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Abstract

Aims—This study is to examine the significance of the number and ratio of positive nodes in post
neoadjuvant therapy pancreaticoduodenectomy (PD) for pancreatic ductal adenocarcinoma
(PDAC).

Methods and results—Our study population consisted of 398 consecutive PDAC patients, who
completed neoadjuvant therapy and PD between 1999 and 2012. Lymph node status was classified
as ypNO (node negative), ypN1 (1-2 positive nodes) and ypN2 (=3 positive nodes) and correlated
with disease-free survival (DFS) and overall survival (OS). The ypNO, ypN1 and ypN2 was
present in 183 (46.0%), 117 (29.4%) and 98 (24.6%) patients respectively. Additionally, 162
(40.7%) had a lymph node ratio (LNR) < 0.19 and 53 (13.3%) had a LNR > 0.19. Patients with
ypN1 disease had shorter DFS and OS than those with ypNO disease, but better DFS and OS than
those with ypN2 disease (P<0.05). Similarly, patients with a LNR<0.19 had better DFS and OS
than those with a LNR<0.19 (P<0.001). In multivariate analysis, both the number of positive
nodes and LNR were independent prognostic factors for DFS and OS.

Conclusions—Subclassification of post-therapy node positive group into ypN1 (1-2 positive
nodes) and ypN2 (= 3 positive nodes) should be incorporated into the AJCC staging of PDAC
patients.
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Pancreatic cancer remains a highly lethal disease with an estimated 46,420 newly diagnosed
cases and 39,590 deaths in the United States in 20141, Approximately 80% of patients with
pancreatic ductal adenocarcinoma (PDAC) have distant metastases or locally advanced
disease at the time of diagnosis, with a 5-year survival of approximately 6%?!. Despite
significant improvements in operative techniques and treatment modalities, overall survival
for patients with PDAC has not changed significantly in the past four decades? 2.

Several factors have been shown to be associated with outcome following
pancreaticoduodenectomy (PD) for PDAC. Along with tumor size, histologic grade, and
resection margin status, the presence of lymph node metastasis is a well-known prognostic
indicator for both disease-free and overall survival in patients with PDAC3-5. Recent studies
have demonstrated the prognostic significance of total lymph node count, total number of
positive lymph nodes, and lymph node ratio (LNR, the ratio of the number of positive lymph
nodes to the total number of lymph nodes examined) in patients with PDAC who underwent
PD. Several studies have shown that the examination of greater than 10 to 15 lymph nodes is
associated with improved overall survival in patients with node negative disease5-8;
however, other studies have failed to demonstrate this association® and the experience with
extended lymphadenectomy has not proven a survival benefit1%-12, Among patients with
PDAC who received either upfront surgery alone, or upfront surgery followed by adjuvant
chemotherapy, both the number of lymph nodes involved by metastatic PDAC and LNR
have been shown to be the predictors of survival3-1°, In addition, some authors have
reported that the LNR is a better predictor for survival than lymph node status alone16: 17,
However, the prognostic significance of the number of positive lymph nodes and LNR in
PDAC patients who received neoadjuvant therapy and subsequent PD is unclear. In our prior
study of 240 PDAC patients, who received neoadjuvant therapy with subsequent PD, and 60
patients who underwent upfront surgery, we have shown that patients who received
neoadjuvant therapy with subsequent PD had better overall survival and a lower frequency
of lymph node metastasis than those who did not receive neoadjuvant therapy8. We also
found that post-treatment AJCC stage and the total number of positive lymph nodes are
independent prognostic factors for disease-free and overall survivall8. In this study, we
examine the prognostic significance of the number of positive lymph nodes and LNR in a
cohort of 398 patients who received neoadjuvant therapy and underwent PD. Our results
suggest the importance of classifying PDAC patients, with post-therapy node-positive
disease, into ypN1 and ypN2 subgroups.
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MATERIALS AND METHODS

Study Population, Patient Characteristics, and Follow-up

The study was approved by the institutional review board of The University of Texas M.D.
Anderson Cancer Center. Three hundred ninety-eight consecutive patients, with
histologically confirmed PDAC who received neoadjuvant therapy and underwent PD at our
institution, between 1999 and 2012, were included in this study. Seventy-one patients
(17.8%) received neoadjuvant fluoropyrimidine-based chemoradiation (group 1), 100
(25.1%) received neoadjuvant gemcitabine-based chemoradiation (group 2), 103 (25.9%)
received systemic chemotherapy followed by gemcitabine-based chemoradiation (group 3),
106 (26.6%) received systemic chemotherapy followed by fluoropyrimidine-based
chemoradiation (group 4) and the remaining 18 patients (4.5%) received neoadjuvant
systemic chemotherapy alone (group 5). All patients underwent restaging evaluation after
completion of neoadjuvant chemoradiation therapy. Pancreaticoduodenectomy was
performed only in patients who had resectable disease, with no disease progression or
metastasis, and had no contraindications to major abdominal surgery as previously
reported® 20, For this study, patients who underwent distal pancreatectomy, those who were
determined to be unresectable after neoadjuvant therapy, and those who died of
perioperative complications were excluded. To accurately evaluate the lymph node status in
our study population, 13 patients with less than 12 lymph nodes examined were also
excluded.

Clinical follow-up information was extracted from a prospectively maintained database at
the Department of Surgical Oncology and verified by reviewing patient medical records and
the U.S. Social Security Death Index. Recurrence status was updated at each follow-up
clinic visit.

Pathologic Evaluation

A standardized system for the evaluation of PD specimens has been used at our institution
since 1990. All cases were evaluated for tumor type, tumor size, differentiation, margin
status, total number of lymph nodes, number of positive lymph nodes, post-treatment
pathologic stage, and histopathologic tumor response grade (HTRG). The post-treatment
pathologic staging was grouped according to the American Joint Committee on Cancer
(AJCC) Staging Manual, 7" edition?!. HTRG was performed using the modified grading
system of the College of American Pathologists (CAP), as reported in our previous study?2.
Lymph node ratio (LNR) was calculated as a ratio of the number of positive lymph nodes to
the total number of lymph nodes examined. For statistical analyses, patients were first
grouped according to lymph node status: patients with no lymph node metastasis (ypNO) and
those with node positive disease. Patients with node positive disease were subclassified into
ypN1 (1-2 positive lymph nodes) and ypN2 (= 3 positive lymph nodes). Separation into
these categories was based on the median number of positive lymph nodes in the node
positive group that gave the best separation of survival curves between the two groups. To
identify the best cutoff value for LNR in our node-positive patient population, the LNR was
initially stratified using the cutoff values of 25M percentile (0.06), 50t percentile (0.10), and
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75t percentile (0.19) and then grouped into those with a LNR <0.19 and those with a LNR
>0.19.

Statistical Analysis

Chi-square analysis or Fisher exact tests were used to compare categorical data and analysis
of variance was used to compare continuous variables. Survival curves were constructed
using the Kaplan-Meier method and the statistical significance of differences in survival was
determined using the log-rank test. Disease-free survival (DFS) and overall survival (OS)
were calculated as previously reported?3. The prognostic significance of clinical and
pathologic characteristics was determined using univariate Cox regression analysis. Cox
proportional hazards models were fitted for multivariate analysis using a backward stepwise
procedure. Statistical analysis was performed using Statistical Package for Social Sciences
software (for Windows 22, SPSS Inc., Chicago, IL). A 2-sided significance level of 0.5 was
used for all statistical analyses.

RESULTS

Patient Clinicopathologic Features

Our cohort consisted of 176 women and 222 men with a mean age of 63.5 years at the time
of diagnosis (median, 64.1 years; range, 34.5-85.4 years). The average tumor size was 2.5
cm (range, 0 cm to 8.5 cm). Complete pathologic response (ypTO0), ypT1, ypT2 and ypT3
were present in 9 (2.3%), 24 (6.0%), 9 (2.3%) and 356 (89.4%) respectively. The average
number of lymph nodes identified was 24.4 (range, 12-68). Lymph node metastases were
present in 215 (54.0%) patients. Among patients with node positive disease, the median
number of lymph nodes involved by metastatic PDAC was 2.0 (range, 1-25). Within this
group, 162 patients (75.3%) had a LNR of 0.19 (75™ percentile LNR value) and 53 patients
(24.7%) had a LNR > 0.19. Thirty-five patients (8.8%) had post-therapy pathologic stage 1A
or IB disease, 148 patients (37.2%) had stage I1A disease, and 215 patients (54.0%) had
stage 11B disease. There were no patients with stage 111 or IV disease in this study. A total of
367 (92.2%) of patients had negative margins, while 31 (7.8%) had margin involvement by
PDAC (R1). Clinicopathologic correlation of the number of positive lymph nodes and LNR
in the 398 study patients are shown in Tables 1 and 2. Mean age at diagnosis was higher in
patients with node negative disease than those with node positive disease. However, there
was no difference between the subgroups within node positive group (P>0.05). Patients with
ypN2 disease had more lymph nodes examined than those with ypNO or ypN1 disease
(P<0.001). The number of positive lymph nodes correlated significantly with ypT stage
(P<0.001), AJCC stage (P<0.001), HTRG (P<0.001), and tumor recurrence (P<0.001). LNR
correlated with ypT stage (P<0.001), AJCC stage (P<0.001), HTRG (P<0.001), resection
margin status (p=0.02), and tumor recurrence (P<0.001).

Survival Analysis

The median follow-up time was 32.0 months (range, 7.6—-177.5 months) in the overall study
group and 63.0 months (range, 8.2 — 175.5 months) for patients who did not die from
disease. At the time of last follow-up, 258 (64.8%) patients died of PDAC, 32 (8.0%) died of
other causes, 19 (4.8%) patients were alive with disease, and 89 (22.4%) were alive with no
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clinical or radiographic evidence of disease. The median disease-free survival (DFS) was
15.7 months [95% confidence interval (Cl): 12.4 —19.0 months] and median overall survival
(OS) was 35.0 months (95% CI: 30.8 — 39.3 months). There was no significant difference in
either DFS or OS amongst the different treatment groups (P>0.05).

Patients with no lymph node metastases (ypNO) had significantly better DFS (29.1 months)
and OS (54.7 months) than those with lymph node metastases (DFS: 11.0 months, P < 0.001
and OS, 29.2 months, P < 0.001, respectively, Fig. 1A & 1B). We further stratified node
positive patients into two groups using the median number of positive lymph as a cutoff:
patients with 1-2 positive lymph nodes (ypN1) and those with =3 positive lymph nodes
(ypN2). Patients with ypN1 disease had a DFS of 12.7 months and an OS of 35.7 months
compared to a DFS of 9.2 months (p=0.004) and OS of 26.7 months (P=0.001) in patients
with ypN2 disease (Fig. 1C & 1D). To determine the best cutoff value for LNR, we first
stratified the node-positive patients into four groups using the LNR cutoff values of 0.06
(25 percentile), 0.10 (50t percentile) and 0.19 (75! percentile). The Kaplan-Meier
survival curves for DFS and OS are shown in Figures 2A and 2B respectively. There were
no differences in either DFS (P=0.59) or OS (P=0.68) among the 3 groups with LNR values
<0.19. However, patients with LNR>0.19 had shorter DFS (P=0.001) and OS (P<0.001)
than the other three groups. We therefore stratified node positive patients into two groups:
the group with a LNR <0.19 and those with a LNR >0.19. The median DFS and OS in
patients with a LNR<0.19 was 12.7 months and 33.6 months, respectively, compared to a
DFS of 8.2 months (P<0.001, Fig. 2C) and OS of 22.1 months (P<0.001, Fig. 2D) in those
with a LNR>0.19.

The results of univariate survival analysis are shown in Table 3. Tumor differentiation, ypT
stage, AJCC stage, HTRG, the number of positive lymph nodes, and LNR were significant
predictors for both DFS (P<0.01) and OS (P<0.01). The age at diagnosis correlated with
DFS (P=0.02), but not OS (P=0.47). Resection margin status correlated with OS (P=0.005),
but not DFS (P=0.07). In multivariate analysis, tumor differentiation, HTRG, LNR, and the
number of positive lymph nodes were independent prognostic factors for both DFS and OS
(Tables 4 and 5). Positive resection margin was a significant factor for overall survival only
when the number of positive lymph nodes was used in multivariate analysis (P=0.04).

DISCUSSION

Although node metastasis is a well-established prognostic factor for PDAC patients who
undergo upfront resection, the prognostic significance of the number of positive lymph
nodes in patients who receive neoadjuvant therapy and PD remains unclear. Currently, there
is no subclassification of the node positive group in the AJCC cancer staging manual (7t
edition) for PDAC patients. Recently, Showalter et al. showed that patients with >3 positive
nodes had worse DFS and OS than those with 0 or 1-3 lymph nodes in 538 PDAC patients
who underwent resection followed by adjuvant chemoradiation. They did not, however, find
a statistically significant difference in either DFS or OS between patients with 1-3 positive
nodes and those with >3 positive nodes in multivariate analysis®. In another study of 696
untreated patients, House et al. found an inverse linear relationship between the number of
positive nodes and median OS among patients with 1 to 7 positive lymph nodes?4.
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Additionally, they found that the presence of two positive lymph nodes was the most
significant point of separation in 0S24. Consistent with these findings, we demonstrated that
patients who received neoadjuvant therapy and PD and had ypN1 disease, had better DFS
and OS than those with ypN2 disease, by univariate and multivariate analysis. The findings
from this study are consistent with our prior study, which demonstrated that AJCC stage and
the number of positive regional lymph nodes were independent prognostic factors for both
DFS and OS, in patients who received neoadjuvant chemoradiation followed by PD8. We
chose 2 positive nodes as the cut off for ypN1 and ypN2 in this study, instead of 3 positive
nodes in previous study because 2 positive nodes provided the best separation of the survival
curves for both DFS and OS among the different N groups. Among patients with carcinomas
of gastrointestinal origin, the importance of the number of positive lymph nodes is well-
recognized and this information is included in AJCC staging for the esophagus, stomach,
small bowel, colon, rectum and appendix. This information has yet to be incorporated into
the staging for PDAC. Based on our findings, we propose to subclassify the post-therapy
node positive group into ypN1 (1-2 positive lymph nodes) and ypN2 (=3 positive lymph
nodes). In contrast, Slidell et al. showed that patients with 1, 2, or 3 positive lymph nodes
had similar median overall survival, while those with 4—7 positive nodes had only a slightly
worse OS, in a study of 4005 PDAC patients from the US Surveillance Epidemiology and
End Result (SEER) registry2®. However, 55.5% of cases in their study had fewer than 12
lymph nodes evaluated and 10.1% patients had no lymph nodes examined2°. Previous
studies have shown that a suboptimal number of lymph nodes examined is associated with
poor survival in PDAC patients after resection® 9 24, To accurately evaluate node status, all
patients included in this study had =12 lymph nodes examined. We did not find correlation
between the total number of lymph nodes examined and either DFS or OS in our patient
population.

Recent studies have emphasized the power of LNR in predicting prognosis for patients with
PDAC. House et al. reported an inverse linear relationship between median OS and LNR for
cases with LNR values up to 0.35 and that LNR, as a continuous variable, correlated
significantly with OS. In their study, the best cutoff value was found to be 0.1824. Similar
results were also reported by other studies® 13: 26, Showalter et al. reported that increased
LNR, either as a continuous or categorical variable, was associated with decreased OS and
DFS26, Pawlik et al. found that LNR was a better predictor of outcome than the number of
positive lymph nodes!3. They reported that patients with a LNR value of 0 to 0.2 had a
longer median survival (21.7 months) than those who had a LNR of 0.2 to 0.4 (15.3
months), or greater than 0.4 (12.8 months), in their node positive patients!3. Although
Slidell et al. did not find a significant correlation between the number of positive nodes and
0S, their study did find that patients with a LNR of 0 to 0.2 had longer OS than those with a
LNR of either 0.2 to 0.4, or greater than 0.42%. Of note, a recent study showed that
neoadjuvant therapy decreases LNR in patients with PDAC?’. Using a median LNR of 0.14
as a cutoff, Roland et al. showed that PDAC patients who received neoadjuvant therapy and
had a LNR=0.15, had a shorter median OS and DFS, than those with a low LNR
(LNR<0.15) or ypNO disease. There was no difference in cancer-related deaths for patients
with ypNO disease and those with a low LNR (LNR<0.15) in their study?’. Therefore, the
optimal cutoff point for LNR in PDAC patients who received neoadjuvant treatment remains
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to be determined. In this study, we found that the 75 percentile value of LNR (0.19) was
the best cutoff for our patient population. Patients with a LNR>0.19 had significantly shorter
DFS and OS compared to those with a LNR<0.19 and that LNR is an independent
prognostic factor for both DFS and OS. Thus our study demonstrated that LNR is a key
prognostic factor in PDAC patients who have received neoadjuvant therapy and PD.

Although, several studies have reported that LNR is superior to the number of positive
lymph nodes in predicting survival in patients with PDAC, the median number of lymph
nodes examined in these studies was highly variable, ranging from 7 to 2813.24.26.27 | two
large studies, the median numbers of nodes examined were 7 in Slidell’s study® and 6 in
patients with NO disease in Schwarz’s study’. A low number of lymph nodes may
understage disease by potentially missing the lymph node(s) that are involved by metastases.
This may be the reason, in some studies, that the number of involved lymph nodes was not
significantly correlated with survival and also explain why the LNR is often a better
predictor of survival, particularly in studies with a low median lymph node count. At our
institution, we have a standard approach to pancreaticoduodenectomy and we use a
standardized protocol for the evaluation of all PD specimens. In this study, all patients had
12 or more lymph nodes examined. We found that both the number of positive lymph nodes
and the LNR are independent prognostic indicators for DFS and OS. The advantage to using
the number of positive lymph nodes is that this number is already contained within the
surgical pathology report, whereas a baseline cutoff value for LNR still needs to be
established.

In summary, our study demonstrated that the number and ratio of positive lymph nodes are
independent prognostic factors for both DFS and OS in patients with PDAC who received
neoadjuvant therapy followed by PD. We propose to subclassify the post-therapy node
positive group into ypN1 (1-2 positive lymph nodes) and ypN2 (=3 positive lymph nodes)
in the staging of patients with PDAC who received neoadjuvant treatment.
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A and B, Kaplan-Meier curves for disease-free and overall survival in patients with
pancreatic ductal adenocarcinoma, stratified by lymph node status. C and D, Kaplan-Meier
curves for disease-free and overall survival in patients with pancreatic ductal
adenocarcinoma, stratified by the number of positive lymph nodes. The median number of
positive lymph nodes in node positive groups, which gave the best separation of survival

curves, was used as a cut off.
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Figure 2.
A and B, Kaplan-Meier curves for disease-free and overall survival, in patients with

pancreatic ductal adenocarcinoma, stratified by LNR using the 25t percentile (0.06), 50t
percentile (0.10) and 75™ percentile (0.19) values of LNR as a cutoff. There were no
differences in either DFS (P=0.59) or OS (P=0.68) among the 3 groups with 0 < LNR <

0.19.
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C and D, Kaplan-Meier curves for disease-free and overall survival, in patients with

pancreatic ductal adenocarcinoma, stratified by stratified by LNR using the 75™ percentile
(0.19) value of LNR as cut off. Patients with a LNR>0.19 had shorter DFS (P<0.001) and
OS (P<0.001) than those with ypNO and those with a LNR < 0.19.
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Table 1

Clinicopathological correlations with the number of positive lymph nodes

Characteristics ypNO (%) 1-2 positive positive lymph P value
lymph nodes (%) nodes (%)
Gender 0.13
Female 90 (51.1) 50 (28.4) 36 (20.5)
Male 93 (41.9) 67 (30.2) 62 (27.9)
Age, years (Mean + SD) 65.2+9.3 61.9+9.7 62.1+9.4 0.004
Number of lymph nodes examined (Mean £ SD) 23.1+8.1 235+94 279+11.1 <0.001
Tumor differentiation 0.13
Well-Moderate 118 (46.8) 66 (26.2) 68 (27.0)
Poor 65 (44.5) 51 (34.9) 30 (20.6)
Pathologic tumor stage <0.001
ypTO, ypT1, ypT2 35 (83.3) 6 (14.3) 1(2.4)
ypT3 148 (41.6) 111 (31.2) 97 (27.2)
Resection margin 0.06
Negative 173 (47.1) 109 (29.7) 85 (23.2)
Positive 10 (32.3) 8 (25.8) 13 (41.9)
AJCC stage <0.001
IAand IB 35 (100) 0 0
1A 148 (100) 0 0
1B 0 117 (54.4) 98 (45.6)
HTRG2 <0.001
CAP grade 0/1 43 (68.3) 16 (25.4) 4(6.3)
CAP grade 2/3 140 (41.8) 101 (30.1) 94 (28.1)
RecurrenceP <0.001
None 79 (63.7) 33 (26.6) 12 (9.7)
Local 35 (42.2) 16 (19.3) 32 (38.5)
Distant 69 (37.1) 64 (34.4) 53 (28.5)

aHTRG, histopathologic tumor response grade.

b . .
Recurrence data was not available for 5 patients.
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Table 2

Clinicopathological correlations with positive lymph node ratio (LNR)

Characteristics NO (LNR =0) a LNR>0.19 P value
(%) (%) (%)
Gender 011
Female 90 (51.1) 68 (38.6) 18 (10.3)
Male 93 (41.9) 94 (42.3) 35 (15.8)
Age, years (Mean + SD) 65.2+9.3 62.0+9.8 62.0+8.9 0.004
Number of lymph nodes examined (Mean + SD) 23.1+81 259+104 245+105 0.024
Tumor differentiation 0.24
Well-Moderate 118 (46.8) 96 (38.1) 38 (15.1)
Poor 65 (44.5) 66 (45.2) 15 (10.3)
Pathologic tumor stage <0.001
ypTO, ypT1, ypT2 35 (83.3) 7(16.7) 0 (0)
ypT3 148 (41.6) 155 (435) 53 (14.9)
Resection margin 0.02
Negative 173 (47.1) 150 (40.9) 44 (12.0)
Positive 10 (32.3) 12 (38.7) 9 (29.0)
AJCC stage <0.001
IAand IB 35 (100) 0 0
1A 148 (100) 0 0
1B 0 162 (75.3) 53 (24.7)
HTRGD <0.001
CAP grade 0/1 43 (68.3) 17 (27.0) 3(4.7)
CAP grade 2/3 140 (41.8) 145 (433) 50 (14.9)
Recurrence® <0.001
None 79 (63.7) 39 (31.5) 6 (4.8)
Local 35 (42.2) 31(37.3) 17 (20.5)
Distant 69 (37.1) 87 (46.8) 30 (16.1)

a0.19 represents the 75th percentile value of lymph node ratio (LNR)

bHTRG, histopathologic tumor response grade

[~ . .
Recurrence data was not available for 5 patients
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