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BACKGROUND: Pancreatic cancer is the third leading cause of cancer related deaths in the US. Although
lymph node (LN) metastasis is a prognostic indicator, the extent of LN resection is still
debated. Our goal was to use the distribution of the ratio of positive to negative LNs to derive
a more adequate number of necessary examined LNs based on the target LN threshold
(TLNT).

STUDY DESIGN: Using the National Cancer Database, we performed a retrospective study of surgically
resected pancreatic adenocarcinoma (2010 to 2015). We evaluated the number of positive
LNs and total LNs examined and the log of the ratio of positive LNs to negative LNs
(LODDS). The distribution of LODDS was examined to determine a target LNs examined
threshold sufficient to detect N1 disease. Using the LODDS distribution of N1 cases, target
LNs examined threshold were calculated to encompass 90 of the N1 group distribution.

RESULTS: Of the total 24,038 resected patients included in this study, 26% underwent operation only,
18% received neoadjuvant therapy, and 56% underwent adjuvant therapy. In all, 8,144
(34%) patients had N0 disease and 15,894 (66%) had N1 disease. To capture 90% to
95% of the N1 group, the minimum number of LNs examined would be 18
(LODDS �2.74) to 24 (LODDS �3.04), respectively.

CONCLUSIONS: Although previous studies have suggested 11 to 17 LNs required for adequate LN sampling in
pancreatic cancer, our findings suggest that to capture 90% of cases with N1 disease, 18 LNs
is more appropriate. (J Am Coll Surg 2019;228:662e669. � 2019 by the American College
of Surgeons. Published by Elsevier Inc. All rights reserved.)
Pancreatic cancer has recently surpassed breast cancer to
become the third leading cause of cancer related deaths
in the US. This statistic is discouraging for a cancer that af-
fects only 3% of the population in the US. Equally of note
is the abysmal overall 5-year survival rate of 8% in patients
with pancreatic adenocarcinoma.1 Treatment goals for
pancreatic cancer are often broken down into 2 categories:
treatment for cure, as seen for resectable and borderline
resectable early stage disease, or treatment to increase over-
all survival/palliative care, particularly for those cancer that
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are unresectable or with distantmetastatic disease at time of
diagnosis. Operation is essentially the only potential cura-
tive treatment in pancreatic cancer. As such, efforts have
increased to investigate factors associated with positive
surgical outcomes.2-4

Surgical resectability for a pancreatic tumor is outlined
in National Comprehensive Cancer Network recommen-
dations. These guidelines include resectability based on
anatomic relationships with nearby vessels and the
absence of distant metastatic disease.5 Additionally, there
are also prognostic factors that portend poor outcomes,
even in the setting of resectable disease: lymph node
(LN) metastasis, large tumor size, microvascular, perineu-
ral and/or vascular invasion, low histologic differentia-
tion, and positive margins.6,7 Of these, LN metastasis is
considered one of the strongest prognostic indicators.8

As such, LN staging has become paramount in many
cancers, with development of guidelines for acceptable
standard minimal LN numbers. Cancer specimens with
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Abbreviations and Acronyms

AJCC ¼ American Joint Committee on Cancer
LN ¼ lymph node
LNE ¼ total lymph nodes examined
LNR ¼ lymph node ratio
LODDS ¼ log of the ratio of positive lymph nodes to

negative lymph nodes
NCDB ¼ National Cancer Database
PLN ¼ positive lymph node
TLNT ¼ target lymph node threshold
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no LNs or low numbers of LNs lead to potential under-
staging of disease. When any cancer is understaged, it
leads to an overestimation of long-term outcomes and
survival.
For example, the American Joint Committee on Can-

cer (AJCC) staging system (2010) recommended at least
12 nodes for staging in colon cancer, and the gastric can-
cer minimum has become 15 lymph nodes.9 In contrast,
consensus has yet to be established for adequate lympha-
denectomy in pancreatic cancer with recommendations
ranging from 10 to 17 LNs in various studies.10-12

There is also controversy about appropriate methodol-
ogy for determining optimal LN numbers. For pancreatic
cancer, AJCC stages LN disease as N0 for LN-negative or
N1 for LN-positive disease (1 or more positive LNs).
Another methodology to classify and evaluate lymphade-
nectomy includes lymph node ratio (LNR, calculated by
the positive number of LN divided by total number
resected).12-16 However, LNR is not useful in patients
with no positive LNs harvested (LNR of 0). In addition,
LNR does not distinguish between patients with a larger
and smaller number of LNs examined: a patient with 2 pos-
itive LNs out of 2 examined has the same LNR as a patient
with 20 of 20 (LNR¼ 1 in both cases). A recently proposed
method is the log odds of metastatic (positive) LN
(LODDS), which is the log of the ratio of positive LNs
to negative LNs16 as a prognostic indicator. A 2018 study
by He and colleagues17 assessed the prognostic perfor-
mance of various staging systems, including PLN, LNR,
and LODDS, and reported LODDS had the best predic-
tive value of overall survival and progression-free survival.
To date, there is little examination of the frequency at

which a low number of positive LNs (PLN) are found
relative to larger lymph nodes examined (LNE), among
N1 cases, which is critical in evaluating the minimal num-
ber of LNs needed for accurate staging. In this study, we
examine current surgical practice (2010 to 2015) to
examine the differences in LNE for N1 vs N0 cases. We
hypothesize a target number of LNs that need to be exam-
ined for accurate staging (target LN threshold [TLNT])
can be derived based on LODDS (the distribution of pos-
itive to negative LNR) among N1 cases.

METHODS

Patient characteristics

TheNational Cancer Database (NCDB) is a joint program
of the American College of Surgeons and the American
Cancer Society that accounts for approximately 75% of
all newly diagnosed pancreatic cancers every year.18,19 The
NCDB collects data from more than 1,440 hospitals in
the US and thereby provides information on more than
20 million patients. Our cohort selection is depicted in
Figure 1. Our cohort included patients with a diagnosis
of primary adenocarcinoma of the pancreas (ICD for
Oncology codes 8140 and 8500), diagnosed between
2010 and 2015, who received surgical treatment of the pri-
mary tumor with LN dissection. Patients with non-
adenocarcinoma pancreatic tumors were excluded, as
were those with adenocarcinoma from another site that
was metastatic to the pancreas. We included patients un-
dergoing surgical resection with or without neoadjuvant
chemotherapy, neoadjuvant chemoradiation, adjuvant
chemotherapy, or adjuvant chemoradiation. We excluded
patients who received intraoperative radiation or neoadju-
vant radiation without chemotherapy. Patients with
missing or non-numerical PLN count or total LNE were
excluded. Patients missing both a clinical and pathologic
AJCC stage category were not included in analyses. Amer-
ican Joint Committee on Cancer pathologic staging was
used unless missing, in which case, AJCC clinical staging
was used. Stage I, IA, and IB were categorized as stage I.
Lymph node positivity (N1) was defined as having any
regional LN classified as positive based on pathologic ex-
amination. Patients whose operations were performed at
an unknown cancer center facility type were classified as
“unknown.” Patients at “community” and “comprehensive
community” facilities were classified as “community.” This
study was reviewed and deemed exempt by University of
Arizona IRB (IRB# 1804468234), as all data were
deidentified.

Statistical analysis

Patient characteristics, such as demographics and treat-
ment patterns, were summarized with descriptive statis-
tics, such as means, SDs, frequencies, and percentages.
When used, statistical tests were 2-sided.

Calculation of log of the ratio of positive lymph
nodes to negative lymph nodes

We use the distribution of LODDS for this calculation
because it had been shown to have the best predictive



Figure 1. Exclusion criteria flowchart.
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value of survival in previous studies15 and because it allows
a direct visual comparison of N1 and N0 LNE distribu-
tions. The LODDS was calculated with the following
formula:

LODDS ¼ log½ðPLNþ 0:1Þ=ðLNE� PLNþ 0:1Þ�
In this calculation, PLN is number of positive LNs and

LNE is number of LNs examined. To avoid singularity in
the case where PLN ¼ 0 or PLN ¼ LNE, a constant of
0.1 was added to the numerator and denominator.

Calculation of target lymph nodes examined
threshold count

This calculation uses the empirical distribution of positive
LN frequency among N1 cases to estimate what mini-
mum number of LNE would need to be examined to cap-
ture 90% of pancreatic cancers that would have positive
LNs if the lymphadenectomy is adequate. The bottom
10% of the LODDS distribution represents those cases
with the lowest frequency of positive LNs relative to the
total number of LN examined. We use the distribution
of the log of the odds of PLN (LODDS) to identify a
TLNT at the 10th percentile. By assuming 1 positive
LN within the LODDS equation, we calculated the pro-
portion of positive LN to total LNE, for any given quan-
tile percentage, x, of the LODDS distribution. This
calculation is represented by:

LODDS ¼ log½ðPLNþ 0:1Þ=ðLNE� PLNþ 0:1Þ�/

log½ð1þ 0:1Þ=ðTLNT� 1þ 0:1Þ� ¼ LODDSx or

1:1þ ��
0:9 � eLODDSx

���
eLODDSx

�� ¼ TLNT

Where PLN is positive LNs, LNE is LNs examined, and
LODDSx it the LODDS value at a given distribution
percentile, x, and TLNT is the target LN threshold. We
report the TLNT estimate across the quantile distribution
of LODDS for N1, as well as the TLNT threshold that en-
compasses 90% of N1 cases. The lowest 10% of this distri-
bution represents those cases with the lowest proportion of
positive LNs relative to the number of LNs examined.
Differences between the groups were assessed using

Student’s t-test or Wilcoxon rank sum test for continuous
variables and the chi-square test or Fisher’s exact test for
categorical variables. A general linear regression model
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was used to evaluate the effect of time on the number of
LNE for N1 and N0 cases. All tests used a 2-tailed
p value. SAS software, version 9.4 (SAS Institute) was
used for all statistical analysis.
RESULTS

Patient and disease characteristics

A total of 24,038 patients were identified based on our
study inclusion criteria (Fig. 1 and Table 1). Of those,
33.9% (8,144) had LN-negative (N0) disease and 66.1%
(15,894) had LN-positive (N1) disease (Table 1). Mean
age was 65.4 years and 51.2% were male.
Of all patients, 82.9% (19,928) had stage II and 2,482

(10.3%) had stage I disease (Table 1). There were 755
(3.1%) stage III and 824 (3.4%) stage IV disease patients.
Discrepancy between stage category and LN positivity re-
flects the available clinical and pathologic staging and the
accuracy of the NCDB records.
Of the total cohort, 18.1%of patients underwent neoad-

juvant therapy. Of these, 12.1% received neoadjuvant
Table 1. Demographics and Treatment

Characteristic All (n ¼
Age, y, mean (SD) 65.4

Race, ethnicity, n (%)

White 19,367

Black 2,493

Hispanic 1,114

Other/unknown 1,033

Sex, n (%)

Male 12,314

Female 11,724

American Joint Committee on Cancer stage, n (%)

0 49

1 2,482

2 19,928

3 755

4 824

No. of nodes examined median (interquartile range) 16

Treatment, n (%)

Surgery only 6,301

Adjuvant chemo/XRT 13,372

Neoadjuvant chemo/XRT 2,914

Neoadjuvant and adjuvant therapy 1,451

Facility/program, n (%)

Community 7,348

Academic 12,318

Integrated network 2,398

Unknown 1,974

XRT, radiation therapy.
only, and 6.0% (1,451) underwent perioperative therapy
with neoadjuvant therapy followed by operation and
then adjuvant therapy. There were 13,372 (61.7%) pa-
tients that received adjuvant therapy, and 26.2% of pa-
tients underwent operation only. In an unadjusted
analysis, patients who underwent neoadjuvant therapy
were more likely to have N0 disease time of resection
compared with those who underwent operation alone or
adjuvant therapy (51.6% neoadjuvant vs 30.0% no neoad-
juvant, chi-square ¼ 745; p < 0.0001). Patients with N0
disease had clinically similar rates of multimodality therapy
compared with patients with N1 disease (72.7% vs 74.4%,
chi-square¼ 7.8; p< 0.005), although in the latter group,
it was more often delivered in the adjuvant setting.
For surgical facilities, 30.6% of operations were per-

formed in community cancer programs, and the majority,
51.2%, were performed at academic/research programs,
10.0% were performed at integrated network facilities,
and 8.2%were unknown (Table 1). There was no difference
between N0 and N1 rates among the known facility-types
(chi-square ¼ 1.8; p ¼ 0.41).
24,308) N0 (n ¼ 8,144) N1 (n ¼ 15,894)

(10.3) 66.0 (10.4) 65.3 (10.2)

(80.6) 6,495 (79.7) 12,872 (80.1)

(10.4) 863 (10.6) 1,630 (10.3)

(4.8) 397 (4.9) 748 (4.7)

(4.3) 389 (4.8) 644 (4.1)

(51.2) 4,058 (49.8) 8,256 (51.9)

(48.9) 4,086 (50.2) 7,638 (48.1)

(0.2) 47 (0.6) 2 (0.01)

(10.3) 2,390 (29.4) 92 (0.6)

(83.0) 5,229 (64.2) 14,699 (92.5)

(3.1) 263 (3.2) 492 (3.1)

(3.4) 215 (2.6) 609 (3.8)

(11e23) 14 (8e20) 17 (12e24)

(26.2) 2,225 (27.3) 4,076 (25.6)

(55.6) 3,668 (45.0) 9,704 (61.1)

(12.1) 1,647 (20.2) 1,267 (8.0)

(6.0) 604 (7.4) 847 (5.3)

(30.6) 2,440 (30.0) 4,908 (30.9)

(51.2) 4,303 (52.8) 8,015 (50.4)

(10.0) 804 (9.9) 1,594 (10.0)

(8.2) 597 (7.3) 1,377 (8.7)



Figure 2. Median, interquartile number of lymph nodes examined
over time, by lymph node disease status.

Figure 3. Distribution of log of the ratio of positive lymph nodes to
negative lymph nodes by positive lymph node status. TLNT, target
lymph node threshold.
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Lymphadenctomy parameters

The range of LNE was not different between N0 and N1
groups (1 to 81 vs 1 to 90, respectively). A Wilcoxon
signed-rank test indicates that the median LNE for N0
cases (14 LNE) was significantly lower than the median
LNE for N1 cases (17 LNE) (Z ¼ �29; p < 0.0001)
(Table 1). A linear regression analysis of the effect of
time and node status on LNE showed a significant
increase in LNE over time (t ¼ 9.0; p < 0.0001). The
estimated linear increase in LNE per year was 0.41 for
N1 and 0.55 for N0. As shown in Figure 2, N0 cases
have a consistently lower median number of LNs exam-
ined compared with N1 disease through the entire time
period analyzed, implying possible understaging in this
group.
Log of the ratio of positive lymph nodes to negative
lymph nodes distribution

As shown in Figure 3, LODDS creates a normal distribu-
tion to evaluate N0 and N1 disease. The LODDS of the
lower 10% of N1 disease was �2.744, which calculates
to a TLNT of 18 (see Methods section, Table 2, and
Fig. 3). To capture 90% of pancreatic cancers with positive
LNs at the time of operation, 18 LNs (the TLNT) need to
be examined and to miss <5% of cases with positive LNs,
24 nodes would be the minimum to examine (Table 2).
Examining this N1 population in light of previous LN
count recommendations, 27.8% had fewer than 1 in 10
positive LNs and 12.4% had fewer than 1 in 17 positive
LNs.
Of note, the majority of all N1 cases (78%) had<5 total

positive LNs, regardless of the total LNE (Fig. 4). However,
of theN1 patients with a PLN/LNE ratio of 1 of 18 or fewer
(10%TLNTcases with LODDS<�2.744), 91%had only
1 positive LN harvested (Table 2 and Fig. 4). For this
particular group, the cases that had >1 PLN harvested
(9%) also had a significantly higher number of LNE and,
therefore, correspondingly a similar PLN/LNR ratio as
those in the group with only 1 positive LN harvested.
DISCUSSION
Compared with other cancers, pancreatic cancer con-
tinues to have dismal long-term outcomes because of its
late presentation and limited effective treatment regimens.
Lymph node disease has been shown to be a prognostic
indicator of both outcomes and survival in several can-
cers.8,14,16,20-22 The aim of our current study was to identify
the number of LNs needed to ensure adequate staging in
pancreatic cancer. The value of evaluating PLN frequency
among N1 cases to identify a minimum number of
resected LNs needed is to accurately identify N1 disease.
Based on our result, 10% of N1 cases had a frequency of 1
in 18 positive LNs or fewer. The findings in our study
align with much of the recent literature suggesting current
recommendations are underestimating the number of
resected LNs required in a pancreatic surgical resection.9,10

Our results prompt the question of whether patients with
the lower LNE and shorter survival in previous studies
were truly node-negative or whether PLN were not
discovered due to inadequate resection.
Accurate staging requires removing enough LNs to eval-

uate for node-positive disease. Valsangkar and colleagues12

reported in Surveillance, Epidemiology, and End Results
data set analysis that 75% of patients had <12 LNE,
with a median LNE of 8. Additionally, Slidell and col-
leagues23 used the Surveillance, Epidemiology, and End
Results database to show that nodal disease alone or the ab-
solute number of positive LNs can fail to stratify survival
secondary to an inadequate LN dissection (though in their



Table 2. Log of the Ratio of Positive Lymph Nodes to
Negative Lymph Nodes Quantiles Table, and Target Lymph
Node Threshold Estimate Across N1 Disease Distribution

Quantiles table LODDS TLNT PLN/LNE ratio

100% Maximum 5.525453 1 1/1

75% Q3 �0.683295 3 1/3

50% Median �1.466337 6 1/6

25% Q1 �2.217225 11 1/11

10%* �2.743768 18 1/18

5% �3.044522 24 1/24

1% �3.433987 35 1/35

LNE, total lymph nodes examined; LODDS, log of the ratio of positive
lymph nodes to negative lymph nodes; PLN, positive lymph node; Q,
quantile; TLNT, target lymph node examined threshold.
*Target lymph node examined threshold at the 10th percentile.

Figure 4. Number of positive lymph nodes in N1 disease. TLNT,
target lymph node threshold.
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study, the median number of LNs evaluated was 7). In
addition, multiple studies have shown that node-negative
patients have better overall survival compared with N1 pa-
tients after operation.8,24-27 In a study of stage III colon can-
cer patients, both LNR and LODDS stratifications affected
survival regardless of total LNE.28 Many others, including
Le Voyer and colleagues,24 reported that in colon cancer,
higher numbers of LNE in the node-negative population
are associated with increased survival. Some of that effect
might be due to failing to detect N1 disease in the patients
with a low LNE. With a higher number of LNs examined
in the N0 group, the likelihood of missing a positive LN,
and thereby correctly stage a patient, decreases.
In 2017, Contreras and colleagues29 performed a retro-

spective analysis of NCDB data on LN retrieval and
concluded that there is an incremental positive relation-
ship between LN retrieval and survival in patients under-
going pancreatic cancer resection. They also evaluated
multiple cutoff points for minimum LN retrieval in
node-negative patients, and showed that those cases below
a given cutoff point consistently had significantly lower
median survival times compared with those at or above
the nodal cutoff threshold. This difference persisted
even at the highest cutoff evaluated (24 LNs). Supporting
this is also our finding of consistently lower median LNE
for N0 compared with N1 cases, even in this era of min-
imum LN recommendations. If N0 cases were receiving
sufficient LN dissection, there is little reason for a differ-
ence in median LNE between N0 and N1 groups. Even
within this contemporary cohort of 2010 to 2015, more
than 38% of N0 cases had fewer LNs extracted than
even the lowest guideline recommendation of 12 by the
International Study Group on Pancreatic Surgery
compared with 23% of N1 cases.10 Together these results
suggest that a higher minimum number of LNs might
need to be extracted to avoid false N0 diagnoses and to
accurately capture true N1 cases. This is important
because currently there is no widely agreed on guideline
dictating the standard of care for LN resection in patients
with pancreatic adenocarcinoma undergoing surgical
resection. Clinical nodal staging has been reported to be
<50% sensitive, with understaging occurring in almost
half of cN0 patients undergoing operations.30 Addition-
ally, data in earlier studies have demonstrated there is
increased survival in patients with >15 LNE for both
node-negative and -positive disease.31,32 Again, this high-
lights the importance of a more concrete retrieval guide-
line, such as our proposed TLNT.
The National Comprehensive Cancer Network recom-

mends multimodality therapy with operation and chemo-
therapy (with or without chemoradiation) for the
treatment for resectable pancreatic cancer regardless of nodal
status.33 Despite these recommendations,>25% of patients
who underwent operation alone did not receive multimo-
dality therapy. When stratified by nodal status, our study
shows that a similar proportion of patients get multimodal-
ity therapy (neoadjuvant and/or adjuvant chemotherapy);
however, those who receive neoadjuvant therapy are more
likely to have negative nodes at resection, and those who
are node-positive more often get chemotherapy in the adju-
vant setting. Although 66.4% of N1 patients underwent
adjuvant chemotherapy, 52.5% of N0 patients received
adjuvant therapy (chi-square ¼ 442; p < 0.0001).
Our study is not without limitations. Beyond its retro-

spective nature, we were limited in which variables could
be assessed due to only having available the information
collected through the NCDB. In addition, not all fields
in the NCDB database are uniformly populated, which
leads to missing variables and incorrect data. Another lim-
itation was that we do not have detailed information about
the LN dissection. Specifically, the relationship of the
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positive LNs resected to the order of resection is unknown.
We also cannot determine how pathologic examination of
resected LNs might be contributing to low LNE counts.
Having this information would give more information
related to number of LNs necessary to ensure capturing
PLN. Nevertheless, these results provide a benchmark for
the surgical and pathology teams to collectively evaluate
surgical care by. Lastly, as this study includes a large popu-
lation of more than 24,000 patients, the study is highly
powered and can overestimate statistically significant, yet
clinically irrelevant, small differences. Regardless of poten-
tial limitations, our study is novel in that it uses the most
sensitive evaluation of lymphadenectomy (in relation to
survival).10,16,17,34 to determine the minimum number of
LNs examined to find 90% to 95% of LN-positive disease.

CONCLUSIONS
Because LN status is a key prognostic indicator in many
cancers, many studies have looked at the LN dissection
and LNE. Our study uses LODDS in a novel way to
determine the frequency of PLNs found among N1 dis-
ease and, accordingly, to determine what minimal LNE
number should be considered.
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Discussion

DR STEVEN J HUGHES (Gainesville, FL): This study stands on a
vast body of previous work that establishes that the presence or

absence of lymph node metastases from solid organ malignancies
provides very important prognostic information. Therefore, this in-
formation drives cohort definitions (staging), and from this, treat-

ment recommendation. This concept is rather advanced in
melanoma and breast disease with sentinel lymph node analysis,
but unfortunately, lymphatic drainage networks within the

abdomen have proven a challenge to such approaches for gastroin-
testinal malignancy. This study speaks to our collective desire as
surgeons to have a “magical” number that defines adequacy of

the surgical lymphadenectomy. This has been realized for colon
and rectal cancer, but the authors appropriately note that adequacy
of lymphadenectomy for pancreatic ductal adenocarcinoma re-
mains poorly understood.
This is intriguing use of the National Cancer Database
(NCDB). They report that the average number of lymph nodes

analyzed in the setting of node negative disease is consistently
lower than that when lymphatic metastases are present. They
use a novel statistical strategy using the log of the ratio of positive

lymph nodes to the number of negative lymph nodes to evaluate
the distribution of total lymph nodes analyzed in these negative
and positive cohorts. It is complicated. They then assign a cutoff

to the minimum nodes needed to be analyzed in order to capture
90% of the N1 group, and this magical number proves to be 18 or
19 lymph nodes.

The question being addressed here centers on the adequacy of
sampling. This is one of the reasons that lymph node ratios prob-

ably provide superior prognostic information. A ratio provides an
understanding of the volume of metastatic burden in a total volume
of specimens analyzed; number of positive nodes alone does not

give one an understanding of the overall volume sampled. Further,
the sampling is dependent on the fact that the standard of care in-
volves the bi-valving of the lymph node, an analysis of 1 or at most
2 thin sections of said lymph node. This is the reason that sentinel

lymph node biopsies involve multiple sections through the node of
interest. In fact, one uses a very sensitive tool like reverse
transcription-polymerase chain reaction in the setting of pancreatic

cancer, virtually all lymph nodes are proven to be positive. The au-
thors offer significant value to our current understanding.

The question germane to this audience is whether an adequate
lymphadenectomy has been performed, but this data source and
methodology places the entire lymph node count on the shoulders

of the surgeon and cannot assess bias or variability within the sur-
gical pathology suite or the reading room. These important vari-
ables cannot be addressed with a database analysis.

How would you suggest validating this number of 18 or 19 lymph

nodes as an essential quality assessment tool akin to what is being
done for colon and rectal cancer? What happens when you apply
these criteria to your current or unique data set? Is there, in fact, a
poorer survival in patients in whom fewer than 19 lymph nodes

were analyzed? If there are fewer than 19 lymph nodes, would addi-
tional sampling of the available lymph nodes suffice to overcome this
inadequate sampling? Have you considered presenting your data as a

continuous variable rather than as a categorical variable?
You demonstrated, as others have, that neoadjuvant therapy is

associated with a reduction in the percentage of cases in which

lymph node metastases are identified. This is particularly intriguing
to me in this era of immunotherapy because it may suggest that
neoadjuvant therapy is particularly effective at sterilizing lymphatic

metastases. However, you did not exclude these patients from your
analysis. So please explain or further explain to me why you chose
to include these patients in the analysis. Clearly, you have plenty of
patients. And then would you give us a little more rationale as to

why you excluded patients who received intraoperative radiation
or radiation therapy alone? A total of 92% of your study population
proved to be in stage II. This is a strong skewing to a stage, and I

ask, does this really matter? Or is there value in refining the data set
to incorporate a greater percentage of Stage 1 and Stage 3 patients
in your training set?
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