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Abstract

The American Joint Committee for Cancer (AJCC) has adopted a size-based T stage system (8t
edition) for pancreatic ductal adenocarcinoma (PDAC), defined as follows: pT1 <2 cm (pTla<
0.5cm, pTlb>0.5cmand <1cm, and pTlc 1-2 cm); pT2>2cmand <4 cm; and pT3 >4 cm.
However, the prognostic value of this new T staging system has not been validated in patients who
underwent pancreaticoduodenectomy (PD) after neoadjuvant therapy. In this study, we analyzed
398 PDAC patients who underwent neoadjuvant therapy and PD at our institution from 1999 to
2012. The results were correlated with clinicopathologic parameters and survival. The new T stage
correlated with lymph nodes metastasis (p<0.001), tumor regression grade (p<0.001), disease-free
survival (DFS, p<0.001) and overall survival (OS, p<0.001). None of the patients with ypTO had
recurrence or died of disease. Among the patients with ypT1 disease, patients with ypT1a and
ypT1b had better DFS (p=0.046) and OS (p=0.03) than those with ypT1c. However, there was no
significant difference in either DFS or OS between ypT1c and ypT2 or between ypT2 and ypT3
groups (p>0.05). In multivariate analysis, new ypT3 stage was associated with shorter OS
(p=0.04), but not DFS (p=0.16). Our results show that the new ypT stage better stratify survival
than the ypT stage in AJCC 7t edition for PDAC patients who received PD after neoadjuvant
therapy, and that tumor size cut off of 1.0 cm work better for ypT2 than the proposed tumor size
cut off of 2.0 cm in this group of patients.
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Introduction

The incidence of pancreatic cancer is estimated to rise over the next few decades (1), ranking
third in the leading causes of cancer death. In spite of developments in treatment strategies,
pancreatic ductal adenocarcinoma (PDAC) remains a highly lethal disease, with a mortality
rate that closely parallels its incidence. Surgical resection is regarded as the only potentially
curative treatment (2). However, the tumor is mostly asymptomatic in early stages of the
disease, and consequently, the majority of PDAC patients present late in the disease course
when the tumor is locally advanced and unresectable.

Neoadjuvant therapy is a relatively new strategy in the treatment of PDAC. It improves
resectability in borderline resectable cases and provides a survival benefit in patients with
advanced stages of PDAC (3). Resection of the primary tumor is attempted only in patients
who have no evidence of disease progression/metastasis on post-therapy restaging imaging,
and who have a performance status and comorbidity profile that is appropriate for major
surgery. As such, neoadjuvant therapy strategy helps to select the patients who may benefit
the most from pancreatic resection. In our previous studies of large cohorts of PDAC
patients who underwent pancreatectomy after completion of neoadjuvant therapy, we
showed that histologic tumor regression grade (4—6) and histopathologic parameters such as
vascular invasion, perineural invasion, lymph node status, and resection margin status are
significant prognostic factors in this group of PDAC patients (7-13).

According to the tumor (T) staging protocol for PDAC by the AJCC 7th edition (14), a
pathologic stage pT3 tumor is defined as one that has extended beyond the pancreas into
peripancreatic soft tissue or the surrounding structures, but does not involve celiac axis or
the superior mesenteric artery, irrespective of tumor size. It is only for tumors confined to
the pancreas, that the T-staging involves a cut-off size of 2 cm (< 2 cm is classified as T1,
and > 2 cm is T2) (14). The underlying basis of this classification is that, extrapancreatic
extension is prognostically more important than is tumor size. However, since the pancreas
does not have a true capsule, the assessment of extrapancreatic extension has been a matter
of significant subjectivity.

Although the current AJCC staging system (7t edition) has been shown to be of prognostic
significance in PDAC patients (15), it falls short in serving its purpose and has been found to
be inadequate in other studies (16-21). In the 8t edition of the AJCC staging system (to be
implemented in January 2018), the pT stage of PDAC has been revised and formulated as
follows: pT1 tumor < 2 cm in maximum dimension (subdivided into pT1a tumor < 0.5 cm,
pT1b tumor > 0.5 cmand < 1 cm, and pT1c tumor =1 cmand <2 cm), pT2 tumor > 2 cm
and < 4 cm, pT3 tumor > 4 cm. The criteria for pT4 tumor remain the same as the 7t
edition, defined as tumor involving the celiac axis, superior mesenteric artery and/or
common hepatic artery, irrespective of tumor size (22). The studies that formed the basis of
this new classification system included pancreatic resections in patients who had not
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undergone neoadjuvant therapy. The significance of this new pT grouping in PDAC patients
who underwent surgical resection after receiving neoadjuvant therapy has not been
validated.

In this retrospective study, we examined the prognostic significance of ypT stage based on
the AJCC Staging Manual, 7t edition and the new ypT stage based on the 8t edition in 398
PDAC patients who underwent pancreaticoduodenectomy after receiving neoadjuvant
therapy. The results were correlated with the clinicopathologic parameters, and disease-free
and overall survival. Our results showed that the new ypT stage is a significant prognostic
factor for both disease-free and overall survival and better stratifies patients prognostically,
than the current ypT stage, in patients who underwent pancreaticoduodenectomy after
receiving neoadjuvant therapy.

Patients and Methods

Patient population and follow-up

After obtaining approval from the institutional review board, we retrospectively analyzed
398 patients who had undergone pancreaticoduodenectomy (PD), after neoadjuvant therapy
for PDAC at University of Texas MD Anderson Cancer Center between January 1999 to
December 2012. They were identified from a database that is prospectively maintained by
the Department of Surgical Oncology. A waiver of consent was granted for the use of their
specimen information for research. We excluded patients who had undergone distal
pancreatectomy and those who had undergone PD and neoadjuvant therapy for other
neoplasms. The clinical and follow-up information such as date of diagnosis, date and site of
recurrence, or date and cause of death, when applicable, was verified by reviewing patients’
medical records and the U.S. Social Security Index. Disease recurrence or metastasis was
determined on the basis of radiographic and clinical suspicion, as often, biopsy confirmation
had not been obtained.

Our study population consisted of 222 male and 176 female patients, with ages ranging from
34.5 years to 85.4 years (median age, 64.1 years). Seventy-four patients (18.6%) had
undergone neoadjuvant fluoropyrimidine-based chemoradiation therapy (group 1), 101
(25.4%) neoadjuvant gemcitabine-based chemoradiation therapy (group 2), 102 (25.6%)
systemic chemotherapy followed by gemcitabine-based chemoradiation therapy (group 3),
103 (25.9%) systemic chemotherapy followed by fluoropyrimidine-based chemoradiation
therapy (group 4), and 18 (4.5%) neoadjuvant systemic chemotherapy alone (group 5, Table
1).

Pathologic examination of PD specimens

A standardized scheme for histologic evaluation and pathologic reporting of PD specimens
was set up and has been used at our institution since 1990 which included tumor location,
size, tumor type, differentiation, histologic tumor response grade, tumor involvement of
extrapancreatic tissue, presence of lymphovascular or perineural invasion, number of
positive and total lymph nodes, and margin status. The ypTNM was grouped according to
the American Joint committee on Cancer (AJCC) Cancer Staging Manual, 7t edition (14)
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and 8™ edition (22). The pretreatment pathologic diagnosis of PDAC was confirmed in all
cases by reviewing the fine needle aspiration cytology and/or biopsies.

Tumor size assessment

Neoadjuvant treatment is known to shrink the tumor and pancreas due to therapy-induced
chronic pancreatitis and fibrosis. After treatment, the tumor size is often difficult to assess
because the tumor bed may become extremely fibrotic, which merges with the therapy-
induced diffuse fibrosis in the adjacent non-neoplastic pancreatic parenchyma and thus
makes the boundary of the treated tumor bed difficult to identified on the gross examination
(23). Moreover, there is also a decrease in overall cellularity of the tumor with neoadjuvant
therapy, and the response is often heterogeneous, leading to islands and nests of surviving
tumor, with stretches of tumor-free fibrotic tumor bed in between. In this study, the tumor
size measurement was performed using the method in the standardized pathologic evaluation
of post-neoadjuvant specimens of breast cancer as recommended by an international
working group (24). The tumor size was measured by gross assessment, validated by
histology and recorded in the final pathologic report when there was a grossly identifiable
mass lesion or treated tumor bed.

The schematic drawing of the tumor size measurement is shown in Figure 1. For cases
which had no grossly identifiable mass or treated tumor bed, the entire head of pancreas,
common bile duct and ampulla of Vater were systematically submitted for histologic
examination. Particular attention was paid to careful mapping of the sections taken, so that
the tumor size could be measured microscopically on the hematoxylin & eosin (H & E)
stained slides. For the cases which had only single a microscopic focus of viable residual
PDAC, the largest linear dimension of the viable tumor focus on H & E slide was used as the
final tumor size (Figure 1A). For the cases which had more than one microscopic foci
(multifocal) of residual tumor, the largest linear dimension of the area involved by all islands
of viable residual PDAC and the intervening fibrotic stroma was used as the residual tumor
size. The measurement excluded the area of fibrotic tumor bed beyond the area containing
viable tumor cells (Figure 1B). For the cases which had microscopic viable residual PDAC
invading the pancreas and/or soft tissue beyond the tumor bed area, the largest dimension of
the entire area involved by all islands of viable residual PDAC with the intervening stroma,
pancreas and/or soft tissue was used as the final tumor size (Figure 1C). All the cases in this
study were reviewed by a gastrointestinal pathologist (D.C.) who was blinded about the
clinical and follow up data. For cases with a diagnosis of complete pathologic response
(after submission of the entire pancreatic tissue for histologic evaluation), review of the
original pathology specimens (histology and cytology) were done to confirm the original
diagnosis.

Statistical analysis

Chi-square analyses were used to compare categorical data, and analysis of variance
(ANOVA) was used to compare continuous variables. Survival curves were constructed
using the Kaplan-Meier method, and the log-rank test was used to evaluate the statistical
significance of differences. Disease-free survival (DFS) was calculated from the date of
surgery to the date of first recurrence after surgery in patients with recurrence or to the date
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of last follow-up in patients without recurrence. Overall survival (OS) was calculated from
the date of diagnosis to the date of death or the date of last follow-up if death did not occur.
The prognostic significance of patients’ clinical and pathologic characteristics was
determined using a univariate Cox regression analysis. Cox proportional hazards models
were fitted for multivariate analysis. After the interactions between the variables had been
examined, a backward stepwise procedure was used to derive the best-fitting model. A
statistical analysis was performed using Statistical Package for Social Sciences software for
Windows (Version 22, SPSS, Inc., Chicago, IL). A 2-sided significance level of 0.05 was
used for all statistical analyses.

Pathologic evaluation and staging

Treated tumor size ranged from 0 to 8.5 cm, with a median of 2.5 cm. Among the 398 cases
in our study, 9 (2.3%) were ypTO (pathologic complete response with no evidence of tumor),
23 (5.8%) were ypT1, 8 (2%) were ypT2, and 358 (89.9%) were ypT3 based on the AJCC
Staging Manual, 7th edition. According to the new pT staging system (AJCC Staging
Manual, 8t edition), 9 cases (2.3%) were ypTO, 16 (4%) ypT1a, 14 (3.5%) ypT1b, 122
(30.7%) ypT1lc, 203 (51%) ypT2, and 34 (8.5%) ypT3. Of the 358 cases that had been
classified as ypT3 using the AJCC 7th edition, 129 (36.0%) were ypT1, 195 (54.5%) were
ypT2, and 34 (9.5%) were ypT3 respectively under the new pT staging system. In the 9
cases that were ypTO, pre-treatment scanning revealed radiologic evidence of a mass and a
diagnosis of PDAC had been confirmed by cytologic examination in all cases. There were no
ypT4 patients in our study population.

According to the WHO classification standards, of the 389 cases with residual tumor, 243
(62.5%) were well to moderately differentiated and 146 (37.5%) were poorly differentiated.
An RO resection was achieved in 367 of the 398 cases (92.2%). Thirty-one cases (7.8%) had
microscopic evidence of tumor involvement of one or more surgical margins (R1 resection).
There were no R2 resections. According to our proposed modified CAP grading scheme for
residual carcinoma (4, 5), 9 cases (2.3%) had modified CAP grade 0 response; 54 cases
(13.6%) had modified CAP grade 1 response, and 335 cases (84.2%) modified CAP grade 2
response. The total number of lymph nodes examined ranged from 12 to 68, with a median
of 22. Lymph nodes that were positive for metastatic disease were present in 215 cases
(54%). Among the lymph node positive group, the number of positive lymph nodes ranged
from 1 to 25, with a median of 2. One hundred forty-two cases (66%) had 1-3 positive
lymph nodes (ypN1), and 73 cases (34%) had = 4 positive lymph nodes (ypN2), based on
the AJCC Staging Manual, 8™ edition. The new ypT stage correlated with the modified CAP
tumor response grades (p<0.001), current ypT stage (p<0.001), ypN stage based on AJCC
7t edition (p<0.001) and new ypN stage (p=0.001, Table 1). There were no significant
correlations between the new ypT stage and age, gender, different treatment groups,
differentiation or margin status (p>0.05).
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Survival analysis

The follow up time ranged from 7.6 to 177.5 months with a median of 32.0 months in the
overall study group and ranged from 8.2 to 177.5 months with median of 63.0 months
among the 140 patients who did not die from the disease. During follow up, none of the nine
patients who had pathologic complete response (ypT0) developed recurrence or died from
disease. Patients with new ypTO and new ypT1 disease had better disease-free survival
(DFS) and overall survival (OS) than those with new ypT2 and new ypT3 disease (Figure 2A
and 2B, p<0.0001). The five-year OS rates for patients with new ypT1, ypT2, and ypT3 were
41.1%, 29.3%, and 17.4%, respectively. However, there was no significant difference
between new ypT2 group and new ypT3 group in either DFS or OS (p>0.05, Figure 2A, 2B,
and Table 2). Among the patients with new ypT1 disease, there was no significant difference
in either DFS or OS between patients with ypT1a and those with ypT1b disease (p>0.05,
Table 2). Patients with ypT1c disease had shorter DFS (p=0.046) and OS (p=0.03) than
those with ypT1a and ypT1b disease, but had no significant difference in either DFS or OS
when compared to those with new ypT2 disease significant (p>0.05, Fig. 3A, 3B and Table
2).

Similar results were obtained among patients whose tumors were classified as ypT3 based
on AJCC Staging Manual, 7t edition. Among these patients, the group with ypT1a and
ypT1b disease has longer OS than the group with ypT1c disease (p=0.03), although the
difference in DFS between these two groups was not significant (p=0.08). Similar to the
results from the overall study population, no significant difference in either DFS or OS was
observed among the patients whose tumors were reclassified as ypT1c, new ypT2 and new
ypT3 (Figure 4A and 4B). Our data suggest that tumor size cut off of 1.0 cm work better for
ypT2 than the proposed tumor size cut off of 2.0 cm in in PDAC patients who underwent PD
after receiving neoadjuvant therapy.

The correlations of DFS and OS with clinicopathologic parameters by univariate analyses
are shown in Table 2. There was a significant association between DFS and age at diagnosis
(p=0.01), tumor differentiation (p=0.04), modified CAP tumor response grade (p=0.007),
new ypT stage (p=0.01), and new ypN stage (p<0.001). The OS correlated significantly with
differentiation (p=0.01), modified CAP tumor response grade (p=0.003), margin status
(p=0.01), new ypT stage (p=0.006) and new ypN stage (p<0.001). On multivariate analysis,
tumor differentiation, modified CAP tumor response grade, and new ypN stage are
independent prognostic factor for both DFS and OS (Table 3). The new ypT3 and positive
resection margins were significant prognostic factor for shorter OS. The new ypT stage is
not a significant prognosticator for DFS (p>0.05).

Discussion

Pathologic staging is the most significant prognostic parameter in patients with malignant
tumors and provides the basis for management decisions to a great extent. Tumor size has
long been recognized as a prognostic parameter for patients with PDAC and has been
included in the TNM staging system (25-27). The AJCC 7t edition pT1 and pT2 are tumors
limited to the pancreas, and pT3 is defined as a tumor of any size with extrapancreatic
extension or involvement of adjacent structures. Since the pancreas does not have a true
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capsule, the extension into the peripancreatic soft tissue is loosely defined and shows
significant inter-observer variability which has been reflected in the frequency of tumor
invasion into peripancreatic adipose tissue of the resected PDAC cases in previous
publications (20, 28). Tumor invasion into peripancreatic adipose tissue was reported in 37%
(51/138) cases in a study by Jamieson et al (28). In another study, Saka et al. examined 223
consecutive PD specimens with PDAC processed by a uniform grossing protocol and
reported tumor invasion into peripancreatic adipose tissue in 91% of their cases (20).

In our previous study of neoadjuvant treated PDAC, 91% of cases was classified as ypT3
using AJCC Staging Manual, 71" edition (4). The identification of tumor extension into
peripancreatic soft tissue, in the absence of a true capsule, is arbitrarily based on the
histologic finding of the absence of non-neoplastic pancreatic parenchyma at the tumor
edge. This scenario could even be greater in the setting of postneoadjuvant resections, where
there is often an associated atrophy of the non-neoplastic pancreatic parenchyma. Since vast
majority of resected PDAC cases are classified as pT3/ypT3 based on AJCC Staging
Manual, 7t edition, the utility of the current T-stage grouping system is greatly reduced and
does not stratify the patients effectively. A few studies have attempted to further classify the
current stage T3 tumors into more meaningful groups; Park et al (21) showed that patients
with tumors < 2 cm, with extrapancreatic extension, had a significant survival benefit over
those with tumors that were > 2 cm, with extrapancreatic extension. In a study by Saka et al
(4), a size-based T-stage protocol was devised that defined pT1 as <2 cm, pT2 as > 2-4 c¢cm,
and pT3 as > 4 cm. This revised protocol was tested in a large cohort and showed a very
good relationship with survival (20, 21). The upcoming AJCC 8t edition pT staging system
is size-based and is proposed to be an improvement over the 7t edition system, in terms of
its prognostic significance, on the basis of studies of PDAC patients who underwent upfront
PD, without neoadjuvant therapy. In this study, we examined the prognostic significance of
ypT staging system based on 7t edition and the new ypT staging system (8! edition) in a
large cohort of 398 PDAC patients who underwent PD after receiving neoadjuvant therapy.
Using the new size-based criteria for PDAC, more than 90% of the tumors that were
classified as ypT3 using the 71" edition AJCC Staging Manual were reclassified as ypT1
(36.0%) and ypT2 (54.5%). Only 9.5% of our cases were ypT3 based on the new tumor
stage grouping. The new ypT stage performed better than the current ypT stage grouping in
predicting both DFS and OS in our patient population in that the patients with new ypT1
disease had significantly better DFS and OS than those with new ypT2 and new ypT3
disease. By multivariate analysis, new ypT3 was a significant predictor for poor OS
(p=0.04). Our results were similar to the previous studies which showed that the new pT
stage grouping was a significant prognostic factor for survival in patients who underwent
upfront resection for PDAC (20, 21, 29). In addition, the new ypT-stage correlated with
lymph node metastasis (p < 0.001) and tumor regression grade (p < 0.001) among all study
patients.

In our study population, all 9 cases with a complete pathologic response (ypT0) had no
recurrence of disease or any mortality due to disease. Cases with tumors <1 cm (ypTlaand
ypT1b combined) showed a significant longer OS (p = 0.03) and longer DFS (p = 0.046)
compared to those = 1 cm. However, there was no statistically significant difference between
ypT1c and ypT2 or between ypT2 and ypT3. Therefore, the results of our study suggest that
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a tumor size cut-off of 1.0 cm for ypT2 is more useful in predicting survival than is 2.0 cm
for PDAC patients who received PD after neoadjuvant therapy. This could be in part due to
the fact that neoadjuvant therapy may reduce the tumor size and the difference in tumor
biology after neoadjuvant treatment. In our study, we could not establish any difference
between ypTla and ypT1b. This could be due to the small sample size in these groups (16
cases [4%] for pT1la and 14 cases [3.5%] for pT1b, respectively).

While the aim of introducing the new tumor staging system (AJCC 8™ edition) was to
achieve better reproducibility, the major challenge to apply this new tumor stage system to
the cohort of neoadjuvant treated cases is the difficulty to assess the gross tumor size
accurately, since neoadjuvant therapy often leads to marked fibrosis which typically involves
both the tumor and the adjacent non-neoplastic parenchyma. The assessment of tumor size is
sometimes arbitrary with the inherent problems of gross tumor identification. In some cases,
there is no grossly identifiable tumor after neoadjuvant therapy. Therefore systematic
approach to generously sample the possible tumor area, the adjacent pancreas/soft tissue
and/or adjacent organ(s) is critical to accurately measure and to validate the tumor size based
on histologic examination. In our study, we used this approach to measure the tumor size.

In conclusion, our study is the first in applying the new AJCC 8 edition tumor stage in
PDAC to a large cohort of patients who received neoadjuvant therapy. We found that new
ypT stage grouping performed better than the AJCC 7t edition ypT stage grouping in
predicting the prognosis and correlated with lymph node metastasis and tumor regression
grade. Our study suggest that a tumor size cut-off of 1.0 cm for ypT2 is a more accurate
prognostic indicator than is 2.0 cm as proposed in AJCC Staging Manual (8t edition) for
PDAC patients who underwent PD after neoadjuvant therapy.
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Tumor bed

Viable residual tumor

Figure 1.
Schematic drawing to illustrate the method for tumor size measurement. For cases which

had only single microscopic focus of viable residual tumor, the largest linear dimension of
the viable tumor focus on H & E slide was used as the final tumor size (A). For cases which
had more than one microscopic foci (multifocal) of viable residual tumor, the largest linear
dimension of the area involved by all islands of viable residual tumor and the intervening
fibrotic stroma was used as the residual tumor size (B). For cases which had microscopic
viable residual tumor invading the pancreas and/or soft tissue beyond the tumor bed area, the
largest dimension of the entire area involved by all islands of viable residual tumor with the
intervening stroma, pancreas and/or soft tissue was used as the final tumor size (C).
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Kaplan-Meier curves for disease-free survival (A) and overall survival (B) in patients with
pancreatic ductal adenocarcinoma who underwent PD after neoadjuvant therapy, stratified
by ypT stage using the new AJCC Staging Manual (8™ edition).
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Figure 3.
Kaplan-Meier curves for disease-free survival (A) and overall survival (B) in patients with

ypTlaor ypTlb, ypT1lc and ypT2 pancreatic ductal adenocarcinoma who underwent PD
after neoadjuvant therapy using the new AJCC Staging Manual (8™ edition). Patients with
ypT1laor ypT1b disease have significantly longer disease-free survival and overall survival
than those with ypT1c and those with ypT2 disease (p<0.05). However there is no significant
difference in either disease-free survival or overall survival between the patients with ypT1c
disease and those with ypT2 disease (p>0.05).
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Figure 4.
Prognostic significance of new ypT stage grouping in patients whose tumors were classified

as ypT3 using the 7t edition AJCC Staging Manual. Kaplan-Meier curves for disease-free
survival (A) and overall survival (B) using the new AJCC Staging Manual (8™ edition) are
shown. Patients with ypT1a or ypT1b disease have significantly longer disease-free survival
and overall survival than those with ypT1c, ypT2 or ypT3 disease (p<0.05). However there
is no significant difference in either disease-free survival or overall survival between the
patients with ypT1c disease and those with ypT2 or ypT3 disease (p>0.05).
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