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Accuracy of nodal staging is influenced by sidedness in colon
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Background: Adequate lymph node (LN) sampling is critical for accurate nodal staging in colon cancer
(CC), particularly for T3NO disease as current guidelines recommend considering adjuvant chemotherapy
when less than 12 LNs are examined. The impact of sidedness on nodal staging accuracy in patients with
"T3NNO disease has not been previously studied.

Methods: Patients with pathologic T3 CC were identified from a prospective multicenter international trial
of ultrastaging in CC. The probability of true nodal negativity (TNN) based on the number of LN examined
was calculated for right and left CC. These results were then validated in a cohort of patients with similar
inclusion criteria selected from the National Cancer Database (NCDB) between 2006 and 2014.

Results: Three hundred and seventy patients met the inclusion criteria in the trial cohort; 48% were LN-
negative. Of 153,945 patients in the NCDB, 57% were LN-negative. The probability of TNN when 12 LNs
were examined was 68% for right and 64% for left CC in the trial cohort and 77% and 72% in the NCDB.
The number of LNs needed to achieve any given probability of TNN was significantly different between
right and left CC in both the trial (P<0.001) and the NCDB (P<0.001).

Conclusions: In both a prospective multicenter trial and the NCDB, sidedness influences the number of
LNs needed to predict nodal negativity in CC. Current guidelines regarding the minimum number of LNs
needed to accurately stage patients with T3NO CC may need to be re-evaluated by taking into consideration

the tumor sidedness.
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Introduction making decisions regarding AC (2). Current guidelines
Although surgical resection is the most effective treatment define adequate lymph node (LN) sampling, the number

for patients with colon cancer (CC), a considerable of nodes needed to accurate stage patient with CC, as >12

number of patients will develop recurrence. Therefore,
adjuvant chemotherapy (AC) plays an important role in its
management (1). The decision to consider AC is largely
determined by lymph node (LN) status. Accurate nodal
evaluation is essential for accurately staging patients and
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LNs (3,4). This recommendation was largely based on
studies that reported adequate true nodal negativity (TINN)
and low false negative rate when 12 or more LNs were
examined (5,6).

It is recommended that patients with LN-positive
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disease and those with T4 disease regardless of their LN
status receive AC (3,4). The decision to administer AC in
patients with node-negative T3 continues to be a subject
of much debate. The National Cancer Care Network
(NCCN) recommends considering AC in patients with
T3NO with high-risk features that put them at high risk for
recurrence or when less than 12 LN are examined (3). This
recommendation is based on the notion that examining
fewer than 12 LNs may not reliably predict TNN and
hence, the decision to not consider AC may not be correct.
Thus, accurately predicting true nodal negative status in
this subset of patients is critical.

Tumor sidedness impacts clinical presentation, response
to surgical and non-surgical therapy, as well as prognosis
after treatment (7,8). There is a paucity of data regarding
the impact of tumor sidedness on nodal staging accuracy.
Therefore, we sought to examine the impact of tumor
sidedness on number of LNs needed to accurately stage
patients with T3NO CC, as the decision to administer
chemotherapy in this subgroup of patients is largely based
on the number of examined LNs.

Methods
Study design and cobort selection

A retrospective study was conducted on a cohort of patients
with pathologic T3 CC with at least one LN examined
who were identified from a prospective, multicenter,
international trial of ultrastaging in CC (Clinical Trials.gov
ID: NCT00949312). Information on age, gender, race/
ethnicity, N stage, grade, number of harvested nodes, and
chemotherapy was obtained. The probability of true nodal
negativity (I'NN), defined as the probability of accurately
determining the negative nodal status, was calculated for
right CC (RCC) and left CC (LCC). A mathematical
model, using a method previously used (6), was used to
estimate the probability of TNN.

A cohort of patients with similar inclusion criteria was
identified from the National Cancer Database (NCDB)
and formed the validation cohort of this study. The NCDB
is a joint project of the Commission on Cancer of the
American College of Surgeons and the American Cancer
Society. Established in 1989 the NCDB is a nationwide,
facility-based, comprehensive clinical surveillance resource
oncology data set that currently captures 70% of all newly
diagnosed malignancies in the US annually (9).

Patients aged >18 years with pathologic T3, primary CC,
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and had at least one LN removed at the time of surgery
were included. Similarly, data on age, gender, and race/
ethnicity, N stage, grade, number of harvested nodes, and
chemotherapy was obtained. For the purposes of this study,
tumors were classified as “right colon” if they were found in
the cecum, ascending colon, or transverse colon, and “left
colon” if they were in the splenic flexure, descending or
sigmoid colon.

Statistical analysis

Baseline characteristics by tumor sidedness were compared
using Chi-squared and Fisher’s exact tests for categorical
and continuous variables, respectively. To estimate
the probability of TNN based on the number of LNs
examined, we adopted the Bayesian model (10) based on
two quantities:

(I) The probability of having M positive nodes, P(M),
was empirically estimated by P(M) = (number of
patients with M positive nodes)/(total number of
patients in group).

(I) The probability of m positive nodes observed in a
sample of n nodes examined over a total of N nodes,
among which M nodes are positive, P(m|M;N,n),
is obtained from a hypergeometric distribution as

follows:
M ~N-M
P(m|M;N,n)=@
MI\(N-M)!
m!(M—m)!(N—M—n+m)!(n—m)!
- N M
n!(N—n)!
=0,...,min(M,n)

The average total number of lymph nodes was assumed
to be 44 in the right colon and 46 in the left colon (6).
These numbers were obtained from the average number of
lymph nodes seen in previous studies (11). The probability
that a patient truly has M positive nodes after m nodes
were observed positive in a sample of n nodes examined is
obtained by Bayesian theorem:

_ ~ P(m|M;N,n)P(M)
P(M|m N,n) = Do P(m|MiN,n)P(M)’

=m,...N—n+m

Therefore, the probability of TNN based on the number
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of LN examined, n, is estimated as follows:

P(M =0)

Nen [(N—M)!(N—n)!]P(M)

Y [(N-M=n)INY]

P(M =0|m=0;N,n)=

The probability of TNN was calculated for both RCC
and LCC based on the number of examined nodes for
the trial and the NCDB cohort. A series of Kaplan-Meier
survival analyses were then performed for both RCC and
LCC according to different cutoffs for the number of nodes
examined. However, this was only done for the NCDB but
not the trial cohort due to sample size limitation. Hazard
ratios were generated using univariate Cox proportional
regression analysis. First analysis was based on the current
threshold of 12 LNs (1-11 vs. >12). Similar analyses were
then performed based on the number of LNs needed
to achieve three different cutoffs for the probability of
TNN (85%, 90%, and 95%) for both RCC and LCC.
All statistical analysis was performed using R software (R
Foundation for Statistical Computing, Vienna, Austria).

Results

Three hundred and seventy patients met the inclusion
criteria in the trial cohort; 49% were RCC and 48% were
LN-negative. Of 153,945 patients in the NCDB, 57% were
LN-negative and 64% were RCC. In both cohorts, patients
with LCC were younger and more likely to have node-
positive disease. The mean number of examined nodes and
the proportion of patients with >12 LNs were higher in
RCC compared to LCC in both cohorts. Chemotherapy
was given more frequently to patients with LCC than RCC
in both Cohorts (Tubles 1,2).

The probability of TNN increased as the number of
examined nodes increased in both cohorts. The probability
of TNN when 12 LNs were examined was 68% for RCC
and 64% for LCC in the trial cohort and 77% and 72%
in the NCDB (Figure I). The number of nodes needed to
achieve any given probability of TNN was significantly
different between RCC and LCC in both the trial (P<0.001)
and the NCDB (P<0.001). More LNs are needed to achieve
the same probability of TNN in patients with LCC than
RCC. The number of nodes needed to achieve an 85%
probability of TNN was 27 for RCC vs. 31 for LCC and
21 vs. 25 in the trial and NCDB cohort; respectively.
To achieve a 90% probability of TNN, 32 LNs needed
to be examined for RCC versus 36 for LCC in the trial
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cohort and 27 vs. 31 in the NCDB cohort. To reach a 95%
probability, those numbers were 38 vs. 41 and 35 vs. 38 in
the trial and NCDB cohort; respectively (Figure I).

Figure 2 illustrates four Kaplan-Meier survival analyses
based on different cutoff points for the number of examined
LNs using the NCBD. The first analysis was based on the
current threshold of 12 LNs (1-11 vs. >12) stratified by
sidedness. Compared to LCC >12 LNs as the reference
group, patients with RCC >12 LNs had worse survival (HR
1.24; P<0.001). Further analyses were then performed based
on the number of LNs needed to achieve three different
cutoffs for the probability of TNN (85%, 90%, and 95%)
for both RCC and LCC. When higher numbers of LNs
were examined, survival improved for both RCC and LCC.
Interestingly however, with higher numbers of LNs being
examined, the magnitude of improvement in survival was
higher for RCC than LCC and the difference in survival
between RCC and LCC became smaller as the probability
of TNN increased (HR for RCC vs. LCC =1.24 with 85%
TNN, 1.19 with 90% TNN, and 1.13 with 95% TNN).

Discussion

We demonstrate that tumor sidedness influences the
number of nodes that need to be examined to say with
high probability that a patient is truly node negative. This
is particularly relevant to patients with T3NO disease.
First, we showed that examining 12 LNs does not reliably
yield a TNN on either side. Second, we demonstrated
that sidedness influences the accuracy of nodal staging
in both a prospective multicenter trial and NCDB. The
number of LNs needed to accurately predict any given
probability of TNN was significantly higher in LCC than
RCC. Furthermore, as the probability of TNN improves,
survival improves for both RCC and LCC. The magnitude
of improvement in survival with more LNs examined,
however, is greater for RCC than LCC.

A secondary analysis of patients from the intergroup trial
INT-0089 showed that an increase in the number of LNs
examined was associated with improved survival for patients
with both node-negative and node-positive disease (12).
In addition, results from population-based studies show
an association between an improvement in survival and
examination of greater than or equal to 12 LNs (6,13).
The reasons for this are not well understood although
stage migration is one hypothesis—harvesting more LNs
is more likely to identify positive LN’s and therefore select
patients for AC (14,15). Some studies have suggested that
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Table 1 Baseline characteristics by tumor sidedness, trial cohort (n=370)
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Characteristic RCC (n=182) LCC (n=188) P value®
Age, mean [SD], year 68.4 [12.2] 64.8 [13.9] 0.01
Age, year, range, n [%] 0.02
<40 302 9[5]
40-65 60 [33] 82 [44]
>65 119 [65] 97 [52]
Gender, n [%] NS
Male 95 [52] 104 [55]
Female 87 [48] 84 [45]
Race/ethnicity, n [%] NS
White 105 [58] 120 [64]
Black 2] 2[1]
Asian/Pacific Islander 0[0] 1[1]
Other/unknown® 75 [41] 65 [35]
N stage, n [%] 0.002
NO 116 [64] 93 [49]
N1 49 [27] 54 [29]
N2 17 9] 41 [22]
Grade NS
I-1l 129 [71] 135 [72]
n-v 24 [13] 13[7]
Unknown 29 [16] 40 [21]
Nodes examined, n [%)] 0.06
11to 11 14 [8] 18 [10]
>12 168 [92] 170 [90]
Nodes examined, mean [SD] 21.8[10.9] 19.8 [9.6] NS
Chemotherapy, n [%] 0.01
Yes 70 [38] 86 [46]
No 79 [43] 54 [29]
Unknown 33[18] 48 [26]

®, Fisher exact test and F test for categorical and continuous variables, respectively; °, other/unknown includes missing.

other factors associated with LN harvest such as the extent
and quality of surgical resection may have an impact on
survival (16). Another hypothesis is that the immune system
and the underlying tumor biology may affect both tumor
biology and prognosis (17).

More than half of patients with CC are pathologically
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categorized as having T3 disease. According to the AJCC,
T3 is defined as transmurally invasive tumors that are
confined to the perimuscular soft tissue (i.e., that have
neither violated the serosal surface nor infiltrated an
adjacent structure) (18). Studies have shown that nodal
metastases in patients with 13 tumors is contingent upon
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Table 2 Baseline characteristics by tumor sidedness, NCDB cohort [n=153,945]

Characteristic RCC [n=98,374] LCC [n=55,571] P value®
Age, mean [SD], year 70.3[13.2] 64.9 [13.9] <0.001
Age, year, range, n [%] <0.001
<40 1,851 [2] 1,941 [3]
40-65 31,467 [32] 26,461 [48]
>65 65,056 [66] 27,169 [49]
Gender, n [%] <0.001
Male 43,581 [44] 29,288 [53]
Female 54,793 [56] 26,283 [47]
Race/ethnicity, n [%] <0.001
White 77,598 [79] 42,318 [77]
Black 11,475 [12] 6,759 [12]
Asian/Pacific Islander 2,367 [2] 2,470 [4]
Other/unknown” 6,934 [7] 4,024 [7]
N stage, n [%] <0.001
NO 56,752 [58] 29,011 [52]
N1 26,702 [27] 17,585 [32]
N2 14,920 [15] 8,975 [16]
Grade <0.001
-1l 72,690 [74] 47,319 [85]
n-v 23,720 [24] 7,267 [13]
Unknown 1,964 [2] 985 [2]
Nodes examined, n [%)] <0.001
1to 11 9,665 [10] 8,857 [16]
>12 88,709 [90] 46,714 [84]
Nodes examined, mean [SD] 20.9 [10] 18.9[9.8] <0.001
Chemotherapy, n [%] <0.001
Yes 34,353 [35] 25,017 [45]
No 59,668 [61] 28,188 [51]
Unknown 4,353 [4] 2,366 [4]

2 Chi-square test and Fischer exact test for categorical and continuous variables, respectively; °, other/unknown includes missing.

the number of examined LNs. Ong et /. recently reported
that nodal metastasis were found in 22% of specimens with
fewer than 15 LNs compared to 85% with 15 or greater
recovered nodes (19). Although national and international
guidelines recurrently recommend that at least 12 LNs
should be examined to ensure adequate staging of CC,
several studies have suggested different cutoffs for LN

© Journal of Gastrointestinal Oncology. All rights reserved.

harvest for T3 patients to ensure more accurate nodal
staging (20).

The NCCN recommends examination of a minimum of
12 LNs to accurately stage CC (3). This recommendation
is supported by the College of American Pathologist (21)
and the American Joint Committee on Cancer (18), and
it has been adopted by the Commission on Cancer (22) as
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Figure 1 The probability of true nodal negativity by tumor sidedness.
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a quality of care measure. For resected stage II (pT3NO)
CC, if fewer than 12 LNs are harvested, it is recommended
that the pathologist go back to the specimen and resubmit
more tissue for more potential LNs (3). NCCN guidelines
suggest that patients with less than 12 negative LN’s may be
sub-optimally staged and should be considered to be at high
risker risk for recurrence.

Recent studies have demonstrated that RCC and
LCC have different epidemiological, biological, clinical
characteristics, and outcomes (7,23). This raises the question
whether a different threshold for the number of examined
nodes should be applied to different segments of the colon,
particularly in patients with T3 disease. The prevalence
of nodal positivity due to false- negatives is observed for
all T stages, but its extent increases with T stage. In T3
disease, the false-negative rate has been estimated at 57%,
39%, 18% and less than 10% for 1, 3, 10 and greater than
20 nodes examined, respectively (24). In this study, we
estimated the probability of TNN as a function of both the
number of examined LNs and tumor sidedness. This may
provide a more accurate guide rather than a simple cutoff of
the number of examined nodes, and therefore improve the
selection of patients for AC.

One interesting finding in our study was the decrease in
the survival gap between RCC and LCC with the increase
in the number of examined nodes. This confirms the
findings from a recent study of 504,958 patients with stage
[-IIT CC which reported improved survival in patients with
RCC with a higher LN harvest, >22 nodes had the highest
OS (HR 0.71, 95% CI: 0.68-0.75) (25). Previous studies
have proposed that the lack of routine high ligation of the
ileocolic pedicle in RCC, as compared to IMA high ligation
for LCC, may result in different nodal harvest patterns
between the RCC and LCC and could explain, in part, the
worse survival with the former (26). However, in our study,
the mean number of examined nodes were higher in RCC
compared to LCC in both cohort which is consistent with
other studies (25,27).

Given the retrospective nature and a few key assumptions
required for the calculation of TNN, there are several
limitations to this study. First, the average total number of
LNs was assumed to be 44 in the right colon and 46 in the
left colon. These numbers were used in previous landmark
studies (6,11). Second, the “Ultra-staging in CC” trial
enrolled patients from medical centers located within the
United States, Serbia and Israel, whereas the NCDB is a
nationwide comprehensive clinical surveillance oncology
data set. This may explain the differences in some of the
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baseline characteristics as well as the probability of TINN.

The NCDB is a large national database and has
limitations related to its retrospective design and reliance
on accurate coding and data entry. Lymphovascular invasion
was insufficiently captured in the NCDB, therefore it was
not included in the final analysis. Additionally, there is
variation in surgical technique and lack of standardization
for pathologic analysis. These may have influenced the
accuracy of the reported number of LNs, especially in the
NCDB. The aim of this study however was to examine
the hypothesis of whether sidedness should be factored in
when determining the minimum number of LNs needed
to accurately stage T3NO CC and this was not impacted by
the limitations of the NCDB cohort.

Conclusions

Current guidelines regarding the minimum number of LNs
needed to accurately stage patients with T3N0 CC may
need to consider tumor sidedness as an important factor
particularly as it relates to the selection of patients for AC.
Future studies should focus on determining the number
of LNs need to be examined on each side to ensure nodal
staging accuracy and more informed AC decision making.
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