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Abstract

Objectives: Prognostic importance of metastatic lymph nodes in pancreatic cancer is always garnered attention due to dismal
prognosis, with some quantitative factors drawing attention for significantly predicting outcomes. Size is one of the easy approach
morphological characteristics of the lymph node, and data for effect of largest metastatic lymph node (LMLN) size on survival
outcomes are lacking in pancreatic cancer. We aim to evaluate the effect of LMLN size on the prognosis of patients with pancreatic
ductal adenocarcinoma (PDAC).

Methodes: This retrospective study evaluates the effect of LMLN size on survival outcomes by grouping the patients who were surgically
treated for PDAC, according to their lymph node stage and calculated cutoff value for LMLN size, between February 2015 and May 2020.
Results: In the study cohort of 131 patients, the mean age was 63.9+10.8 years and 77 patients were female. Ninety-nine of the pa-
tients had pN1, 32 had pN2 stage disease. The optimal cutoff point of LMLN size for predicting the prognosis was calculated as 7.5
mm (sensitivity = 81% and specificity = 81%). 34 (34.3%) of pN1 and 7 (21.9%) of pN2-staged patients had lymph node smaller than
7.5 mm. Three-year survival was significantly longer for patients whose LMLN size was <7.5 mm (56.2-18.2%, p<0.001). Whereas,
the patients with LMLN size <7.5 mm had statistically significant longer median survival rate in the subgroup of patients with pN1
lymph node stage, no significant difference in median survival rates was observed between subgroups of pN2 patients (p=0.237).
Conclusion: The present study demonstrated that the LMLN size was one of the potential predictors of survival in patients with PDAC.
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Radical surgical resection has currently been the only  overall survival between 5% and 10% based on estimates
curative treatment option for pancreatic cancer today, reported in the literature." Even after curative resection, re-
which has a 5-year mortality rate of over 90% and a 5-year  ports have shown a 5-year disease-free survival rate of only
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20%.2 Factors affecting mortality from pancreatic cancer
have always garnered attention due to the dismal survival
outcomes. Lymph node status, as assessed by the number
of metastatic lymph nodes, is one of the most important
determinants of survival.®! The relationship between the
number of metastatic lymph nodes and poor survival has
been demonstrated in the literature.

Studies investigating the prognostic importance of lymph
node involvement have mostly focused on parameters,
such as harvested lymph node, the number of metastatic
lymph nodes, pN-stage, ratio of metastatic lymph nodes to
the total examined lymph nodes, and log odds of metastat-
ic lymph nodes.®”? Among these parameters, the ratio of
metastatic lymph nodes and log odds of metastatic lymph
nodes has been identified as the important prognostic fac-
tors in addition to the American Joint Committee on Can-
cer (AJCC) TNM classification system.® In addition, John et
al. reported that the metastatic lymph node rate and the
metastatic lymph node number are prognostic factors for
cancer specific survival in patients with pancreatic adeno-
carcinoma.l'”

All aforementioned studies relied on lymph node number
and metastatic status instead of morphological features,
suggesting the need for more studies in this field to sub-
classify the patients based on lymph node status. Size is
one of the easy approach morphological characteristics
of the lymph node. The studies already demonstrate a re-
lationship between the largest metastatic lymph node
(LMLN) size and prognosis of patients with colorectal and
gastric cancers.""'? However, to the best of our knowledge,
there has been no data in the relation of LMLN size and
outcomes of patients with pancreatic cancer. Based on the
available data, the present study aimed to determine ef-
fects of the size of the LMLN on the prognosis of patients
with pancreatic ductal adenocarcinoma (PDAC).

Methods

Data from patients who underwent surgery for pancre-
atic cancer between February 2015 and May 2020 at the
Vehbi Ko¢ Foundation Hospitals (Ko¢ University Hospital
and American Hospital) were reviewed retrospectively.
Our study protocol was approved by the Ethics Committee
of the Ko¢ University Hospital (approval code: 2021.142.
IRB1.046). All methods were carried out in accordance with
the Declaration of Helsinki, relevant guidelines, and regula-
tions of the Institutional Review Board.

Lymph node dissection for pancreaticoduodenectomy in-
cluded lymph nodes around the pancreatic head, common
hepatic artery, the hepatoduodenal ligament, superior
mesenteric artery, distal part of the superior mesenteric
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vein, and the area located right of the celiac artery. The
inclusion criteria were as follows: Histopathologically con-
firmed PDAC, RO resection margin, and pN1 and pN2 lymph
node status. The exclusion criteria were pNO lymph node
status, distant metastasis, patients with duodenal, ampul-
lary, and extrahepatic bile duct tumors, secondary tumor,
and missing follow-up data.

Data related to patient demographics, clinicopathologi-
cal features, and follow-up were retrospectively collected
and recorded. Detailed histopathological data, including
harvested lymph node, metastatic lymph node number, pT
stage, pN stage, and the size of the LMLN, were recorded.
Initially, two groups were created according to their lymph
node stage, namely, pN1 and pN2; following this, they were
subdivided according to the calculated cutoff value for
LMLN size, with each having two new groups.

Statistical Analysis

Statistical Product and Service Solutions (SPSS) software
package (version 21.0, SPSS-IBM, Armonk, NY, USA) was
used for statistical analyses, with p<0.05 indicating statis-
tical significance. Data were obtained by retrospectively
reviewing the maintained database. Continuous and nor-
mally distributed data will be reported as mean with stan-
dard deviation and compared between groups using an
unpaired t-test. Continuous data, not normally distributed,
will be reported as median with interquartile range and
compared between groups using the Kruskal-Wallis test.
Quialitative variables were presented as numbers and per-
centages. Differences between categorical variables were
assessed using Fisher’s exact test or Chi-square test. Receiv-
er operating curve analyses were performed to determine
the establishment between the LMLN size and mortality.
The sensitivity and specificity for predicting the progno-
sis were 81% and 81%, respectively, when the LMLN was
7.5 mm in size, which yielded the highest ratio (Fig. 1). Pa-
tients were also classified into two groups according to this
cutoff value, namely, those whose LMLN was =7.5 or <7.5
mm in size. Overall survival was defined as the time from
surgery to event of death, as well as was analyzed using
the Kaplan-Meier method, and Log-rank (Mantel-cox) was
applied to compare survival differences. Cox proportional
hazards and regression models were used for identifying
independent factors for survival.

Results

A total of 235 pancreatic resections were performed during
the defined study period. Among them, 60 patients who
were NO; 41 who had duodenal, ampullary, and extrahepat-
ic bile duct tumors; three who had missing follow-up data
were excluded from the study. Then, the remaining 131 pa-
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Figure 1. ROC curve analysis for largest metastatic lymph node size
to calculate optimal cutoff point that predict survival outcomes. Red
arrow indicates the optimal cutoff points of largest metastatic lymph
node size as 7.5 mm (sensitivity = 81% and specificity = 81%). Area
under the curve [SE] = 0.792 [0.055], 95% confidence limits range =
0.683-0.900, p<0.001.

Table 1. Demographic features,and surgical and pathological data

tients were included in this study cohort. The mean age of
the patients was 63.9+10.8 (range: 39-86) years old; 58.8%
(n=77) were female and 41.2% (n=54) were male. Among
the included patients, 87 (66.4%) underwent pylorus-pre-
serving pancreaticoduodenectomy, 11 underwent distal
pancreatectomy (8.4%), and 33 underwent total pancre-
atectomy (25.2%). All patients had a tumor free resection
margin and all resections were R0. Moreover, 99 (75.6%)
and 32 (24.4%) patients were staged as pN1 and pN2, re-
spectively. The median number of harvested lymph nodes
and metastatic lymph nodes was 26 (range: 7-90) and 3
(range: 1-28), respectively. The median harvested lymph
node number for total pancreatectomy, distal pancreatec-
tomy, and pancreaticoduodenectomy was 39 (range: 14-
90), 27 (range: 13-50), and 24 (range: 7-54), respectively.
As expected, among the procedures, total pancreatec-
tomy had the highest amount of harvested lymph node
(p<0.001). The median LMLN size was 13 mm (range: 1-45
mm) and 10 mm (range: 3-23 mm) for N1 and N2 patients,
respectively. Meanwhile, 34 (34.3%) pN1 and 7 (21.9%) pN2
patients had lymph node smaller than 7.5 mm (Table 1).

Univariate and multivariate Cox hazard analyses were per-
formed for to determining the effects of age, gender, ASA
score, T stage, N stage, harvested lymph node, metastatic
lymph node number, metastatic lymph node ratio, and
LMLN size (<7.5 mm-=7.5 mm) on survival. Accordingly, in

N1 stage N2 stage p
Gender, n
Male 40 14 0.89
Female 59 18
Age, years (mean+SD) 64.9+10.9 60.6£10 0.048
ASA, n, (%)
1-2 63 (63.6) 21 (65.6) 0.99
3-4 36 (36.4) 11 (34.4)
Surgical Procedure, n, (%)
Pancreaticoduodenectomy 65 (65.7) 22 (68.8) 0.45
Distal pancreatectomy 10(10.1) 1(3.1)
Total pancreatectomy 24 (24.2) 9(28.1)
T stage, n
pT1-T2 14 17 <0.001
pT3-T4 85 15
Median number of harvested lymph nodes, n (min-max) 24 (7-65) 34 (11-90) <0.001
Median metastatic lymph node size, mm, (range) 13 (1-45) 10 (3-23) 0.10
Largest metastatic lymph node, n, (%)
<7.5mm 34 (34.3) 7(21.9) 0.18
=7.5mm 65 (65.7) 25(78.1)

*ASA: The American society of anesthesiologists (ASA) physical status classification system.
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univariate analyzes, T stage and N stage, number of meta-
static lymph nodes, metastatic lymph node ratio and LMLN
size (<7.5 mm-=7.5 mm) were found to have a significant
effect on survival, whereas the multivariate Cox hazard
analyses revealed that the only LMLN size (<7.5mm-=7.5
mm) was a significant predictor of survival (HR [95% Cl]:
2.76 [1.62-4.60], p<0.001) (Table 2).

The median follow-up period of the patients included in
the study was 20 months and a 1- and 3-year survival of
78.7% and 28.4%, respectively. The survival rates for 1- and
3-year were 86.7% and 56.2% for patients whose LMLN size
was <7.5 mm and 75.6% and 18.2% for those whose LMLN
size was =7.5 mm, (p<0.001) (Fig. 2). Whereas the patients
with LMLN size <7.5 mm had statistically significant lon-
ger median survival rate in subgroup of patients with pN1
lymph node stage, statistical significance in median sur-
vival rates was not observed between subgroups of pN2
patients (p=0.237) (Fig. 3).

Discussion

Although the lymph node status provides important in-
formation on survival among patients with PDAC, some
controversy remains regarding evidence on the prognostic
effects of lymph node status.!'>'¥ Several factors associated
with lymph node characteristic were investigated, such as
harvested lymph node, metastatic lymph node ratio, or
logarithm of the odds of metastatic lymph node.>'>'¢ The
seventh edition of AJCC TNM system classified the Node
stage only as NO and N1. As suggested and validated by the
previous studies, the eight edition of the staging system
was updated and subdivided the lymph node status into
NO (no metastatic lymph node), N1 (1-3 metastatic lymph
node), and N2 (=4 metastatic lymph node).2'7"*I The afore-
mentioned data support the need for more investigations
into lymph node status to estimate its prognostic effect.
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Figure 2. Kaplan-Meier survival curves stratified by largest metastat-
ic lymph node size. Patients with largest metastatic lymph node size
<7.5 mm had a better prognosis than patients with largest metastatic
lymph node size >7.5 mm (56.2% versus 16.2%, p<0.001).

The current staging systems on lymph node status have
mainly been based on metastatic lymph node number
rather than its morphological features. Only a limited num-
ber of studies have evaluated to predict the lymph node
metastases by radiologically measured lymph node size,
with one concluding that larger lymph nodes are more
prone to be metastatic for PDAC patients.’™ The studies
have already evaluated the LMLN size in various gastroin-
testinal system cancers, with their results concluding that
the LMLN size has prognostic importance in patients with
colorectal and gastric cancers.'"' However, no study has
shown that such findings remain true for PDAC. The pres-
ent study showed differences in survival according to the
LMLN size in pN1-stage patients, when setting the estimat-
ed cutoff size to 7.5 mm. Nonetheless, the lack of significant

Table 2. Univariate and multivariate cox regression analysis of variables associated with mortality

Univariate analysis

Multivariate analysis

Factor P HR (95% Cl) p HR (95% Cl)
Age (10 years, 1 1U) 0.701 0.97 (0.82-1.15) - -
Gender 0.901 0.98 (0.66-1.45) - -

ASA 0.639 0.93 (0.69-1.26) - -

pT stage 0.023 0.62 (0.41-0.94) 0.077 0.63 (0.38-1.05)
pN stage 0.005 1.87 (1.21-2.91) 0.217 1.70 (0.73-3.99)
Harvested lymph node 0.175 1.01 (1.00-1.02) - -
Metastatic lymph node number 0.036 1.05 (1.00-1.11) 0.168 0.92 (0.82-1.04)
Metastatic lymph node ratio 0.009 1.03 (1.01-1.04) 0.165 1.02 (0.99 -1.05)
Largest metastatic lymph node size <7.5 mm-=7.5 mm <0.001 2.74 (1.68-4.48) <0.001 2.76 (1.62-4.60)

*ASA: The American society of anesthesiologists (ASA) Physical status, classification system.
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Figure 3. (a, b) Kaplan—Meier survival curves stratified by largest
metastatic lymph node size in each N stage. (a) Patients with pN1-
stage, largest metastatic lymph node <7.5 mm had a better progno-
sis than patients with the largest metastatic lymph node >=7.5 mm
(62% vs. 22%, p<0.001). (b) Patients with pN2-stage, no statistically
significant survival difference between groups.

findings in pN2-stage patients may have been due to the
small sample size (n=7-25) in each group.

Measuring LMLN size is one of the easy to measure pa-
rameter related with morphological features of the lymph
node and is routinely reported in the pathology reports. Al-
though LMLN size was shown to be an independent prog-
nostic factor for colorectal and gastric cancer in multivari-
ate analyses, the lower odds ratio supports that it may be
a complementary prognostic factor."'? Considering litera-
ture data, the detection of LMLN size as the only factor on
survival in our study should be interpreted with caution.

Another controversial point on lymph nodes in PDAC is
harvested lymph nodes. Although there is a consensus
on the recommendation that more than 12 lymph nodes
should be dissected for definitive nodal classification, no

consensus exists on the prognostic and clinical significance
of an increased number of dissected nodes.?**"" In this
study, median harvested lymph nodes were 24, which was
similar to, and even higher than, those reported from most
experienced institutions. In addition, only 8 (6.1%) patients
in this study did not satisfy the lymph node number that is
required for staging, which can be considered a strength of
our study.

Besides the retrospective nature of the study, small sample
size and single-center design are the major limitations of
this study. The study demonstrates significant relation of
LMLN size and survival, except for patients with pN2-stage.
Therefore, additional, multicenter, and prospective studies
with more patients are warranted to obtain a clear state-
ment, particularly in patients with stage pN2.

In conclusion, the present study showed that the LMLN size
was one of the predictors of survival in patients with PDAC.
Moreover, to the best of our knowledge, this has been the
first study to show the potentially significant relation of
LMLN size and survival, in PDAC patients. This has also been
the first study to subclassify pN1 and pN2 Node stages on
the basis of the LMLN size for determining prognostic dif-
ferences.

Congress presentation: The preliminary results of this study was pre-
sented in part at the 15th Turkish Hepatopancreatobiliary Congress
as an oral presentation, and get the 1st degree best oral presentation
award. Istanbul/Turkey, 2021, (Abstract S-092).
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