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Purpose: A lymph node (LN) yield >12 is required to for accurate determination of nodal
status for colorectal cancer but cannot always be achieved after neoadjuvant therapy. This
study aims to determine the difference in LN yield from rectal cancer patients treated with
and without neoadjuvant therapy and the effects of specific LN yields on survival.
Patients and Methods: The study cohort included a total of 4344 rectal cancer patients
treated between January 2007 and December 2015, 2260 (52.03%) of whom received
neoadjuvant therapy. Data were retrieved from the Taiwan nationwide cancer registry
database. The minimum acceptable LN yield below 12 was investigated using the maximum
area under the ROC curve.

Results: The median LN yield was 12 (8—17) for patients who received neoadjuvant therapy
and 17 (13-24) for those who did not. The recommended LN yield >12 was achieved in
82.73% of patients without and 57.96% of those with neoadjuvant therapy (p < 0.0001).
Patients with LN yield >12 had a higher OS probability than did those with LN <12 (OR,
1.33; 95% CI, 1.06-1.66; p = 0.0124). However, the predictive accuracy for survival was
greater for LN yield >10 (AUC, 0.7767) than cut-offs of 12, 8, or 6, especially in patients
with pathologically-negative nodes (AUC, 0.7660).

Conclusion: Neoadjuvant therapy significantly reduces the LN yield in subsequent surgery.
A lower yield (LN > 10) may be adequate for nodal evaluation in rectal cancer patients after
neoadjuvant therapy.

Keywords: rectal cancer, neoadjuvant therapy, lymph node yield, quality, survival

Introduction

Metastatic nodal status is still the major prognostic factor in colorectal cancer
management.' Patients may experience stage migration and subsequent underesti-
mation of disease severity if an adequate yield of lymph nodes (LN) is not
obtained.” Previous studies have confirmed that the LN yield correlates with patient
outcomes, and a minimum of 12 LN has been recommended as the standard yield
by the American Joint Committee on Cancer (AJCC), the Union for International
Cancer Control, and the College of American Pathologists (CAP).’

Neoadjuvant therapy followed by total mesorectal excision is currently the
standard treatment for patients with stage II/III rectal cancer.* However, neoadju-
vant therapy for rectal cancer results in a lower LN yield, and yields below the
suggested 12 LN are reported in many studies.”’ Mechera et al observed that rectal
cancer patients receiving surgery with neoadjuvant therapy had a mean reduction of
3.9 LN and an average reduction in harvested positive LN of 0.7 compared to those
receiving surgery without neoadjuvant therapy.” Thus, the well-accepted quality
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metric for nodal evaluation has yielded inconclusive
results for rectal cancer patients after neoadjuvant therapy.

Given the differences in LN yield between rectal
cancer patients treated with and without preoperative che-
moradiation, we hypothesized that the optimal LN yield
cut-off point may differ between these groups of patients.
Using data from the Taiwan nationwide cancer registry
database, the primary aim of this study is to determine
the differences in LN yield between rectal cancer patients
treated with and without neoadjuvant therapy and the
association between a LN yield of 12 and survival.
A secondary aim is to identify the minimum acceptable
LN yield using the maximum area under the Receiver
operating characteristic (ROC) curve.

Patients and Methods
Study Design and Participants

The Taiwan Cancer Registry and National Health Insurance
Research database were used to identify patients with
a rectal cancer diagnosis and their associated cancer treat-
ment such as surgery, chemotherapy, and radiation therapy.®
The Taiwan Cancer Registry database captures 97% of the
cancer cases in Taiwan and presents excellent data quality
compared to other well-established cancer registries.” !
Patients diagnosed with rectal cancer from January 2007
to December 2015 were identified using the following codes
from the International Classification of Disease for
Oncology third edition: rectosigmoid junction (code C19.9)
and rectum (code C20.9); histologic type: adenocarcinoma
(codes 8140, 8210, 8261, and 8263), mucinous adenocarci-
noma (code 8480), or signet ring cell carcinoma (code
8490). These patients were all staged according to the clas-
sification system of the American Joint Committee on
Cancer (AJCC), 7th edition. Follow-up began on the rectal
cancer diagnosis date and ended on December 31, 2016. We
included the most important confounding risk factors in this
national cancer registry database: age, sex, histology type,
tumor grade, clinical/pathological stage, margin status, LN
yield, comorbid conditions, radiotherapy, year of cancer
diagnosis, and adjuvant chemotherapy status. Comorbid
conditions were graded for severity using the Charlson
comorbidity (CCI) described
previously.'*'? Patients without clear coding were excluded

index score, as
from our analysis. Patients with a history of cancer or meta-
static disease were also excluded. Finally, data from a total
of 4344 rectal cancer patients treated with or without neoad-
juvant therapy were used for analysis in this retrospective,

cross-sectional study (Figure 1). To measure the association
between LN yield and survival of patients receiving neoad-
juvant therapy, the overall survival (OS) probability was
evaluated for each patient receiving follow-up for at least
1 year and up to 5 years.

Statistical Analysis

Categorical variables are presented as the frequency with
percentage and compared using Pearson’s chi-square test.
Follow-up duration is shown as median and inter-quantile
ranges and compared between two groups using the
Wilcoxon rank sum test. Logistic regression analysis was
used to estimate the associated OS probability for patients
treated with neoadjuvant therapy between nodal yield <12
and >12 after adjusting for all confounders. For patients
receiving neoadjuvant therapy, the predicted model classi-
fication of LN yield less than 12 (10, 8, 6, 4, or 2) was also
assessed using the maximum area under the ROC curve
and compared with nodal yield >12. AUCs were compared
using DeLong’s test.'"* All analyses were conducted using
SAS statistical software version 9.4 (SAS Institute, Inc.,
Cary, NC, USA). Statistical significance was set at
p <0.05.

Results
Relevant clinicopathological details are summarized in
Table 1. From 2007 to 2015, a total of 4344 rectal cancer
patients (65.65% men) with a curable resection were
included in the database. The mean age at diagnosis was
61 + 12 years, and the median (Q1-Q3) follow-up time
was 3.19 years. Of these patients, 2260 (52.03%) received
neoadjuvant therapy and 2084 (47.97%) did not. The
adjuvant chemotherapy administration rate was 28.27%
among those who received preoperative neoadjuvant ther-
apy and 50.24% among those who did not. In the whole
cohort, 30.16% of the patients had fewer than 12 LN
harvested. Patients who received neoadjuvant therapy
were more likely to be male, younger than 65, and have
adenocarcinoma, well-differentiated tumor, advanced clin-
ical stage, negative margin status, and s lower LN yield.
The median LN yield (Q1-3) was 12 (range, 8-17) in
patients who received neoadjuvant therapy and 17 (range,
13-24) in those who did not (Figure 2A). Neoadjuvant
therapy significantly decreased the LN yield, by 29.4% (5/
17). Rectal cancer patients with neoadjuvant therapy
tended to have fewer positive lymph nodes than did
those without (Figure 2B). Twelve or more LN were
harvested from 82.73% of the

patients  without
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Rectal cancer patient with
treatment information in

TCR database during 2007 Exclusion criteria
to 2015. 1. Patient without clinical
N=7,057 or pathologic stage
information. (N=64)
2. Patient with clinical T
> stage 0. (N=491)
3. Patient with clinical
A stage [V. (N=570)
Rectal cancer patient 4. Patient without nodes
included in study. information. (N=298)
N=4,344 5. Patient without grade
information. (N=1,290)

Rectal cancer patient did
not received neoadjuvant
therapy.
N=2,084

Figure | Study patient flow chart.

neoadjuvant therapy and 57.96% of those with neoadju-
vant therapy (p < 0.0001) (Table 1). Clinicopathological
characteristics of patients in the neoadjuvant group accord-
ing to LN yield (< 12 and > 12) are shown in

Supplementary Table 1. The mean survival time during

follow up between rectal cancer patients receiving neoad-
juvant therapy or not was 3.82 and 3.99 years. Comparison
of adjusted odds ratio for 5-year survival probability for
patients between those who did and did not receive neoad-
juvant therapy, according to LN vyield, are shown in
Supplementary Table 2.

In patients who received neoadjuvant therapy, univari-
able and multivariable analysis revealed that significant
risk factors for poor OS probability included LN < 12,
age > 65 years, poorly differentiated or undifferentiated
tumor grade, positive margin, advanced stage, and severe
comorbid conditions and without adjuvant chemotherapy
(Table 2). Because neoadjuvant therapy was associated
with a lower LN yield, we investigated the optimal number
of LN below 12. Using a range of LN yield cut-off points
(12, 10, 8, 6, 4, and 2), significant differences in the OS
probability were found between LN yield > 12, 10, 8, and
6. However, LN yield > 10 provided better predictive

Rectal cancer patient
received neoadjuvant
therapy.
N=2,260

accuracy for survival with a higher AUC (0.7767) than
did the other tested cut-offs, especially in node-negative
patients (AUC:0.7660) (Table 3).

Discussion
In this large-cohort study, we observed that the LN yield
was significantly lower in rectal cancer patients who
received neoadjuvant therapy than in those who did not.
The OS probabilities differed significantly between
patients with LN yield >12 and <12, as revealed by uni-
variate and multivariable analysis. For LN yield cut-off
points below 12, LN yield >10 provided the best predictive
accuracy for survival, especially in patients with patholo-
gically negative nodes. Thus, a lower value (LN yield >
10) may an acceptable cut-off point for rectal cancer
patients after neoadjuvant therapy.

This study has several strengths. First, the target group
(n = 4344) was large, and the follow-up duration was
sufficient for our results to be convincing. Second, our
database provides important information on the predispos-
ing factors that may influence survival (eg, grade, histol-

ogy type, status,
comorbidities and adjuvant chemotherapy). An in-depth

clinicopathological stage, margin
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Table | Patient Clinicopathologic Characteristics

Variables N (%) Did Not Received Neoadjuvant Received Neoadjuvant p-value*
Therapy Group

Overall 4344 (100.00) 2084 (47.97) 2260 (52.03)

Gender
Male 2852 (65.65) 1315 (63.10) 1537 (68.01) 0.0007
Female 1492 (34.35) 769 (36.90) 723 (31.99)

Age groups
=65 2750 (63.31) 1258 (60.36) 1492 (66.02) 0.0001
>65 1594 (36.69) 826 (39.64) 768 (33.98)

Histology type
Adenocarcinoma 4135 (95.19) 1961 (94.10) 2174 (96.19) 0.0054
Mucinous 179 (4.12) 105 (5.04) 74 (3.27)
Signet 30 (0.69) 18 (0.86) 12 (0.53)

Grade
Well/Moderately 3983 (91.69) 1878 (90.12) 2105 (93.14) 0.0003
Poorly/Undifferentiated 361 (831) 206 (9.88) 155 (6.86)

Clinical T stage
TI 67 (1.54) 56 (2.69) Il (0.49) <0.0001
T2 811 (18.67) 526 (25.24) 285 (12.61)
T3 3004 (69.15) 1279 (61.37) 1725 (76.33)
T4 462 (10.64) 223 (10.70) 239 (10.58)

Clinical N stage
NO 1636 (37.66) 945 (45.35) 691 (30.58) <0.0001
NI 1614 (37.15) 677 (32.49) 937 (41.46)
N2 1094 (25.18) 462 (22.17) 632 (27.96)

Pathologic T stage
ypTO 293 (6.74) - 293 (12.96) <0.0001
pT1/ypTl 153 (3.52) 41 (1.97) 112 (4.96)
pT2/ ypT2 755 (17.38) 215 (10.32) 540 (23.89)
pT3/ ypT3 2702 (62.20) 1518 (72.84) 1184 (52.39)
pT4/ ypT4 441 (10.15) 310 (14.88) 131 (5.80)

Pathologic N stage
pNO/ ypNO 2020 (46.50) 546 (26.20) 1474 (65.22) <0.0001
pNI/ ypNI 1373 (31.61) 839 (40.26) 534 (23.63)
pN2 /ypN2 951 (21.89) 699 (33.54) 252 (11.15)

Margin
Positive 214 (4.93) 127 (6.09) 87 (3.85) 0.0006
Negative 4130 (95.07) 1957 (93.91) 2173 (96.15)

Lymph node yield
<12 1310 (30.16) 360 (17.27) 950 (42.04) <0.0001
212 3034 (69.84) 1724 (82.73) 1310 (57.96)

Adjuvant chemotherapy
No 2658 (61.19) 1037 (49.76) 1621 (71.73)
Yes 1686 (38.81) 1047 (50.24) 639 (28.27) <0.0001

(Continued)
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Table | (Continued).

Variables N (%) Did Not Received Neoadjuvant Received Neoadjuvant p-value*
Therapy Group
Charlson comorbidity
0-1 3820 (87.94) 1813 (87.00) 2007 (88.81) 0.0492
2-3 435 (10.01) 232 (11.13) 203 (8.98)
=4 89 (2.05) 39 (1.87) 50 (2.21)
Surgery type
APR 746 (17.17) 334 (16.03) 412 (18.23) <0.0001
LAR 3007 (69.22) 1492 (71.59) 1515 (67.04)
Protectomy 499 (11.49) 181 (8.69) 318 (14.07)
Unknown 92 (2.12) 77 (3.69) 15 (0.66)
Follow-up period, year
Median (Q1-Q3) 3.19 (1.62-5.29) 3.27 (1.75-5.20) 3.11 (1.49-5.36) 0.2103
Survival time during follow-up
period, year
Mean (SD) 3.90 (1.34) 3.99 (1.28) 3.82 (1.39) 0.0002

Note: *P-value was calculated from Pearson’s chi-square.

assessment of the effects of these factors on survival was
performed. Third, in contrast to previous studies, we
aimed to determine the association between survival prob-
ability and a range of LN yield cut-off points below 12;
thus this study is more relevant to actual clinical practice.

Regional lymph node metastasis is considered one of
the most important prognostic indicators for outcomes in
all cancer patients, including colorectal cancer.'> For dec-
ades, the N-staging system based on the numbered lymph
nodes was used to guide decisions concerning adjuvant
treatment.'® As such, it was first recommended at the
1990 that
a minimum number of 12 lymph nodes should be exam-

World Congress of Gastroenterology in
ined as an important quality metric for adequate LN dis-
section for optimal staging of patients. Recent studies
report that LN count or LN vyield may serve as
a prognostic factor in colorectal cancer patients.'>'”'® In
a systematic review that included 61,371 colon cancer
patients, Chang et al reported that the number of lymph
nodes evaluated after surgical resection was positively
associated with survival of patients with stage II-III
colon cancer.” Ecker et al also demonstrated that greater
LN assessment was associated with an increased likeli-
hood of nodal involvement.'® In node-negative patients,
greater LN assessment was associated with a decreased
risk of death, with the largest actuarial survival differences
observed for >15 LN. Therefore, the extent of LN identi-
fication has prognostic significance in colorectal cancer

surgery and supports consideration of the number of
lymph nodes evaluated as a measure of the quality of
colorectal cancer care.

In recent decades, neoadjuvant therapy followed by
curative surgery has become the standard management
protocol for rectal cancer. Previous studies report that
preoperative therapy may decrease the number of lymph
nodes harvested. Similarly, Amajoyi et al reported that
the mean number of lymph nodes retrieved was lower in
patients treated with neoadjuvant therapy than in those
without." In another study, rectal cancer patients treated
with neoadjuvant therapy had significantly fewer LN
assessed, and the current recommendation of at least 12
LN was met in only 37% of these patients.” Rullier et al
also reported that rectal cancer patients after chemoradia-
tion had a lower mean number of lymph nodes retrieved
(17 vs 13 LN) and a lower mean number of positive
lymph nodes (2.3 vs 1.2 LN).?' Consistent with this
evidence, the results of the present study indicated that
the median LN yield (Q1-3) was 12 (range, 8-17) for
patients who received neoadjuvant therapy and 17 (range,
13-24) for patients who did not. After preoperative ther-
apy, the LN yield reduced significantly by about 29.4%
and only 1310 (57.96%) of patients had > 12 LN
assessed. Therefore, in addition to its direct effect on
the primary tumor, the neoadjuvant therapy may also
reduce the number of lymph nodes retrieved from rectal

cancer specimens.
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Figure 2 Continue.

Although the LN yield achieved for rectal cancer is
associated with survival, its impact as a prognostic factor
is still debated, especially for patients who received neoad-
juvant therapy. A possible explanation is that a decreased
LN yield may be reflective of responsiveness to preopera-
tive therapy and thereby is associated with greater survi-
val. Rullier et al reported that the number of lymph nodes
retrieved was not associated with disease-free survival or
overall survival among 198 patients with pathological
lymph node-negative disease who received neoadjuvant
therapy.?' Among patients who received neoadjuvant ther-
apy, Kim et al observed that the number of lymph nodes

retrieved was not significantly associated with recurrence
or survival of lymph-node—negative rectal cancer.?” In
a cohort of 1680 stage II/II rectal cancer patients with
data in the National Comprehensive Cancer Network pro-
spective oncology database, Abdel-Misih et al also
reported that LN yield and status were not significant
prognosticators in multivariable
Their findings further support that LN yield in

rectal cancer is multifactorial and the nodal metric may not

of overall survival

analysis.’

be clinically relevant after neoadjuvant management.
However, a Danish population-based study of 6793
patients with rectal cancer found that LN yield is an

https:
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Figure 2 (A) Number of lymph node and (B) positive lymph node between rectal cancer patients receiving neoadjuvant therapy or not.

independent prognostic factor for rectal cancer, regardless
of neoadjuvant therapy status.> Regression analysis in the
present study revealed significant differences in OS prob-
ability between the neoadjuvant patients with <12 LN vs >
12 LN. Using lower-value cut-off points, the OS probabil-
ities between LN yield > 12, 10, 8, 6 still differ signifi-
cantly. However, LN yield >10 provided better predictive
accuracy for survival, with a higher AUC (0.7767), than
did the other tested cut-offs (LN yield > 12, 8, or 6),
especially in patients with pathologically-negative nodes
(AUC, 0.7660). Although previous studies report no sig-
nificant association between 5-year survival and lymph

node count, node positivity is proportional to number of
nodes.?>** These results indicate that retrieving an ade-
quate number of LN in patients with neoadjuvant therapy
is still important for accurate staging. Inadequate LN eva-
luation may lead to underestimation of positive nodal
status and stage migration, which may affect the decision
to use adjuvant chemotherapy. Thus, considering the
importance of LN yield on nodal evaluation, a lower LN
yield is more reflective of patient status in those with
neoadjuvant therapy than in those without, and LN yield
>10 may be clinically relevant as a nodal metric for
determining the standard of care.
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Table 2 Univariable and Multivariable Logistic Regression Analyses of Clinicopathologic Features to Overall Survival in Rectal Cancer
Patients Receiving Neoadjuvant Therapy (N=2260)

Variables Univariate 95% CI Multivariable® 95% CI P-value
Lymph node yield
<12 Ref Ref
212 1.20(0.99—1.46) 1.33(1.06—-1.66) 0.0124
Gender
Male 0.86(0.69-1.06) 0.79(0.63-1.01) 0.0548
Female Ref. Ref.
Age groups
<65 Ref. Ref.
>65 0.64(0.53-0.78) 0.61(0.49-0.76) <0.0001
Grade
Well/Moderately Ref. Ref.
Poorly/ Undifferentiated 0.27(0.20-0.38) 0.40(0.27-0.58) <0.0001
Pathologic T stage
ypTO Ref. Ref.
ypTI 0.95(0.38-1.84) 0.90(0.41-1.94) 0.7777
ypT2 0.60(0.31-1.17) 0.59(0.36-0.97) 0.0373
ypT3 0.25(0.13-0.47) 0.28(0.18-0.45) <0.0001
ypT4 0.11(0.05-0.23) 0.17(0.09-0.31) <0.0001
Pathologic N stage
ypNO Ref. Ref.
ypNI 0.51(0.40-0.64) 0.63(0.49-0.81) 0.0004
ypN2 0.23(0.18-0.31) 0.32(0.23-0.45) <0.0001
Charlson comorbidity
0-1 Ref. Ref.
2-3 0.70(0.51-0.97) 0.65(0.46-0.93) 0.0195
= 0.64(0.35-1.17) 0.49(0.25-0.98) 0.0421
Margin
Positive 0.26(0.17-0.41) 0.36(0.22-0.60) <0.0001
Negative Ref. Ref.
Adjuvant chemotherapy No 0.85(0.69-1.05) 0.68(0.54-0.87) 0.0020
Yes Ref. Ref.
Surgery type
APR 0.61(0.48-0.77) 0.79(0.60—-1.04) 0.096
LAR Ref. Ref.
Protectomy 0.78(0.25-2.46) 0.76(0.21-2.74) 0.6757
Unknown 0.93(0.70-1.24) 1.02(0.75-1.41) 0.8857

Note: *Adjusted for all the variables in the univariate list and diagnosed year of cancer.

Notably, the prognostic value of nodal parameters other =~ who have the same ratio of node metastasis, especially in
than LN yield is under investigation, including the ratio of  patients without positive lymph nodes or with an insuffi-
positive lymph nodes (rN) and the log odds of positive  cient number of retrieved nodes. However, the standard
lymph nodes (LODDS). As discussed in our previous cutoff points for both rN and LODDS are not well defined,
report, the LODDS provides a more accurate survival —making these nodal systems difficult to use in clinical
prediction than does LN yield or rN in oral cancer practice. Moreover, neoadjuvant therapy significantly
patients.”>?® LODDS can discriminate between patients reduces the LN yield and number of positive lymph
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Charlson comorbidity index; OS, overall survival; N, posi-
tive lymph nodes; LODDS, log odds of positive lymph nodes.
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