
Abstract. Aim: The purpose of this study was to evaluate the
clinical impact of histological heterogeneity in patients with
node-positive colorectal cancer (CRC). Patients and Methods:
One hundred and twenty-nine patients who underwent curative
surgical resection for histological node-positive CRC were
enrolled. Patients were divided according to the histological
heterogeneity in the primary lesion into p-hetero and p-homo
groups. The p-hetero group was further divided according to
histological heterogeneity in the metastatic lymph nodes into
n-hetero and n-homo groups. Results: There were no
significant differences between p-homo and p-hetero groups
and between n-homo and n-hetero groups in prognosis.
However, the recurrence-free survival rate of the n-homo
group was significantly lower than that of the n-hetero group
in the N2 category. Conclusion: Histological heterogeneity in
metastatic lymph nodes may be useful for predicting
prognosis, and prognosis in those with histological
heterogeneity in a metastatic lymph node is not necessarily
poor, even in those of the N2 category.

Colorectal cancer (CRC) is a common malignancy
worldwide. As in Western countries, CRC has recently
increased in many Asian countries in association with the
westernization of lifestyle and diet. Recent advances in
chemotherapeutics and molecular-targeted treatments have
significantly improved the prognoses of patients with CRC.
However, patients with advanced CRC frequently have
tumor regrowth during intensive chemotherapy or experience
relapse even after curative surgery with adjuvant

chemotherapies. Therefore, the prognosis of patients with
advanced CRC is by no means satisfactory. 

Although the mechanism underlying the development of
chemoresistance remains unclear, cancer stem cells have an
integral role in treatment failure during chemotherapy. In
addition, intra-tumor diversity has an important role in
chemotherapeutic resistance, and intra-tumor heterogeneity
causes resistance to treatment (1, 2). Recent comprehensive
genetic analyses revealed that tumors constantly evolve in
primary and metastatic lesions, which correlates with
malignant potential such as invasion, metastasis, and
treatment resistance. Metastatic lesions frequently develop
from a sub-clone of the primary lesions but some metastatic
lesions consist of multiple sub-clones with different
mutational profiles (3, 4). In clinical practice, histological
heterogeneity is recognized in various types of cancers (5-
8), which correlates with specific clinicopathological features
such as lymph node metastasis and poor prognosis (5-10). 

In this study, we investigated the correlation between
histological heterogeneity and other clinicopathological
findings and evaluated the clinical impact of histological
heterogeneity in patients with node-positive CRC. 

Materials and Methods
Patients and clinicopathological features. A total of 388 patients with
CRC underwent curative surgical resection at the University of
Yamanashi Hospital between January 2008 and December 2014. All
surgical procedures were in accordance with the Japanese Society for
Cancer of the Colon and Rectum Guidelines (11). One hundred and
twenty-nine patients with histological node-positive CRC who
underwent curative resection with lymph node dissection were
enrolled. Patients with distant metastases and multiple primary cancers
were excluded. Patients treated with preoperative chemotherapy were
also excluded. Demographic, clinical, and pathological features were
obtained by reviewing medical records. The macroscopic and
microscopic classifications of CRC were based on the 8th edition of
the Union for International Cancer Control classification (12). 

Postoperative adjuvant chemotherapy was performed in all
patients except those refusing consent. Chemotherapy regimens
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were selected according to Japanese guidelines. The follow-up
program consisted of a physical examination, hematological and
blood chemistry panels, and serum tumor markers, such as
carcinoembryonic antigen (CEA) and carbohydrate antigen 19-9
(CA19-9), every 3 months. Computed tomography (CT) from chest
to pelvis was performed at least every 6 months. The study was
approved by the Ethical Committee of Yamanashi University
(approval no. 1899). Because recurrences were treated by various
therapeutic options, such as surgical resection, radiation, or
chemotherapy, recurrence-free survival (RFS) rate was investigated. 

Histological heterogeneity of primary lesions and metastatic lymph
nodes. Histological type was categorized into two groups:
differentiated (well or moderately differentiated tubular
adenocarcinoma) and undifferentiated (mucinous or poorly
differentiated adenocarcinoma). Patients were classified into two
groups depending on the tissue composition of the primary lesion:
Homogenous histological type (p-homo) and heterogeneous
histological type (p-hetero). The patients with heterogeneous
histological primary tumors (p-hetero) were further classified into
two sub-groups depending on the histological composition of the
metastatic lymph nodes (n-homo and n-hetero). 

Statistical analysis. Chi-squared and Fisher’s exact probability tests
for categorical variables and the Mann–Whitney U-test for unpaired
data for continuous variables were performed to compare the
clinicopathological characteristics between two groups. The

cumulative survival rates were calculated using the Kaplan–Meier
method, and the log-rank test was used for assessment of differences
between prognostic factors. A p-value of less than 0.05 was considered
significant. 

Results

Patient characteristics and histological heterogeneity. The
characteristics of 129 patients with node-positive CRC are
summarized in Table I. The patients included 80 men and 49
women ranging in age from 24 to 85 years (median 69).
Among the 129 patients, 51 patients (39.5%) had primary
lesions with a homogenous histological type (p-homo), and
78 patients (60.5%) had lesions with various patterns of
histological heterogeneity (p-hetero), in which the major
histological type was differentiated in 61 patients and
undifferentiated in 17 patients. There were no significant
differences between p-homo and p-hetero groups in the
various clinicopathological factors, except for the major
histological type and tumor location. The frequency of
differentiated major histological type was significantly
higher in the p-homo group than in the p-hetero group. The
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Table II. Clinicopathological characteristics of the group with
homogeneous histological type in the primary lesion (p-homo) and that
with heterogeneous histological type in the primary lesion (p-hetero).

Variable                                                    p-Homo                p-Hetero 
                                                            (n=51, 39.5%)       (n=78, 60.5%)

Age, years
   Mean (range)                                      70 (39-85)             67 (24-85)
Gender , n (%)                                            
   Male                                                    32 (62.7)                48 (61.5)
   Female                                                19 (37.3)                30 (38.5)
ASA-PS, n (%)
   1                                                          13 (25.5)                12 (15.4)
   2                                                          33 (64.7)                58 (74.4)
   3                                                            5 (9.8)                    8 (10.3)
Major histological type, n (%)
   Differentiated                                     49 (96.1)                61 (78.2)
   Undifferentiated                                   2 (3.9)                  17 (21.8)
Location, n (%)
   Right-sided                                         11 (21.6)                28 (35.9)
   Left-sided                                           40 (78.4)                50 (64.1)
Tumor size, mm
   Mean (range)                                      50 (10-110)           49 (15-120)
UICC T category, n (%)
   1-3                                                       39 (76.5)                58 (74.4)
   4                                                          12 (23.5)                20 (25.6)
UICC N category, n (%)
   1                                                          34 (66.7)                60 (76.9)
   2                                                          17 (33.3)                18 (23.1)

UICC: Union for International Cancer Control, ASA-PS: American
Society of Anesthesiologists Physical Status. 

Table I. Clinicopathological characteristics of 129 patients with node-
positive colorectal cancer. 

Variable                                                                        Value

Age, years
   Mean (range)                                                       69 (24-85)
Gender, n (%)
   Male                                                                     80 (62.0)
   Female                                                                  49 (38.0)
ASA-PS, n (%)
   1                                                                            25 (19.4)
   2                                                                            91 (70.5)
   3                                                                            13 (10.1)
Major histological type, n (%)
   Differentiated                                                     110 (85.3)
   Undifferentiated                                                   19 (14.7)
Location, n (%)
   Right-sided                                                           39 (30.2)
   Left-sided                                                             90 (69.8)
Tumor size, mm
   Mean (range)                                                       50 (10-120)
UICC T category, n (%)
   1-3                                                                        97 (75.2)
   4                                                                            32 (24.8)
UICC N category, n (%)
   1                                                                            94 (72.9)
   2                                                                            35 (27.1)

UICC: Union for International Cancer Control, ASA-PS: American
Society of Anesthesiologists Physical Status.
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Figure 1. Histology of the primary lesion and metastatic lymph nodes. There were four metastatic lymph nodes in a patient with colorectal cancer
with heterogeneous histological type in metastatic lymph nodes. A: Primary lesion, B: metastatic lymph node of differentiated type, C-E: metastatic
lymph node of undifferentiated type. Original magnification, A: ×40, B-E: ×12.5.



frequency of right-sided tumors with histological
heterogeneity was higher for primary lesions, but the
difference was not significant (Table II). 

Of the 78 patients in the p-hetero group, 27 had histological
heterogeneity in their positive nodes, and histology was
homogenous in the lymph nodes of the remaining 51 patients
even though multiple nodes were involved. Histology was
mostly homogenous within each positive node (Figure 1).
There were no significant differences between the n-homo and
n-hetero groups in terms of main histological type and other
clinicopathological factors, except for the Union for
International Cancer Control N category: The frequency of N2
tumors was significantly higher in the n-hetero group than in
the n-homo group (Table III). 

Prognostic impact of histological heterogeneity. The mean and
median follow-up durations were 1,176 and 1,290 days,
respectively. Recurrences occurred in 19 and 26 patients in the
p-homo and p-hetero groups, respectively. The RFS rates were
significantly lower for those with more advanced T-and N-
factors than for lower T-and N-factors. However, there were
no significant differences in any other clinicopathological
factor including heterogeneity of primary tumors (Figures 2
and 3). 

Further survival analysis of the p-hetero group revealed
that the RFS rate of the n-homo group was slightly better
than that of the n-hetero group, but not significantly so
(Figure 4). In subgroup analyses according to N category, the
RFS rate of the n-homo group was significantly lower than
that of the n-hetero group for the N2 category, but there was
no significant difference in the RFS rate between the n-homo
and n-hetero groups for the N1 category (Figure 5). 

Discussion

Although CRC sometimes comprises several histological
subtypes, the influence of histological heterogeneity on
disease progression and treatment responses remains
controversial. Kotanagi et al. showed that carcinomas with
histological heterogeneity in the primary lesion had a higher
incidence of lymph node metastasis and a worse prognosis
than those without histological heterogeneity (10), and
histological heterogeneity correlates with lymphatic
progression in various types of cancer (5-8). These findings
prompted us to investigate the clinical impact of histological
heterogeneity in patients with node-positive CRC. 

The undifferentiated major histological type and right-
sided location were more frequently observed in the p-hetero
group. In general, most CRCs are differentiated, and
undifferentiated adenocarcinoma is an independent
prognostic factor. However, we analyzed only patients with
node-positive, and the RFS of the p-hetero group, including
those with undifferentiated histological type, was equivalent
to that of the p-homo group. Proximal colon cancer, which
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Figure 2. Comparison of recurrence-free survival by Kaplan–Meier
survival method between the group with homogeneous histological type
in the primary lesion (p-homo) and that with heterogeneous histological
type in the primary lesion (p-hetero). There was no significant difference
in the recurrence-free survival rate of the two groups.

Table III. Clinicopathological characteristics of the n-homo and n-hetero
groups.

Variable                                                    n-Homo                 n-Hetero
                                                            n=51 (65.4%)        n=27 (34.6%)
                                                                   Value                      Value

Age, years
   Mean (range)                                      69 (24-85)             63 (26-85)
Gender, n(%)                                              
   Male                                                    31 (60.8)                17 (63.0)
   Female                                                20 (39.2)                10 (37.0)
ASA-PS, n(%)
   1                                                            8 (15.7)                  4 (14.8)
   2                                                          37 (52.5)                21 (77.8)
   3                                                            6 (11.8)                  2 (7.4)
Major histological type, n(%)
   Differentiated                                     39 (76.5)                22 (81.5)
   Undifferentiated                                 12 (23.5)                  5 (18.59
Location, n(%)
   Right-sided                                         22 (43.1)                  6 (22.2)
   Left-sided                                           29 (56.9)                21 (77.8)
Tumor size, mm
   Mean (range)                                      45 (15-120)           38 (20-70)
UICC T category, n(%)
   1-3                                                       39 (76.5)                19 (70.4)
   4                                                          12 (23.5)                  8 (29.6)
UICC N category, n(%)
   1                                                          45 (88.2)                15 (55.6)
   2                                                            6 (11.8)                12 (44.4)

n-homo: Homogeneous histological type in metastatic lymph nodes, n-
hetero: heterogeneous histological type in metastatic lymph nodes,
UICC: Union for International Cancer Control, ASA-PS: American
Society of Anesthesiolorists Physical Status.



comprises mainly poorly differentiated carcinoma, is
associated with microsatellite instability and is associated
with a good prognosis (13). Once lymph node metastasis
occurs, the p-hetero group, which consists mainly of patients
with tumor of undifferentiated histological type, may have
similar prognosis to the p-homo group. 

We analyzed the clinical impact of histological
heterogeneity of the metastatic lymph node and its correlation

to clinicopathological findings. In this study, 27 out of the 78
cases with a heterogeneous primary tumor (p-hetero) were
formed from a single histological subtype in each positive
node (Figure 1). Correlation analysis revealed that the more
advanced N2 category was more frequent in the n-hetero
group, which may affect prognosis. Therefore, we compared
prognoses of both groups according to N category.
Unexpectedly, for those in the N2 category, the n-homo group
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Figure 3. Comparison of recurrence-free survival by Kaplan–Meier survival method in the group with heterogeneous histological type in the primary
lesion (p-hetero). The recurrence-free survival rates were significantly lower for patients with tumor of more advanced T-and N-factors than for
those with lower T-and N-factors. There were no significant differences for any other clinicopathological factors. Significantly different at **p<0.01
compared to T1-3 depth of tumor invasion and *p<0.05 compared to N1 by log-rank test.



had a significantly lower RFS rate compared with the n-
hetero group, but there was no significant difference in rate
between the groups for the N1 category. In the N2 category,
the number of metastatic lymph nodes were defined as more
than three. In this category, the metastatic nodes comprised
histologically heterogenous metastases from different
histological subtypes of primary lesion, and could therefore
include e.g. one from differentiated and one from
undifferentiated subtype, and two from undifferentiated
subtype, making four metastases, defined as N2 in total.
Therefore, the N2 n-hetero group could be considered as
simply arising from the sum of two different N1 subtypes.

Patients with advanced CRC, such as N2, have extremely
poor prognosis. However, the development of intensive
adjuvant multidrug chemotherapy may reduce the recurrence
rate in this group. Our findings suggest that patients with n-
hetero CRC may be candidates for intensive adjuvant
multidrug chemotherapy, even those in the N2 category.

In conclusion, histological heterogeneity of metastatic
lymph nodes may be useful for predicting prognosis, and the
prognosis of patients with histological heterogeneity in a
metastatic lymph node is not necessarily poor, even for those
in the N2 category. 
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free survival rate of the n-homo group was significantly lower than that
of the n-hetero group for those of the N2 category, but there was no
significant difference in the rate between the n-homo and n-hetero
groups in the N1 category. *Significantly different at p<0.05 compared
to N2 of n-hetero group by log-rank test.
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