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Abstract
Aims—Our aims were to study the histologic changes in non-neoplastic pancreas and the effects
on pancreatic intraepithelial neoplasia (PanIN) after neoadjuvant chemoradiation therapy (NCRT)
for pancreatic ductal adenocarcinoma (PDAC).

Methods and results—We reviewed the archival H & E slides from 218 patients with PDAC
who completed NCRT and pancreaticoduodenectomy. Sixty-five patients who underwent
pancreaticoduodenectomy for PDAC without NCRT were used as control. Various histologic
features were reviewed and correlated with NCRT and survival. The NCRT group compared to
control group had lower density of PanIN2 (p=0.004) and PanIN3 (p=0.02). The extent of fibrosis,
prevalence of neuroma-like nerve proliferation and islet cell aggregation were significantly higher
in the NCRT group than control group (P<0.05). The intensity of inflammation was less in NCRT
group than control group (p=0.02). Patents with moderate to severe fibrosis or grade 2
inflammation had poor survival than those with mild fibrosis (p=0.04) or those with grade 0 or
grade 1 inflammation in NCRT group (p=0.003).

Conclusions—Patients who received NCRT had reduced density of high-grade PanIN lesions,
more pancreatic fibrosis, higher frequencies of neuroma-like nerve proliferation and islet cell
aggregation, but less inflammation in the non-neoplastic pancreas than those who did not receive
NCRT.
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Introduction
Pancreatic ductal adenocarcinoma (PDAC) is a deadly disease with approximately 5% five-
year survival. Traditional approach for patients with potentially resectable PDAC is to
perform upfront pancreatectomy followed by post-operative adjuvant chemotherapy with or
without radiation therapy. Adjuvant chemoradiation therapies have been shown to improve
patient survival1–4. However, despite significant improvement in post-operative mortality
rates and advancement in surgical and medical oncology, the overall survival for patients
with PDAC shows marginal improvement in the last four decades5.

Recently, several tertiary referral centers worldwide, including our institution, have
demonstrated the safety and feasibility of neoadjuvant chemoradiation therapy (NCRT) for
patients with potentially resectable PDAC6–10. In some studies, survival of patients with
potentially resectable PDAC treated with NCRT has been shown to be better than historical
controls6, 10–13. In our previous studies, we demonstrated that systematic pathologic
evaluation of the post-therapy pancreatectomy specimens plays a critical role in predicting
the prognosis in patients with PDAC who completed NCRT and underwent
pancreatectomy14–19. In this group of patients, the post-therapy American Joint Committee
on Cancer (AJCC) stage, histologic grading of residual PDAC, tumor invasion into the
muscular vessel(s) and perineural invasion are important prognostic factors for patients
survival14–17, 19. Our previous study also showed that tumor invasion into the wall or lumen
of the resected segment or portion of superior mesenteric vein/portal vein is associated with
poor survival in patients with stage II PDAC who completed NCRT and underwent
pancreatectomy18. However, the changes in non-neoplastic pancreatic tissue associated with
NCRT have not been examined in detail. In this study, we reviewed the histologic features
in non-neoplastic pancreatic tissue, including the frequency and density of pancreatic
intraepithelial neoplasia (PanIN) of different histologic grades; neuroma-like nerve
proliferation; islet cell aggregation; pancreatic fibrosis and inflammation from 218 patients
with PDAC who completed NCRT and underwent pancreaticoduodenectomy at our
institution. The findings were compared to the control group, which included 65 patients
who underwent pancreaticoduodenectomy for PDAC without NCRT during the same time
period. Our findings suggest that multiple histologic changes in non-neoplastic pancreatic
tissue are commonly associated with pre-operative NCRT. By comparing the frequency and
density of PanIN lesions of different histologic grades between these two groups, our study
also provides new insights into the effects of NCRT on PanIN lesions.

Materials and Methods
Patient population

This study was approved by the Institutional Review Board at the University of Texas MD
Anderson Cancer Center. The study population consisted of 218 patients (89 females and
129 males) with biopsy-proven PDAC who had completed NCRT and undergone
pancreaticoduodenectomy from January of 1999 to December of 2007 (NCRT group) at the
University of Texas MD Anderson Cancer Center. Sixty-five patients (29 females and 36
males) with PDAC who had undergone pancreaticoduodenectomy, but did not receive
NCRT during the same time period were used as the control group. Patients who underwent
distal pancreatectomy for PDAC or pancreaticoduodenectomy for other types of pancreatic
neoplasms were excluded from this study. The clinical classifications for resectable disease
are determined using multi-detector, contrast-enhanced computed tomography (CT).
Patients had resectable tumor if they met all following criteria: (1) absence of metastases;
(2) patent SMV-PV confluence; (3) Fat plane between the primary tumor and SMA (no
involvement of SMA); and (4) no involvement of celiac axis. Our approach is heavily biased
towards the NCRT treatment. Only the following patients underwent up front surgery: (1)
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inability to obtain a tissue diagnosis for NCRT; (2) contraindication to chemoradiation; (3)
inability to obtain durable biliary decompression to start chemotherapy or chemoradiation;
or (4) patient choice.20 For the patients who received NCRT, restaging evaluation after
completion of NCRT was performed in all patients and the pancreaticoduodenectomy was
performed only in patients with resectable disease who had no disease progression or
metastasis and had no contraindications to major abdominal surgery. Patients' clinical and
follow-up information was extracted from a prospectively maintained database. All clinical
and follow-up data were verified by an independent review of patient medical records and
the U.S. Social Security Index, when necessary.

Pathologic examination
The archival hematoxylin-and-eosin (H & E) stained slides of the non-neoplastic pancreatic
tissue from the pancreaticoduodenectomy specimens of all patients were reviewed by a
pathologist (D.C.) who was blinded to all clinical, treatment-related, and follow-up
information. The number of slides of non-neoplastic pancreatic tissue reviewed ranged from
1 to 45 with the mean of 8.9±6.6 in the study group and 1 to 22 with the mean of 7.7±5.5 in
the control group (P>0.05). Pancreatic intraepithelial neoplasia (PanIN) were classified into
PanIN1, PanIN2 and PanIN3 (Figure 1) using the criteria described previously21. The total
number of PanIN lesions of different histologic grades in all non-neoplastic pancreatic tissue
slides in each case was counted. When PanIN lesions of different grades were present in the
same pancreatic duct, they were counted as separate PanIN lesions. Abrupt transition of
highly atypical epithelial cells to normal ductal epithelium was considered as cancerization
of the ducts, not PanIN3. PanIN3 lesions were counted in the benign pancreatic tissue
greater than one high power field away from the invasive carcinoma. The areas of non-
neoplastic pancreatic tissue were measured in cm2 by light microscopy (Olympus BX41).
The density of PanIN lesions was calculated as a ratio of the total number of PanIN lesions
of each grade divided by the total area of non-neoplastic pancreatic sections in each case.
The average amount of pancreatic atrophy, and intralobular and interlobular fibrosis was
scored using a four-tiered system based on the criteria proposed by van Geenen et al.22 as
follows: No fibrosis (0–5% pancreatic fibrosis); mild (>5%, but ≤25% pancreatic fibrosis),
moderate (>25%, but ≤50% pancreatic fibrosis) or severe (>50% pancreatic fibrosis, Figure
2A–2D). Islet cell aggregation was arbitrarily defined as the presence of enlarged islets
(≥2.5 mm), aggregation of islets or budding of endocrine cells from the ductal epithelium
(ductuloinsular complexes) with islet cells accounting for 10% or more of total cellularity of
the non-neoplastic pancreatic parenchyma (Figure 3A, 3B). The degree of inflammation in
the non-neoplastic pancreatic tissue was scored based on the number of inflammatory cells
in the non-neoplastic pancreatic tissue using the modified grading system proposed by Wang
et al23 as 0 (no significant or minimal inflammatory cell infiltrate, ≤50 inflammatory cells/
10 high-power fields); 1 (50–500 inflammatory cells/10 high-power fields); and 2 (>500
inflammatory cells/10 high-power fields, Figure 3C–3D). The neuroma-like nerve
proliferation was defined as haphazardly distributed, hypertrophic nerve bundles within
fibrous stroma in the peripancreatic tissue, unrelated to perineural invasion (Figure 3F).

Statistical analysis
Chi-square analysis was used to compare categorical data and independent t tests were used
to compare continuous variables, with two-sided p value of 0.05 or less considered as
significant. Overall survivals were calculated as the time intervals between the date of
diagnosis and date of death or the date of last follow up if death did not occur. The Kaplan-
Meier method was used to construct the survival curves and the statistical significance of
differences in survival was evaluated by the log-rank test. All statistical analyses were
performed using IBM SPSS Statistics, Version 19 for Windows (IBM Corporation 2012,
Somers, NY).
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Results
Clinicopathologic Data

The clinical, pathologic and the NCRT information for the study and control groups are
compared in Table 1. In the NCRT group, 37 (17.0%) received fluoropyrimidine-based
chemoradiation (Group 1), 71 (32.6%) received gemcitabine-based chemoradiation (Group
2), 72 (33.0%) received systemic chemotherapy followed by gemcitabine-based
chemoradiation (Group 3), 32 (14.7%) received systemic chemotherapy followed by
fluoropyrimidine-based chemoradiation (Group 4) and the remaining six patients (2.7%)
received neoadjuvant systemic chemotherapy alone (Group 5). The age of the patients
ranged from 38 to 85 years with the median age of 63.0 years in the NCRT group and
ranged from 24 to 80 years with the median age of 61.2 years in the control group. The
NCRT group had smaller tumor sizes (p=0.01), lower frequency of lymph node metastasis
(p=0.001) and lower AJCC stage than the control group (p<0.001). However, there were no
significant differences in tumor differentiation, margin status, and pathologic tumor (pT)
stage between these two groups (P>0.05).

Frequency and density of PanIN Lesions
The frequencies of PanIN1, PanIN2, and PanIN3 were 84.4%, 72.5%, and 37.2%,
respectively, in the NCRT groups compared to 87.7%, 80.0%, and 40%, respectively, in the
control group (P>0.05, Table 2). The NCRT group had significantly lower mean densities
for PanIN2 and PanIN3 lesions compared to the control group (0.82 ± 1.25 versus 1.42 ±
2.00, P=0.004; and 0.08 ± 0.21 versus 0.16 ± 0.31, P=0.02, respectively, Table 2). There
was no significant difference in the mean density of PanIN1 between the NCRT and the
control groups (P=0.20). Our data suggests that NCRT may reduce the density of high-grade
PanIN lesions. When the densities of PanIN lesions among the patients who received
different NCRT regimens were compared, the densities of PanIN1, PanIN2 and PanIN3
were lower in those who received systemic chemotherapy before chemoradiation (Groups 3,
4 and 5) compared to those who received chemoradiation therapies alone (Groups 1 and 2,
P<0.05, Table 3). No correlations between the PanIN lesions and other clinicopathologic
parameters or survival were identified.

Pancreatic atrophy, fibrosis and islet cell aggregation
No fibrosis, mild, moderate and severe fibrosis was observed in 18.5%, 44.6%, 27.7% and
9.2%, respectively, in the non-neoplastic pancreatic tissue in the control group. In contrast,
all 218 cases (100%) in the NCRT group had mild to severe pancreatic atrophy and fibrosis
(Table 4). Moderate to severe pancreatic fibrosis was observed in 95.4% and 36.9% in the
NCRT and the control groups respectively. Compared to the control group, the non-
neoplastic pancreas in the NCRT group had more pancreatic atrophy and fibrosis (p<0.001).
In the NCRT group, patients who had mild fibrosis were associated with better survival than
those with moderate to severe pancreatic fibrosis (p=0.04, Figure 2E). There was no
significant difference in AJCC stage between the 10 NCRT patients with mild fibrosis (2
stage I, 1 stage IIA and 7 with stage IIB disease) and the NCRT patients with moderate to
severe fibrosis (1 stage 0, 10 stage I, 81 stage IIA and 116 stage IIB) (P=0.24). Islet cell
aggregation was present in 79 of 218 (36.2%) cases in the NCRT group compared to 5 of 65
(7.7%) in the control group (p<0.01, Table 4). However, there was no correlation between
fibrosis and survival in the untreated group or between islet cell aggregation and survival in
either NCRT group or control group (p>0.05).
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Inflammation and Neuroma-like nerve proliferation
In the NCRT group, 103 of 218 (47.3%) patients had grade 0 (no significant inflammation),
86 (39.4%) had grade 1 (mild to moderate inflammation), and 29 (13.3%) had grade 2
inflammation (severe inflammation). In comparison, grade 0, grade 1 and grade 2
inflammation were observed in 35.5%, 32.3%, and 32.3% respectively in the control group
(p=0.02, Table 4). The inflammatory cells were predominantly lymphocytic. Neutrophilic
infiltrate, plasma cells or other types of inflammatory cells were rare. Patients with grade 2
inflammation in non-neoplastic pancreas had poor survival (median survival: 20.1 ± 4.0
months) than those with grade 0 and grade 1 inflammation (median: 38.0± 6.3 months and
38.0 ± 4.7 months respectively) in NCRT group (p=0.003, Figure 2F). Neuroma-like nerve
proliferation was present in 15.6% (34/218) in the NCRT group compared to 3.1% (2/65) in
the control group (p=0.005, Table 4). In all cases that were positive for neuroma-like nerve
proliferation, this was identified in the peripancreatic soft tissue and was not related to
perineural invasion. No correlation between the grade of inflammation and survival in the
untreated group and no correlation between neuroma-like nerve proliferation and survival
were observed in either NCRT group or control group (p>0.05).

Discussion
In this study, we compared the incidence and density of PanIN lesions and other histologic
features in non-neoplastic pancreatic tissue from 218 patients who completed NCRT and
underwent pancreaticoduodenectomy for PDAC to 65 patients who received upfront
pancreaticoduodenectomy, but no NCRT. We found that patients who received NCRT had
lower mean density of PanIN lesions and less inflammation, but more severe pancreatic
atrophy and fibrosis, higher incidences of neuroma-like nerve proliferation and islet
aggregation than those who did not receive NCRT. Patents with moderate to severe fibrosis
or grade 2 inflammation had poor survival than those with mild fibrosis (p=0.04) or those
with grade 0 or grade 1 inflammation in NCRT group (p=0.003). Our results not only
provide new insight into the effect of NCRT on PanIN lesions, but also identify other
histologic changes in non-neoplastic pancreas after being treated with NCRT.

PanINs are microscopic precursor lesions for PDAC that are commonly identified in the
pancreas resected for PDAC or other neoplastic and non-neoplastic diseases24. PanINs
typically arise in small pancreatic ducts, but may involve large ducts and are graded as
PanIN1, PanIN2, and PanIN3 based on the degree of cytologic atypia of the involved
pancreatic ducts25. Molecular studies have demonstrated that many of the genetic changes
seen in PDAC, such as activating KRAS mutations and inactivation of p16, TP53, and
SMAD4 tumor suppressor genes, are present in PanIN lesions, particularly PanIN326, 27.
Since PanIN lesions are microscopic and are usually not detectable by routine radiologic
imaging, the clinical significance and management for PanIN lesions are unknown. The
effect of chemotherapy and/or radiation therapy on PanIN lesions has not been examined
previously. In this study, we systemically examined the frequency and density of PanIN
lesions in the pancreaticoduodenectomy specimens from a large cohort of patients with
PDAC who completed NCRT. The incidences of PanIN1, PanIN2 and PanIN3 in both the
NCRT and the control groups in our study are comparable to the previously reported
incidence of 82%, 52%, and 38% for PanIN1, PanIN2 and PanIN3, respectively, in patients
with PDAC28. Although we did not observe significant differences in the incidence of
PanIN lesions of any histologic grades between the NCRT group and the control group, we
observed significantly lower mean densities of high-grade PanIN (PanIN2 and PanIN3)
lesions in the NCRT group compared to the control group. Compared to the control group,
18%, 42% and 50% reduction in the densities of PanIN1, PanIN2 and PanIN3 respectively
was observed in the NCRT group. In addition, our data also showed that patients who
received neoadjuvant systemic chemotherapy prior to chemoradiation had lower density of
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PanIN lesions of all histologic grades than those who received pre-operative chemoradiation
alone in our NCRT group. The mechanisms of neoadjuvant systemic chemotherapy on
PanIN lesions are unknown. Since PanIN lesions share molecular changes similar to
invasive PDAC, it is possible that neoadjuvant systemic chemotherapy may have direct
killing effect on PanIN cells and/or prime the PanIN cells to make them more sensitive to
subsequent NCRT therapy.

The effect of NCRT on the adjacent non-neoplastic pancreatic parenchyma in patients who
received NCRT has not been previously reported. The histologic changes in the non-
neoplastic pancreas after NCRT observed in this study are similar to the findings commonly
seen in chronic pancreatitis, including pancreatic exocrine atrophy, fibrosis, islet cell
aggregation and inflammation. However, there are no standardized grading schemes for each
of the above-mentioned histologic parameters for chronic pancreatitis. Although Armann et
al's grading system of pancreatic fibrosis (score 0–12), which is based on the intralobular
fibrosis, perilobular fibrosis, and the distribution of fibrosis (focal or diffuse), have been
shown to correlate with sonographic findings in patients with chronic pancreatitis29–31, we
found that this grading system was difficult to apply in our study. Therefore we used the
grading scheme for pancreatic fibrosis proposed by van Geenen et al22. This scoring system
emphasizes a subdivision between intralobular, extralobular, and total pancreatic fibrosis
based on routine H & E stained slides. Our study showed that the score of pancreatic fibrosis
was higher in the NCRT group than the untreated control group, which is consistent with
those observed in other organs treated with NCRT. It is interesting that patients with mild
pancreatic fibrosis had better prognosis than those with moderate to severe pancreatic
fibrosis in our NCRT group. However, the total number of patients with mild fibrosis (10
patients) is too small. Further studies are needed to confirm this finding.

In this study, we observed a significantly higher incidence of islet cell aggregation in NCRT
group than the untreated control group, particularly in the non-neoplastic pancreatic
parenchyma immediately adjacent to the tumor. In this study, we observed solid cords or
nests of islet cells closely associated with pancreatic ducts or extending from pancreatic
ducts more often in the NCRT group than the control group. This is most likely due to more
severe atrophy and loss of pancreatic exocrine component and fibrosis secondary to NCRT-
induced pancreatic injury in the NCRT group.

Inflammation plays an important role in the initiation and progression of PDAC32, 33. In this
study, we found that the presence of grade 2 inflammation in non-neoplastic pancreatic
tissue was associated with poor survival compared to those with grade 0 or grade 1
inflammation in our NCRT patient population, but not in untreated group. This finding was
contrast to the previous study by Shia et al. in patients with rectal adenocarcinoma who
received NCRT and resection. They found that fibrotic-type stromal response with minimal
amount of tumor-associated inflammatory infiltrates is associated with a reduced recurrence
free survival34. The difference between their study and ours may be due to the difference in
tumor biology between rectal adenocarcinoma and PDAC. In addition, our study is focused
on the inflammatory infiltrates in non-neoplastic pancreas and we did not examine the intra-
tumoral inflammatory infiltrates. It is interesting that the inflammatory cell infiltrates was
significantly lower in the NCRT group than in the control group. This may be due in part to
the recovery of inflammation associated with NCRT since there is typically a 5–6 weeks
resting interval between the completion of NCRT and surgery. It may also be due to the
direct killing effect of NCRT on the inflammatory cells.

The pancreas is richly innervated by the vagus nerve and the sympathetic splanchnic nerves
via the celiac and superior mesenteric plexuses. In this study, we found higher incidence of
neuroma-like nerve proliferation in the NCRT group than the untreated control group.
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Chronic pancreatitis has been associated with increased neural proliferation irrespective of
the type of initiating event35 and also with increased mean nerve diameters36. Ceyhan et al37

found increased neural density and hypertrophy in chronic pancreatitis and PDAC, which
was strongly associated with GAP-43 overexpression and abdominal pain. Previous post-
mortem study by Matsukuma et al showed that pancreatic neuroma-like lesions are
associated with previous upper abdominal surgery (gastrectomy, esophagectomy, or
esophageal transection), but were not correlated with degree of pancreatic fibrosis or
abdominal pain38. However, the vast majority of patients with neuroma-like nerve
proliferation in this study had no prior history of abdominal surgery. Although the
mechanism leading to neuroma-like nerve proliferation is not clear in our study, it is
possible that the NCRT-induced neural damage may induce the local production of
excessive artemin and other neurotrophic factors by the ganglia or Schwann cells and
stimulate neural proliferation and regeneration, which in turn leads to the neuroma-like
nerve proliferation39.

In summary, our study identified multiple histologic changes that were associated with
NCRT in the non-neoplastic pancreas in patients with PDAC who received NCRT and
subsequent pancreaticoduodenectomy. This is the first demonstration that NCRT may
reduce the density of PanIN lesions in patients with PDAC. The findings from this study
will not only provide guidance for systematic histologic examination of non-neoplastic
pancreas in patients who received NCRT, but also suggest a possible role for
chemoprevention in the precursor lesions of pancreatic cancer.
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Figure 1.
Representative micrographs show pancreatic intraepithelial neoplasia 1 (PanIN1, A),
PanIN2 (B) and PanIN3 (C). Hematoxylin & eosin stain, original magnifications: 200×.
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Figure 2.
Representative micrographs of non-neoplastic pancreas with no fibrosis in a patient who did
not receive NCRT (A), and mild (B), moderate (C) and severe fibrosis (D) in patients who
received NCRT. Hematoxylin & eosin stain, original magnifications: 20×; E. Kaplan-Meier
survival curves of overall survival for patients with mild pancreatic fibrosis compared to
those with moderate to severe fibrosis in NCRT group. The patients with mild pancreatic
fibrosis had better survival than those patients who had moderate to severe pancreatic
fibrosis in NCRT group (P=0.04). No difference in survival between the patients with
moderate and severe pancreatic fibrosis was observed (P>0.05). F. Kaplan-Meier survival
curves of overall survival for patients stratified by the grade of inflammatory infiltrate in
non-neoplastic pancreatic tissue. Patients with grade 2 inflammation in non-neoplastic
pancreas had poor survival than those with grade 0 and grade 1 inflammation in NCRT
group (P=0.003).
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Figure 3.
Representative micrographs show non-neoplastic pancreas tissue with islet cell aggregation
in a patient who received NCRT (A and B), no inflammation (C), mild (D), and severe
inflammation (E) and neuroma-like nerve proliferation in peripancreatic soft tissue in a
patient who received NCRT (F). A, C–F, hematoxylin & eosin stain; B,
immunohistochemical stain for synaptophysin; original magnifications: 40× for A, B, and F;
400× for C–E.
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Table 1

Comparison of the Clinicopathologic Parameters Between the Treated and Control Groups

Parameters Treated group (n=218) Control group (n=65) P value

Median age at diagnosis (range, years) 63.0 (38.9 – 85.4) 61.2 (24.9 – 80.9) 0.48

Gender 0.67

 Male 129 (59.2%) 36 (55.4%)

 Female 89 (40.8%) 29 (44.6%)

Neoadjuvant Therapy

 Group 1 37 (17.0%) NA

 Group 2 71 (32.6%) NA

 Group 3 72 (33.0%) NA

 Group 4 32 (14.7%) NA

 Group 5 6 (2.7%) NA

Median tumor size (range, cm) 2.5 (0.1 – 8.5) 3.0 (0.8–7.5) 0.01

Differentiation 0.36

 Well 1 (0.5%) 2 (3.1%)

 Moderate 135 (61.9%) 42 (64.6%)

 Poor 81 (37.2%) 21 (32.3%)

Margin 0.50

 Negative 195 (89.4%) 56 (86.2%)

 Positive 23 (10.6%) 9 (13.8%)

Lymph node status 0.001

 Negative 95 (43.6%) 14 (21.5%)

 Positive 123 (56.4%) 51 (78.5%)

Tumor stage (pT) 0.21

 T0 1 (0.5%) 0 (0%)

 T1 & T2 15 (6.9%) 2 (3.1%)

 T3 202 (92.6%) 62 (95.4%)

 T4 0 (0%) 1 (1.5%)

AJCC Stage 0.000

 0 1 (0.5%) 0 (0%)

 IA & IB 12 (5.5%) 2 (3.1%)

 IIA 82 (37.6%) 12 (18.5%)

 IIB 123 (56.4%) 47 (72.3%)

 IV 0 (0%) 4 (6.2%)
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Table 2

The Frequency and Mean Density of Pancreatic Intraepithelial Neoplasia (PanIN) in Non-neoplastic Pancreas
between the Treated and Control Groups

Histologic parameter Treated group (n=218) Control group (n=65) P value

Presence of PanIN

 PanIN1 184 (84.4%) 57 (87.7%) >0.05

 PanIN2 158 (72.5%) 52 (80.0%) >0.05

 PanIN3 81 (37.2%) 26 (40%) >0.05

PanIN Density (Mean ± SD, per cm2)

 PanIN1 1.38 ± 1.56 1.69 ± 2.18 0.20

 PanIN2 0.82 ± 1.25 1.42 ± 2.00 0.004

 PanIN3 0.08 ± 0.21 0.16 ± 0.31 0.02
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Table 3

The Mean Density of Pancreatic Intraepithelial Neoplasia (PanIN) in Non-neoplastic Pancreas among
Different NCRT Groups

NCRT Groups No of Patients PanIN1 PanIN2 PanIN3

PanIN Density (Mean ± SD, per cm2)

 Group 1 37 1.88 ± 2.72 1.21 ± 2.28 0.07 ± 0.15

 Group 2 71 1.58 ± 1.38 0.94 ± 1.09 0.13 ± 0.28

 Group 3 72 1.12 ± 0.95 0.61 ± 0.65 0.04 ± 0.15

 Group 4 32 0.99 ± 1.05 0.65 ± 0.89 0.04 ± 0.11

 Group 5 6 1.06 ± 0.85 0.56 ± 0.40 0.15 ± 0.37

PanIN Density (Mean ± SD, per cm2)

 Group 1 and 2 108 1.69 ± 1.94 1.03 ± 1.60 0.11 ± 0.25

 Group 3, 4 and 5 110 1.08 ± 0.97 0.62 ± 0.72 0.05 ± 0.16

 P value 0.04 0.02 0.02
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Table 4

Comparison of the Histologic Changes in Non-neoplastic Pancreatic Tissue between the Treated and Control
Groups

Histologic parameter Treated group (n=218) Control group (n=65) P value

Fibrosis and atrophy <0.001

 Absent 0 (0%) 12 (18.5%)

 Mild 10 (4.6%) 29 (44.6%)

 Moderate 149 (68.3%) 18 (27.7%)

 Severe 59 (27.1%) 6 (9.2%)

Islet cell aggregation <0.001

 Present 79 (36.2%) 5 (7.7%)

 Absent 139 (63.8%) 60 (92.3%)

Inflammation 0.02

 Grade 0 103 (47.3%) 23 (35.4%)

 Grade 1 86 (39.4%) 21 (32.3%)

 Grade 2 29 (13.3%) 21 (32.3%)

Neuroma-like nerve proliferation 0.005

 Present 34 (15.6%) 2 (3.1%)

 Absent 184 (84.4%) 63 (96.9%)
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