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Purpose: The purpose of this study was to determine whether macroscopic growth patterns
had an impact on the prognosis of colorectal cancer (CRC) patients with different tumor-node—
metastasis (TNM) stages and responses to chemotherapy in stage I1I patients.

Patients and methods: We retrospectively recruited 4,080 stage I-III CRC patients who
underwent curative resection at Shandong Provincial Hospital affiliated to Shandong University.
All patients were grouped by macroscopic growth patterns (expansive, infiltrative and ulcerative
subtypes), and stage III patients were further divided into chemotherapy and nonchemotherapy
groups. Kaplan—Meier methods, univariate and multivariate analyses and subset analyses were
performed to assess the overall survival (OS), cancer-specific survival (CSS) and disease-free
survival (DFS).

Results: Kaplan—Meier survival curves and univariate analyses revealed better OS (HR=0.731;
95% CI1=0.584-0.916), CSS (HR=0.714; 95% CI=0.548-0.932) and DFS (HR=0.722; 95%
CI=0.602—0.864) in the expansive subtype and worse OS (HR=2.121; 95% CI=1.457-3.088),
CSS (HR=2.499; 95% CI=1.664-3.753) and DFS (HR=2.360; 95% CI=1.756-3.170) in the
infiltrative subtype. Subset analyses based on the tumor—node—metastasis stage showed that the
infiltrative subtype was associated with inferior DFS in stage II (HR=2.357; 95% CI=1.210-4.595)
and stage III patients (HR=1.941; 95% CI=1.394-2.702) and inferior OS and CSS in stage III
patients (HR=1.805; 95% CI=1.210-2.693 and HR=1.981, 95% CI=1.280-3.065, respectively).
In addition, multivariate Cox proportional hazard regression models revealed similar results.
Furthermore, in stage III patients, the OS, CSS and DFS in both the expansive and ulcerative
subtypes were significantly extended after the administration of chemotherapy (all, P<0.001).
However, the OS, CSS and DFS in the infiltrative subtype did not change significantly after the
administration of chemotherapy (P=0.486, 0.290 and 0.731, respectively).

Conclusion: The macroscopic growth pattern was an independent prognostic factor among
stage I-1II CRC patients. The infiltrative subtype had the worst prognosis in stage III patients
and did not display survival benefits from chemotherapy.

Keywords: colon cancer, infiltrative subtype, prognosis, TNM stage, chemotherapy

Introduction
Colorectal cancer (CRC) is the third most common cancer and a leading cause of
cancer-related mortality worldwide.!? Over the past several decades, the outcomes
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of CRC patients have improved significantly owing to
advanced surgical techniques and novel adjuvant chemo-
therapy regimens, but the 5-year survival rate remains
~60%.3* In clinical practice, a variety of approaches have
been tried to systematically manage CRC to improve
poor outcomes. Tumor—node—metastasis (TNM) staging
is the most significant risk factor for CRC,’ and it is rec-
ommended that stage III and high-risk stage II patients
undergo adjuvant chemotherapy.® However, the prognosis
and chemotherapeutic sensitivity of CRC in patients with
the same TNM stage vary distinctly. TNM staging based on
clinicopathological characteristics, such as tumor location’
and perineural invasion (PNI),® has been widely investi-
gated. However, to date, the optimal prognostic factor for
CRC has not been discovered and further investigation is
warranted. Therefore, additional sensitive predictive factors
that can be easily acquired are needed to better evaluate the
prognosis and response to chemotherapy of CRC and used
as supplementary factors for TNM staging.

Macroscopic morphological features are common medical
parameters that can easily be obtained from medical records
and help classify CRC in China. Tumors are commonly classi-
fied into three morphological subtypes (expansive, infiltrative
and ulcerative subtypes) according to gross observations based
on the Chinese Standard for the Diagnosis and Treatment of
Colorectal Cancer (2010),’ and the colonoscopic findings of
these subtypes are shown in Figure 1.

Extensive studies have investigated the relationship
between histological findings and clinical outcomes of
CRC, but no consensus has been reached on the prognostic
and predictive value of macroscopic growth patterns in
CRC.'" Previous studies have shown that the gross tumor
configuration is a factor with no prognostic significance.!":2
However, accumulating evidence has demonstrated that
CRC is characterized differently based on macroscopic
morphological features, including biological behaviors,
genetic features and prognosis.'>!'* Yang et al found that in
terms of prognosis, gross tumor type was correlated with

disease-free interval.'® Chen et al divided CRC into two
morphologies (massive and ulcerative/infiltrative morpholo-
gies) and found that the ulcerative/infiltrative morphology
was an independent risk factor for apical node metastasis
and thus was correlated with poor prognosis.' Chian et
al also divided CRC into two major groups (polypoid
and ulcerative CRC) which displayed different genetic
alterations and clinicopathological features.!” However,
they excluded the infiltrative subtype or combined it with
the ulcerative subtype. Few studies have compared the
clinical survival and response to chemotherapy between
the infiltrative subtype and other subtypes, which should
not be neglected.

Thus, in the present study, expansive, infiltrative and
ulcerative growth patterns were evaluated as distinct sub-
types, and we compared the clinical, pathological and
molecular features among them to investigate whether dif-
ferent macroscopic growth patterns were associated with
the prognosis. Furthermore, for stage III CRC patients, we
compared the prognosis of the chemotherapy group and the
nonchemotherapy group with different macroscopic growth
patterns to evaluate the predictive effect of macroscopic
growth patterns for chemotherapeutic efficacy.

Patients and methods

Patients

A total of 4,080 qualified CRC patients who were treated at
Shandong Provincial Hospital affiliated to Shandong Univer-
sity between March 2000 and July 2016 were retrospectively
recruited. The inclusion criteria were as follows: 1) patients
with pathologically confirmed carcinoma of the colon and
rectum; 2) patients who underwent curative surgical resec-
tion; 3) patients who were 18-90 years old at the time of
diagnosis and 4) patients with stage I-III CRC. The exclu-
sion criteria were as follows: 1) patients with two or more
asynchronously or synchronously primary tumors; 2) patients
with synchronous distant metastases; 3) patients without data
regarding macroscopic growth pattern or 4) patients who

Figure | Colonoscopic findings of expansive, infiltrative and ulcerative growth patterns of colorectal cancer.

Notes: (A) expansive subtype, (B) infiltrative subtype and (C) ulcerative subtype.
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received neoadjuvant therapy. The seventh edition of the
AJCC Cancer Staging Manual was used for tumor staging.

Data collection

The intact data, including clinicopathological features and
demographic characteristics, were collected from the hospital
database by trained staff. The data collection procedures were
controlled for quality, and the data collected were standard-
ized. The following parameters were recorded: gender, age
at diagnosis, primary tumor location, tumor differentiation,
TNM stage, histological subtype, macroscopic growth pat-
tern, presence of venous invasion, presence of PNI, presence
of tumor deposits and chemotherapeutic treatment.

Ethical approval and informed consent

The study protocol was approved by the Ethics Committee
of Shandong Provincial Hospital affiliated to Shandong Uni-
versity. Written informed consent was obtained, and all the
methods used were performed in accordance with the relevant
guidelines and regulations from the committee.

Follow-up

Follow-up data were collected from the tumor registry data-
base and the total death database of the Shandong Center
for Disease Control and Prevention by the School of Public
Health, Shandong University. The overall survival (OS),
cancer-specific survival (CSS) and disease-free survival
(DFS) were selected as primary endpoints. The OS was
defined as the time from initial surgical treatment to death
due to any cause. The CSS was calculated from the date of
surgery to the date of CRC-specific death. Deaths attributed
to other causes were censored. The DFS was defined as the
period from surgical resection to first recurrence or metas-
tasis or end of life. Patients who were still alive at the last
follow-up were censored. The median duration of follow-up
for all patients was 39.11 months (range 0.03—207.5 months).

Statistical analysis

Continuous variables are reported as the median and range,
and categorical variables are presented as frequencies
and percentages unless otherwise stated. The chi-square
test (y?) test or the Fisher’s exact test was utilized to
compare differences in the distributions and proportions
of the demographic and clinicopathological variables by
macroscopic growth patterns. Survival curves of OS, CSS
and DFS were generated by the Kaplan—Meier method and
compared by the log-rank test. Multicollinearity diagnosis
was performed before constructing the multivariate

regression model. The association between macroscopic
growth patterns and clinical outcomes (OS, CSS and DFS)
was evaluated, and the corresponding HRs and 95% Cls for
prognostic factors were obtained from the univariate and
multivariate Cox proportional hazard models. The effect
of macroscopic growth patterns on OS, CSS and DFS was
also assessed in subset analyses that were stratified by TNM
stages and several other baseline variables. All statistical
analyses were performed with SPSS software version 22.0
(SPSS Inc, Chicago, IL, USA). Statistical significance was
set at a two-sided P-value<0.05.

Results

Patient characteristics

Patients’ baseline demographic and clinicopathological
parameters are summarized in Table 1. Of the 4,080 CRC
patients recruited in this study, 60.27% were men and
39.73% were women. The patients were most commonly
diagnosed between the ages of 51 and 75 years (68.33%).
Overall, 16.23% of the tumors were poorly differentiated,
and 74.17% were moderately differentiated. The most com-
mon primary tumor location was rectal cancer (or RECC,
62.18%), followed by left colon cancer (or LCC, splenic
flexure to rectosigmoid, 19.34%) and right colon cancer (or
RCC, cecum to transverse, 18.43%). The majority of patients
were diagnosed with stage II CRC (42.50%), followed by
stage III CRC (41.86%). Overall, 84.34% of the patients had
nonmucinous tumors, 2.06% had venous invasion, 1.94% had
PNI and 3.63% exhibited tumor deposits.

Among all patients, the percentage of CRC patients
with ulcerative, expansive and infiltrative macroscopic
growth patterns was 77.38% (n=3157), 20% (n=816) and
2.62% (n=107), respectively. Compared with infiltrative and
ulcerative subtypes, the expansive subtype was associated
with higher frequencies of favorable features, such as well-
differentiated tumors (4.04% vs. 1.87% and 1.65%) and stage
I tumors (38.36% vs. 4.67% and 10.14%, respectively), and
lower frequencies of poor differentiation (12.38% vs. 21.50%
and 17.04%, respectively), lymph node invasion (28.68%
vs.64.49% and 44.50%), venous invasion (1.72% vs. 7.48%
and 1.96%), PNI (0.49% vs. 2.80% and 2.28%, respectively),
tumor deposits (2.82% vs. 12.15% and 3.55%) and stage
I tumors (28.68% vs. 64.49% and 44.5%). However, the
infiltrative subtype was associated with higher frequencies of
the mucinous subtype (24.30% vs. 19.98% and 14.25%) than
ulcerative and expansive subtypes. Patients’ characteristics
stratified by TNM stage and macroscopic growth pattern are
listed in Table 2.
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Table | Demographic and clinicopathological features of patients with colorectal cancer

Features All Expansive Infiltrative Ulcerative P-value*
(N=4,080), n (%) (N=816), n (%) (N=107), n (%) (N=3,157), n (%)

Gender
Male 2,459 (60.27) 441 (54.04) 62 (57.94) 1,956 (61.96) <0.001
Female 1,621 (39.73) 375 (45.96) 45 (42.06) 1,201 (38.04)

Age, years
<50 907 (22.23) 199 (24.39) 33 (30.84) 675 (21.38) 0.175
51-65 1,776 (43.53) 339 (41.54) 40 (37.38) 1,397 (44.25)
66-75 1,012 (24.80) 203 (24.88) 23 (21.50) 786 (24.90)
>75 385 (9.44) 75 (9.19) I1(10.28) 299 (9.47)

Differentiation
Well 87 (2.13) 33 (4.04) 2 (1.87) 52 (1.65) <0.001
Moderate 3,026 (74.17) 592 (72.55) 64 (59.81) 2,370 (75.07)
Poor 662 (16.23) 101 (12.38) 23 (21.50) 538 (17.04)
Unknown 305 (7.48) 90 (11.03) 18 (16.82) 197 (6.24)

Histological type
Nonmucinous 3,441 (84.34) 653 (80.02) 81 (75.70) 2,707 (85.75) <0.001
Mucinous 639 (15.66) 163 (19.98) 26 (24.30) 450 (14.25)

Stage
| 638 (15.64) 313 (38.36) 5 (4.67) 320 (10.14) <0.001
I 1,734 (42.50) 269 (32.97) 33 (30.84) 1,432 (45.36)
1] 1,708 (41.86) 234 (28.68) 69 (64.49) 1,405 (44.50)

Location
RCC 752 (18.43) 144 (17.65) 31 (28.97) 577 (18.28) 0.022
LCC 789 (19.34) 157 (19.24) 25 (23.36) 607 (19.23)
RECC 2,537 (62.18) 514 (62.99) 51 (47.66) 1,972 (62.46)
Unknown 2 (0.05) 1 (0.12) 0 (0.00) 1 (0.03)

Venous invasion
Positive 84 (2.06) 14 (1.72) 8 (7.48) 62 (1.96) <0.001
Negative 3,996 (97.94) 802 (98.28) 99 (92.52) 3,095 (98.04)

PNI
Positive 79 (1.94) 4 (0.49) 3(2.80) 72 (2.28) 0.003
Negative 4,001 (98.06) 812 (99.51) 104 (97.20) 3,085 (97.72)

Tumor deposit
Present 148 (3.63) 23 (2.82) 13 (12.15) 112 (3.55) <0.001
Absent 3,932 (96.37) 793 (97.18) 94 (87.85) 3,045 (96.45)

Notes: *P-values were calculated by the chi-square test. The P-value for significance was <0.05. Patients with unknown information were not included in the y?-test.
Abbreviations: RCC, right colon cancer; LCC, left colon cancer; RECC, rectal cancer; PNI, perineural invasion.

Kaplan—Meier survival analyses by growth

pattern and tumor stage

For all TNM stages, Kaplan—Meier survival curves revealed
significantly better OS, CSS and DFS in the expansive sub-
type and worse OS, CSS and DFS in the infiltrative subtype
than in the ulcerative subtype (all, P<0.001; Figure 2A—C).
In the stage I subanalysis, there were no significantly differ-
ences among the three subtypes (P=0.697, 0.768 and 0.759,
respectively; Figure 2D-F). In the stage II subanalysis, the
infiltrative subtype had the worst DFS (P=0.033; Figure 2I),
but similar OS and CSS (P=0.682 and 0.382, respectively;
Figure 2G and H). In the stage III subanalysis, the infiltrative
subtype had the worst OS, CSS and DFS (P=0.008, P=0.003
and P<0.001, respectively; Figure 2J-L).

The 5-year survival rates of the expansive, infiltrative and
ulcerative subtypes were 72%, 56% and 67%, respectively.
For stage I patients, the 5-year survival rates of the expansive
and ulcerative subtypes were 86% and 83%, respectively. For
stage II patients, the 5-year survival rates of the expansive,
infiltrative and ulcerative subtypes were 71%, 89% and 77%,
respectively. For stage III patients, the 5-year survival rates
of the expansive, infiltrative and ulcerative subtypes were
58%, 44% and 55%, respectively.

Univariate and multivariate Cox analyses

by growth pattern and tumor stage
For all stages, the univariate Cox proportional hazard model of
OS revealed an increased risk of mortality for the infiltrative
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Figure 2 Kaplan—Meier survival analyses by the macroscopic growth pattern and the TNM stage.

Notes: (A) OS of all patients, (B) CSS of all patients, (C) DFS of all patients, (D) OS of stage | patients, (E) CSS of stage | patients, (F) DFS of stage | patients, (G) OS of stage
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Abbreviations: TNM, tumor-node-metastasis; OS, overall survival; CSS, cancer-specific survival; DFS, disease-free survival.
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subtype (HR=2.121; 95% CI=1.457-3.088; P<0.001), and  P=0.002), although no significant differences were observed
a decreased risk of mortality for the expansive subtype for stage I and II patients. In addition, multivariate Cox
(HR=0.731; 95% CI=0.584-0.916; P=0.006), compared with  proportional hazard regression models that were controlled
the ulcerative subtype. For stage III patients, the infiltrative ~ for age; tumor differentiation; histological subtype and the
subtype was also associated with a higher risk of mortality  presence of PNI, venous invasion and tumor deposits were
than the ulcerative subtype (HR=1.805; 95% CI=1.210-2.693;  constructed, and similar results were observed (Table 4).
P=0.004); however, no significant morphological specific dif- Univariate Cox proportional hazard models of DFS
ferences affecting OS were observed in patients with stage I ~ revealed an increased risk of recurrence or metastasis for
or II CRC. In addition, multivariate Cox proportional hazard  the infiltrative subtype (HR=2.360; 95% CI=1.756-3.170;
regression models reached similar results after controlling for ~ P<0.001), and a decreased risk of recurrence or metastasis
age; tumor differentiation; histological subtype and the pres-  for the expansive subtype (HR=0.722; 95% CI=0.602—0.864;
ence of PNI, venous invasion and tumor deposits (Table 3).  P<0.001) compared with the ulcerative subtype for all stages.

Univariate Cox proportional hazard models of CSS  For stage II and III patients, the infiltrative subtype was also
revealed an increased risk of cancer-specific mortality for  associated with a higher risk of recurrence or metastasis than
the infiltrative subtype (HR=2.499; 95% CI=1.664-3.753; the ulcerative subtype (HR=2.357; 95% CI=1.210-4.595;
P<0.001), and a decreased risk of cancer-specific mortal-  P=0.012; HR=1.941; 95% CI=1.394-2.702; P<0.001, respec-
ity for the expansive subtype compared with the ulcerative  tively). In addition, multivariate Cox proportional hazard
subtype for all stages (HR=0.714; 95% CI=0.548-0.932; regression models reached similar results after controlling
P=0.013). For stage III patients, the infiltrative subtype was  for gender; tumor differentiation; histological subtype and
also associated with a higher risk of cancer-specific mortality ~ the presence of PNI, venous invasion and tumor deposits
than the ulcerative subtype (HR=1.981; 95% CI=1.280-3.065;  (Table 5).

Table 3 Univariate and multivariate analyses of OS in CRC patients with different TNM stages

Analysis type All stages (N=4,080) Stage | (n=638) Stage Il (n=1,734) Stage Il (n=1,708)
HR 95% CI P-value HR 95% CI P-value HR 95% CI P-value HR 95% CI P-value
Univariate
Expansive 0.731 0.584-0.916 0.006 0.776 0.363-1.662 0.515 1.166 0.792-1.718 0.436 0.904 0.667-1.226 0.516
Infiltrative 2.121 1.457-3.088 <0.001 / / / 1.297 0.412-4.076 0.657 1.805 1.210-2.693 0.004
Ulcerative | | | |

Multivariate?

Expansive 0.754 0.601-0.946 0.015 0.878 0.402-1.917 0.744 1.329 0.898-1.969 0.155 0.878 0.646—1.194 0.407
Infiltrative 1.691 1.146-2.496 0.008 / / / 1.519 0.477-4.834 0.479 1.527 1.009-2.311 0.045
Ulcerative | | | |

Note: *Cox regression model controlling for age, histological subtype, tumor differentiation, the presence of perineural invasion, venous invasion and tumor deposits.
Abbreviations: OS, overall survival; CRC, colorectal cancer; TNM, tumor-node-metastasis.

Table 4 Univariate and multivariate analyses of CSS in CRC patients with different TNM stages

Analysis All stages (N=4,080) Stage | (n=638) Stage Il (n=1,734) Stage Il (n=1,708)

type HR  95%ClI P-value HR 95% CI P-value HR 95% CI P-value HR 95%ClI P-value
Univariate

Expansive 0.714 0.548-0.932 0.0I3 1.378 0.497-3.825 0.538 1242 0.785-1.964 0.355 0.830 0.580-1.189 0.310
Infiltrative 2499  1.664-3.753 <0.001 / / / 1.892 0.598-5.985 0.278 1.981 1.280-3.065 0.002
Ulcerative | | | |

Multivariate?

Expansive  0.737 0.564-0.964 0.026 1.594 0.564-4.506 0.380 1.358 0.853-2.162 0.197 0.812 0.565-1.167 0.260
Infiltrative  1.998  1.309-3.050 0.011 / / / 2.150 0.670-6.902 0.198 1.640 1.041-2.583 0.033
Ulcerative | | | |

Note: *Cox regression model controlling for age, tumor differentiation, histological subtype, the presence of perineural invasion, venous invasion and tumor deposits.
Abbreviations: CSS, cancer-specific survival; CRC, colorectal cancer; TNM, tumor-node-metastasis.
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Table 5 Univariate and multivariate analyses of DFS in CRC patients with different TNM stages

Analysis All stages (N=4,080) Stage | (n=638) Stage Il (n=1,734) Stage Ill (n=1,708)

type HR 95%ClI P-value HR 95%ClI P-value HR 95%ClI P-value HR 95%ClI P-value

Univariate
Expansive 0.722 0.602-0.864 <0.001 0.956 0.555-1.646 0.870 0.090 0.724-1.356 0.952 0.905 0.704-1.164 0.438
Infiltrative ~ 2.360 1.756-3.170 <0.001 / / / 2357 1.210-4.595 0.012 1.941 1.394-2.702 <0.001
Ulcerative | | |

Multivariate?
Expansive 0.751 0.626-0.902 0.002 1.075 0.618-1.871 0.798 1.039 0.757-1.426 0.8I1 0.903 0.700-1.164 0.430
Infiltrative 1.886 1.388-2.562 <0.001 / / / 2.662 1.350-5.247 0.005 1.607 1.140-2.266 0.007
Ulcerative | | | |

Note: *Cox regression model controlling for gender, tumor differentiation, histological subtype, the presence of perineural invasion, venous invasion and tumor deposits.
Abbreviations: DFS, disease-free survival; CRC, colorectal cancer; TNM, tumor-node-metastasis.

Macroscopic growth pattern as a
predictive factor for the selection of

treatment pattern in stage lll patients

We further divided stage III patients into a chemotherapy
group (~77.34%) and a nonchemotherapy group (~22.66%)
based on whether they received chemotherapy after complete
resection. The Kaplan—Meier survival curves revealed that the
OS, CSS and DFS of the expansive subtype (Figure 3A—C)
and the ulcerative subtype (Figure 3G-I) could be extended
significantly after the administration of chemotherapy (all,
P<0.001), whereas the OS, CSS and DFS of the infiltrative
subtype did not change significantly after the administration
of chemotherapy (P=0.486, 0.290 and 0.731, respectively;
Figure 3D-F).

Subset analyses

Multivariate Cox proportional hazard regression analyses
were performed with various subsets. In the subset analyses
of OS (Figure 4), CSS (Figure 5) and DFS (Figure 6), the
infiltrative subtype was associated with worse prognosis than
the ulcerative subtype for male patients, younger patients,
patients with moderately differentiated cancer, patients with
the nonmucinous subtype, patients with LCC or RECC,
patients who were negative for venous invasion or PNI and
patients without tumor deposits. By contrast, the expansive
subtype was associated with better OS, CSS and DFS than
the ulcerative subtype for patients with the nonmucinous
subtype, patients with RECC, patients who were negative for
venous invasion or PNI and patients without tumor deposits.

Discussion

The TNM staging system, which includes assessments of the
local tumor extent, the status of regional lymph nodes and
the presence of metastasis, is the gold standard in clinical

practice.'® However, many patients with a lower TNM stage
have a worse prognosis than those with a higher TNM stage,
and not all patients benefit from chemotherapy. Thus, comple-
mentary predictive factors need to be identified to better
evaluate the prognosis and response to chemotherapy of CRC.

In the past several decades, studies have focused on
prognostic markers for CRC. However, controversy remains
regarding the prognostic value of the macroscopic growth
pattern. Most previous studies have excluded the infiltrative
subtype or combined it with the ulcerative subtype. However,
we thought there might be some differences in the mortality,
recurrence or metastasis between the infiltrative subtype and
other subtypes, which should not be neglected.

In the present study, all three macroscopic growth patterns
were evaluated as distinct subtypes, and their demographic
and clinicopathological features were compared. Our stage-
based analysis revealed that compared with the infiltrative
and ulcerative subtypes, the expansive subtype was associ-
ated with higher frequencies of favorable characteristics,
including well-differentiation, lower TNM stage, less lymph
node invasion, less venous invasion or PNI and absent
tumor deposits. However, compared with the expansive and
ulcerative subtypes, the infiltrative subtype consisted of a
greater proportion of the mucinous subtype, indicating that
the expansive subtype may have a better prognosis while the
infiltrative subtype may have a worse prognosis. These find-
ings may be attributed to the different biological behaviors of
different morphological subtypes influencing tumorigenesis.

In addition, the Kaplan—Meier curves and univariate
analyses of OS, CSS and DFS showed that the macroscopic
growth pattern was a significant prognostic factor for CRC
patients. Similar to previous studies,'* the ulcerative subtype is
in an intermediate position between the best of the expansive
subtype and the worst of the infiltrative subtype with regard to
OS, CSS and DFS. However, in the subset analysis based on
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Figure 3 Kaplan—Meier survival analyses by chemotherapy and the macroscopic growth pattern in stage Ill patients.

Notes: (A) OS of the expansive subtype, (B) CSS of the expansive subtype, (C) DFS of the expansive subtype, (D) OS of the infiltrative subtype, (E) CSS of the infiltrative
subtype, (F) DFS of the infiltrative subtype, (G) OS of the ulcerative subtype, (H) CSS of the ulcerative subtype and (I) DFS of the ulcerative subtype.

Abbreviations: OS, overall survival; CSS, cancer-specific survival; DFS, disease-free survival.

the TNM stage, significant differences were observed between
the infiltrative subtype and the ulcerative subtype for stage I11
patients in terms of OS, CSS and DFS and for stage II patients
in terms of DFS. The fact that stage I CRC patients usually
have good prognosis may account for the results.
Furthermore, after controlling for age; tumor differentia-
tion; histological subtype and the presence of PNI, venous

invasion and tumor deposits for OS and CSS, we observed
significant differences in the OS and CSS between the three
CRC subtypes. After controlling for gender; differentiation;
histological subtype and the presence of venous invasion,
PNI and tumor deposits for DFS, significant differences in
the DFS were also observed. However, in the subset analyses
based on the TNM stage, patients with the infiltrative subtype
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Figure 4 Adjusted HRs with 95% Cls for OS comparing the infiltrative subtype and the expansive subtype to the ulcerative subtype in different subgroups.
Abbreviations: OS, overall survival; RCC, right colon cancer; LCC, left colon cancer; RECC, rectal cancer.

had the worst DFS in stage II patients and the worst OS,
CSS and DFS in stage III patients than other subtypes. In the
subset analyses based on other clinicopathological factors,
the infiltrative subtype was an independent prognostic factor
in various subgroups, such as patients with the nonmucinous
subtype, patients with RECC, patients who were negative for
venous invasion or PNI and patients without tumor deposits,

indicating that the macroscopic growth pattern may be a
strong candidate for predicting the prognosis of CRC.

As not all patients benefit from adjuvant chemotherapy,
it is important to find a sensitive predictive factor for che-
motherapeutic efficacy to guide treatment strategies. Thus,
we further compared the OS, CSS and DFS among the
three macroscopic growth patterns using Kaplan—Meier
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Figure 5 Adjusted HRs with 95% Cls for CSS comparing the infiltrative subtype and the expansive subtype to the ulcerative subtype in different subgroups.
Abbreviations: CSS, cancer-specific survival; RCC, right colon cancer; LCC, left colon cancer; RECC, rectal cancer.

curves for patients with stage III disease. The results showed
that patients with the expansive or ulcerative subtype had
improved OS, CSS and DFS after the administration of
chemotherapy, whereas patients with the infiltrative subtype
had similar OS, CSS and DFS after the administration of
chemotherapy. Thus, it is not recommended that patients
with the infiltrative subtype receive chemotherapy because

patients may not benefit from chemotherapy but rather suffer
from it. However, the suitable treatment strategy for these
patients needs to be further investigated.

To our knowledge, few studies have evaluated the prog-
nostic and predictive value of the macroscopic growth pattern
in CRC with different TNM stages and other subgroups.
Our findings reveal the potential importance of evaluating
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Figure 6 Adjusted HRs with 95% Cls for DFS comparing the infiltrative subtype and the expansive subtype to the ulcerative subtype in different subgroups.
Abbreviations: DFS, disease-free survival; RCC, right colon cancer; LCC, left colon cancer; RECC, rectal cancer.

CRC prognosis and chemotherapeutic efficacy by combining
macroscopic morphological features with other clinicopatho-
logical features in a relatively large Chinese cohort. However,
there are several potential limitations of the present study that
should be acknowledged. First, this study is a single-center
study and additional multicenter studies are needed for fur-
ther validation. Second, the present study is retrospective,

and selection bias could not be completely avoided. Third,
the patients recruited in this study are Chinese, and the
application of the findings to other ethnic groups remains
unclarified. Fourth, patients with tumors with an ambiguous
appearance and stage IV CRC were excluded; therefore, we
cannot give further recommendations for these patients. Fur-
ther investigation should be conducted to examine whether
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the tumor growth pattern affects the survival and prognosis
of these patients.

Conclusion

The macroscopic morphological subtype can be easily deter-
mined from medical records, and CRC with different growth
patterns exhibits distinct clinical behaviors. The macroscopic
growth pattern was an independent prognostic factor among
stage [-1IT CRC patients in China. In addition, the infiltrative
subtype had the worst DFS for stage II patients and the worst
OS, CSS and DFS for stage III patients. Furthermore, the
macroscopic growth pattern is able to predict the benefits of
chemotherapy in stage III patients.
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