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Abstract

Background Due to conflicting study results on the effect of laterality on overall survival in primary colon cancers, we
sought to examine the impact of left compared to right-sided primary tumors on overall survival for stage I-III colon cancer
using the largest dataset to date.

Methods The 2006-2013 NCDB was queried for patients with single primary, stage I-III colon adenocarcinoma and grouped
by stage and tumor location.

Results For stage I-II tumors, 114,839 patients had resection (62% right:38% left). After adjustment, patients with right-
sided tumors had superior survival ([HR right as reference]: 1.13, 95% CI 1.09-1.17, p <0.001). For stage III tumors, 71,024
patients had resection, (59% right:41% left). After adjustment, patients with left-sided tumors had superior survival with
chemotherapy (HR 0.85, p <0.001) and no difference in survival without chemotherapy (HR 0.97, p=0.18).

Conclusions The side of the primary tumor impacts overall survival across stages for colon adenocarcinoma. Patients
with right-sided tumors have superior survival for stage I-II disease while patients with left-sided stage III disease dem-
onstrate a survival advantage, suggesting an opportunity for investigators to use sidedness as a surrogate for prognosis and

chemoresponsiveness.
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Introduction

Colorectal cancer is a leading cause of cancer deaths in
developed countries. While improvements in early detec-
tion through screening programs with endoscopy and fecal
occult blood testing have decreased the incidence of death
from colorectal malignancies, patients continue to present
with advanced disease [1]. Despite progress in detection and
systemic and targeted therapies, patients with colon adeno-
carcinomas of all stages continue to die of their disease.
Multiple studies report biologic and survival differences
between right- and left-sided primary colorectal tumors
across all stages [2]. Patients with right-sided malignancies
are reported to have decreased survival in stage III and IV
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disease [3-5]. As a group, patients with right-sided tumors
present with older age at diagnosis, more advanced tumor
at diagnosis, more aggressive histology at diagnosis, and
more females than left-sided tumors [6-9], with the excep-
tion of some studies of stage II disease [9-11]. In a recent
meta-analysis, left-sided primary tumors were associated
with a significantly reduced risk of death, independent of
stage, race, or adjuvant chemotherapy [12]. The behavior
differences between right- and left-sided diseases may not
be surprising given the different embryologic origin and dif-
ferent vascular anatomy of the right and left colon. Further-
more, gene expression is different in the midgut and hindgut
portions of the colon, attributed to both embryologic and
environmental factors [13—17]. While tumor sidedness is
increasingly implicated as a prognostic factor, it is not cur-
rently accounted for in staging, prognosis, or treatment.
Despite increasing knowledge regarding the impact of
right compared to left-sided colon adenocarcinoma, the
available literature is limited to data from highly selective
clinical trials and does not represent a broad, practice-based,
population study. The aim of this study was to evaluate the
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impact of left compared to right-sided primary tumors on
overall survival for patients at each stage of colon cancer
utilizing a large representative national database.

Materials and methods

The National Cancer Database (NCDB) is a clinical surveil-
lance database for the United States. It was developed in
conjunction with the Commission on Cancer (CoC) of the
American College of Surgeons and the American Cancer
Society. Over 70% of new cancer diagnoses in the United
States are captured through data collection from CoC
accredited cancer care centers. The data are culled from
medical records by cancer registrars using the CoC Registry
Operations and Data Standards Manual, the American Joint
Committee for Cancer Manual for Staging of Cancer, and the
International Classification of Diseases for Oncology, Third
Edition (ICD-03) [18].

Demographic, oncologic, and institutional variables
were extracted from the NCDB 2006-2013 participant user
file including patient age, gender, race, annual income,
education status, insurance type and status, year of diag-
nosis, comorbidities, geographic location and type of the
treating hospital, histologic diagnosis, pathologic stage
of tumor, tumor grade, extent of resection, and receipt
of chemotherapy [19]. Education level and income were
extrapolated from the median of those values based on the
patient’s zip code. Comorbidity distinctions are provided as
Charlson-Deyo scores [20]. Hospital types are categorized
through the NCDB as community (accession 100-500 new
cancer cases per year), comprehensive community (acces-
sion greater than 500 new cancer cases per year), or aca-
demic centers (accession greater than 500 new cancer cases
per year, provide postgraduate medical education, research,
and clinical trials).

The primary outcome of overall survival was compared
for resected stage I-III colon adenocarcinoma sub-grouped
by sidedness of the primary tumor. Patients who died within
30 days of resection were excluded to minimize the impact
of perioperative morbidity on survival. Sidedness of the pri-
mary tumor was determined by the Surveillance Epidemiol-
ogy and End Results Program (SEER) ICC-O-3 site codes
[21] as follows: right sidedness was defined as resection
from cecum through transverse colon, and left sided was the
splenic flexure to the rectosigmoid. Rectosigmoid tumors,
as determined by NDCB coders were excluded. Consistent
with other large studies of colon cancer, rectal tumors were
excluded allowing comparisons across papers while still lev-
eraging the benefits of our large dataset [10]. Furthermore,
it allowed for more direct comparison given the difference
in treatment algorithms for colon versus rectal cancers by
stage and location. We reviewed the postoperative outcomes
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of length of stay, readmission, 30-day mortality, and onco-
logic outcomes including extent of resection, total number
of lymph nodes harvested, and postoperative chemotherapy
of right-sided compared to left-sided primary tumors.

Statistical analysis

To analyze the impact of sidedness on overall survival,
Cox proportional hazard modeling was performed while
adjusting for patient (age, gender, race, insurance coverage,
income, education, and comorbidities), operative (extent of
operation, resection of contiguous organ, lymph node har-
vest, and length of stay), tumor (primary tumor site, tumor
and node staging, pathologic staging, and level of differen-
tiation), and facility characteristics (year of operation, aca-
demic vs. comprehensive community vs. community hospi-
tal). All statistical tests were two tailed with a significance
level considered to be p < 0.05 and were performed using R
Version 3.4.0(Vienna, Austria).

Results
Stage I-1ll colon adenocarcinoma, unadjusted

For stages I-11I, 198,510 patients were identified. Of those,
78,533 had left-sided tumors and 119,977 had right-sided
tumors. In unadjusted analysis, median age at resection was
younger for those with left-sided (64 years, interquartile
range (IQR): 54-74 years) compared to right-sided tumors
(71 years, IQR: 61-80 years, p <0.001). Those with left-
sided tumors were more likely to be male (52.7% vs. 44.1%,
p<0.001), non-white race (17.6% vs. 15.8%, p <0.001),
have fewer comorbidities (Charlson—Deyo score=0, 72.3%
vs. 66.9%, p<0.001), and be privately insured (44.0% vs.
31.5%, p<0.001). Small, but statistically significant, dif-
ferences were seen in tumor size, cellular differentiation,
microsatellite instability, KRAS mutation, and perineu-
ral and lymphovascular invasion (all p <0.001), although
there was substantial proportion of data reported as “No/
Unknown” and these could not be separated to know the
proportion of missing data in these fields. Left-sided
tumors were more often T1 (17.0% vs. 12.8%, p <0.001),
N1 (26.1% vs. 22.5%, p<0.001), stage 11T (39.6% vs.
36.4%, p<0.001), more likely to have segmental colectomy
(66.2% vs 19.2%, p<0.001) and elective resection (77.5%
vs. 75.6%, p <0.001), but more often had positive margins
(5.1% vs. 4.7%, p<0.001). Median overall length of stay
was equivalent between sides (6 days, p=0.203). Patients
with left-sided tumors were more likely to receive adjuvant
chemotherapy (38.7% vs. 31.3%, p<0.001) (Table 1). Those
who died within 30 days of resection were excluded for the
local stages.
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Table 1 Stage I-III unadjusted
summary of characteristics

539
Right (cecum-transverse)  Left (splenic p value
(N=119,977) flexure-sig-
moid)
(N=78,533)

Age, years median (lower quartile—upper quartile) 71 (61-80) 64 (54-74) <0.001

Gender <0.001
Male 44.1% (52,957) 52.7% (41,375)

Female 55.9% (67,020) 47.3% (37,158)

Race <0.001
White 84.1% (100,027) 82.4% (64,077)

Black 12.8% (15,242) 12.4% (9622)
Other 3.0% (3599) 5.2% (4037)

Charlson-Deyo comorbidity index <0.001
0 66.9% (80,239) 72.3% (56,818)

1 23.7% (28,448) 20.8% (16,321)
2+ 9.4% (11,290) 6.9% (5394)

Facility type <0.001
Community 16.4% (17,976) 16.6% (11,654)
Comprehensive 56.8% (62,076) 55.7% (39,120)
Academic 26.8% (29,270) 27.8% (19,515)

Insurance status <0.001
Uninsured 2.8% (3269) 4.0% (3130)

Private 31.5% (37,304) 44.0% (34,135)
Government 65.8% (77,918) 51.9% (40,262)

Income level 0.004
Below median 31.5% (36,475) 32.1% (24,322)

Above median 68.5% (79,462) 67.9% (51,493)

Education level <0.001
Below median 40.0% (46,355) 42.2% (31,988)

Above median 60.0% (69,575) 57.8% (43,814)

Year of diagnosis <0.001
2006 13.7% (16,447) 14.4% (11,307)

2007 14.3% (17,191) 14.8% (11,589)
2008 14.5% (17,365) 14.7% (11,547)
2009 14.2% (17,055) 14.1% (11,040)
2010 14.4% (17,224) 13.9% (10,922)
2011 14.4% (17,311) 14.1% (11,058)
2012 14.5% (17,384) 14.1% (11,070)

Tumor size <0.001

<lcm 4.4% (4991) 4.9% (3474)
1-1.9 cm 7.2% (8179) 9.1% (6458)
2-4.9 cm 48.0% (54,523) 52.7% (37,271)

>4.9 cm 40.4% (45,847) 33.2% (23,476)

Tumor grade <0.001
Well to moderately differentiated 77.5% (89,776) 87.1% (65,051)

Poorly or undifferentiated 22.5% (26,075) 12.9% (9674)

Microsatellite instability <0.001
No/unknown 97.0% (116,424) 98.5% (77,358)

Yes 3.0% (3553) 1.5% (1175)

KRAS mutation <0.001
No/unknown 98.3% (117,996) 98.7% (77,524)

Yes 1.7% (1981) 1.3% (1009)
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Table 1 (continued)
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Right (cecum-transverse)  Left (splenic p value
(N=119,977) flexure-sig-

moid)

(N=78,533)

18q loss of heterozygosity 0.063
No/unknown 99.9% (119,890) 99.9% (78,493)

Yes 0.1% (87) 0.1% (40)

Carcinoembryonic antigen 0.134
No/unknown 79.8% (95,781) 79.6% (62,478)

Yes 20.2% (24,196) 20.4% (16,055)

Perineural invasion <0.001
No/unknown 96.2% (115,406) 95.7% (75,155)

Yes 3.8% (4571) 4.3% (3378)

Lymphovascular invasion <0.001
No/unknown 89.3% (107,098) 90.0% (70,697)

Yes 10.7% (12,879) 10.0% (7836)

Pathologic T stage <0.001
T0/is 1.4% (1562) 1.7% (1300)

Tl 12.8% (14,701) 17.0% (12,658)
T2 17.5% (20,125) 15.5% (11,525)
T3 57.0% (65,566) 54.5% (40,573)
T4 11.4% (13,077) 11.3% (8437)

Pathologic N Stage <0.001
NO 63.7% (73,099) 60.6% (45,131)

N1 22.5% (25,871) 26.1% (19,419)
N2 13.8% (15,840) 13.3% (9894)

Disease stage <0.001
Stage 0 1.3% (1472) 1.6% (1188)

Stage I 26.1% (29.874) 26.2% (19.,430)
Stage 11 36.2% (41,440) 32.5% (24,095)
Stage 111 36.4% (41,711) 39.6% (29,313)

Extent of colectomy <0.001
Segmental 19.2% (23,072) 66.2% (51,983)
Hemicolectomy/total 80.8% (96,905) 33.8% (26,550)

Resection of contiguous organ <0.001
No 94.0% (112,749) 94.6% (74,316)

Yes 6.0% (7228) 5.4% (4217)

Emergency surgery status <0.001
Elective 75.6% (88,775) 77.5% (59,475)
Emergent 24.4% (28,707) 22.5% (17,295)

Lymph nodes examined median (lower quartile— 18 (13-24) 15 (11-21) <0.001
upper quartile)

Surgical margins <0.001
Negative 95.3% (113,315) 94.9% (73,743)

Positive 4.7% (5553) 5.1% (3924)

Hospital length of stay (days) 4/6/8 4/6/8 0.203

30-day unplanned readmission <0.001

No
Yes
30-day mortality
No
Yes

94.5% (110,567)
5.5% (6463)

100% (119,977)
0% (0)

95.0% (72,691)
5.0% (3840)

100% (78,533)
0% (0)
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Table 1 (continued) Right (cecum-transverse)  Left (splenic p value
(N=119,977) flexure-sig-
moid)
(N=178,533)
Postoperative chemotherapy <0.001

68.7% (80,282)
31.3% (36,502)

61.3% (46,918)
38.7% (29,656)

No
Yes
Fig. 1 Kaplan—Meier curve for
unadjusted survival, stage I-1I 1.00 1
by sidedness of tumor
0.751

Survival Probability
o
[\
o

0.251
— Right
- Left
0.00 - p < 0.001
0 12 24 36 48 60 72 84
Time (months)
Right 69738 63442 53021 40863 30387 20618 12436 6022
Left 42524 38938 32798 25635 19247 13373 8195 4037

Adjusted survival: stage I-11

Survival was calculated separately for stages I-II and
stage III. For stages I-II, patients with left-sided tumors
had better survival than those with right-sided tumors
(»<0.001) (Fig. 1). However, after adjustment, the results
were reversed: patients with right-sided tumors survived

Numbers At Risk

longer than those with left-sided tumors [hazard ratio (HR
1.13,95% CI11.09-1.17, p <0.001)] (Table 2).

Adjusted survival: stage Il
For stage III, patients had improved survival with left-

sided tumors compared to right-sided tumors (p <0.001)
(Fig. 2). Adjusted analysis was performed by receipt of

Table 2 Summary table of

. . Stage Survival by side Hazard ratio p value
adJus.ted hazgrds of death with (95% confidence interval)
left-sided primary tumors as the
reference value Stage I-1I Right > left 1.13 (1.09-1.17) <0.001
Stage III without chemotherapy Left>right 0.97 (0.912-1.02) 0.18
Stage III with chemotherapy Left>right 0.85 (0.815-0.892) <0.001
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Fig.2 Kaplan—Meier curve for
unadjusted survival, stage III by 1.001
sidedness of tumor
0.75
>
=
2
(=}
a 0.501
©
=
>
B
=
n
0.25 1
— Right
ago{ Ljteft p <0.001
0 12 24 36 48 60 72 84
Time (months)
nght 40959 34025 26006 18664 13164 8695 5077 2440
Left 28727 25539 20717 15177 10915 7296 4341 2028
Numbers At Risk

chemotherapy. Patients with stage III tumors who did not
receive chemotherapy had no difference in overall sur-
vival between right- and left-sided primaries (HR 0.97, CI
0.92-1.02, p=0.18). However, for patients who had chemo-
therapy, patients with left-sided tumors had improved sur-
vival compared to those with right-sided primaries (HR
0.85, CI10.82-0.89, p <0.001) (Table 2).

Discussion

In this analysis, sidedness of the primary tumor in colonic
adenocarcinoma has a significant impact on overall survival
in both unadjusted and adjusted analysis. For stage I-II
tumors, patients with right-sided primaries have superior
survival compared to those with left-sided primaries after
adjustment. For stage III, patients with left-sided primaries
who receive chemotherapy have superior survival com-
pared to those with right-sided primaries, with no impact
of sidedness for patients who did not receive chemotherapy
(Table 2). Our results are consistent with conclusions from
recent institutional studies, clinical trials, and SEER data
[3]. To date, this NCDB cohort provides the largest and most
inclusive patient population examined, making this study
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uniquely applicable to a broad range of colorectal cancer
patients.

For stage I-1I disease, our analysis suggests superior
overall survival for patients with right-sided primaries
compared to left-sided tumors. These conclusions are drawn
from the largest cohort of patients examined in the literature
thus far. Our findings are supported by prior studies includ-
ing a SEER analysis [10, 11], the Australian Cancer Registry
[9], and the German Colon/Rectum Cancer Study [22], but
differ from the null results of the study of stage I-III tumors
from Ontario [23]. The etiology of these discordant findings
is likely multifactorial, related to both surveillance colonos-
copy and tumor biology [2, 10, 17, 24, 25]. Baxter et al.
[26] identified a left, but not right-sided survival advantage
related to endoscopic screening which could account for a
left-sided survival advantage in early-stage disease. Con-
versely, the findings by Baker and colleagues suggest a more
favorable right-sided biology in early disease as right-sided
lesions were associated with dysregulated growth, where
left-sided lesions were associated with changes in cellular
differentiation [27]. Additionally, right-sided lesions are
associated with the presence of greater microsatellite insta-
bility. While our analysis was limited by missing data of
specific markers (microsatellite instability and KRAS) the
findings by Baker and colleagues are supported in our study
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as well (right vs left tumors exhibiting 3.0% vs 1.5% rate of
microsatellite instability, respectively, p <0.001), and these
tumors are associated with a favorable prognosis [2, 10, 17,
24, 25].

In stage III tumors, our analysis demonstrated survival
advantage in patients with left-sided tumors, also congruent
with prior findings [6, 11, 12, 22]. This survival advantage
appears to be specific to patients who received chemother-
apy for stage III tumors. While chemotherapy is a recorded
variable for select patients with stage II tumors, and this
was adjusted for in multivariable analysis, it was such a low
percentage of the total that it does not drive the effect size
for stage I and II tumors. It is postulated that differential
gene expression in the proximal and distal colon [2, 14,
15], is a downstream effect of both developmental factors
and differing environmental exposures which may account
for variable chemoresponsiveness. Von Einem [7] and col-
leagues considered wild-type KRAS with respect to tumor
location and demonstrated a left-side survival advantage
for advanced disease treated with cetuximab in addition to
standard chemotherapy (HR 0.67, p=0.02). Our findings
build on this concept that left-sided disease has improved
survival as this was demonstrated in our stage III analy-
sis without separating patients based on their KRAS status
as a limitation of current large-scale data collection does
not include these markers. While all patients with stage III
tumors have adjuvant chemotherapy recommended [28], a
higher percentage of patients with left-sided tumors com-
pleted the treatment (20% vs 18%, p <0.001) [11]. Com-
pletion of adjuvant therapy was independently associated
with improved survival (HR 0.59, p <0.001) [11]. However,
receipt of chemotherapy incompletely describes this survival
difference as tumor responsiveness to chemotherapy by side
has not been determined.

Limitations to our study are those inherent to retrospec-
tive analyses of large clinical databases with the possibil-
ity of coding errors; however, the data collection process
for the NCDB is well standardized, and data reporting is
closely audited [18]. Possible confounding exists for clini-
cal factors not captured within the dataset. The dose, type,
and completion of chemotherapeutic regimens are not
included in the NCDB. Performance status, and postopera-
tive complications are not available for analysis, but surro-
gates of Charlson—-Deyo comorbidity index, length of stay
and readmission are accepted as appropriate surrogates.
Tumor markers are not always tested for, and our data are
limited by the combination of negative results and miss-
ing data. Additionally, survival is only reported as overall
survival, not disease-specific survival, making direct com-
parisons with prospective trials that report disease-specific
survival challenging. Finally, to allow for comparison with
other smaller institutional studies and to ensure optimal

usage of a large dataset, we chose to limit our analysis
to colon cancers as defined by anatomical location. We
recognize that as research matures our understanding of
the biological underpinnings of the various colorectal can-
cers, this analysis will have to be refined in way that will
more precisely group various colorectal cancers, perhaps
even including rectal cancers in the analysis. Currently,
biological markers are neither understood well enough
nor captured in the NCDB to justify using them in lieu of
anatomical location. The strength of our study lies in the
large sample size of the national dataset permitting for
adequate adjustment for confounding factors for survival
including annual income, geographic location, hospital
types, and clinico-pathologic factors despite the limitation
of granularity in the data accumulated. The NCDB has an
advantage over SEER data in its inclusion of patients less
than 65 years old and it captures 70% of new cancer diag-
noses compared to 26% of cancer cases captured in SEER
[19]. The inclusion of all stage I-III colon adenocarcinoma
patients captured in the NCDB 2006-2013 is reflective of
contemporary management patterns of the United States
patient population.

Conclusions

Our results demonstrate that the side of the colon in which
a primary tumor occurs has an impact on overall survival
for colonic adenocarcinoma stages I to III. Early-stage dis-
ease (I-II) demonstrates a survival advantage for right-
sided tumors while stage III disease portends improved
survival in left-sided tumors, specifically following receipt
of chemotherapy. These data support ongoing efforts to
better understand the biologic underpinnings of these find-
ings as a powerful strategy to better predict prognosis and
select therapies for patients with colorectal cancer.
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