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Abstract

Background—Nodal status has long been considered pivotal to oncologic care, staging, and
management. This has resulted in rudimentary metrics determined for adequate lymph node yield
in colon and rectal cancers for accurate cancer staging. In the era of neoadjuvant treatment the
implications of lymph node yield and status on patient outcomes remains unclear.

Patient and Methods—The study included 1,680 locally advanced rectal cancer patients from
the National Comprehensive Cancer Network (NCCN) prospective oncology database stratified
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into 3 groups based on preoperative therapy received: No neoadjuvant therapy, neoadjuvant
chemoradiation, neoadjuvant chemotherapy. Clinicopathologic characteristics and survival were
compared between groups with univariate and multivariate analyses undertaken.

Results—The 3 groups’ clinicopathologic characteristics demonstrated statistically significant
differences and heterogeneity between groups. The neoadjuvant chemoradiation group
demonstrated the statistically lowest median lymph node yield (15) compared to 17 and 18 for no
neoadjuvant, and neoadjuvant chemotherapy, respectively (p<0.0001). Neoadjuvant treatment did
impact survival with chemoradiation demonstrating increased median overall survival of 42.7
compared to 37.3 and 26.6 months for neoadjuvant chemotherapy and no neoadjuvant therapy,
respectively (p<0.0001). Patients with <12 lymph node yield had improved median overall
survival of 43.3 months compared to 36.6 months in patients with >12 lymph nodes (p=0.009).
Multivariate analysis demonstrated that neither node yield nor status were predictors for overall
survival.

Discussion—This analysis reiterates that nodal yield in rectal cancer is multi-factorial with
neoadjuvant therapy being a significant factor. Node yield and status were not significant
predictors of overall survival. A nodal metric may not be clinically relevant in the era of
neoadjuvant therapy and guidelines for perioperative therapy may need reconsideration.

Background

Nodal status has long been considered a key pathologic factor in cancer management and
care. Previous studies have demonstrated an association between lymph node yield and
status with regard to patient outcomes in colorectal cancer.14As such in 1990, at the World
Congress of Gastroenterology, it was first recommended that at least 12 lymph nodes be
examined after radical resection to optimally stage patients and acknowledged the impact of
preoperative therapy on nodal yield.> Subsequently, several major organizations including
the American Joint Committee on Cancer (AJCC), Union for International Cancer Control,
and College of American Pathologists recommended at least 12 lymph nodes be examined
for accurate staging in colorectal cancer becoming a well-accepted metric.

Since that time, there have several large population based studies demonstrating inadequate
lymph node harvest and evaluation being undertaken in colorectal cancer.8-7 This has been
more prevalent with rectal cancer and a number of studies have determined limitations to
this including variability related to surgical techniques, pathologic assessment, patient
factors, institutions, and the effect of neoadjuvant therapy.8-12

Regarding surgical technique, it is well accepted that a total mesorectal excision (TME) be
undertaken to help achieve optimal oncologic outcomes. Proficient TME allows for harvest
of the traditional primary nodal drainage basin as well as to optimize the circumferential
resection margin. If an incomplete TME is undertaken, this can account for ‘understaging’
(“Nx’) with inadequate surgical lymph node yield, as well as potentially negatively impact
outcome with disease recurrence.

Pathologic techniques have been implicated as a factor in lymph node yield due to
inadequate specimen analysis and processing. Patient related factors such as age and obesity
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have been associated with decreased lymph node yield.13-16 Institutional related factors
demonstrate variation and high non-compliance with the >12 lymph node metric.17-18

In the last decade, the standard of care for rectal cancer care has been based on the German
Rectal Cancer Group trial.19 This phase 111 trial compared neoadjuvant chemoradiation to
the then standard postoperative chemoradiation therapy and demonstrated a statistically
significant improvement in local recurrence with reduced treatment toxicity, but without a
difference in overall survival. Since neoadjuvant chemoradiation was established as the
standard of care for clinical stage I1/111 rectal cancer, studies have demonstrated its’
association with decreased lymph node yield.20-22

Recently, long-term results for the European Organisation for the Research and Treatment of
Cancer (EORTC) 22921 study examined the utility of fluorouracil-based adjuvant
chemotherapy following preoperative therapy for rectal cancer.23 This study concluded that
adjuvant chemotherapy demonstrated no statistically significant improvement in disease-free
or overall survival in patients after neoadjuvant treatment. This naturally prompts question as
to the utility of the current standard of care of 6 months of perioperative systemic therapy.

Given the unclear utility of adjuvant therapy after preoperative therapy has been
administered, the clinical importance of pathologic nodal yield and status must be
questioned given their impact on the treatment decisions made. Hence, an established lymph
node metric and nodal status for rectal cancer may or may not be clinically relevant in the
era of neoadjuvant chemoradiation administered for locally advanced rectal cancer.

The National Comprehensive Cancer Network (NCCN) is a not-for-profit alliance comprised
of 25 of the nation’s leading cancer centers whose goal is to improve the quality of multi-
disciplinary cancer care to patients. The NCCN has compiled a prospective NCCN
Oncology Outcomes Database for Colorectal Cancers abstracted from 8 participating NCCN
institutions: City of Hope Comprehensive Cancer Center (CCC), Memorial Sloan-Kettering
Cancer Center, The University of Texas MD Andersons Cancer Center, Dana Farber Cancer
Institute, Fox Chase Cancer Center, Roswell Park Cancer Center, Robert H. Lurie CCC at
Northwestern University, and The Ohio State University CCC — James Cancer Hospital and
Solove Research Institute. The data collection process was approved by the respective
institutions’ Institutional Review Boards.

A cohort of 1680 clinical stage 11/111 primary rectal cancer patients who underwent surgical
intervention excluding pelvic exenteration, subtotal colectomy, total proctocolectomy;,
transanal excision, Hartman’s procedure, and rectosigmoid resections was compiled. The
patient cohort was divided into 3 groups based on the type of neoadjuvant therapy received
prior to surgery: No neoadjuvant (N = 111), neoadjuvant chemoradiation (N = 1364), and
neoadjuvant chemotherapy (N = 205). This analysis is inclusive of data from September
2005 to September 2013.

The clinicopathologic characteristics were analyzed and compared using chi-square test for
categorical variables and Kruskal-Wallis test for continuous variables among the 3 groups.
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Lymph node analysis for group comparisons was undertaken using Kruskal-Wallis test.
Clinicopathologic characteristics effect on lymph node were analyzed using Kruskal-Wallis
test or Wilcoxon test as appropriate.

Overall survival (OS) was defined from date of diagnosis to date of death. Patients alive at
the date of last observation were censored for survival analysis. Survival curves were
estimated using Kaplan-Meier method. Survival curves were compared by the log-rank tests
for the univariate analysis. Multivariable Cox regression models were fit to the overall
survival using all the variables with p<0.2 in the univariate analysis. Variables with p>0.05
were removed sequentially from the Cox regression model. All statistical analyses were
conducted using SAS for Windows® Version 9.2 (SAS Institute Inc., Cary, NC).

The 3 groups’ clinicopathologic characteristics were compared as illustrated in Table 1
demonstrating heterogeneity between groups with statistical significance demonstrated for
median age, age at diagnosis, Charlson comorbidity index, pathologic TNM stage, type of
surgery undertaken, median overall survival, lymph node yield, and node positivity.

The treatment groups demonstrated statistical significance with regards to median age and
age at diagnosis. The no neoadjuvant group had an increased median age of 64 years,
compared to 57 and 56 years, for neoadjuvant chemoradiation and the neoadjuvant
chemotherapy groups, respectively (p<00001). Likewise, the age of diagnosis in the no
neoadjuvant treatment demonstrated a higher proportion of patients =65 years with 45%
compared to 26% and 28% for neoadjuvant chemoradiation and neoadjuvant chemotherapy,
respectively (p = 0.0001). In examining the comorbidities of the group, the Charlson
comorbidity index was utilized and the no neoadjuvant treatment had a higher proportion of
patients with Charlson comorbidity index >2 with 16% compared to 8% and 10% for
neoadjuvant chemoradiation and neoadjuvant chemotherapy, respectively (p = 0.02).

Pathologic staging demonstrated statistically significant differences between the 3 groups.
The neoadjuvant chemoradiation demonstrated a greater proportion of pathologic Stage 0
patients with 20% compared to 5% and 9% for no neoadjuvant treatment and neoadjuvant
chemotherapy, respectively. In examining the groups for pathologic Stage 3 patients, this
comprised 30% of patients in the neoadjuvant chemoradiation group compared to 60% and
15% in the neoadjuvant chemotherapy and no neoadjuvant therapy groups, respectively.

The neoadjuvant chemoradiation group demonstrated the lowest median lymph node yield
with 15 compared to 17 and 18 for no neoadjuvant, and neoadjuvant chemotherapy,
respectively (p<0.0001). In analyzing the number of positive nodes between groups, there
was a statistically significant difference seen with the neoadjuvant chemotherapy group
demonstrating increased positive nodes with mean of 2.2 + 3.6 compared to the 0.9 + 2.1,
and 0.8 * 4.4, respectively (p<0.0001). In comparing median overall survival, there was
improved survival with neoadjuvant chemotherapy and neoadjuvant chemoradiation of 42.7
months and 37.3 months, respectively compared to 26.6 months with no neoadjuvant therapy
(p<0.0001).
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As illustrated in Table 2, univariate analysis demonstrated the factors associated with an
effect on lymph node yield included tumor grade, clinical T-stage, surgery type, as well as
neoadjuvant chemoradiation. Multivariate analysis revealed surgery type, tumor grade,
clinical T-stage, and neoadjuvant treatment were predictors of overall survival with neither
node number nor status being statistically significant. When examining nodal status
irrespective of nodal yield, patients with positive lymph node status, though not statistically
significant, had increased overall survival of 38.4 months compared to 36.9 months for node
negative status (p=0.09).

Sub-group analyses were undertaken examining the impact of both nodal yield and status on
overall survival as illustrated in Table 3 and Figure 1. Patients with <12 lymph node yield
had improved median overall survival of 43.3 months compared to 36.6 months in patients
with 212 lymph nodes (p=0.009). Further analysis of patients with <12 lymph node yield
revealed that patients with positive nodal status had increased median overall survival of
46.5 months compared to 41.5 months for negative nodal status, though not statistically
significant (p=0.46). Similarly, patients with =12 lymph node yield and positive nodal status
had increased median overall survival of 37.4 months compared to 36.3 months in patients
with negative nodal status with trend towards but not statistically significant (p=0.07). In
examining those patients receiving neoadjuvant chemoradiation, patients with <12 lymph
node yield had improved overall survival of 43.4 months compared to 36.8 months in those
with =12 lymph nodes (p=0.02).

Discussion

Lymph node status remains an essential factor for cancer staging and guiding treatment
decisions. In examining the factors associated with lymph node yield in rectal cancer,
modifiable factors include surgical and pathology measures. Surgical vigilance with optimal
oncologic surgical technique with TME is desired. However, despite the highly qualified
surgeons from participating NCCN institutions, there still remain some patients in which a >
12 lymph node yield was not achieved irrespective of neoadjuvant treatment as shown in
Table 1 with nodal yields ranging from 1-69 in this patient series.

The College of American Pathologists (CAP) understands the importance of lymph node
yield as reflected in their suggested rectal specimen assessment protocols. This requires
meticulous tissue assessment, but is not necessarily standardized with technique variance in
grossing, fixation, processing, embedding, staining, and ultimately pathologist review all
potentially affecting lymph node yield. They acknowledge the challenges of nodal
assessment, particularly in the elderly, obese, and patients treated neoadjuvantly.

Neoadjuvant therapy is a well-accepted non-modifiable factor (with the exception of
deferring it) affecting lymph node yield and was again demonstrated in this analysis with
statistical significance seen between groups with the neoadjuvant chemoradiation group
having the lowest median lymph node yield (15). In examining the pathologic staging of the
groups, the neoadjuvant chemoradiation group not only had a greater stage 0 (pathologic
complete response) rate at 20% versus 9% in the neoadjuvant chemotherapy, but also had
30% with pathologic stage 3 disease versus 60% in the neoadjuvant chemotherapy. This
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difference could be reflective of response to the neoadjuvant treatment given but may also
relate to earlier clinical staging.

Again, the EORTC 22921 study concluded that fluorouracil based adjuvant chemotherapy
demonstrated no statistically significant improvement in disease-free or overall survival in
patients after neoadjuvant treatment. With clinical stage I1/111 rectal cancer patients who can
tolerate multimodality therapy and receive neoadjuvant chemoradiation, the benefit of
adjuvant therapy is unclear, and hence the clinical importance of nodal status and in
particular yield remains in question.

This study has several limitations requiring acknowledgement. This is a retrospective
analysis undertaken utilizing the NCCN patient database. The NCCN database is comprised
of a specific patient population derived from 8 participating NCCN institutions. These
institutions do comprise some of the leading tertiary care cancer institutions in the country.
This certainly introduces several biases warranting mention. Given the specialized nature of
NCCN treatment centers, this lends to potential referral bias such that the NCCN patient
sample may not be truly representative of the overall patient population. Additionally, the
specialized nature of NCCN institutions introduces selection bias in the clinician expertise,
patients treated, as well as the level and type of cancer care available and administered to
this specific patient sample. This is exemplified in the group stratification based on therapy
that is likely determined by patient characteristics and clinician recommendations despite
equivalent preoperative clinical staging (clinical stage 1I/111).

As is often encountered with many large population database studies, the NCCN patient
database has inherent limitations as to the data available for analysis. There exists missing or
even desired but unavailable data for which data imputation and analysis is not reasonable to
pursue for scientifically sound statistics and conclusions thus leaving some questions
unanswered. Finally, as in all retrospective analyses, the factors examined and analyzed
cannot be considered causative, but rather associated with the obtained results and drawn
following conclusions.

Acknowledging the limitations of this large, but retrospective analysis, this analysis
demonstrated no association between increased lymph node harvest or nodal status on
patient survival irrespective of the patient therapies undertaken. The current NCCN
guidelines (version 2.2016) discussion based on previous studies acknowledges the impact
of neoadjuvant therapy on decreased lymph node yield.24 This study interestingly
demonstrated that patients with <12 lymph nodes harvested had improved overall survival
irrespective of nodal status. Hence, a nodal metric in rectal cancer may not be clinically
relevant in the setting of the current standard of care with neoadjuvant treatment playing a
major role in the multimodality treatment of rectal cancer.

Nodal yield and status after neoadjuvant therapy may more importantly be a surrogate
marker of disease response and not ideal to base adjuvant therapy decisions on, particularly
given the EORTC conclusions showing no demonstrable benefit to 5-FU based adjuvant
therapy. Preoperative clinical staging may in fact be more representative of cancer biology
from which to base adjuvant therapy decision making on to potentially impact and improve
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patient outcomes. That being said, in patients who were not significantly downstaged by
neoadjuvant treatment and had positive lymph node status, one could anticipate potentially
adverse outcomes based on their pathologic staging and lack of response to neoadjuvant
therapy. Given the impact of neoadjuvant therapy on rectal cancer outcomes, ongoing (e.g.
CALGB/Alliance NCCTG-N1048, PROSPECT) and future prospective randomized trials
are prudent and needed to further determine the relevance of lymph node yield and status to
patient outcomes as well as optimize therapeutic approaches in order to advance the multi-
modality care of rectal cancer.
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Table 1

Patient clinicopathologic characteristics stratified by Neoadjuvant therapy. NCCN institutions(***) include
Fox Chase Cancer Center, City of Hope, MD Anderson Cancer Center, Roswell Park Cancer Institute, Dana-
Farber Cancer Institute, Ohio State University/Arthur James Cancer Hospital, Memorial Sloan Kettering

1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Cancer Center, and Robert Lurie Comprehensive Cancer Center.

Variable Category No Neoadjuvant Neoadjuvant Neoadjuvant  p_ygjue’
(N=111) Chemoradiation Chemo Only
(N=1364) (N=205)
Median age 64 (38-93) 57 (19-89) 56 (25-89) <.0.0001
Age at diagnosis <65 years 61 (55%) 1004 (74%) 148 (72%) 0.0001
265 50 (45%) 360 (26%) 57 (28%)
Gender Male 58 (52%) 813 (60%) 111 (54%) 0.13
Female 53 (48%) 551 (40%) 94 (46%)
Charlson Oorl 93 (84%) 1249 (92%) 184 (90%) 0.02
comorbidity
2+ 18 (16%) 115 (8%) 21 (10%)
Pathologic 0 5 (5%) 272 (20%) 19 (9%) <0.0001
TNM Stage+
57 (51%) 359 (26%) 13 (6%)
1 32 (29%) 324 (24%) 51 (25%)
1] 17 (15%) 409 (30%) 122 (60%)
Type of LAR 90 (81%) 952 (70%) 175 (85%) <0.0001
Surger:
gery APR 15 (14%) 332 (24%) 26 (13%)
Proctectomy 6 (5%) 80 ( 6%) 4 (2%)
Adjuvant chemo  Yes 0(0%) 1364(100%) 205 (100%) <0.0001
Therapy
No 111 (100%) 0 (0%) 0 (%)
NCCN A 12 (11%) 66 ( 5%) 8 (4%) Not
Insitution+++
B 15 (14%) 111 (8%) 24 (12%) compared
C 4 (4%) 70 (5%) 3(1%)
D 24(22%) 351 (26%) 42 (20%)
E 4 (4%) 74 (5%) 11 (5%)
F 30 (27%) 140 (10%) 26 (13%)
G 11 (10%) 452 (33%) 85 (41%)
H 11 (10%) 100 ( 7%) 6 (3%)
Median OS in 26.6(23.1,33.3)  37.3(36.6,39.2) 42.7 (36.1,47.0) <0.0001
months (95% CI)
Lymph Nodes
Removed
Mean + SD 19.9+10.0 16.3+7.0 19.4+83
Median (Range) 17 (4-64) 15 (1-69) 18 (2-61) <0.0001
Lymph Nodes
Positive
Mean + SD 08+4.4 09+21 22+36 <0.0001
Median (Range) 0 (0-44) 0 (0-16) 1(0-28)
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Univariate and Multivariate analysis of clinical and pathologic factors related to median overall survival (OS).

Variable

Age at diagnosis

Gender

Charlson
comorbidity

Pathologic
TNM Stage+

Type of
Surgery

Tumor Grade
At Diagnosis

Clinical T Stage+

Node Status
(Lymph Nodes Positive)

Time from the last dose
to surgery (N=500)
Node Stage

Adjuvant Chemo
Therapy

Neoadjuvant Treatment

Category

<50 years
50-64
65-74
75+

Male
Female

0

1

1

LAR
APR
Proctectomy
|

1l

1
Unknown
Tx
TO/T1/T2
T3

T4
Negative
Positive

< 8 weeks

> 8 weeks

Yes

No

No Neoadjuvant

Neoadjuvant
Chemoradiation

483
730
318
149
982
649
1251
275
154
296
429
407
548
1217
373

81
1222
109
268
206
143
1234
97
1144
536
314

186
1569

111

111
1364

Median OS  95%CI

(months)

37.3
37.3
36.8
37.9
38.4
36.4
37.3
40.9
36.4
37.7
37.0
36.8
38.0
38.3
36.7
34.9
446
37.0
42,0
36.0
36.8
403
375
315
36.9
38.4
223

17.9
37.7

26.6
26.6
37.3

36.2-40.3
35.9-40.1
34.6-40.0
33.1-448
36.9-40.9
35.2-37.5

36.4-38.9
351-455
33.1-403
35.7-41.2
35.4-40.4
34.6-39.5
36.4-40.8
36.8-40.3
35.1-40.4
27.1-36.2
36.9-52.3
36.0-38.5
37.2-49.4
32.4-38.6
32.6-40.6
35.6-45.5
36.6 -39.2
26.2-36.4
35.7-385
36.7-42.1
20.9-23.6

159-22.2
36.8-39.5

23.1-333
23.1-33.3
36.6 —39.2

Univariate
Analysis
P-value

0.70

0.17

0.30

<0.0001

0.02

0.03

0.09

0.25

>0.0001

<0.0001

Multivariate

Analysis P-
value

Not included

Not included

Not included

<0.001

Not included

Redundant *

<0.001

*
Adjuvant chemotherapy is redundant because all the patients who received chemotherapy neoadjuvantly received chemotherapy in the adjuvant

setting
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Univariate analysis examining impact of nodal yield and nodal status on median overall survival (OS)

Table 3

Group

All Groups

Lymph nodes <12

Lymph nodes 212

Chemoradiation Group

Category

<12 nodes
=12 nodes
Negative
Positive
Negative
Positive
<12 nodes

>12 nodes

N

323
1357
249
74
895
462
288
1076

Median OS  95%Cl

(months)
43.3
36.6
415
46.5
36.3
374
43.4
36.8

37.8-48.7
35.7-37.8
36.9-48.9
37.5-515
351-373
36.0-40.8
375-48.9
359-38.3

P-value

0.009

0.46

0.07

0.02
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