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Purpose: To investigate whether young patients exhibit different characteristics and survival
according to tumor location and stage using data from the Surveillance, Epidemiology, and End
Results (SEER) database.

Patients and methods: Young patients (20—49 years old) with stage I-11I colon cancers were
identified from the SEER program from 1990 to 2014. Kaplan—Meier survival analysis and Cox
proportional hazards regression were used to analyze the data. Subset analyses were also done
among different age and stage subgroups.

Results: Of 8197 patients, 3709 (45.2%) had right-sided colon cancers (RCCs). Patients with
RCCs were more likely to be male, to be younger, and to have more poorly differentiated and
more advanced tumors. The Kaplan—Meier survival curves and univariate survival models
revealed that left-sided colon cancers (LCCs) had lower mortality for all stages combined and
stage III, but higher mortality for stage II, compared with right-sided tumors. However, mul-
tivariate Cox regression models showed no significant survival differences by location for all
patients (adjusted hazard ratio [HR], 0.95; 95% confidence interval [CI], 0.86—1.05; P=0.34)
or for stage I (adjusted HR, 1.47; 95% CI, 0.82-2.63; P=0.20). Stage II left-sided cancers had
higher mortality (adjusted HR, 1.24; 95% CI, 1.00-1.54; P=0.048), whereas stage III left-
sided cancers had lower mortality (adjusted HR, 0.86; 95% CI, 0.77-0.97; P=0.01). For 20- to
39-year-old patients, a significant difference was only found in stage II disease, with a higher
mortality for left-sided tumors (adjusted HR, 1.82; 95% CI, 1.12-2.97; P=0.02). However, for
40- to 49-year-old patients, a significant difference was only found in stage I1I disease, with a
lower mortality for left-sided tumors (adjusted HR, 0.83; 95% CI, 0.72-0.95; P=0.008).
Conclusion: In patients younger than 50 years, there were no significant differences in mortality
between RCCs and LCC:s for all stages combined after adjusting for multiple clinicopathologi-
cal features. However, RCCs had lower mortality in stage II (especially in 20- to 39-year-old
patients) and higher mortality in stage III (especially in 40- to 49-year-old patients).
Keywords: young patients, survival, right-sided colon cancers, left-sided colon cancers, stages,
SEER

Introduction

Colorectal cancer (CRC) is the second leading cause of cancer deaths in the USA.!
Many studies have found that left-sided colon cancers (LCCs) and right-sided colon
cancers (RCCs) are two distinct cancers.? The association between cancer location and
mortality remains controversial. Many studies have shown that patients with RCCs
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have shorter survival than do patients with LCCs.*¢ However,
other researchers have shown that there is no significant
survival difference according to tumor location.”® Recently,
an analysis of the results of six randomized trials (includ-
ing CRYSTAL, FIRE-3, CALGB 80405, etc) showed that
metastatic RCCs and LCCs seem to have different survival
outcomes with different targeted agents.” Hopefully, these
cancers will be treated with different approaches in the future.

The incidence of CRC has been declining rapidly over the
past several decades. However, the incidence in young adults
is increasing.'®!"! Clinicopathological and survival disparities
between young and elderly patients remain controversial.
Most studies have focused on elderly patients. The survival
differences between LCCs and RCCs among young patients
are not clear. Thus, we compared the pathological character-
istics and survival outcomes between LCCs and RCCs among
young patients (20—49 years old) to investigate whether young
patients exhibit different survival and characteristics accord-
ing to tumor location and, more specifically, to determine if
this relationship is consistent across different tumor stages.

Patients and methods

Data source

We conducted a population-based retrospective cohort study
of young patients (20—49 years old) diagnosed with LCCs and
RCCs from the Surveillance, Epidemiology, and End Results
(SEER) program registries, a nationally representative col-
lection of population-based registries of all incident cancers
from Atlanta, Connecticut, Detroit, Hawaii, lowa, New
Mexico, San Francisco-Oakland, Seattle-Puget Sound, and
Utah in the USA. The SEER registry provides high-quality
data on cancer incidence, clinicopathological features, and
mortality. We obtained permission to access the research
data files with the reference number 11488-Nov2016. This
permission did not include interaction with human subjects
or use of personally identifying information and did not
require informed consent.

Patient selection

Young patients (20—49 years old) who were diagnosed with
LCCs or RCCs in the SEER database from 1990 to 2014
were included in the study. The site codes (ICD-O-3) used
included the following: right colon — C18.0 and C18.2-C18.4,
corresponding to the cecum, ascending colon, hepatic flexure,
and transverse colon, respectively; left colon — C18.5—C18.7,
corresponding to splenic flexure, descending colon, and sig-
moid colon, respectively. Large intestine NOS (C18.8—C18.9,
C26.0) were excluded from the study because the locations of

their cancers were not clear. Only patients with one primary
adenocarcinoma (microscopically confirmed) were included,
and the patients who were diagnosed with another malignancy
1 year before or after the date of colon cancer diagnosis were
excluded. Adenocarcinoma referred to SEER histology codes
8010, 8140-8147, 8210-8211, 8220-8221, 8260-8263,
8480-8481, and 8490. In addition, patients with unknown
stages and survival months were excluded. Cancer-specific
survival (CSS) was acquired from the database. The date of
the final analysis was October 10, 2017.

Statistical analysis

Data for all categorical variables were summarized as fre-
quencies, and data for all continuous variables were presented
as medians and ranges. The chi-square test was used to
compare differences in the distributions and proportions of
the demographic and clinicopathological variables by tumor
location. Survival curves were calculated using the Kaplan—
Meier method, and survival functions were compared using
the log-rank test. Unadjusted and adjusted Cox proportional
hazards regression analyses were used to estimate the asso-
ciation between tumor location and outcomes (CSS) and
to obtain the corresponding hazard ratios (HRs) and 95%
confidence intervals (CIs) for the different predictors. The
adjusted Cox regression models included year of diagnosis,
age group, sex, race, histological subtype, tumor grade,
American Joint Committee on Cancer (AJCC) TNM stage,
and marriage status. Differences were considered statisti-
cally significant for P-values <0.05. All statistical analyses
were performed using SPSS version 22.0 (IBM Corporation,
Armonk, NY, USA).

Results

Patient characteristics
A total of 8197 young patients (20—49 years old) were finally
included in the study. The characteristics of the patient cohort
are shown in Table 1. Among the 8197 patients, 52.1% (4273
of 8197) were male and 47.9% (3924 of 8197) were female.
The cases were most commonly diagnosed between the ages
of 40 and 49 years (74.3% [6092 of 8197]). Poor differentia-
tion was observed in 17.6% (1442 of 8197) of the tumors. The
majority of cases were diagnosed as stage III colon cancers
(46.0% [3772 of 8197]), which was followed by stage II colon
cancers (33.3% [2726 of 8197]). More than 12 lymph nodes
(LNs) were examined in 70.1% (5750 of 8197) of patients.
The cohort included 45.2% (3709 of 8197) RCCs and
54.8% (4488 of 8197) LCCs. Compared with LCCs, RCC
cases were more likely to be male (56.1% [2082 of 3709]
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Table | Demographic and clinicopathological features of patients
with stage |-lll colon cancers

Characteristic All RCC LCC P
(N=8197) (N=3709) (N=4488)

Age group
20-29 402 (4.9) 203 (5.5) 199 (4.4) 0.001
30-39 1703 (20.8) 823 (22.2) 880 (19.6)
4049 6092 (74.3) 2683 (72.3) 3409 (76.0)

Sex
Male 4273 (52.1) 2082 (56.1) 2191 (48.8) <0.001
Female 3924 (47.9) 1627 (43.9) 2297 (51.2)

Race
White 5889 (71.8) 2639 (71.2) 3250 (72.4) <0.001
Black 1269 (15.5) 681 (18.4) 588 (13.1)
Other 992 (12.1) 371 (10.0) 621 (13.8)
Unknown 47 (0.6) 18 (0.5) 29 (0.6)

Marital status
Married 5015 (61.2) 2237 (60.3) 2778 (61.9) 0.34
Widowed 83 (1.0) 37 (1.0) 46 (1.0)
Single, separated, 2775 (33.9) 1294 (34.9) 1481 (33.0)
or divorced
Unknown 324 (4.0) 141 (3.8) 183 (4.1)

AJCC stage
| 1699 (20.7) 530 (14.3) 1169 (26.0) <0.001
Il 2726 (33.3) 1450 (39.1) 1276 (28.4)
I 3772 (46.0) 1729 (46.6) 2043 (45.5)

Histological type
Adenocarcinoma 7102 (86.6) 2978 (80.3) 4124 (91.9) <0.001
Mucinous 968 (11.8) 653 (17.6) 315(7.0)
adenocarcinoma
Signet ring cell 127 (1.5) 78 (2.1) 49 (1.1)
carcinoma

Grade
Well 712 (8.7) 277 (7.5) 435 (9.7) <0.001
differentiated
Moderately 5506 (67.2) 2342 (63.1) 3164 (70.5)
differentiated
Poorly 1442 (17.6) 843 (22.7) 599 (13.3)
differentiated
Undifferentiated 116 (1.4) 68 (1.8) 48 (1.1)
Unknown 421 (5.1) 179 (4.8) 242 (5.4)

No. of LNs examined
0-11 2447 (29.9) 740 (20.0) 1707 (38.0) <0.001
>12 5750 (70.1) 2969 (80.0) 2781 (62.0)

Year of diagnosis
1990-1994 1267 (15.5) 697 (16.4) 660 (14.7) 0.12
1995-1999 1456 (17.8) 672 (18.1) 784 (17.5)
2000-2004 1760 (21.5) 803 (21.7) 957 (21.3)
2005-2009 1805 (22.0) 789 (21.3) 1016 (22.6)
2010-2014 1909 (23.3) 838 (22.6) 1071 (23.9)

Note: Data are presented as n (%).
Abbreviations: RCC, right-sided colon cancer; LCC, left-sided colon cancer;
AJCC, American Joint Committee on Cancer; LNs, lymph nodes.

vs. 48.8% [2191 of 4488], P<0.001) and younger (20-39
years old: 27.7% [1026 of 3709] vs. 24.0% [1079 of 4488],
P<0.001). There were more Black patients among RCC cases
(18.4% [681 0of 3709] vs. 13.1% [588 0f 4488], P<0.001) and

more Asian and other patients among LCC cases (10.0%
[371 0f3709] vs. 13.8% [621 0f 4488], P<0.001). RCC cases
exhibited a lower frequency of stage I tumors (14.3% [530
of 3709] vs. 26.0% [1169 of 4488]), a higher frequency of
stage II tumors (39.1% [1450 of 3709] vs. 28.4% [1276 of
4488]), and a slightly higher frequency of stage III tumors
(46.6% [1729 of 3709] vs. 45.5% [2043 of 4488]). Compared
with LCCs, RCCs had a greater proportion of mucinous
adenocarcinomas or signet ring cell carcinomas (19.7%
[731 of 3709] vs. 8.1% [364 of 4488], P<0.001) and more
poorly differentiated tumors (22.7% [843 of 3709] vs. 13.3%
[599 of 4488], P<0.001). Moreover, RCC cases exhibited
a higher frequency of more than 12 LNs examined (80%
[2969 of 3709] vs. 62.0% [2781 of 4488], P<0.001). In
addition, although the incidences of both LCCs and RCCs
were increasing over the past 25 years (1990-2014), there
was no significant difference in incidence between LCCs
and RCCs (P=0.12).

The patients’ characteristics by stage and location are
listed in Table 2. The distributions of race, marital status,
histological type, grade, and the number of LNs examined are
the same across stage I, stage 11, and stage I1I groups. Unlike
stage II and III patients, stage I RCC and LCC groups have
the same sex and age proportions. Interestingly, we found a
significant increase of LCCs compared with RCCs among
stage I1I patients over the years of diagnosis (P=0.03).

Prognostic factors of CSS in young

patients

The univariate and multivariate Cox proportional hazards
regression analyses were firstly performed for all stages
combined (Table 3). For all stages in the 20- to 49-year-old
patients, significant clinicopathological features of increased
mortality were decreasing age, Black ethnicity, right-sided
location, being single, separated, or divorced, increasing
AJCC stage, being mucinous or signet ring cell carcinoma,
poor differentiation, the inadequate number of (0—11) LNs
examined, and earlier year of diagnosis. The Kaplan—-Meier
survival curves of LCCs vs. RCCs are shown in Figure 1A
(P=0.002).

However, after adjusting for the above mentioned sig-
nificant clinicopathological variables, age distribution and
location were no longer the prognostic factors (age: P=0.11
and location: adjusted HR, 0.95; 95% CI, 0.86—1.05; P=0.34),
while race, marital status, AJCC stage, histological type,
grade, the number of LNs examined, and year of diagnosis
were independent prognostic factors (all P<0.001). Thus, the
results indicated that tumor location was not an independent
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Table 2 Demographic and clinicopathological features of patients with stage I-lll colon cancers stratified by stages and location

Characteristic

Stage | (N=1699)

Stage Il (N=2726)

Stage Il (N=3772)

RCC LCC P RCC LCC [ RCC LCC P

Age group
20-29 17 (3.2) 36 (3.1) 0.31 75 (5.2) 57 (4.5) 0.08 111 (6.4) 106 (5.2) 0.16
30-39 99 (18.7) 184 (15.7) 324 (22.3) 246 (19.3) 400 (23.1) 450 (22.0)
4049 414 (78.1) 949 (81.2) 1051 (72.5) 973 (76.3) 1218 (70.4) 1487 (72.8)

Sex
Male 278 (52.5) 583 (49.9) 0.32 833 (57.4) 646 (50.6)  <0.001 971 (56.2) 962 (47.1)  <0.001
Female 252 (47.5) 586 (50.1) 617 (42.6) 630 (49.4) 758 (43.8) 1081 (52.9)

Race
White 380 (71.7) 902 (77.2)  0.001 1028 (70.9) 914 (71.6)  0.001 1231 (71.2) 1434 (70.2)  <0.001
Black 93 (17.5) 123 (10.5) 276 (19.0) 184 (14.4) 312 (18.0) 281 (13.8)
Other 52 (9.8) 128 (10.9) 142 (9.8) 171 (13.4) 177 (10.2) 322 (15.8)
Unknown 5(0.9) 16 (1.4) 4(0.3) 7 (0.5) 9 (0.5) 6 (0.3)

Marital status
Married 330 (62.3) 729 (62.4) 0.67 863 (59.5) 767 (60.1) 087 1044 (60.4) 2326 (62.8) 0.48
Widowed 3(0.6) 13 (1.1) 14 (1.0) 10 (0.8) 20 (1.2) 43 (1.1)
Single, separated, or divorced 168 31.7) 356 (30.5) 522 (36.0) 449 (35.2) 604 (34.9) 676 (33.1)
Unknown 29 (5.5) 71 (6.1) 51 (3.5) 50 (3.9) 6l (3.5) 62 (3.0)

Histological type
Adenocarcinoma 484 (91.3) 1139 (97.4) <0.001 1155(79.7) 1156 (90.6) <0.001 1339 (77.4) 1829 (89.5) <0.001I
Mucinous adenocarcinoma 45 (8.5) 28 (2.4) 279 (19.2) 117 (9.2) 329 (19.0) 170 (8.3)
Signet ring cell carcinoma 1(0.2) 2(0.2) 16 (1.1) 3(0.2) 61 (3.5) 44 (2.2)

Grade
Well differentiated 92 (17.4) 205 (17.5)  0.008 106 (7.3) 105 (8.2) <0.001 79 (4.6) 125 (6.1) <0.001
Moderately differentiated 333 (62.8) 731 (62.5) 1009 (69.6) 992 (77.7) 1000 (57.8) 1441 (70.5)
Poorly differentiated 49 (9.2) 66 (5.6) 266 (18.3) 138 (10.8) 528 (30.5) 395 (19.3)
Undifferentiated 5(0.9) 5(0.4) 20 (1.4) 11 (0.9) 43 (2.5) 32 (1.6)
Unknown 51 (9.6) 162 (13.9) 49 (3.4) 30 (24) 79 (4.6) 50 (2.4)

No. of LNs examined
011 155(29.2) 684 (58.5) <0.001 281 (19.4) 422(33.1) <0.001 304 (17.6) 601 (29.4)  <0.001
212 375 (70.8) 485 (41.5) 1169 (80.6) 854 (66.9) 1425 (82.4) 1442 (70.6)

Year of diagnosis
1990-1994 73 (13.8) 146 (12.5)  0.28 245 (16.9) 228 (17.9) 0.73 289 (16.7) 286 (14.0)  0.03
1995-1999 80 (I5.1) 200 (17.1) 273 (18.8) 239 (18.7) 319 (18.4) 345 (16.9)
2000-2004 102 (19.2) 268 (22.9) 339 (234) 274 (21.5) 362 (20.9)  415(20.3)
2005-2009 137 (25.8) 276 (23.6) 285 (19.7) 267 (20.9) 367 (21.2) 473 (23.2)
2010-2014 138 (26.0) 279 (23.9) 308 (21.2) 268 (21.0) 392 (22.7) 524 (25.6)

Note: Data are presented as n (%).

Abbreviations: RCC, right-sided colon cancer; LCC, left-sided colon cancer; LNs, lymph nodes.

prognostic factor for CSS in all 20- to 49-year-old colon
cancer patients.

Survival analyses by tumor stage and

location

We separated all the 20- to 49-year-old patients into three stage
groups. The Kaplan—Meier survival curves (Figure 1B-D) and
univariate Cox model (Table 4) revealed that the significant
benefit of LCCs over RCCs only existed in the stage III group
(Figure 1D; HR, 0.80; 95% CI, 0.72-0.90; P<0.001). In the
stage I group, the CSS was similar between LCC and RCC
cases (Figure 1B; HR, 1.08; 95% CI, 0.62—-1.86; P=0.79).
However, the RCC cases had a better CSS than did the stage
II LCC cases (Figure 1C; HR, 1.36; 95% CI, 1.11-1.66;

P=0.003), but this result was similar to the findings in stage
II cases older than 50 years in some previous studies.

After adjustment for age distribution, sex, race, histologi-
cal subtype, tumor grade, AJCC stage, marriage status, the
number of LNs examined, and year of diagnosis (Table 4),
stage II LCCs still had higher mortality than RCCs (adjusted
HR, 1.24; 95% CI, 1.00-1.54; P=0.048), and stage III
LCC:s still had lower mortality (adjusted HR, 0.86; 95% CI,
0.77-0.97; P=0.01). No significant differences in mortality
were observed between LCCs and RCCs in stage I (adjusted
HR, 1.47; 95% CI, 0.82-2.63; P=0.20). Tumor location was
not the independent prognostic factor in all stages of cancers
in young patients, and this conclusion was not consistent
across different stage groups.
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Table 3 Univariate and multivariate survival analysis of prognostic factors in young colon cancer patients (20—49 years old)

Characteristic

Univariate survival analysis

Multivariate survival analysis*

HR (95% CI) P HR (95% CI) P
Age group
20-29 | 0.048 [ 0.11
30-39 0.76 (0.61-0.96) 0.91 (0.72-1.14)
4049 0.77 (0.63-0.95) 1.03 (0.84-1.28)
Sex
Male | 0.17 | 0.15
Female 0.93 (0.85-1.03) 0.93 (0.84-1.03)
Race
White | <0.001 [ <0.001
Black 1.49 (1.31-1.68) 1.41 (1.24-1.59)
Other 1.14 (0.99-1.33) 1.14 (0.98-1.32)
Unknown 0.13 (0.02-0.93) 0.17 (0.02-1.20)
Location
RCC | 0.002 [ 0.34
LCC 0.86 (0.78-0.95) 0.95 (0.86—1.05)
Marital status
Married | <0.001 | <0.001
Widowed 1.40 (0.92-2.14) 1.24 (0.81-1.90)
Single, separated, or divorced 1.28 (1.15-1.41) 1.26 (1.13-1.40)
Unknown 0.98 (0.74-1.29) 1.25 (0.95-1.65)
AJCC stage
| | <0.001 | <0.001
Il 3.95 (3.02-5.16) 3.88 (2.95-5.10)
11l 11.13 (8.62-14.37) 11.0 (8.47-14.278)
Histological type
Adenocarcinoma | <0.001 | <0.001
Mucinous adenocarcinoma 1.39 (1.22-1.59) 1.17 (1.02—-1.35)
Signet ring cell carcinoma 4.52 (3.55-5.76) 2.54 (1.95-3.30)
Grade
Well differentiated I <0.001 | <0.001
Moderately differentiated 1.49 (1.21-1.83) 1.14 (0.93-1.41)
Poorly differentiated 2.58 (2.07-3.22) 1.47 (1.17-1.85)
Undifferentiated 3.17 (2.13-4.71) 1.93 (1.28-2.90)
Unknown 1.50 (1.12-2.01) 1.41 (1.05-1.90)
No. of LNs examined
011 | <0.001 | <0.001
212 0.83 (0.76-0.92) 0.71 (0.64-0.79)
Year of diagnosis
1990-1994 | <0.001 | <0.001
1995-1999 0.79 (0.69-0.91) 0.77 (0.68-0.89)
20002004 0.68 (0.60-0.78) 0.69 (0.61-0.80)
2005-2009 0.57 (0.50-0.66) 0.59 (0.51-0.68)
20102014 0.34 (0.27-0.42) 0.35 (0.28-0.45)

Note: *Cox regression model controlling for year of diagnosis, age groups, sex, race, histological subtype, tumor grade, AJCC TNM stage, the number of LNs examined,

and marriage status.

Abbreviations: HR, hazard ratio; Cl, confidence interval; RCC, right-sided colon cancer; LCC, left-sided colon cancer; AJCC, American Joint Committee on Cancer; LNs,

lymph nodes.

Survival analyses by tumor stage and

worst CSS (Figure 2A, P=0.047). However, this disparity

only existed for LCCs (Figure 2C, P=0.03), not RCCs

location in age subgroups

There were 4.9% (402 of 8197) 20- to 29-year-old, 20.8%
(1703 of 8197) 30- to 39-year-old, and 74.3% (6092 of
8197) 40- to 49-year-old patients. Kaplan—Meier survival
curves indicated that 20- to 29-year-old patients had the

(Figure 2B, P=0.19). We separated the patients into two
age subgroups, 20- to 39-year group and 40- to 49-year
group, because of the small population of 20- to 30-year-
old patients.
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Figure | Kaplan—Meier plots of cancer-specific survival in young colon cancer patients (20—49 years old) stratified by tumor location: (A) all stages combined; (B) stage |

disease; (C) stage |l disease; and (D) stage lll disease.
Abbreviations: RCC, right-sided colon cancer; LCC, left-sided colon cancer.

Table 4 Adjusted HRs and 95% Cls for cancer-specific survival by stage

Analysis All stages (N=8197) Stage | (N=1699) Stage 11 (N=2726) Stage 11l (N=3772)
type HR (95% CI) P HR (95% CI) P HR (95% CI) P HR (95% CI) P
Unadjusted
RCC | 0.002 | 0.79 | 0.003 | <0.001
Lcc 0.86 (0.78-0.95) 1.08 (0.62—1.86) 136 (1.11-1.66) 0.80 (0.72-0.90)
Adjusted*
RCC | 0.34 | 0.20 | 0.048 | 0.01
Lcc 0.95 (0.86-1.05) | 47 (0.82-2.63) .24 (1.00-1.54) 0.86 (0.77-0.97)

Note: *Cox regression model controlling for year of diagnosis, age groups, sex, race, histological subtype, tumor grade, AJCC TNM stage, the number of LNs examined,

and marriage status.

Abbreviations: HR, hazard ratio; Cl, confidence interval; RCC, right-sided colon cancer; LCC, left-sided colon cancer; AJCC, American Joint Committee on Cancer; LNs,

lymph nodes.
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Figure 2 Kaplan—Meier plots of cancer-specific survival in young colon cancer patients (2049 years old) stratified by age subgroups: (A) all patients; (B) right-sided colon

cancers; and (C) left-sided colon cancers.

For the 20- to 39-year-old patients, the Kaplan—Meier
survival curves revealed no significant survival difference
between LCCs and RCC:s for all stages combined (P=0.91),
stage I (P=0.39), and stage III (P=0.17). However, the patients
with stage II RCCs had a better CSS than did the patients
with stage II LCCs (P<0.001) (Figure 3A-D). Adjusted
Cox survival models also revealed similar results, with no
differences for all stages combined (adjusted HR, 1.12; 95%
Cl, 0.91-1.37; P=0.29), stage I (adjusted HR, 1.06; 95% CI,
0.29-3.91; P=0.92), and stage III (adjusted HR, 0.99; 95%
CI, 0.79-1.24; P=0.92), but a higher mortality for stage
IT LCCs (adjusted HR, 1.82; 95% CI, 1.12-2.97; P=0.02)
(Table 5, 20-39 years).

For the 40- to 49-year-old patients, the Kaplan—Meier sur-
vival curves revealed a decreased risk of mortality for LCCs,
compared with RCCs, for all stages (P<0.001) and stage III
(P<0.001) and no significant survival difference between
LCCs and RCCs for stage I (P=0.46) and stage II (P=0.17)
(Figure 4A-D). For stage 111 patients, after adjusting for the

above mentioned clinicopathological features, the LCCs still
had lower mortality compared with RCCs (adjusted HR,
0.83; 95% CI, 0.72—0.95; P=0.008). However, the adjusted
survival models revealed no difference for all stages com-
bined (adjusted HR, 0.91; 95% CI, 0.81-1.02; P=0.11), which
was inconsistent with the results from the unadjusted models
(Table 5, 4049 years).

Discussion

Due to large-scale screening efforts, the CRC incidence in
adults over the age of 50 has been declining over the past
30 years. However, CRC incidence is rising among adults
younger than 50.!%13 A SEER-based analysis with comparison
to other young-onset cancers showed that CRCs were the
second most incident cancers and the third leading cause
of cancer deaths among adults younger than age 50 in the
USA.! This phenomenon was also verified in our study. In
particular, we found a significant increase of LCCs compared
with RCCs in stage III patients over the years of diagnosis
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Figure 3 Kaplan—Meier plots of cancer-specific survival in young colon cancer patients (20-39 years old) stratified by tumor location: (A) all stages combined; (B) stage |

disease; (C) stage |l disease; and (D) stage Il disease.
Abbreviations: RCC, right-sided colon cancer; LCC, left-sided colon cancer.

(P=0.03), perhaps because LCCs are more easily diagnosed
by colonoscopy.

CRCs in young patients are often diagnosed at a more
advanced stage with more resistant and aggressive fea-
tures.'>!¢ Survival disparities between young and elderly
patients remain controversial. Studies have supported both
worse survival'"!® and better survival'*?! for young patients.
In this study, we found that 20- to 29-year-old patients had
the worst CSS (P=0.047), compared with 30- to 39-year-old
and 40- to 49-year-old patients. However, this disparity only
existed in LCCs (P=0.03), perhaps because the very young
(20-29 years old) people usually go to see a doctor and do a
colonoscopy only when they have very severe symptoms and
LCCs at a higher stage are more easily diagnosed.

Many previous studies have found that LCCs and RCCs
are two distinct cancers with different clinicopathological
features, molecular alterations, and prognoses. However,
it should be noted that most of the populations in previous

studies were patients older than 50 years. Those studies did
not represent patients younger than 50 years. The survival
differences between RCCs and LCCs among young patients
are not clear. To date, this is the first study to examine whether
young patients exhibit different characteristics and survival
according to tumor location and stage.

It has been proposed that LCCs originate from the mid-
gut and RCCs from the hindgut. RCCs are more likely to be
exophytic and present with anemia. However, LCCs are often
infiltrating lesions that present with obstructive symptoms.
Patients with RCCs are more likely to be female, to be older,
to be diagnosed at a more advanced stage, and to have more
poorly differentiated tumors compared with LCCs.? Similarly,
in the present study, we found that RCCs in young patients
also tended to be poorly differentiated and exhibited a higher
frequency of stage II-1II tumors. However, young patients
with RCCs were more likely to be male (56.1% [2082 of
3709] vs. 48.8% [2191 of 4488], P<0.001) and younger
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Table 5 Adjusted HRs and 95% Cls for cancer-specific survival by stage in different age groups

20-39 years: All stages (N=2105) Stage | (N=336) Stage Il (N=702) Stage 11l (N=1067)
analysis type HR (95% CI) P HR (95% CI) P HR (95% CI) P HR (95% Cl) P
Unadjusted
RCC [ 091 [ 040 | 0.001 | 0.17
LCcC 1.01 (0.84-1.22) 0.62 (0.21-1.85) 2.19 (1.40-3.44) 0.86 (0.70-1.07)
Adjusted*
RCC I 0.29 I 092 | 0.02 I 0.92
LcC 1.12 (0.91-1.37) 1.06 (0.29-3.91) 1.82 (1.12-2.97) 0.99 (0.79-1.24)
40-49 years: All stages (N=6092) Stage | (N=1363) Stage 1l (N=2024) Stage Ill (N=2705)
analysis type HR (95% CI) P HR (95% CI) P HR (95% CI) P HR (95% CI) P
Unadjusted
RCC I <0.001 I 046 | 0.17 I <0.001
LcC 0.81 (0.73-0.91) 1.277 (0.67-2.45) 1.17 (0.93-1.47) 0.78 (0.68-0.89)
Adjusted*
RCC I 0.11 [ 010 | 0.49 I 0.008
LcC 0.91 (0.81-1.02) 1.796 (0.90-3.57) 1.09 (0.86-1.38) 0.83 (0.72-0.95)

Note: *Cox regression model controlling for year of diagnosis, age groups, sex, race, histological subtype, tumor grade, AJCC TNM stage, the number of LNs examined,

and marriage status.

Abbreviations: HR, hazard ratio; Cl, confidence interval; RCC, right-sided colon cancer; LCC, left-sided colon cancer; AJCC, American Joint Committee on Cancer; LNs,

lymph nodes.
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Figure 4 Kaplan—Meier plots of cancer-specific survival in young colon cancer patients (4049 years old) stratified by tumor location: (A) all stages combined; (B) stage |
disease; (C) stage Il disease; and (D) stage Ill disease.
Abbreviations: RCC, right-sided colon cancer; LCC, left-sided colon cancer.
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(20-39 years old: 27.7% [1026 of 3709] vs. 24.0% [1079
of 4488], P<0.001), which were inconsistent with data in
elderly patients.

In multivariate Cox models, we found that race, marital
status, AJCC stage, histological type, grade, the number
of LNs examined, and year of diagnosis were independent
prognostic factors in all young patients. Factors including
increasing AJCC stage, being mucinous or signet ring cell
carcinoma, and poor differentiation were associated with
increased mortality, which were easily explained by their
poor clinicopathological features. Patients of Black ethnicity
were related to poor prognosis compared with those of other
ethnicities, probably because of their special genetic features
and their poor medical treatment. The inadequate number
of (0—11) LNs examined was related to higher mortality,
indicating that it is important to acquire adequate number
of (=12) LNs during the surgery of colon cancers even in
young patients. Interestingly, we found that patients who were
single, separated, or divorced tended to have shorter CSS,
probably because of their poor income and less investment in
treatment. In addition, we found a decreasing mortality over
the years of diagnosis, indicating the progress in therapeutic
efficacy and the good effects of large-scale screening, despite
the increasing incidence during the last 30 years.

The relationship between cancer location and mortality
remains controversial. Many studies have shown that patients
with RCCs have shorter survival compared to those with
LCCs. By analyzing the data of 77,978 cases in the SEER
database (1988-2003, >18 years old, stages [-1V), Meguid
et al found that the median survival for RCCs was 78 vs. 89
months for LCCs (P<0.001).> RCCs were associated with an
increased mortality risk compared with LCCs for all stages
combined (HR, 1.04; 95% CI, 1.02-1.07), stage III (HR,
1.06; 95% CI, 1.02—1.11), and stage IV (HR, 1.22; 95% CI,
1.16-1.28). However, there were no differences in survival
between patients with stage I LCCs and RCCs (HR, 1.00;
95% CI, 0.93-1.08), and better survival was observed in
patients with stage Il RCCs over those with LCCs (HR, 0.91;
95% CI, 0.88—0.95). In addition, Benedix et al found similar
results by analyzing 17,641 cases in Germany (2000-2004,
stages [-IV).* Stage analysis demonstrated a significantly
shorter 5-year survival rate for RCCs for all stages combined
(67% vs. 71%, P<0.01), stage 1 (78% vs. 84%, P<0.01),
and stage III (55% vs. 60%, P<0.01), but not for stage II
(74% vs. 72%). In 2016, a meta-analysis of 66 studies was
conducted by Petrelli et al.> This analysis included 1,437,846
patients with a median follow-up of 65 months. LCCs were
associated with a significantly reduced risk of death (HR,

0.82; 95% CI, 0.79-0.84; P<0.001). Another review and
meta-analysis by Yahagi et al also advocated that patients
with RCCs have significantly worse overall survival (OS)
than those with LCCs.6

However, other researchers have shown that there is no
significant survival difference between patients with all stages
combined according to tumor location. In 2011, Weiss et
al reexamined the relationship between tumor location and
5-year mortality by analyzing 53,801 cases in the SEER
database (1992-2005, >65 years old, stages I-1II).” After
more extensive adjustment and limiting the sample to a more
homogeneous group of patients with a narrower age distribu-
tion and a curative intent, there was no overall difference in
S-year mortality between RCCs and LCCs with all stages
combined (HR, 1.01; 95% CI, 0.98-1.04; P<0.60) or for stage
I cancers (HR, 0.95; 95% CI, 0.88—-1.03; P<0.21). However,
stage II RCCs had lower mortality than LCCs (HR, 0.92;
95% CI, 0.87-0.97; P<0.001), and stage III RCCs had higher
mortality (HR, 1.12; 95% CI, 1.06—1.18; P<0.001). Karim et
al conducted another population-based retrospective cohort
study of patients from Canada (2002-2008, stages I-I1I) and
found that in adjusted analyses, there was no difference in
long-term survival between RCCs and LCCs with all stages
combined (OS: HR, 1.00; 95% CI, 0.92—-1.08 and CSS:
HR, 1.00; 95% CI, 0.91-1.10) or for stage III disease (OS:
HR, 1.03; 95% CI, 0.93-1.14 and CSS: HR, 1.10; 95% ClI,
0.97-1.24).2 Interestingly, Warschkow et al analyzed 91,416
patients from the SEER database (20042012, stages I-111).%
After propensity score matching, the prognosis of RCCs was
better than that of LCCs regarding OS and CSS for all stages
combined and for stages I and II. LCCs and RCCs had similar
prognoses for stage III cases.

The results of our study were similar to those reported in
the study conducted by Weiss et al.” After adjustment for mul-
tiple clinicopathological features, race, marital status, AJCC
stage, histological type, grade, the number of LNs examined,
and year of diagnosis were independent prognostic factors
of CSS, but no significant difference in mortality was found
between LCCs and RCC:s for all stages combined (adjusted
HR, 0.95; 95% CI, 0.86—1.05; P=0.34). In our study with
young patients, we also found that the association between
location and prognosis was not consistent across different
stage groups, which was very similar to the above mentioned
studies with elder patients. In adjusted Cox models, stage
IT LCCs had higher mortality than stage II RCCs (adjusted
HR, 1.24; 95% CI, 1.00—1.54; P=0.048) and stage III LCCs
had lower mortality than stage III RCCs (adjusted HR, 0.86;
95% CI, 0.77-0.97; P=0.01). It indicated that tumor location
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was an independent prognostic factor in stage II or stage II1
cancers, but the conclusions were opposite.

Furthermore, the opposite tendency of stage II and III
tumors did not exist in the two age subgroups. For 20- to
39-year-old patients, a significant difference was only found
in stage II disease, with a higher mortality of LCCs over
RCCs (adjusted HR, 1.82; 95% CI, 1.12-2.97; P=0.02). How-
ever, for 40- to 49-year-old patients, a significant difference
was only found in stage III disease, with a lower mortality
of LCCs over RCCs (adjusted HR, 0.83; 95% CI, 0.72—0.95;
P=0.008). The reasons for the different survival distribution
between the two age subsets were unclear, and may be the
different clinicopathological and molecular features between
the two age subgroups.

The reason for better survival of young patients with
stage 111 LCCs over those with RCCs is probably attributed
to their unique clinicopathological features. In this study,
young patients with RCCs were more likely to be Black
people, have poorly differentiated tumor, and exhibiting
higher frequencies of more advanced stages, which were all
related to poor prognosis. More importantly, it is probably due
to the different genetic or molecular characteristics between
RCCs and LCCs.

CRCs are a group of heterogeneous diseases with multiple
molecular alterations, including chromosomal instability
(CIN), CpG island methylator phenotype (CIMP), gene
mutations (KRAS, NRAS, BRAF, PTEN, etc.), microsatellite
instability (MS]), alterations in Wnt, PI3K, TGF-3, NF-xB
pathways, and changes of immune microenvironment. These
molecular alterations play an important role in tumor forma-
tion, drug resistance, and prognosis and are considered as the
basis for the individual precision treatment.

CIN exists in about 80% of CRC patients and is more
common in LCCs. CIN can lead to the mutation of several
tumor suppressor genes, such as APC and p53, which is an
important event in the adenoma—carcinoma sequence.? CIN
is reported to be an independent poor prognostic factor in
colon cancers.? The incidence of CIMP is about 15%. CIMP
is more common in RCCs and was related to poor prognosis
in previous studies.? In addition, it was reported that CIMP
in RCCs is related to high frequencies of BRAF mutation
and MSI.2¢

EGFR-RAS-RAF-MAPK pathway is an important
target in the treatment of colon cancers. Gene mutations
in this pathway, such as KRAS, NRAS, BRAF, PI3KCA,
and PTEN, have been of great interest in clinical cancer
research. However, only KRAS mutation has been vali-
dated and is accepted in clinical practice as a predictive

biomarker of response to EGFR inhibitors. Patients with
KRAS-mutant tumors cannot benefit from EGFR inhibi-
tors such as cetuximab.?”’ It was reported that RCCs had
higher frequencies of KRAS mutations. According to the
results of FIRE-3, CRYSTAL, and CALGB/SWOG 80405
clinical trials, metastatic LCCs significantly benefit more
from cetuximab compared with RCCs.>?*? BRAF mutation
exists mainly in RCCs. It is a poor prognostic factor with a
higher risk of LN and peritoneal metastasis.** Tumors with
BRAF mutation also benefit less from anti-EGFR therapy.
Indeed, BRAF mutation is associated with poor prognosis
in microsatellite stable (MSS) and low MSI (MSI-L) CRC,
but their known effect is reduced in tumors with high MSI
(MSI-H) status.?%*

Compared with LCCs, RCCs have higher frequencies
of CIMP, BRAF, and KRAS mutations.>?* The above find-
ings may explain the potential mechanism of worse survival
outcome of stage III and IV RCCs in elderly colon cancer
patients. Similarly, in this study, the better survival out-
come of stage III LCCs in young patients may probably be
explained by the above molecular alterations, although it is
not yet completely clear whether there is any difference in
tumor biology between elderly patients and younger patients.

The reasons for better survival of patients with stage 11
RCCs deserve further discussion. Weiss et al concluded that
these differences were most likely related to tumor biology
and especially to MSI. MSI or mismatch repair deficiency
exists in 15-20% of CRC patients. MSI-H tumors are pre-
dominantly observed in RCCs and tend to be poorly differen-
tiated. The frequency of MSI is decreased with the increase of
the tumor stage, with 15-20% in stage II tumors and <15%
in stage III tumors.** In addition, MSI-positive tumors are
associated with higher degree of lymphocytic infiltration
and inflammatory reaction.*> Multiple studies have found
that patients with early-stage MSI-positive colon cancer
have better survival.’** MSI-positive status is associated
with a decreased risk of LN and distant organ metastases.***’
PETACC-3 trial also showed better recurrence-free survival
and OS, and decreased risk of metastases, for MSI-H tumors,
compared with MSI-L and MSS tumors.*' Thus, young
patients with stage I RCCs may have higher rates of MSI,
which probably explains the better survival of patients with
stage II RCCs in this study, although few studies examined
the difference of MSI status between the young patients and
the elderly patients.

Our study has several limitations. First, there is currently
no consensus on the definition of young CRC patients. The
cutoff point in previous studies included an age of 40, 50,
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or even 45.42% In western countries, CRC screening is rec-
ommended for adults older than 50. Thus, we chose age 50
as a cutoff point, but this choice might have been arbitrary.
Second, some information, such as family history includ-
ing Lynch syndrome and familial adenomatous polyposis,
performance status, and surgical and chemotherapeutic
treatments, cannot be acquired from the SEER data. It has
been reported that young CRC patients tend to receive more
aggressive treatments.* These data might result in different
outcomes compared with elderly patients. Third, data regard-
ing MSI status were not available in the SEER database.
Thus, we could not examine whether MSI is responsible
for the better survival in stage Il RCCs and whether there
is any difference in MSI distribution between the young and
the elderly. Forth, we cannot acquire information regard-
ing other molecular biomarkers, such as the status of CIN,
CIMP, gene mutations in EGFR-RAS-RAF-MAPK, TGF-f,
NF-xB, PIK3CA, Wnt pathways, and so on.* These data
may explain the underlying mechanism of the disparities in
prognosis as discussed above. Finally, we did not include
the patients with stage IV cancers, and their targeted agents
were unknown. It was reported that metastatic KRAS-wild
LCCs significantly benefit more from cetuximab, and
metastatic KRAS-wild RCCs relatively benefit more from
bevacizumab. It is unclear whether the associations among
tumor location, target agents, and survival are consistent
with young patients. Recently, experts reached an agree-
ment that described four consensus molecular subtypes
(CMYS) for CRCs, including CMS1 (MSI-immune), CMS2
(canonical), CMS3 (metabolic), and CMS4 (mesenchymal).
It is suggested as a basis for future clinical stratification in
trials and studies with potential for subtype-based targeted
interventions.*#’ Further research is required to examine its
applicability in young CRC patients, and there is a long way
to go in the future to achieve the goal of precision treatment.

Conclusion

There was no significant difference in mortality between
RCCs and LCCs for all stages combined after adjusting for
multiple clinicopathological features in patients younger than
50 years old. However, this conclusion was not consistent
across different stages. Adjusted models showed that RCCs
had lower mortality in stage I disease (especially in 20- to
39-year-old patients) and higher mortality in stage III disease
(especially in 40- to 49-year-old patients). Further research
is needed to investigate the underlying mechanisms for these
disparities.
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