United States typically receive new diagnosis of  the disease be-
tween 45 and 64 years of  age.29 The age of  diagnosis of  diabetes 
for the T2DM-PE group was lower (41±5 years of  age) because 
two patients were diagnosed at 34 and 35 years of  age.

 Although several derangements have now been shown to 
contribute to the pathogenesis of  T2DM, the three most common 
are increased endogenous (hepatic) glucose production, impaired 
insulin secretion and impaired/decreased skeletal muscle insulin 
action (or decreased peripheral insulin sensitivity).11 Correspond-
ingly, the most common targeted oral hypoglycemic agents to ad-
dress these defects are biguanides (e.g. metformin) to treat the in-
creased hepatic glucose production,30 sulfonylureas (e.g. glipizide) 
to treat the impaired pancreatic β-cell secretory function31 and the 
thiazolidinediones (TZD) (e.g. pioglitazone) to increase insulin 
sensitivity.32

 All the subjects in the two diabetes groups were on com-
bination therapy. In the T2DM group, 4 out of  8 subjects were 
taking glipizide (5 mg daily), all were on metformin (2 subjects, 250 
mg daily; 4 subjects, 500 mg daily; and 2 (500 mg×2 daily) and all 
were on 15 mg of  pioglitazone. In the T2DM-PE group, all the 
subjects were on glipizide (10 mg daily), perhaps a recognition of  
decreased pancreatic β-cell function, all of  them were metformin 
(4 subjects, 500 mg daily; one subject, 850 mg daily and 3 sub-
jects were prescribed, 850 mg×3 daily), and all the 8 T2DM-PE 
subjects were on 15 mg pioglitazone. The prescription regimens 

Original Research | Volume 3 | Number 1| 5

http://dx.doi.org/10.17140/POJ-3-109


Kudolo GB

Pancreas Open J. 2019; 3(1): 1-8. doi: 10.17140/POJ-3-109
PUBLISHERS

indicate that the patients were all deemed to have all three defects 
– impaired pancreatic β-cell function, increased hepatic glucose 
production and increased peripheral insulin resistance. So, even 
though all the diabetic patients were managed by combination oral 
hypoglycemic agents (sulfonylureas, biguanides and thiazolidin-
ediones, respectively), it can be seen that the fasting blood glucose 
was worse in patients with T2DM-PE. The decrease in the insulin 
secretory function at this stage is thought to be due predominantly 
to an actual loss of  pancreatic β-cell mass with the mechanism be-
ing increased pancreatic β-cell apoptosis and dediffrentiation.23,33-35

 Even though several new antidiabetic drugs are now 
available, sulfonylureas which target the pancreas, remain the most 
prescribed class of  drugs but metformin, the recommended first 
line of  treatment, is the most common prescribed individual drug 
among the oral hypoglycemic agents.36,37 The guidelines endorsed 
by the American Diabetes Association for pharmacological treat-
ment of  T2DM recommends metformin as an initial treatment, in 
addition to lifestyle changes. If  glycemic targets are not achieved 
in 3 months, then other drugs like the sulfonylureas and thiazoli-
dinediones may be added. The euglycemic clamp that may be used 
to determine hepatic glucose production and peripheral insulin re-
sistance is available only in a clinical research setting. On the other 
hand, pancreatic β-cell function for routine patient care could be 
assessed easily by measurement of  plasma insulin and C-peptide 
but Quest Diagnostics, a leading laboratory testing organization in 
the United States and others like it, do not have plasma insulin in 
their test guide for “Laboratory testing for diabetes and manage-
ment.” This is probably because assessment of  pancreatic function 
is not a recommendation in the American Diabetes Association 
guidelines for the pharmacologic management of  the diabetic pa-
tient. So, insulin and C-peptide tests are not ordered. This is unlike 
the case of  hyperlipidemia where blood cholesterol levels are rou-
tinely ordered to guide doctors in treatment options. There must 
be some value to the physician and the patient knowing about the 
status of  the pancreas.

CONCLUSION

Impaired hepatic glucose production, increased peripheral insulin 
and impaired pancreatic β-cell are major players that collude to 
produce T2DM. 

 The OGTT is very useful for the diagnosis of  the disease 
because it assesses both the secretory capacity of  the pancreatic 
β-cell as well as the tissue response to insulin (peripheral tissue 
insulin sensitivity). Using 2-hour plasma glucose as a diagnostic 
cutoff, fasting glucose or HbA1c levels are reliable for diagnosis 
of  T2DM, but it is also clear that progressive loss of  pancreatic 
β-cell function is inevitable in the disease progression. Just like 
plasma cholesterol measurements are relied upon to guide medica-
tion prescriptions in the care of  patients with hyperlipidemia, we 
must start discussions on why measurement of  insulin/C-peptide 
plasma levels could not be relied upon in the care of  the diabetic 
patient. That knowledge of  the pancreatic β-cell secretory capacity 
may be useful to the physician for choosing sulfonylureas in the 
case of  patients approaching T2DM-PE.
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ABSTRACT
Pancreatic cancer remains a devastating disease with dismal outcomes despite the development of  novel chemotherapeutic regi-
mens and radiation techniques. Stereotactic body radiation therapy (SBRT) offers an advantage both in image guidance and 
radiation dose delivery to direct ablative doses to tumors with acceptable toxicity compared to conventional techniques. Recent 
literature is clustered with data pertaining to SBRT in patients with resectable, borderline resectable and locally advanced pancre-
atic tumors. We here present a summary of  the current data and highlight the limitations and potential for future growth. Further 
clinical study in the form of  multi-institutional trials is warranted to establish the role of  SBRT in combination with new chemo-
therapeutic agents as well as a non-invasive alternative to surgery.

Keywords
Pancreatic neoplasms; Pancreas cancer; Radiosurgery; Stereotactic; Stereotactic body radiation therapy (SBRT); Radiation; 
Radiotherapy.

INTRODUCTION

Pancreatic ductal adenocarcinoma (PDAC) is an aggressive ma-
lignancy with limited effective therapeutic options and exceed-

ingly high mortality. Currently, a cure may be achieved through 
resection; recent evidence suggests that neoadjuvant therapy can 
increase R0 (pathologically negative margin) resection rates with 
effective local control.1 Stereotactic body radiation therapy (SBRT) 
has garnered significant interest for pancreatic cancer patients as 
it is completed quickly over 1-5 fractions, requires less time away 
from full doses of  chemotherapy, and is generally much better tol-
erated than conventional radiographic testing (RT) as a result of  
more limited target volumes. Favorable results of  SBRT for locally 
advanced pancreatic cancer (LAPC) patients are now leading to the 
exploration of  SBRT for other pancreatic cancer patients.2

SBRT FOR LOCALLY ADVANCED PANCREAS

The utility of  pancreatic SBRT was established in the locally ad-
vanced patient population. With the advent of  gemcitabine-based 
(GEM) chemotherapy, the role of  RT for LAPC has become more 

precarious.3 The European Fédération Francophone de Cancérol-
ogie Digestive (FFCD)/The Société Francophone de Radiothéra-
pie Oncologique (SFRO) Phase III trial compared GEM alone 
versus induction 5 Fluorouracil (FU) and cisplatin chemoradiation 
(CRT), followed by maintenance gem.4 Overall survival (OS) was 
shortened in the CRT arm from 13 to 8.6-months. Higher grade 3 
toxicities with CRT were observed during both induction (36% vs. 
22%) and maintenance (32% vs. 18%) phases. Notably, the trial uti-
lized a higher than normal conventionally fractionated 60 Gy dose. 
The recent success of  more aggressive, but increasingly toxic, che-
motherapy regimens such as FOLFIRINOX and gem plus nab-
paclitaxel have spurred re-examination of  local therapy.5,6 With 
improved systemic control, local progression may become a more 
serious issue for survival and quality of  life. However, local control 
rates from standard external beam radiotherapy (EBRT) have been 
disappointing with 1-year local progression rates of  around 50%.7 
Furthermore, with two-thirds of  patients failing distantly within 1 
year, a shorter course approach with minimal interruption to sys-
temic therapy is desirable.7 These factors paved the way for the 
use of  SBRT in pancreatic cancer patients, and initially those with 
LAPC. 
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 The inception of  SBRT for pancreatic cancers began at 
Stanford with a phase I dose escalation study in a LAPC cohort.8 
The trial was stopped at a dose of  25 Gy since all patients achieved 
local control with distant metastasis as the first site of  failure. The 
median survival for all patients was 11-months, with 100% local 
control. However, despite smaller margins and less acute toxic-
ity, patients treated on the Stanford single-fraction SBRT proto-
col experienced a high degree of  late toxicities (25% grade ≥2).9 
Hypofractionated studies showed reduced 1-year grade 2 toxicity 
to 7.8%. This reduction came without a compromise in disease 
control. The 1-year local control was 91.5% vs. 88.3% (p=0.8) for 
single vs. 5-fraction SBRT with median OS of  13.6-months for all 
patients. More contemporary SBRT series have also largely em-
ployed a fractionated approach.10-14 These institutional studies re-
veal a median survival of  14-15-months, 1-year local control rates 
of  about 80%, and grade 3 toxicities below 10%.15

 Very recently, a few groups have reported that LAPC pa-
tients may have an increased likelihood of  undergoing resection 
after aggressive induction chemotherapy regimens. Recently, the 
group from Hopkins reported on 88 patients treated from 2010-14 
with SBRT using gem-based or FOLFIRINOX regimens.16 SBRT 
doses ranged from 25-33 Gy in 5 fractions. The 1-year local con-
trol rate was 61%, but with a median OS of  18.4-months for LAPC 
patients. Notably, 20% of  LAPC patients underwent surgery. Re-
sected patients had a median OS of  20.2-months, compared to 
12.3-months for unresected cases. Grade 3 toxicity was below 6%. 
Similar to the study from Hopkins, SBRT data from Moffitt also 
shows the possibility of  downstaging for surgery.14 They reported 
a 24% surgical conversion rate for LAPC patients receiving FOL-
FIRINOX chemotherapy. All converted patients achieved an R0 
(microscopic negative margin) resection. Any grade 3 or higher 
toxicity was 7%. Median OS was 34.2-months for patients who 
underwent resection, and 11.3-months for those who did not. See 
Table 1 for a list of  SBRT studies for LAPC.

SBRT FOR BORDERLINE RESECTABLE PANCREAS

While pancreatic SBRT has been most extensively evaluated in 
LAPC patients, there is emerging data that SBRT may also benefit 
patients with borderline resectable pancreas (BRPC) (Table 2). The 
SBRT literature for BRPC largely comes from the Moffitt Cancer 
Center. Chuong et al reported on a larger series of  73 patients 
(57 BRPC, 16 LAPC) who received induction gem, docetaxel, and 
capecitabine (GTX) followed by SBRT.12 SBRT was delivered us-
ing 5 consecutive daily fractions targeting the primary tumor with 
a median dose of  30 Gy (range, 25-30 Gy), the region of  vascula-
ture involvement was prescribed a median dose of  35 Gy (range, 
35-50 Gy) using a simultaneous integrated boost (SIB) to further 
increase the likelihood of  tumor regression and R0 resection. After 
restaging, 56.1% of  the BRPC patients underwent surgical resec-
tion with all except for one (96.9%) having negative margins. Re-
sected patients had significantly improved median OS (19.3 vs. 12.3 
months; p=0.03) and median progression-free survival (PFS) (12.7 
vs. 5-months; p<0.0001). No acute grade 3 toxicities were reported 
and the most common acute toxicities were grade 1-2 fatigue and 
nausea. Their subsequent study of  159 patients (110 BRPC, 49 
LAPC), surgical resection was performed on 51% of  the BRPC 
patients and R0 resection was achieved in 96%. Portal vein (PV) or 
superior mesenteric vein (SMV) resection and reconstruction was 
performed in 34% of  BRPC patients. Median OS was significantly 
higher among patients who had surgery compared to those who 
did not (34.2 vs. 14.0-months; p<0.001). Finally, while the prescrip-
tion doses generally increased compared to the previous publica-
tion (primary tumor: median 30 vs. 35 Gy; tumor-vessel interface: 
median 35 vs. 40 Gy), the incidence of  late grade 3 radiation-related 
toxicity remained consistently low (~5%).14

 The feasibility of  using SBRT for BRPC is also support-
ed by other studies with more limited numbers of  BRPC patients. 
A study from Johns Hopkins included 88 patients (74 LAPC, 14 

Table 1. SBRT for Locally Advanced Pancreatic Cancer 

Study n Dose Fractionation Chemo Local control Survival Toxicity

Koong et al8 6 25Gy in 1fx (73 Gy2) None 100% @ 1 year Median 8 mo 33% acute G3+

Chang et al9 77 25Gy in 1fx (73 Gy2) Gemcitabine 84% @ 1 year Median 12 mo 25% G2+ @ 1yr

Mahadevan et al11 39 24-36Gy in 5fx (30-50 Gy2) Gemcitabine 85% crude Median 20 mo 9% late G3+

Herman et al13 49 33Gy in 5fx (46 Gy2) Gemcitabine 78% @ 1 year Median 13.9 mo 12% acute G3+
11% late G2+

Moningi et al17 88 25-33Gy in 5fx (31-46 Gy2) Gemcitabine or 
FOLFIRINOX

61% @ 1 year Median 18.4 mo 3% acute G3+
6% late G2+

Table 2. SBRT for Borderline Resectable Pancreatic Cancer

Study n Dose Fractionation Chemo Survival Conversion 
rate R0 pCR Toxicity

Chuong et al12 73
(78% BRPC) 25-50Gy in 5fx (31-83 Gy2) GTX Median 16.4m

72% @ 1 year 56% 97%  Not 
reported

0% acute G3+
5% late G3+

Mellon et al14 159
(69% BRPC) 30-40 Gy in 5fx (40-60 Gy2 GTX Median 19.2 m 51% 96%  7% 7% acute & late G3+

Rajagopalan 
et al18

12
(58% BRPC)

36 Gy in 3fx (66 Gy2)
24 Gy in 1fx (68 Gy2)

Gemcitabine-
Capecitabine

Median 47.2 m 
92% @ 1 year 100% 92%  25% 0% acute G3+
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BRPC) who received 5-fraction SBRT and reported favorable sur-
gical and SBRT-related toxicity outcomes.17

 Investigators from the University of  Pittsburgh published 
their experience of  12 patients (7 BRPC, 5 LAPC) who received 
chemotherapy followed by SBRT prescribed to 36 Gy in 3 frac-
tions (n=7) or 24 Gy in a single fraction (n=5) and then had sur-
gery.18 A high rate of  R0 resection was achieved (92%) with mini-
mal toxicity. Pathologic complete response (pCR) was achieved in 
25%, which is higher than would be expected with standard EBRT 
and perhaps signaling that SBRT may have unique histopathologic 
effects. It is plausible that a higher rate of  pCR may be achieved 
using dose fractionation schedules with a higher biologically ef-
fective dose. He et al compared surgical outcomes among BRPC/
LAPC patients who received SBRT (n=29), CRT (n=82), or che-
motherapy alone (n=26) and reported R0 resection rates of  90%, 
84% and 62%, respectively (p=0.02).19 The PCR rate was notably 
higher among patients who received SBRT (21% vs. 4% vs. 0%; 
p<0.001). 

 In conclusion, while various neoadjuvant treatment 
regimens are commonly used for BRPC including standard frac-
tionation CRT, increasing consideration should be given to SBRT 
based on its clear advantage in increasing R0 resectability with 
higher PCR rates, and providing improved OS in these patients.

SBRT FOR RESECTABLE PANCREAS

The significance of  microscopic margin involvement on survival is 
a controversial topic, with some studies claiming an impact on sur-
vival and others finding no such correlation.20 Recent studies based 
on rigorous pathological examination protocols report R1 rates of  
well over 70%.21-25 Several studies have shown that residual can-
cer cells are frequently present in the resection bed even in appro-
priately staged patients after surgery that is properly performed,26 
where even with R0 resections nearly 80% of  patients were found 
to have evidence of  microscopic cells left in situ at the surgical 
site.27 In a recent phase III adjuvant chemotherapy trial in patients 
with resected pancreatic cancer in which many patients had posi-
tive margins (0-60%) and nodal involvement (63-80%), local re-
currence rates were 18-41%, suggesting the presence of  residual 
disease may benefit from local therapy in addition to systemic ther-
apy.28 Early data from MD Anderson Cancer Center included 86 
patients who received gemcitabine-based X-ray telescope (XRT) ra-
diation (30 Gy); 75% of  patients were resected, 95% had R0 resec-
tions and the median OS for those who completed all therapy was 
34-months.29 Their subsequent study of  cisplatin and gemcitabine 
followed by gemcitabine-based chemoradiation in 90 patients with 
remote procedure call (RPC) revealed an R0 resection rate of  96% 
and median OS of  31-months.30 Cloyd et al published a unique 
retrospective study utilizing propensity score weighted methodolo-
gies. The authors queried MD Anderson database to identify all 
patients who received pre-operative chemotherapy or CRT before 
pancreatectomy for anatomically resectable PDAC between 1999 
and 2014. They concluded that the receipt of  pre-operative CRT 
alone was associated with a higher rate of  margin-negative resec-
tion (91% vs. 79%, p<0.01), lower rate of  positive lymph nodes 

(53% vs. 23%, p<0.01), greater treatment effect, reduced incidence 
of  locoregional recurrence (LR) (LR; 16% vs. 33%, p<0.01) but 
similar median overall survival (OS; 33.6 vs. 26.4-months, p=0.09) 
compared with systemic chemotherapy alone.31 Katz et al, report-
ed wider special memorandum account (SMA) margin distance 
on histological examination on patients who receive pre-operative 
CRT.32 This suggests that the local effect of  CRT may occur pri-
marily through sterilization of  the retroperitoneum.

THE IMPACT OF SBRT ON THE TUMOR 
MICROENVIRONMENT

Both SBRT and SRS have been used effectively for the treatment 
of  lung, liver, brain, prostate, and recurrent head and neck can-
cers, among others.33-37 Damage to tumor cell deoxyribonucleic 
acid (DNA) is thought to account for only part of  the efficacy of  
hypofractionated regimens.38 Many studies indicate that in addition 
to the direct impact on DNA, the effects of  high-dose radiation 
on the tumor microenvironment (TME) may play a role in tumor 
control by SBRT and stereotactic radiosurgery (SRS).38-41 Many 
studies indicate the effect of  a single fraction or hypofractionated 
radiation therapy in the treatment of  pancreatic tumor xenografts.

 In the stroma of  human carcinomas, cancer-associated 
fibroblasts (CAFs) are the most abundant cell types and play a sig-
nificant role in tumor cell growth, angiogenesis, and invasiveness 
(Figure 1).42-46 CAFs are also responsible for the deposition of  key 
extracellular matrix (ECM) proteins (e.g., collagen, fibronectin, and 
laminin) as well as secreting ECM-degrading enzymes (e.g., matrix 
metalloproteinases),42,43 which promotes migration of  CAFs and 
degradation of  the ECM, allowing the invasion of  tumor cells.47

 In vitro studies have shown that fibroblasts develop an ir-
reversible senescent phenotype when exposed to a dose>10 Gy of  
radiation, whereas low doses of  radiation induce reversible DNA 
damage without growth arrest. Senescent fibroblasts release pro-
teolytic enzymes, cytokines, growth factors, and reactive oxygen 

Figure 1. The Paradoxical Web of Pancreatic Cancer Tumor Microenvironment

Hematoxylin and eosin (H&E) and trichrome staining of pancreatic tumors arising 
in two KPC mice recapitulating the dense collagen-rich stroma seen in human 
pancreatic adenocarcinoma tumors. Scale bars Z 100 mm.
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species, creating a protumorigenic environment.48 Radiation doses 
higher than 10 Gy per fraction are associated with severe vascu-
lar damage leading to the deterioration of  the TME.39,49 Although 
endothelial cell damage has been shown to be a major factor in 
the biological mechanism of  SBRT and SRS, this phenomenon is 
sometimes transient and may lead to neovasculogenesis via hypox-
ia-inducible factor (HIF)-1 induction.49 Baird et al reported pan-
creatic tumor regression through activation of  type 1 interferon-
dependent responses with a single dose of  10 Gy and co-treatment 
with cGAMP or STING (simulator of  interferon genes) agonists 
that amplify the radiation-induced antitumor immune response.50,51 
Type 1 interferons (interferon (IFN)-α and IFN-β) are important 
for activation of  both innate and adaptive immune responses and 
are well-known for their role in viral immunity.52

 Treatment of  pancreatic tumor xenografts with radiation 
given as 4 Gy in 2 fractions resulted in a switchin tumor-infiltrating 
macrophages from a protumorigenic M2 phenotype to an antitu-
morigenic M1 phenotype.53 Likewise, increased infiltration of  T-
cells into tumors and tumor killing mediated by iNOS+M1 macro-
phages through the expression of  Type 1 T helper (TH1) cytokines 
have been reported in murine models of  pancreatic cancer and 
melanoma after low-dose radiation treatment.53,54 Moreover, many 
studies have demonstrated M2 polarization after treatment with 
single high-dose and hypofractionated radiation regimens.55-57 Sev-
eral clinical trials are underway to determine the effects of  com-
bination therapy with radiation and immune checkpoint inhibitors 
(Table 3).58-60

CONCLUSION

SBRT has been shown to be safe and effective in pancreatic can-
cer patients. It offers several advantages over standard EBRT in-
cluding increased patient convenience, reduced toxicities, and the 
ability to minimize delays in modern multi-agent chemotherapy. 
The ability of  SBRT to convert patients with borderline and locally 
advanced tumors to resectable disease with higher percentage of  
negative resection margins may improve survival. Favorable SBRT 
outcomes for LAPC patients have paved the way for exploration 
of  SBRT for resectable pancreatic cancer patients, with promising 
early results. The immunotherapeutic approach has very limited 
clinical activity to date in pancreatic cancer, it is still unclear how to 
optimally combine ablative radiation and immunotherapy, includ-
ing optimal sequencing, radiation dose to effectively overcome the 
immunosuppressive pancreatic tumor microenvironment.
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ABSTRACT
Survival rates for pancreatic cancer (PC) remain dismal. Current standard of  care treatment regimens provide transient clinical 
benefit but eventually chemoresistance develops leading to poor outcomes. PC is a relatively chemoresistant tumor and one of  
the explanations for this is attributed to desmoplasia that impedes drug delivery. Based on this, stromal modifying agent such as 
Pegvorhyaluronidase alfa (PEGPH20) was developed and investigated in phase I-III studies. Although phase I-II studies showed 
promising results in patients with high hyaluronic acid (HA) expressing tumors, the phase III HALO 301 study failed to miss 
it’s primary endpoint and further development of  PEHPH20 is halted. This failure implies that targeting desmoplasia alone is 
not sufficient and other intrinsic factors such as lack of  significant neoantigens, low tumor mutational burden, and epithelial to 
mesenchymal transition may be at play. It is also important to consider that although the tumor stroma may be a physical bar-
rier hampering drug delivery, it may also have protective effects in restraining tumor growth and progression. Further studies in 
molecular biology to better characterize the complex interaction between the microenvironment and cancer cells are warranted.

Keywords
Pegvorhyaluronidase alfa (PEGPH20); Desmoplasia; Pancreatic cancer; Chemoresistance; HALO.

Pancreatic cancer (PC) remains one of  the deadliest cancers in 
the United States with very poor outcomes. In 2019, it is es-

timated that 56,770 Americans will be diagnosed with pancreatic 
cancer in the US and more than 45,750 will die of  the disease. It 
is expected to become the second leading cause of  cancer-related 
deaths by 2020 and currently has a 5-year overall survival rate of  
8.5% for all stages combined.1 PC is a relatively chemoresistant 
tumor with limited treatment options, which can include surgery 
if  identified early in the disease process, radiation, chemotherapy, 
and some targeted therapies. Most patients present with unresect-
able or metastatic disease resulting in a 5-year-overall survival (OS) 
rate of  only 7%. Even when surgery is feasible in 15-20% of  the 
patients, the 5-year survival remains only about 10%.2 

 Chemotherapy, which can be used in the neoadjuvant set-
ting in order to decrease tumor size in the borderline resectable 
or resectable patients, in the adjuvant setting after surgery, or first 
line in the metastatic/advanced setting, is the forefront of  system-
ic therapy. Two chemotherapy combination regimens have shown 
superiority in patients with metastatic disease. In the Partenariat 

de Recherche en Oncologie Digestive (PRODIGE)/Actions Con-
certées dans les Cancers Colorectaux et Digestifs (ACCORD) and 
Metastatic Pancreatic Adenocarcinoma Clinical Trial (MPACT) 
trials, folinic acid fluorouracil irinotecan oxaliplatin (FOLFIRI-
NOX) and gemcitabine plus nab-paclitaxel, respectively, showed 
an overall survival (OS) benefit at the cost of  increased toxicity.3,4 
In 2007, the Food and Drug Administration (FDA) approved erlo-
tinib (epidermal growth factor receptor tyrosine kinase inhibitor) 
based on a study that showed survival benefit with combination 
of  gemcitabine plus erlotinib, however, clinical benefit is limited 
and erlotinib is not widely accepted or used.5 A recent study using 
olaparib (poly (adenosine diphosphate [ADP]–ribose) polymerase-
PARP inhibitor) in the maintenance setting in patients with germ-
line BRCA mutated metastatic pancreatic cancer that had not 
progressed on first line platinum based therapy showed significant 
improvement in median progression free survival (PFS) but no im-
provement in OS.6 However, this only applies to a small subgroup 
of  patients with pancreatic cancer. Despite these advances, there 
remains much room for improvement and one of  the explanations 
for resistance to conventional chemotherapy can be attributed to 
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desmoplasia that impedes drug delivery. 

 Pancreatic tumor cells have a thick and poorly perfused 
stroma, which includes pancreatic stellate cells (PSCs). These cells, 
in turn, produce stromal elements, including collagens, laminin, fi-
bronectin, and hyaluronic acid (HA). The dense, collagen-rich ex-
tracellular matrix and stroma creates high interstitial pressure. This 
can potentially constrict blood vessels leading to a hypovascular 
environment that impairs drug delivery rendering tumor cells che-
moresistant.7 This fundamental characteristic of  significant over-
production of  extracellular matrix proteins and extensive prolif-
eration of  myofibroblast-like cells is termed desmoplastic reaction 
and can decrease the efficacy of  chemotherapy.

 Tumors with high-levels of  HA have shown to be poor 
prognostic indicators in patients with PC.8 Stromal modifying 
agents, such as Pegvorhyaluronidase alfa (PEGPH20), an enzyme 
that temporarily degrades HA, should decrease tumor pressure and 
vascular compression thereby penetrating the “halo” surrounding 
the tumor cells. PEGPH20 showed promising results in pre-clini-
cal and early phase studies. Based on this the FDA granted orphan 
drug designation to PEGPH20 for treatment of  PC. 

 Encouraged by the preliminary data from phase I/II 
studies, the phase III HALO-109-301 was conducted which was 
a randomized, double-blind, multicenter trial.9,10 This study com-
pared PEGPH20 in combination with nab-paclitaxel/gemcitabine 
to nab-paclitaxel/gemcitabine alone in previously untreated pa-
tients with stage IV PC.11 Patients had to have tumors that were 
high expressors of  HA, a clear difference from SWOG1313. Pa-
tients were randomized in 2:1 manner to receive the experimental 
arm. The primary endpoint was overall survival, and the originally 
planned interim analysis was not done. Five hundred patients were 
enrolled and estimated completion date was to be December of  
2019. However, on November 4, 2019, Halozyme announced that 
HALO 301 did not meet its primary endpoint of  OS (11.2 months 
compared to 11.5 months (hazard ratio of  1.00 and p=0.096).12 Per 
Halozyme, there was a higher response rate in the experimental 
arm but unfortunately no improvement in duration of  response, 
PFS, or OS was seen. Since this announcement, all future develop-
ment of  PEGPH20 has been halted.

 Earlier in 2019, Ramanathan et al, presented similar nega-
tive data of  Southwest Oncology Group (SWOG) 1313 that was 
conducted to determine the safety and efficacy of  PEGPH20 
in combination with modified version of  FOLFIRINOX. Since 
2011, when an exceptional improvement in overall survival with 
FOLFIRINOX compared with single agent gemcitabine (HR for 
death=0.57) was published,3 a substantial interest had developed to 
use this new triplet chemotherapy as the backbone for a random-
ized clinical trial with PEGPH20. The SWOG set out to determine 
the safety and efficacy of  PEGPH20 in combination with modified 
version of  FOLFIRINOX in a phase Ib/II clinical trial.13 Of  note, 
eligibility of  subjects was not dependent upon tumor expression 
status of  HA by immunohistochemistry. The standard 3+3 dose 
escalation phase Ib component demonstrated that biweekly dosing 
of  PEGPH20 was poorly tolerated, and the RP2D was 3 μg/kg 

every 2 weeks. The open-label, phase 2 portion randomly assigned 
114 patients to mFOLFIRINOX+/-PEGPH20. However, accrual 
was suspended and trial was terminated based on the results of  a 
pre-planned interim futility analysis. In terms of  safety, treatment-
related adverse events ≥ grade 3 were substantially higher for the 
investigational arm (45%) versus control (9%).8

EXPERT OPINION

Unfortunately, we now have two failed clinical trials for PEG-
PH20. It is of  both academic and clinical importance to consider 
possible explanations for these failed trials. In SWOG 1313, the 
answer may lie more within the toxicity of  the entire regimen. As 
a consequence, the overall treatment exposure in the experimental 
arm was inferior. The study group received half  the number of  
cycles of  chemotherapy and more dose reductions than the control 
group. This substantial imbalance in treatment exposure is likely 
the most relevant factor contributing to the very poor outcomes 
of  the study group. Dosing of  PEGPH20 could be another factor 
that contributed to the negative results of  SWOG 1313. The rec-
ommended phase II dose (RP2D) schedule for PEGPH20 was q2 
weeks, whereas in the positive HALO-202 trial it was administered 
weekly. Additionally, the lack of  subject selection based on the HA 
high biomarker likely played a role.

 However, this was rectified in the HALO 301 study, 
which only included patients that had tumors with high-levels of  
HA expression. The phase II study showed promising results, es-
pecially in this subset of  patients. The R2PD with the twice weekly 
dosing for PEGPH20 was also applied on this trial. Patients were 
also given enoxaparin to avoid the venous thromboembolism risk. 
Despite these corrections, HALO 301 now failed. Halozyme an-
nounced that although response rate was similar to the control 
arm, no significant difference was seen. Could it be perhaps that 
our theory of  targeting the desmoplastic response is simply not 
enough?

 Perhaps it is not solely the desmoplastic reaction that is 
the cause of  chemoresistance of  pancreatic cells, but additional 
intrinsic factors at play. The pancreatic cancer microenvironment 
is also filled with immunosuppressive cell types, such as myeloid 
derived suppressor cells (MDSCs) and regulatory T-cells (Tregs), 
which in turn alter the effector function of  cytotoxic T-cells, lead-
ing to evasion of  the immune system. It has also been shown that 
the amount of  Tregs in the pancreatic microenvironment cor-
responds to the Tregs found peripherally, which could result in 
systemic chemotherapy resistance.14 The location of  the cytotoxic 
T-cells also is problematic; they are located at the front of  pancre-
atic cancer and not so much in the center where they can target 
malignant cells. Also, when they do cluster next to malignant cells 
they are unable to act upon them due to the dense stromal tissue.15 
This has explained the poor response to immunotherapies in pan-
creatic cancer as well, along with the low mutational burden, and 
lack of  significant neoantigens. Although preclinical studies have 
shown promise in the area of  suppressing Tregs, clinical studies 
have not followed suit. The ECLIPSE trial, which depleted Tregs 
with cyclophosphamide and the GVAX vaccine has not shown any 
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significant clinical outcomes.16

 The epithelial to mesenchymal transition (EMT) is the 
conversion of  epithelial cells into mesenchymal like cells in cell 
culture conditions, which is seen in the pancreatic tumor cell.20 
However, the inhibition of  this has been not proven to have an 
effect on pancreatic metastasis. Paradoxically, it does seem to affect 
chemoresistance of  the pancreatic tumor cell. The theory behind 
this is the cell has seemed to have compensatory mechanisms to 
overcome the inhibition in terms of  metastasis, but may suppress 
drug transporter and concentrating proteins, which could affect 
resistance to chemotherapies such as gemcitabine. Therefore, per-
haps adding epithelial–mesenchymal transition (EMT) inhibitors 
to standard backbone chemotherapies is necessary to consider.

 It is also important to consider that although the tumor 
stroma may be a physical barrier hampering drug delivery, it may 
also have protective effects in restraining tumor growth and pro-
gression. Sonic hedge hog (SHH) deficient tumors have reduced 
stromal content but surprisingly such tumors were more aggres-
sive, exhibited undifferentiated histology, increased vascularity, and 
heightened proliferation.21 Another study investigating role of  ad-
juvant gemcitabine compared to observation in resectable pancre-
atic cancer patients analyzed tissue samples of  162 patients. They 
found that dense stromal reaction was actually associated with im-
proved disease free survival (DFS) and OS with median DFS and 
OS of  13.8 and 28 months in weak stroma (p=0.05) versus 10.1 and 
20.2 months in strong stroma (p=0.047).22 Therefore, reversal of  
hypovascular stroma with stromal depleting and penetrating agents 
such as PEGPH20 may simply unleash the strain of  aggressive 

cancer clones potentiating their metastatic capacity. 

 In summary, the phylogenesis of  pancreatic cancer is 
much more complex than originally thought. It may indeed be a 
combination of  stromal modifying agents as well as other strate-
gies to overcome chemoresistance to better fight pancreatic can-
cer. Further studies in molecular biology to better characterize the 
complex interaction between the microenvironment and cancer 
cells are warranted.
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ABSTRACT

Survival rates for pancreatic cancer remain dismal. Current standard of  care treatment regimens provide transient clinical benefit 
but eventually chemoresistance develops. Tumors deficient in deoxyribonucleic acid (DNA) damage repair mechanisms such as 
BRCA mutants show better responses to platinum based agents, however, such tumors can utilize the poly(adenosine diphosphate 
[ADP]–ribose) polymerase (PARP) pathway as a salvage mechanism. Therefore, inhibition of  PARP pathway could lead to tumor 
destruction and synthetic lethality in presence of  BRCA mutation. Various PARP inhibitors have been approved for treatment 
of  patients with germline or somatic BRCA mutant breast and ovarian cancer. This provides basis of  using PARP inhibitors in 
patients with pancreatic cancer that harbor BRCA mutation. A recent phase III Pancreas Cancer Olaparib Ongoing (POLO) 
study showed impressive results with near doubling of  progression free survival compared to placebo (7.4 vs 3.8 months). These 
results highlight the importance of  germline testing for all patients with pancreatic cancer and inclusion of  additional deficiencies 
in homologous recombination repair (ATM and PALB2) including BRCA variants of  uncertain significance should be further 
explored.
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The fatality of  pancreatic ductal adenocarcinoma (PDAC) con-
tinues to rise regardless of  current efforts to improve survival. 

Given the subtle clinical presentation, most patients have advanced 
disease at the time of  diagnosis. Hence, the 5-year-survival rate is 
3% and the median overall survival (OS) is around 6-months for 
patients with metastatic disease.1 Currently, there are limited treat-
ment options that include combination regimens with oxaliplatin, 
irinotecan, fluorouracil and leucovorin (FOLFIRINOX) or gem-
citabine plus nab-paclitaxel.2,3 However, chemotherapy provides a 
transient clinical benefit and eventually PDAC becomes resistant to 
conventional therapies. 

 Mechanisms for chemotherapy resistance may be related 
to tumor microenvironment or intrinsic genetic alterations. A pro-
posed mechanism for development of  PDAC includes multiple 
steps where premalignant lesions called pancreatic intraepithe-
lial neoplasia (PanIN), intraductal papillary mucinous neoplasm 
(IPMN), and mucinous cystic neoplasm (MCN) develop into car-

cinoma. KRAS mutation is crucial for pancreatic carcinogenesis 
and more than 90% of  pancreatic tumors express KRAS mutated 
protein.4-7 Inactivation of  cyclin-dependent kinase inhibitor 2A 
(CDKN2A), SMAD4, TP53, and other tumor suppressor genes 
are also key elements implicated in this progression model.

 Additionally, genes involved in deoxyribonucleic acid 
(DNA) damage repair (DDR) may also contribute to the patho-
genesis of  PDAC and deficiency in DDR mechanism leads to an 
increased risk of  cancer. It is known that poly(adenosine diphos-
phate [ADP]–ribose) polymerase (PARP) 1/2 detect DNA damage 
and promote its repair.8 Importantly, studies have demonstrated 
the clinical benefit of  PARP inhibition in carriers of  BRCA1 or 
BRCA2 mutation.9

 Tumors that harbor mutations in genes related to double 
strand DNA repair such as BRCA1, BRCA2, PALB2, or ATM 
have been associated to have better responses to platinum based 
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chemotherapy agents. This is explained by the fact that platinum 
compounds generate double-strand DNA breaks that cannot be 
repaired due to mutation in double-strand DNA repair genes. 
However, tumors that harbor mutations in homologous recombi-
nation genes, can utilize the Poly (ADP-ribose) polymerase (PARP) 
pathway that is involved in single strand DNA break repair as a sal-
vage mechanism to repair DNA damage. Therefore, inhibition of  
PARP mediated pathway could lead to tumor destruction and syn-
thetic lethality in presence of  BRCA mutations (Figure 1). Based 
on this, various PARP inhibitors have been approved for treatment 
of  patients with germline or somatic BRCA mutant breast and 
ovarian cancer (Table 1). 

 A recent study of  whole genome sequencing of  638 
patients with familial pancreatic cancer showed mutations in the 
BRCA2 gene accounted for the largest fraction of  known familial 
pancreatic cancer genes and was found in 5-10% of  the families.10 
Among patients with no family history of  PDAC, BRCA2 muta-
tion is found in 2% and BRCA1 mutation is found in 1% of  the 
patients or less.11 In the Ashkenazi Jewish population with PDAC, 

a much higher incidence of  BRCA mutations are found and seen 
in up to 13.7% of  unselected cases.12 Therefore, PARP inhibitors 
may play an important role in treatment of  pancreatic cancer with 
germline or somatic BRCA1/BRCA2 mutations as well.

PARP INHIBITORS PHASE I STUDIES

Phase I studies were conducted after having demonstrated synthet-
ic lethality with PARP inhibitors using in vitro models. In a study 
of  60 patients, 22(37%) of  whom were known carriers of  a BRCA 
1 or BRCA 2 mutation, received olaparib at escalating doses. This 
study recruited patients 18-years of  age or older with treatment 
refractory solid tumors. Dosing of  olaparib was started at 10 mg 
daily for two of  every three weeks, and was doubled every cycle 
of  treatment, if  tolerated. This trial demonstrated that the maxi-
mum tolerated dose of  olaparib to be 400 mg twice daily. The most 
common side effects included grade 1-2 nausea, and fatigue in one 
third of  patients. The most common grade 3-4 toxicities were lym-
phopenia and anemia, which occurred in up to 5% of  the study 
population. Overall, 23 patients with BRCA mutation were treated 

Figure 1. Mechanism of PARP Inhibitors Leading to Synthetic Lethality 

A) Normal DNA repair mechanism with functional PARP protein and DNA repair proteins B) DNA repair of SSB in the presence of PARP 
inhibitor resulting in DSB formation. BRCA-proficient cells have the ability to repair the DSB maintaining cell survival. BRCA deficient cells 
are unable to repair the accumulating double stranded breaks resulting in cell death.

Table 1. Current PARP Inhibitors and Food and Drug Administration (FDA) Indications

Drug FDA Indications Key Trials

Olaparib

Ovarian Cancer
• Maintenance in patients with germline (gBRCAm) or somatic (sBRCAm) 
BRCA mutation with response to platinum based chemotherapy
• Treatment in advanced ovarian cancer with gBRCAm with 3 or more prior 
lines of chemotherapy breast cancer
• gBRCAm, human epidermal growth factor receptor 2 (HER2)-negative 
metastatic breast cancer who have previously been treated with chemotherapy 
in the neoadjuvant, adjuvant, or metastatic setting

SOLO-1
SOLO-2

OlympiAD

Niraparib

Ovarian Cancer
• Maintenance treatment in patients with recurrent epithelial ovarian, fallopian 
tube, or primary peritoneal cancer who are in a complete or partial response 
to platinum-based chemotherapy

NOVA

Rucaparib
Ovarian Cancer

• Monotherapy in patients with advanced ovarian cancer with gBRCAm or 
sBRCAm who have been treated with two or more lines of chemotherapy

ARIEL2
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and 19 patients were evaluated for response. 12 of  19 (63%) pa-
tients had clinical benefit defined as radiologic response (complete 
or partial response) based on response evaluation criteria in solid 
tumors (RECIST), tumor-marker responses defined as a decline in 
the tumor-marker level of  more than 50% that was sustained for at 
least 4-weeks, or stable disease for a period of  4-months or more.9

PARP INHIBITORS PHASE II STUDIES

Following promising phase I trial results, several phase II trials were 
conducted looking at PARP inhibitors in patients with germline 
BRCA1 or BRCA2 mutations. In a study of  298 patients with pre-
treated solid tumors, 23 of  whom had pancreatic cancer, patients 
received olaparib at 400 mg twice daily. The response rate was 
found to be 26% in all patients and 22% in patients with pancreat-
ic specifically.13 Another multicenter phase II study, RUCAPANC, 
enrolled patients with BRCA1 or BRCA2 mutations and pancreatic 
cancer. In this study, 19 patients were enrolled and treated with the 
PARP inhibitor Rucaparib at 600 mg twice a day. Clinical responses 
were seen in 3/19 (16%) of  the patients.14 Currently there are no 
head to head trials comparing various PARP inhibitors comparing 
efficacy. A meta-analysis presented at the Society of  Gynecologic 
Oncology (SGO) meeting 2018 showed no difference in efficacy 
among the three PARP inhibitors but demonstrated a more favor-
able safety profile for olaparib, associated with a reduced odds ratio 
of  grade 3 or greater adverse events and treatment interruption.15

PARP INHIBITORS PHASE III STUDIES

The results of  a recently published phase III Pancreas Cancer 
Olaparib Ongoing (POLO) trial were chosen for presentation at 
the plenary session of  the American Society of  Clinical Oncol-
ogy (ASCO) 2019 meeting, highlighting the great excitement for 
the emerging roles of  PARP inhibitor therapy in numerous solid 
tumors.16 Patients with metastatic pancreatic cancer enrolled for 
this randomized, double-blind, placebo-controlled phase III trial 
must have harbored a deleterious germline mutation of  BRCA1 or 
BRCA2 (confirmed by central testing with the BRCAnalysis CDx 
test) and received at least 16-weeks of  continuous first-line plat-
inum-based chemotherapy for eligibility. Patients were randomly 
assigned in a 3:2 ratio to receive olaparib 300 mg twice daily or 
placebo (PBO) as a maintenance therapy started within 4-8 weeks 
after the final dose of  first-line chemotherapy. Of  3315 patients 
screened for eligibility, 154 underwent randomization with 92 as-
signed to receive olaparib and 62 to receive placebo. The majority 
(>80% in each group) received a variant of  FOLFIRINOX with 
an option to hold the platinum component after 16-weeks if  tox-
icities arised. Although the duration of  first-line chemotherapy was 
not limited, the majority in each group received therapy ranging 
from 16-weeks to 6-months (66% in olaparib, 65% in PBO). 

 The study met its primary endpoint impressively with 
near doubling of  progression free survival (PFS) in the olaparib 
group compared to placebo (mPFS 7.4 vs. 3.8 mo, HR 0.53, 95% 
CI 0.35-0.82, p=0.004), generating an enthusiasm shown similar 
to the practice-changing SOLO1 olaparib maintenance trial for 
newly diagnosed advanced ovarian cancer (Table 2).17 Significant 

responses were seen in 20 patients in the olaparib group (20%) 
compared to 6 in PBO (10%), with 2 complete responses seen with 
olaparib alone. Olaparib was very well tolerated with only 5% rate 
of  discontinuation for toxicity with no changes in quality of  life 
compared to PBO as measured by the EORTC QLQ-C30 score. 
At this interim analysis with data maturity of  only 46%, there was 
no OS benefit yet seen (mOS 18.9 vs. 18.1, HR 0.91 95% CI, 0.56-
1.46, p=0.68). In addition to the immaturity of  the data for this 
secondary endpoint, PARP inhibitor use in the PBO group after 
discontinuation of  study drug and increased use of  chemotherapy 
upon progression (49% in olaparib group vs. 74% in PBO group) 
may have contributed to the lack of  OS benefit. 

 As shown repeatedly in both ovarian and breast cancer, 
the commended POLO trial has strengthened the encouragement 
for PARP inhibition in solid tumors, now likely setting a new stan-
dard of  care in pancreatic cancer for those with germline BRCA1 
or BRCA2 mutations. These impressive results continue to sup-
port the use of  PARP inhibitors as an adjunct to DNA-damaging 
agents for those with homologous recombination repair deficien-
cies, even after prolonged exposure to platinum agents. 

 The growing success in this space calls for further inclu-
sion of  those with additional deficiencies of  homologous recom-
bination repair, particularly ATM and PALB2 which are also of  in-
terest given their prevalence in pancreatic cancer.18 A phase II trial 
including patients with metastatic castrate resistant prostate cancer 
(mCRPC) treated with olaparib 400 mg twice daily identified mu-
tations in DNA repair related genes including BRCA 1/2, ATM, 
and PALB2 in 16 out of  49 (33%).19 Subgroup analysis per altered 
gene identified response rates defined as radiologic response per 
RECIST criteria or greater than 50% reduction in PSA. Response 
rates of  80%, 57%, and 37% were seen in patients with BRCA 
1/2, PALB2, and ATM mutations respectively.19 The highest re-
sponse rate in PSA reduction was noted in patients with BRCA 
1/2 and PALB2 subgroups. This study corroborates the rationale 
in developing PARP inhibition in DDR-defective patients beyond 
BRCA mutations and has implications in treatment of  PDAC as 
well.19 Periodic re-evaluation of  those found with BRCA variants 
of  uncertain significance should also be warranted for appropriate 
grouping of  this unclear alterations to “likely benign” or “likely 
pathogenic” classification. The benefits of  PARP inhibitor-medi-
ated synthetic lethality for those with germline BRCA1 or BRCA2 
mutations are now undeniable and highlights the importance of  
germline testing for all patients with pancreatic cancer.

Table 2. POLO Trial PFS and OS

PFS 
(mos)

Olaparib 
Group

Placebo 
Group

Hazard 
Ratio p-value

6 53.0% 23.0%

12 33.7% 14.5%

18 27.6% 9.6%

24 22.1% 9.6%

Median PFS 7.4-months 3.8-months 0.53 0.004

Median OS 18.9-months 18.1-months 0.91 0.68
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