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ABSTRACT

Preoperative radiation significantly decreases the number of retrieved lymph nodes
(LNs) in rectal cancer, but little is known with respect to the prognostic significance
of negative LN (NLN) counts under these circumstances. In this study, Surveillance,
Epidemiology, and End Results Program (SEER)-registered ypIII stage rectal cancer
patients, and patients from Fudan University Shanghai Cancer Center (FDSCC) were
combined and analyzed. The results showed that the survival rate of patients with n
(cutoff) or more NLNs increased gradually when n ranged from two to nine. After n
reached 10 or greater, survival rates were approximately equivalent. Furthermore, the
optimal cutoff value of 10 was validated as an independent prognostic factor in stage
ypIIIB and ypIIIC patients by both univariate and multivariate analysis (P < 0.001);
the number of NLNs could also stratify the prognosis of ypN(+) patients in more detail.
Patients in the FDSCC set validated these findings and confirmed that NLN count was
not decreased in the good tumor regression group relative to the poor tumor regression
group. These results suggest that NLN count is an independent prognostic factor for
ypIIIB and ypIIIC rectal cancer patients, and, together with the number of positive LNs,
this will provide better prognostic information than the number of positive LNs alone.

number of LNs (TLN) retrieved comprises both positive
and negative LNs (NLNs), so the relationship between
TLNs and prognosis is confounded by the prognostic effect

INTRODUCTION

Preoperative radiation (preop-RT) following curative

resection has become a standard method to treat locally
advanced rectal cancer because of lowered local recurrence
rates [1, 2]. Several studies have reported a decrease in the
number of lymph nodes (LNs) retrieved, as well as fewer
lymph node metastases, after preop-RT [3—6]. Moreover,
a decreased number of LNs is related to good tumor
response, and thus improved cause specific survival (CSS)
[7-10] and survival are not influenced by the number of
LNs obtained. Further, patients with less than 12 LNs
retrieved might have more favorable disease free survival
rate than those with 12 or more LNs assessed [7, 11], but
some studies continue to support the theory that identifying
more LNs results in better survival [12, 13]. The total

of the number of positive LNs (PLNs). The concept of
NLN counts has recently attracted attention as a prognostic
indicator in colon [14], gastric [15], esophageal [16], and
cervical [17]. However, there is no research focusing on the
correlation between NLN counts and patient prognosis in
the setting of rectal cancer treated with preop-RT.

Given the growing importance of preop-RT in the
management of patients with rectal cancer, we designed
our study to specifically assess the effect of the number of
NLNs on CSS in patients with stage ypllII rectal cancer by
analyzing the Surveillance, Epidemiology, and End Results
(SEER)-registered database. Moreover, because SEER
data lacks information on neoadjuvant chemoradiation
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therapy (NCRT) methods, NCRT response, and quality of
surgery, we further clarified these relevant issues in another
set of patients with locally advanced rectal cancer from the
Fudan University Shanghai Cancer Center (FDSCC).

RESULTS

SEER database patient characteristics

A total of 1,712 eligible patients during the 8-year
study period were indentified, including 1086 male and
626 female patients. There were 223 patients (13%) with
ypllIA stage, 1044 patients (61%) with ypIIIB stage, and
445 patients (26%) with yplIIIC stage rectal cancer. Patient
demographics and pathological features are summarized in
Table 1. The proportion of high/moderate differentiation

gradually decreased from yplIIA to yplIIC (74.9% to
59.6%), and the same phenomena was found with respect
to histotype; the percentage of adenocarcinoma decreased
from 90.6% in yplIIIA to 69.0% in yplIIIC.

The median number of NLNs for the cohort was 11.6
and the median number of PLNs was 3.5. As expected,
patients with stage yplIIIC cancer had more PLNs (median
of 7.4) than patients with stage ypIIIB (median of 2.2) or
stage ypllIA cancer (median of 2.0). Conversely, there
were fewer NLNs in patients with stage yplIIC cancer
(median of 6.8) than those with stage yplIIB (median of
8.5) or stage ypllIIA (median of 8.6) cancer, and there
was a significant correlation between the number of TLNs
and NLNs (r = 0.887, P < 0.001). Correlations between
the number of NLNs and PLNs were weak or negligible
(r=-0.097) [18].

Table 1: Demographic and tumor characteristics of patients with stage yplll rectal cancer.

AJCC Subgroup
All Patients ypIIIA yplIIB yplIIC
n=1712 n=223 n=1044 n=445

Characteristic No. % No. % No. % No. %
Sex

Male 1086 63.4% 142 63.7% 676 64.8% 268 60.2%

Female 626 36.6% 81 36.3% 368 35.2% 177 39.8%
Age

<40 139 8.1% 6 2.7% 86 8.2% 47 10.6%

>40 1573 91.9% 217 97.3% 958 91.8% 398 89.4%
Race

Caucasian 1393 81.4% 191 85.7% 852 81.6% 350 78.7%

Non- Caucasian 319 18.6% 32 14.3% 192 18.4% 95 21.3%
Pathological grading

High/ Moderate 1176 68.7% 167 74.9% 744 71.3% 265 59.6%

Poor/ Anaplastic 395 23.1% 41 18.4% 218 20.9% 136 30.6%

Unknown 141 8.2% 15 6.7% 82 7.9% 44 9.9%
Histotype

Adenocarcinoma 1377 80.4% 202 90.6% 868 83.1% 307 69.0%

ivlm‘gi;‘ﬁus Signet 335 19.6% 21 9.4% 176 16.9% 138 | 31.0%
ypT stage

T1/T2 236 13.8% 223 100% 13 1.2% / /

T3/4 1476 86.2% / / 1031 98.8% 445 100%
No. of LNs dissected 11.6 10.6 10.7 14.2
No. of positive LNs 3.5 2.0 2.2 7.4
No. of negative LNs 8.1 8.6 8.5 6.8
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Identification of cutoff points of minimum
number of NLNs retrieved in the SEER database

We first treated NLN count as a continuous variable,
and it was validated as a significant prognostic factor by
univariate log-rank test (y*> = 41.05, P <0.001). Next, to
assess the influence of different cutoff points on rectal
cancer-CSS(RCSS) in ypllI patients, we further analyzed
individual NLN counts from 2 to 18. The 5-year RCSS
of patients with n (cutoff point) or more nodes and less
than n nodes were calculated, respectively. The survival
rate of patients with n or more nodes increased gradually
when 7 ranged from two to nine and the difference in
survival was most significant (maximum of ¥* log-rank
values) for five nodes. Patients with five or more NLNs
evaluated had a relative reduction of 17.2% for death
from rectal cancer than those with five or fewer NLNs
evaluated (66.9% versus 49.7%, x> = 58.114, P < 0.0001).
After 10 NLNs, the survival rates were roughly equal
(Table 2). It is likely that 10 is the optimal cutoff value, at
and above which the influence of NLNs count on survival
is minimal. There was an absolute 25.0% improvement in
5-year RCSS if 210 NLNs were analyzed compared with
those who had <2.

Effect of the number of NLNs on RCSS in the
SEER database

The number of NLNs and other clinicopathological
factors, including early year of diagnosis (P = 0.001), poor
and undifferentiated tumor grade (P = 0.002), mucinous
and signet-ring cancer (P < 0.001), and number of PLNs
(P <0.001), were significant risk factors for poor survival
on univariate analysis (Table 3). Multivariate analysis
with Cox regression was performed and year of diagnosis,
tumor grade, and PLN and NLN counts (with an optimal
cutoff of 10) were independent prognostic factors for
RCSS (Table 3), and a higher number of NLNs were
found to have a positive effect on survival (hazard ratio
[HR] 0.644; 95% confidence interval [CI] 0.549-0.755;
Table 3).

Subgroup analysis for evaluating the effect of
NLN counts according to yp-TNM and yp-N
classification in the SEER database

After stratifying patients by yp-TNM stage, for
patients with stage ypIIIB and yplIIC cancers, the difference
between <10 and >10 NLN counts was statistically
significant on both univariate and multivariate analysis
(P < 0.05); those with 10 or more NLNs retrieved had
<70% the mortality rate from rectal cancer than those
with 10 or fewer NLNs evaluated (stage I1IB, HR 0.668;
95%CI, 0.541-0.825; P < 0.0001; stage IIIC, HR 0.639;
95%CI, 0.480-0.849; P 0.002) regardless of the
number of PLNs present. For patients with stage IIIA

disease, although there was 5.8% decreased in mortality
from rectal cancer in patients with 10 or more NLNs
retrieved than those with 10 or fewer NLNs evaluated,
the difference wasn’t statistically significant (P = 0.410;
Table 4, Figure 1).

The number of PLNs were significantly associated
with RCSS, and further analysis showed that the number
of NLNs was an independently prognosis factor for each
ypN stage on both univariate and multivariate analysis
(P < 0.05). For rectal cancer patients with ypN1 stage,
there was an absolute 13% improvement in 5-year RCSS
if >10 NLNs were analyzed compared with to those who
had <10 (P < 0.001). In patients with ypN2 stage cancer,
S-year RCSS for >10 and <10 LNs was 55.6% and 42.5%,
respectively (P = 0.002; Table 4, Figure 1).

Evaluating the SEER database outcomes using
the FDSCC set

The above results should be treated with caution
as they might be biased by confounding factors, such as
NCRT response and quality of surgery (palliative resection
or radical resection). To evaluate the reliability of SEER
results, we studied relevant issues in 108 eligible patients
from the FDSCC. Patient demographics and pathological
features are summarized in Table 5.

First, we studied the 12 TLN cutoff in FDSCC;
3-year RCSS in patients with less than and more than 12
LNs was 68.9% and 71.8%, respectively, which was not
statistically significant (%2 = 0.302, P = 0.582; Figure 2).

Second, we tested the 10 NLN cutoff in FDSCC;
3-year RCSS in patients with <10 NLNs and >10 NLNs
was 62.8% and 89.7%, respectively (y* = 5.437, P = 0.020;
Figure 2).

Third, we evaluated the correlation between tumor
regression grade (TRG) and RCSS; TRG 4, 3, 2, 1, and
0 was found in 10 (9.3%), 12 (11.1%), 30 (27.8%), 32
(29.6%), and 24 (22.2%) of the resected specimens,
respectively. The 3-year RCSS was 59.4% in the poor
tumor regression group (TRGO-1), which is lower than
in the good tumor regression group (TRG2—4; 83.7%),
which was statistically significant (3> =5.911, P =0.015;
Figure 2).

Finally, we investigated the clinical relevance of
NLN and TLN number for TRG. The median number of
NLNs and TLNs was 6.89 and 11.45 in the poor tumor
regression group (TRG0-1), and 7.37 and 9.90 in the good
tumor regression group (TRG2-4), respectively. Although
the difference between the poor and good tumor regression
groups with respect to NLNs (¢ = —0.465, P = 0.694) and
TLNs (t=1.517, P=0.132) was not statistically different, it
is interesting to note that, contrary to the decreased number
of TLN counts, there were more NLNs in the good tumor
regression group compared with the poor tumor regression

group.
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Table 2: Univariate analysis for the influence of different cutoffs on RCSS in stage yplIlI rectal cancer.

Cutoff No. 5-year RCCS Log-rank 2 P value
<2 251 45.1% 40.604 <0.001
>2 1461 63.1%

<3 377 47.4% 41.780 <0.001
>3 1335 64.2%

<4 506 49.3% 47.383 <0.001
>4 1206 65.2%

<5 643 49.7% 58.114 <0.001
>5 1069 66.9%

<6 775 52.1% 50.196 <0.001
>6 937 67.4%

<7 889 53.6% 48.125 <0.001
>7 823 68.0%

<8 988 54.6% 68.6% <0.001
>8 724 68.6%

<9 1076 55.4% 40.856 <0.001
>9 636 69.0%

<10 1164 56.0% 37.411 <0.001
>10 548 70.1%

<11 1241 56.3% 31.093 <0.001
>11 471 70.2%

<12 1305 57.7% 25.762 <0.001
>12 407 69.7%

<13 1356 57.8% 26.407 <0.001
>13 356 70.8%

<14 1401 58.5% 17.277 <0.001
>14 311 69.4%

<15 1454 58.7% 19.285 <0.001
>15 258 70.7%

<16 1488 59.1% 14.224 <0.001
>16 224 69.8%

<17 1522 59.2% 13.351 <0.001
>17 190 70.9%

<18 1548 59.5% 10.450 0.001
>18 164 70.6%

DISCUSSION [19, 20], and LN assessment is fundamental in nearly

Metastasis to regional LNs is one of the most
important prognostic factors of colorectal cancer

all pathological staging systems for colorectal cancer.
The number of TLNs evaluated has been associated with
RCSS in patients with stage III colorectal cancer; the
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Table 3: Univariate and multivariate survival analyses for evaluating the influence of the number
of NLNs retrieved on RCSS in stage yplII rectal cancer.

Univariate analysis

Multivariate analysis

Variable 5-year RCCS Log rank > test P HR(95%CI) P
Years of diagnosis 11.153 0.001 0.008
1988-2001 54.3% Reference
2002-2005 63.7% 0.823(0.713-0.951)
Sex 0.053 0.818 NI
Male 60.7%
Female 60.2%
Age 1.483 0.223 NI
<40 61.3%
>4() 60.5%
Race 3.707 0.054 NI
Caucasian 61.5%
Non- Caucasian 56.4%
Grade 9.729 0.002 <0.001
High/ Moderate 64.9% Reference
Poor/ Anaplastic 44.8% 1.574(1.347-1.838)
Unknown 67.9% 0.845(0.639-1.116)
Histotype 15.830 <0.001 0.201
Adenocarcinoma 62.4% Reference
Mucinous/signet ring cell 52.6% 1.117(0.943-1.325)
ypT Stage 64.721 <0.001 <0.001
T1-2 76.2% Reference
T3—-4a 60.3% 1.544(1.224-1.949)
T4b 34.7% 2.922(2.163-3.947)
No. of NLNs 37.411 <0.001 <0.001
<10 56.0% Reference
>10 70.1% 0.644(0.549-0.755)
No. of PLNs 86.505 <0.001 <0.001
ypN1 67.4% Reference
ypN2 46.3% 1.696(1.470-1.957)

NI: not included in the multivariate survival analysis.

more nodes identified, the better the long-term survival
[20-22]. However, it has been suggested that the TLNs
harvested may significantly decrease after preop-RT [3—6]
and there are controversial results regarding the effect of
TLN retrieval on patient CSS. Our data also shows that
TLN counts decrease following preop-RT, but this was not

a prognostic factor using the current cutoff standard (>12
LNs retrieved). The number of NLNs has been confirmed
as an independent prognosis factor in colon [14], gastric
[15], esophageal [16], and cervical cancer. In our large
population based study, we found that the number of
NLNs was an independent prognosis factor for yplIIB
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Table 4: Univariate and multivariate analyses of NLN count on RCSS based on different

cancer stage.

Univariate analysis

Multivariate analysis

Variable 5-year RCCS Log rank y* test P HR(95%CTI) P
TNM Stage
Stage ypIIIA NI
No. of NLNs 0.678 0.410
<10 75.5%
>10 81.3%
Stage yplIIB
No. of NLNs 21.020 <0.001 <0.001
<10 60.0% Reference
>10 73.9% 0.668(0.541-0.825)
Stage ypIIIC
No. of NLNs 11.033 0.001 0.002
<10 38.4% Reference
>10 50.4% 0.639(0.480-0.849)
ypN Stage
No. of NLNs <0.001
N1 20.659 <0.001
<10 62.9% Reference
>10 75.9% 0.648(0.528-0.797)
No. of NLNs
N2 12.905 <0.001 0.002
<10 42.5% Reference
>10 55.6% 0.667(0.517-0.860)

P-values refer to comparisons between two groups and were adjusted for years of diagnosis, sex, age, race, pathological
grading, tumor histotype, and the number of PLNs (only in the TNM subgroup analysis) as covariates.

NI: not included in the multivariate survival analysis.

and yplIIC rectal cancer, and even in ypNI and ypN2
patients, increased numbers of NLNs were associated
with improved RCSS. The number of NLNs had a weak
or negligible correlation with PLN counts, which means
that it was a prognostic factor independent of current
metastatic LNs count-based staging. Interestingly, and
contrary to the decreased number of TLNs in the good
tumor regression group compared with the poor regression
group, the number of NLNs was slightly greater in the
good tumor regression group than the poor regression
group, which suggests that NLN count is a prognostic
factor independent of TRG score. Despite this correlation,
the mechanism underlying the relationship between the
number of NLNs and survival has not been determined,
although several hypotheses have been proposed.

The first hypothesis involves stage-migration.
A previous study using the SEER data showed that there
was continuous worsening survival from stage I1IA to
IIIC in rectal cancer patients [23]. Our study indicated
that there was a significant correlation between the
number of TLNs and NLNs; the more LNs examined, the
more likely that it reflects the true stage, and lower nodal
counts may increase the risk of understaging. It might
also be the case that, after a certain cutoff limit, a further
increase in the number of NLNs examined will not have
any influence on the accuracy of staging and survival;
therefore, we identified 10 as the optimal cutoff value.
For stage IIIA patients, which includes TIN1-2a and
T2N1 patients, in a large population based study of rectal
cancer including 9,566 T1 stage and 10,496 T2 stage
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patients, only 24 (0.25%) of T1 stage patients had more
than seven LNs metastasis (N2b stage) and 422 (4.02%)
T2 stage patients had more than four LNs metastasis (N2
stage) [23]. Therefore, the chance of understaging is very
low and the value of NLN counts for prognosis is not
apparent.
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The second hypothesis revolves around the notion
that the surgeon is a technician. For instance, preop-RT
will cause an immune response and fibrosis in LNs [24],
and it may also decrease the size of non-metastatic LNs
by 1-2 mm [25-27], thereby decreasing the likelihood of
their detection in surgical specimens. It is possible that the
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Figure 1: Log-rank tests of cause specific comparing those who had >10 negative lymph nodes with those who had <10 negative nodes
for (A) stage yplIl: 56.0% versus 70.1%, respectively; y*> = 37.411, P < 0.001; (B) stage ypIIIA: 75.5% versus 81.3%, respectively;
1> =0.678, P=0.410; (C) stage ypIIIB: 60.0% versus 73.9%, respectively; x> =21.020, P < 0.001; (D) stage ypIIIC: 38.4% versus 50.4%,

respectively; y*> = 12.905, P <0.001;

(Continued)
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Figure 1: (E) ypN1 stage: 62.9% versus 75.9%, respectively; y> = 20.659, P <0.001; and (F) ypN2 stage: 42.5% versus 55.6%, respectively;
¥ =12.905, P=0.002.

patients who had more LNs identified in their specimens maybe an indicator of host immune response to tumor
experienced more complete excision of their tumors cells, thereby imparting an independent effect on survival.
and draining nodes. Improved surgical techniques may Although the present study is a large population-
also be the result of improved intraoperative staging, to based study, it has several potential limitations. First, the
exclude stage IV patients [20] and to reduce the chances SEER database does not include information regarding the
of iatrogenic spread of cancer cells. As such, there is less administration of chemotherapy and the quality of surgical
likelihood of leaving tumor cells behind, thus positively care or pathological technique, and all of these factors
affecting survival. Hospital and surgical procedure volume may affect LN harvest. Second, the SEER database is a
have been identified as predictors of outcome following public cancer registry data, so we cannot further study the
rectal cancer resection [28, 29]. Thus, a greater number of mechanisms underlying relationships between the number
recovered NLNs may be an indicator of quality of surgical of NLNs and RCSS. Third, all patients included in this
care or pathology. By increasing NLN counts, the chance study had received preop-RT, thus our findings cannot be
of micrometastasis remaining within NLNs, which is a generalized to those that did not receive preop-RT.
proven prognostic factor [30], may decrease. In conclusion, our study shows that the number of

The third hypothesis regards the function of LNs. NLNs was an independent prognostic factor for yplIlIB
The benefit associated with a higher number of NLNs may and yplIIC rectal cancer patients, and, together with the
simply reflect a host lymphocytic reaction to the tumor, number of PLNS, it provides more accurate prognostic
which is associated with LN count [31], and lymphocytic information than the number of PLNs alone. For survival
reaction to tumor cells has been associated with longer benefit, we suggest at least 10 NLNs should be retrieved
survival in colorectal cancer [32, 33]. Recent studies have from ypllI rectal cancer patients.

further shown that LNs are smaller in patients dying from
tumor recurrence, and the number and size of recovered

LNs is related to patient histologic antitumor immune MATERIALS AND METHODS

response and tumor growth pattern [34]. Moreover, greater

lymphocytic reaction has been associated with a high Patient selection in the SEER database

proportion of microsatellite instability [35, 36], which,

in turn, is associated with better RCSS [37]. Patient data The SEER Cancer Statistics Review (http://seer.
from FDSCC also showed that even though the number cancer.gov/data/citation.html), a report on the most recent
of TLNs decreased, the number of NLNs did not, which cancer incidence, mortality, survival, prevalence, and
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Table 5: Demographic and clinical features of patients with rectal cancer (ypllI stage) from Fudan

University Shanghai Cancer Center.

n %

Age 52 (23-78)
Sex

male 76 70.4%

female 32 29.6%
Histotype

Adenocarcinoma 92 85.2%

Mucinous /Signet ring cell 16 14.8%
ypN stage

N1 69 63.9%

N2 39 36.1%
LNs retrieval

<12 64 59.3%

>12 44 40.7%
NLN:s retrieval

<10 77 71.3%

>10 31 28.7%
Lymphovascular invasion

Negative 82 75.9%

Positive 26 24.1%
Perineural invasion

Negative 79 73.1%

Positive 29 26.9%
TRG

0 24 22.2%

1 32 29.6%

2 30 27.8%

3 12 11.1%

4 10 9.3%

lifetime risk statistics, is published annually by the
Data Analysis and Interpretation Branch of the National
Cancer Institute, MD, USA. The current SEER database
consists of 17 population-based cancer registries that
represent approximately 28% of the population in the
US. It contains no identifiers and is publicly available for
studies of cancer-based epidemiology and LNs staging of
colorectal [14, 23, 38], gastric [39], esophageal [40], and
other cancers.

Using the SEER-stat software (SEER*Stat 8.1.2),
we searched for patients diagnosed between 1998 and 2005

with single primary rectal cancer (C20.9-Rectum, NOS)
and a known treatment sequence consisting of “radiation
prior to surgery” or “radiation before and after surgery”.
Histological type were limited to adenocarcinoma (8150/3,
8210/3, 8261/3, 8263/3), mucinous adenocarcinoma
(8480/3), and signet ring cell carcinoma (8490/3). Age was
limited to between 18 and 80 years old. Patients diagnosed
after 2006 were excluded to ensure adequate follow-up
time. Other exclusion criteria were as follows: ypNO stage,
synchronous distance metastases, and patients who died
within 30 days after surgery.
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Figure 2: Survival curves of rectal cancer patients at ypIlI stage in Fudan University Shanghai Cancer Center according to different
factors. (A) LN count <12 versus >12, x> = 0.302, P = 0.582. (B) Using 10 as the NLN cutoff, y* = 5.437, P = 0.020. (C) Poor regression

(TRGO-1) versus good regression (TRG2-4), y*=5.911, P=0.0156.

Patient selection in the FDSCC set

The FDSCC rectal cancer dataset was built
prospectively and recorded the rectal cancer patients
treated at FDSCC, Shanghai, China since January, 2006.
To validate the findings from the SEER database and to
clarify relevant issues, we used data from the FDSCC
treated with NCRT between January 2006 and December

2012. All patients had histologically confirmed, locally
advanced rectal cancer located within 10 cm of the anal
verge. Other patient inclusion criteria were: rectal cancer
as a single primary tumor, completed NCRT and received
radical surgery, and pathologic yp-stage II1. Patients that
received local resection were excluded from this study. All
patients received intensity-modulated radiation therapy
to the pelvis of 45-50 Gy and a concomitant boost of
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5 Gy to the primary tumor in 25 fractions, concurrent
with capecitabine or 5-FU based chemotherapy. Radical
surgery was scheduled 6-8 weeks after NCRT. Regression
of the primary tumor was semi-quantitatively determined
by the amount of viable tumor versus the amount of
fibrosis, ranging from no evidence of any treatment effect
to a complete response with no viable tumor identified,
as described by Dworak et al [41]. The following were
characteristics of each grade: grade 0, no regression; grade
1, minor regression (dominant tumor mass with obvious
fibrosis in 25% or less of the tumor mass); grade 2,
moderate regression (dominant tumor mass with obvious
fibrosis in 26% to 50% of the tumor mass); grade 3, good
regression (dominant fibrosis outgrowing the tumor mass;
i.e., more than 50% tumor regression); and grade 4, total
regression (no viable tumor cells, only fibrotic mass) [9].

The research protocol was reviewed and approved
by the Ethical Committee and Institutional Review Board
of the FDSCC. All patients in FDSCC provided written
informed consent.

Statistical Analysis

Age, sex, race, extension of primary tumor
invasion, TLNs, NLNs, PLNs, histological grade,
survival time, and CSS were extracted from the SEER
database and FDSCC set. All cases were restaged
according to the criteria described in the American Joint
Committee on Cancer (AJCC) Cancer Staging Manual
(7th edition, 2010). Patients within each AJCC substage
were dichotomized based on the number of NLNs. The
rate of rectal cancer death was compared between the
two groups for each substage using the Kaplan—Meier
method. Multivariable Cox regression models were
built for analysis of risk factors for survival outcomes.
The primary endpoint of this study was RCSS, which
was calculated from the date of diagnosis to the date
of cancer specific death. Deaths attributed to the rectal
cancer were treated as events and deaths from other
causes were treated as censored observations. All of
statistical analyses were performed using the statistical
software package SPSS for Windows, version 17 (IBM
Corp, Armonk, NY, USA). Statistical significance was set
at two-sided P < 0.05.

ACKNOWLEDGEMENT

The authors acknowledge the efforts of the
Surveillance, Epidemiology, and End Results (SEER)
Program tumor registries in the creation of the SEER
database. The interpretation and reporting of these data
are the sole responsibility of the authors. This study was
partially supported by grants from the National Natural
Science Foundation of China (No. 81001055, 81101586).

Statement of author contributions

QGL and SJC conceived of and designed the study.
CHZ and GXC performed the analyses. LL and DWL
prepared all figures and tables. QGL, SJC, and CHZ wrote
the main manuscript. All authors reviewed the manuscript.

Disclosure

None of the authors have any conflict of interest to
declare.

REFERENCES

1. Kapiteijn E, Marijnen CA, Nagtegaal ID, Putter H,
Steup WH, Wiggers T, Rutten HJ, Pahlman L, Glimelius B,
van Krieken JH, Leer JW, van de Velde CJ. Preoperative
radiotherapy combined with total mesorectal excision for
resectable rectal cancer. N Engl J Med. 2001; 345:638—646.
Sauer R, Becker H, Hohenberger W, Rodel C,
Wittekind C, Fietkau R, Martus P, Tschmelitsch J,
Hager E, Hess CF, Karstens JH, Liersch T, Schmidberger H,
Raab R. Preoperative versus postoperative chemoradiotherapy
for rectal cancer. N Engl J Med. 2004; 351:1731-1740.

3. Rullier A, Laurent C, Capdepont M, Vendrely V,
Belleannee G, Bioulac-Sage P, Rullier E. Lymph nodes
after preoperative chemoradiotherapy for rectal carci-
noma: number, status, and impact on survival. Am J Surg
Pathol. 2008; 32:45-50.

Wichmann MW, Muller C, Meyer G, Strauss T,
Hornung HM, Lau-Werner U, Angele MK, Schildberg FW.
Effect of preoperative radiochemotherapy on lymph
of

node retrieval after resection rectal

Arch Surg. 2002; 137:206-210.

5. Taflampas P, Christodoulakis M, Gourtsoyianni S,
Leventi K, Melissas J, Tsiftsis DD. The effect of pre-
operative chemoradiotherapy on lymph node harvest

cancer.

after total mesorectal excision for rectal cancer. Dis Colon
Rectum. 2009; 52:1470-1474.

Li QG, Li DW, Zhuo CH, Cai GX, Cai SJ. Metastatic
lymph node ratio can further stratify prognosis in rectal
cancer patients treated with preoperative radiotherapy: a
population-based analysis. Tumour Biol. 2014.

Damin DC, Rosito MA, Contu PC, Tarta C, Ferreira PR,
Kliemann LM, Schwartsmann G. Lymph node retrieval
after preoperative chemoradiotherapy for rectal cancer.
J Gastrointest Surg. 2012; 16:1573-1580.

8. Fokas E, Liersch T, Fietkau R, Hohenberger W,
Beissbarth T, Hess C, Becker H, Ghadimi M, Mrak K,
Merkel S, Raab HR, Sauer R, Wittekind C, Rodel C. Tumor
Regression Grading After Preoperative Chemoradiotherapy
for Locally Advanced Rectal Carcinoma Revisited: Updated
Results of the CAO/ARO/AIO-94 Trial. J Clin Oncol. 2014;
32:1554-1562.

www.impactjournals.com/oncotarget

12469

Oncotarget



10.

11.

12.

13.

14.

15.

16.

18.

19.

Rodel C, Martus P, Papadoupolos T, Fuzesi L, Klimpfinger M,
Fietkau R, Liersch T, Hohenberger W, Raab R,
Sauer R, Wittekind C. Prognostic significance of tumor
regression after preoperative chemoradiotherapy for rectal
cancer. J Clin Oncol. 2005; 23:8688-8696.

Vecchio FM, Valentini V, Minsky BD, Padula GD,
Venkatraman ES, Balducci M, Micciche F, Ricci R,
Morganti AG, Gambacorta MA, Maurizi F, Coco C. The
relationship of pathologic tumor regression grade (TRG)
and outcomes after preoperative therapy in rectal cancer. Int
J Radiat Oncol Biol Phys. 2005; 62:752—760.

de Campos-Lobato LF, Stocchi L, de Sousa JB,
Buta M, Lavery IC, Fazio VW, Dietz DW, Kalady MF.
Less than 12 nodes in the surgical specimen after total
mesorectal excision following neoadjuvant chemoradiation:
it means more than you think!. Ann Surg Oncol. 2013;
20:3398-3406.

Luna-Perez P, Rodriguez-Ramirez S, Alvarado I, Gutierrez
de la Barrera M, Labastida S. Prognostic significance of
retrieved lymph nodes per specimen in resected rectal
adenocarcinoma after preoperative chemoradiation therapy.
Arch Med Res. 2003; 34:281-286.

Beresford M, Glynne-Jones R, Richman P, Makris A,
Mawdsley S, Stott D, Harrison M, Osborne M, Ashford R,
Grainger J, Al-Jabbour J, Talbot I, Mitchell IC,
Meyrick Thomas J, Livingstone JI, McCue J. The
reliability of lymph-node staging in rectal cancer after
preoperative chemoradiotherapy. Clin Oncol (R Coll
Radiol). 2005; 17:448-455.

Johnson PM, Porter GA, Ricciardi R, Baxter NN. Increasing
negative lymph node count is independently associated with
improved long-term survival in stage IIIB and IIIC colon
cancer. J Clin Oncol. 2006; 24:3570-3575.

Deng J, Liang H, Wang D, Sun D, Ding X, Pan Y, Liu X.
Enhancement the prediction of postoperative survival in
gastric cancer by combining the negative lymph node count
with ratio between positive and examined lymph nodes.
Ann Surg Oncol. 2010; 17:1043-1051.

Zhu Z, Chen H, Yu W, Fu X, Xiang J, Li H, Zhang Y,
Sun M, Wei Q, Zhao W, Zhao K. Number of Negative
Lymph Nodes is Associated with Survival in Thoracic
Cell
Undergoing Three-Field Lymphadenectomy. Ann Surg
Oncol. 2014.

Chen Y, Zhang L, Tian J, Ren X, Hao Q. Combining the
negative lymph nodes count with the ratio of positive and

Esophageal Squamous Carcinoma Patients

removed lymph nodes can better predict the postoperative
survival in cervical cancer patients. Cancer Cell Int. 2013; 13:6.
Burnand B, Kernan WN, Feinstein AR. Indexes and
boundaries for "quantitative significance" in statistical
decisions. J Clin Epidemiol. 1990; 43:1273—-1284.

Baxter NN, Virnig DJ, Rothenberger DA, Morris AM,
Jessurun J, Virnig BA. Lymph node evaluation in colorectal
cancer patients: a population-based study. J Natl Cancer
Inst. 2005; 97:219-225.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Le Voyer TE, Sigurdson ER, Hanlon AL, Mayer RJ,
Macdonald JS, Catalano PJ, Haller DG. Colon cancer
survival is associated with increasing number of lymph
nodes analyzed: a secondary survey of intergroup trial INT-
0089. J Clin Oncol. 2003; 21:2912-2919.

Vather R, Sammour T, Zargar-Shoshtari K, Metcalf P,
Connolly A, Hill A. Lymph node examination as a predictor
of long-term outcome in Dukes B colon cancer. Int
J Colorectal Dis. 2009; 24:283-288.

Chen SL, Bilchik AJ. More extensive nodal dissection
improves survival for stages I to III of colon cancer: a
population-based study. Ann Surg. 2006; 244:602-610.
Gunderson LL, Jessup JM, Sargent DJ, Greene FL,
Stewart A. Revised tumor and node categorization for rectal
cancer based on surveillance, epidemiology, and end results
and rectal pooled analysis outcomes. J Clin Oncol. 2010;
28:256-263.

Scabini S, Montecucco F, Nencioni A, Zoppoli G, Sartini M,
Rimini E, Massobrio A, De Marini L, Poggi A, Boaretto R,
Romairone E, Ballestrero A, Ferrando V. The effect of
preoperative chemoradiotherapy on lymph nodes harvested
in TME for rectal cancer. World J Surg Oncol. 2013; 11:292.

Sprenger T, Rothe H, Homayounfar K, Beissbarth T,
Ghadimi BM, Becker H, Liersch T. Preoperative
chemoradiotherapy does not necessarily reduce lymph
node retrieval in rectal cancer specimens—results from
a prospective evaluation with extensive pathological
work-up. J Gastrointest Surg. 2010; 14:96-103.

Perez RO, Pereira DD, Proscurshim I, Gama-Rodrigues J,
Rawet V, Sao Juliao GP, Kiss D, Cecconello I, Habr-Gama A.
Lymph node size in rectal cancer following neoadjuvant
chemoradiation--can we rely on radiologic nodal staging after
chemoradiation?. Dis Colon Rectum. 2009; 52:1278—-1284.

Koh DM, Chau I, Tait D, Wotherspoon A, Cunningham D,
Brown G. Evaluating mesorectal lymph nodes in rectal
cancer before and after neoadjuvant chemoradiation using
thin-section T2-weighted magnetic resonance imaging. Int
J Radiat Oncol Biol Phys. 2008; 71:456-461.

Schrag D, Panageas KS, Riedel E, Cramer LD,
Guillem JG, Bach PB, Begg CB. Hospital and
surgeon procedure volume as predictors of outcome
following rectal cancer resection. Ann Surg. 2002; 236:
583-592.

Hohenberger W, Merkel S, Hermanek P. Volume and
outcome in rectal cancer surgery: the importance of quality
management. Int J Colorectal Dis. 2013; 28:197-206.

Rahbari NN, Bork U, Motschall E, Thorlund K,
Buchler MW, Koch M, Weitz J. Molecular detection of
tumor cells in regional lymph nodes is associated with
disease recurrence and poor survival in node-negative
colorectal cancer: a systematic review and meta-analysis.
J Clin Oncol. 2012; 30:60-70.

George S, Primrose J, Talbot R, Smith J, Mullee M,
Bailey D, du Boulay C, Jordan H. Will Rogers revisited:
prospective observational study of survival of 3592

WWw

.impactjournals.com/oncotarget

12470

Oncotarget



32.

33.

34.

35.

36.

patients with colorectal cancer according to number
of nodes examined by pathologists. Br J Cancer. 2006;
95:841-847.

Pages F, Galon J, Fridman WH. The essential role of
the in situ immune reaction in human colorectal cancer.
J Leukoc Biol. 2008; 84:981-987.

Morris M, Platell C, Iacopetta B. Tumor-infiltrating
lymphocytes and perforation in colon cancer predict
positive response to 5-fluorouracil chemotherapy. Clin
Cancer Res. 2008; 14:1413-1417.

Murphy J, Pocard M, Jass JR, O’Sullivan GC, Lee G,
Talbot IC. Number and size of lymph nodes recovered
from dukes B rectal cancers: correlation with prognosis and
histologic antitumor immune response. Dis Colon Rectum.
2007; 50:1526—-1534.

Jass JR, Do KA, Simms LA, Iino H, Wynter C, Pillay SP,
Searle J, Radford-Smith G, Young J, Leggett B.
Morphology of sporadic colorectal cancer with DNA
replication errors. Gut. 1998; 42:673-679.

Alexander J, Watanabe T, Wu TT, Rashid A,
Li S, Hamilton SR. Histopathological identification of colon

37.

38.

39.

40.

41.

cancer with microsatellite instability. Am J Pathol. 2001;
158:527-535.

Popat S, Hubner R, Houlston RS. Systematic review of
microsatellite instability and colorectal cancer prognosis.
J Clin Oncol. 2005; 23:609-618.

Gao P, Song YX, Wang ZN, Xu YY, Tong LL, Sun JX,
Yu M, Xu HM. Is the prediction of prognosis not improved
by the seventh edition of the TNM classification for colorectal
cancer? Analysis of the surveillance, epidemiology, and end
results (SEER) database. BMC Cancer. 2013; 13:123.
Wang X, Appleby DH, Zhang X, Gan L, Wang JJ,
Wan F. Comparison of three lymph node staging schemes
for predicting outcome in patients with gastric cancer.
BrJ Surg. 2013; 100:505-514.

Hu Y, Hu C, Zhang H, Ping Y, Chen LQ. How does the
number of resected lymph nodes influence TNM staging
and prognosis for esophageal carcinoma?. Ann Surg Oncol.
2010; 17:784-790.

Dworak O, Keilholz L, Hoffmann A. Pathological features
of rectal cancer after preoperative radiochemotherapy.
Int J Colorectal Dis. 1997; 12:19-23.

www.impactjournals.com/oncotarget

12471

Oncotarget



