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Abstract
Cribriform carcinoma in lymph nodes (LNs) is associated with distant metastasis, recurrence, and
survival in node-positive colorectal cancer (CRC) patients. However, the clinical significance of lymph
node metastasis histology remains to investigate. A total of 318 consecutive CRC patients who
underwent a colectomy or anterior resection between January 2011 and June 2016 were enrolled, of
whom 119 (37.4 %) had LN metastasis (LNM). Based on the LNM histology, patients with LNM were
categorized into four groups: the group with tubular-type in all LNs (tub), with cribriform in at least one LN
(cri), with mucinous-type in all LNs (muc), and with poorly differentiated-type carcinoma in at least one
LN (por). We investigated the association among these histological types with the survival of these
patients. The prognosis was good in order of muc, tub, cri, and por in node-positive CRC patients. Stage II
and stage III tub groups did not have significantly different over-all survival times, but not recurrence-free
survival times. Multivariate analyses revealed that all tubular-type carcinoma in LNs was independent
predictive factor for longer survival times, clinical complete response and possible metastasectomy
Diagnosis of lymph node metastatic histology is an important factor for patient stratification in nodepositive CRC.

Introduction
Lymph node (LN) metastasis (LNM) is a prognostic factor for patients with colorectal cancer (CRC).
Adjuvant chemotherapy for stage III colon and rectal cancer is standardized worldwide1. The standard
regimen for adjuvant chemotherapy for stage III CRC is an oxaliplatin-based chemotherapy, such as
FOLFOX or XELOX, for 6 months2,3. Often, oxaliplatin-based regimens induce significant toxicities4.
Indications for adjuvant chemotherapy should be considered because some patients do not require
adjuvant chemotherapy or are high-risk patients with complications5. The present tumor-modemetastasis (TNM) staging includes only the number of metastatic LNs. A more detailed classification is
needed to determine the indications for adjuvant chemotherapy.
TNM classification includes only the number of metastatic LNs but not the distribution or histology, and
determining the risk of recurrence from the number of metastatic LNs is limited. Adjuvant chemotherapy
does not provide an advantage for treating colon cancer with solitary LNM6, and the overall survival (OS)
of patients with node-positive CRC with only one LNM is predicted by the preoperative carcinoembryonic
antigen level (≤5 ng/mL) and the number of LNs sampled (≥12)7. Therefore, knowing only the number of
LNMs is insufficient for managing patients with LNM. The prognostic significance of LNM distribution in
patients with sigmoid colon and rectal cancer8,9 and myofibroblast activity in the LNs has been
reported10,11. Recently, we reported that cribriform carcinoma in the LNs is associated with distant
metastasis, recurrence, and OS of patients with stage III CRC12. However, the clinical significance of
lymph node metastatic histology in node-positive stage III or IV CRC patients remains unclear.

Methods
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Patients
A total of 318 consecutive patients with CRC who underwent a colectomy or anterior resection between
January 2011 and June 2016 at the National Hospital Organization Minami Wakayama Medical Center
(Wakayama, Japan) were enrolled in this study, of whom 119 patients (37.4%) had LNM. Thirteen
patients had stage 0 CRC, 73 had stage I CRC, 110 had stage II CRC, 87 had stage III CRC, and 35 had
stage IV CRC including 32 node-positive and 3 node-negative, as per the Union for International Cancer
Control TNM classification. The patients’ mean age was 70.6 years (range: 23–94 years); 178 were men
and 140 were women. The tumors were resected from either the colon (n=206) or rectum (n= 112). The
follow-up period was 5 years. Patients with stage III and IV tumors received 5-fluorouracil-based
postoperative chemotherapy, whereas patients with stage 0, I, and II tumors received no chemotherapy.
The Human Ethics Review Committee of the National Hospital Organization Minami Wakayama Medical
Center approved the study (#2021-10). We performed all methods in compliance with declaration of
Helsinki, the guidelines for ethical principles for medical research involving Human subjects, and the
ethical guidelines of the National Hospital Organization Minami Wakayama Medical Center. Informed
consent was obtained in the form of opt-out on the web page of the National Hospital Organization
Minami Wakayama Medical Center.

Statistical Analyses
Logistic regression analysis was used for the statistical evaluation, and clinicopathological factors
determined to be significant by univariate analyses were analyzed by multivariate logistic regression. The
odds ratio and 95% confidence interval (CI) were calculated for each factor. Kaplan-Meier analysis was
used to estimate postoperative survival, and the log-rank test was used to determine statistical
significance. The Cox proportional hazards model was used to assess the risk ratio under simultaneous
contributions from several covariates. P < 0.05 was considered statistically significant. Statistical
calculations were performed using JMP pro ver. 14.1.0 (SAS Institute, Cary, NC, USA).

Results

Cancer histological types in the LNs of CRC patients
We first defined whether cancer cells formed different histological types. Adenocarcinomas form various
hollow cavities, including slender hollow tubular cavities and round hollows. Histological types were
categorized into four groups: tubular (TubLN), poorly differentiated (PorLN), mucinous (MucLN), and
cribriform (CriLN). TubLN types were composed of an elongated hollow cavity-like tube and cancer cell
polarity (Fig. 1A, 2A, 2B), CriLN types had small empty cavities in the tumor mass and no cancer cell
polarity (Fig. 1B, 2C, 2D), PorLN types formed no hollow cavities in the tumor and no cancer cell polarity
(Fig. 1C, 2E, 2F), and MucLN types contained mucin in the cavity (Fig. 1D). Based on histological type in
the metastatic lymph nodes, patients with LNM were assigned to one of four groups: the node-positive
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group with TubLN in all LNMs (Stage III or IV tub), the node-positive group with CriLN in at least one LNM
(Stage III or IV cri), the node-positive group with MucLN in all LNMs (Stage III or IV muc), and the nodepositive group with PorLN in at least one LNM (Stage III or IV por). Of the paraffin-embedded, hematoxylin
and eosin-stained LNM tumor tissue sections from the 87 stage III patients, 53 (60.9%) were the stage III
tub group, 29 (33.3%) were the stage III cri group, 3 (3.4%) were the stage III muc group, 2 (2.3%) were the
stage III por group. Of the 32 node-positive stage IV tumor sections, 8 (25%) were the stage IV tub group,
20 (62.5%) were the stage IV cri group, 4 (12.5%) were the stage IV por group. There was no stage IV muc
patient.

Lnm Histology Differs From That Of The Primary Lesion
Various cancer cell clones are thought to exist in primary tumors. Assuming a single cancer cell clone
metastasizes and grows in each LN, these clones can present with different histologies. To determine
whether the cancer cells in each LN formed different histological types, we compared the histological
type of the primary tumor with that in the LN (Table 1).
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Table 1
Changes in histological type in the primary lesion and lymph nodes of node-positive patients with
colorectal cancer
Primary lesion

Lymph node

No. of cases (%)

Wel

T

5 (4.2%)

C

1 (0.8%)

T་C

2 (1.7%)

T

53 (44.5%)

C

27 (22.7%)

T+C

18 (15.1%)

P

4 (3.4%)

Por

P

1 (0.8%)

Muc

M

3 (2.5%)

T

2 (1.7%)

C

1 (0.8%)

Pap

T

1(0.8%)

AS

P

1 (0.8%)

Mod

Abbreviations: Wel, well differentiated adenocarcinoma; Mod; moderately differentiated
adenocarcinoma; Por, poorly differentiated adenocarcinoma; Muc, mucinous adenocarcinoma; Pap,
papillary adenocarcinoma; AS, adenosquamous carcinoma; T, tubular type; C, cribriform type; P, poorly
differentiated type; M, mucinous type; No., Number.
Comparison of survival times among histological type in node-positive patients including those with
stage III and IV
To assess the impact of histological type in LN on OS in node-positive patients regardless of stage III or
IV, the group tub, cri, muc or por were compared. The prognosis was good in order of muc, tub, cri, and por
in node-positive CRC patients. Kaplan-Meier analysis of OS showed that the cri group had significantly
shorter OS (p<0.0001) than tub group (Fig. 3). Although there were few cases of patients with PorLN and
MucLN, the comparative analyses showed that the por group had significantly shorter OS (p=0.0007)
than the cri group (Fig. 3), whereas, the muc group were alive after 5 years (Fig. 3).
Comparison of OS times between stage II and III tub groups
We have already shown that stage III tub group had longer RFS and OS times than stage III cri group. In
this study, the survival times between stage II and stage III tub group were compared. The Kaplan-Meier
curve of RFS showed that stage III tub group had significantly shorter RFS than stage II patients
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(p=0.0475; Fig. 4A). Kaplan-Meier analysis of OS showed that stage II and stage III tub groups did not
have significantly different OS times (p=7069; Fig. 4B).
Comparison of survival times between stage IV tub, IV cri, and IV por groups
Kaplan-Meier analysis of OS showed that stage IV tub group had significantly longer OS than stage IV cri
group (p=0.0011; Fig. 5A). There was also significant difference between stage IV cri and stage IV por
groups (p=0.0013; Fig. 5A).
Comparison of survival times between stage IV tub and IV cri, and stage III cri and III tub groups
There was no significant different between stage IV tub group and stage III cri group (p=0.1567; Fig. 5B),
whereas, there was a significant difference between stage IV tub group and stage III tub group (p=0.0168;
Fig. 5C).
Tubular-type carcinoma in all LNMs predicts OS, clinical complete response, and possible
metastasectomy in node-positive stage IV CRC patients
Of all parameters, tumor site and all tubular-type in LNMs were prognostic factors for OS in the univariate
analyses (Table 2). Multivariate analyses with these two parameters revealed that TubLN in all LNMs was
independent prognostic factor for OS (HR: 0.137, 95% CI: 0.031–0.606; p=0.0088) (Table 2). Of all
parameters, tumor site and tubular-type in all LNMs were predictive factors for clinical complete response
in the univariate analyses (Table 3). Multivariate analyses with these two parameters revealed that all
TubLN in all LNMs was an independent predictive factor for clinical complete response (HR: 56.81, 95%
CI: 5.060–1994; p=0.0005) (Table 3). Of all parameters, only tubular-type in all LNMs was predictive
factors for possible liver or lung resection in the univariate analyses (Table 4). Multivariate analyses with
all parameters revealed that TubLN in all LNMs was independent predictive factor for possible liver or
lung resection (HR: 8.386, 95% CI: 1.087–90.11; p=0.0413) (Table 4).
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Table 2
Univariate and multivariate analyses for overall survival of node-positive stage IV patients with colorectal
cancer
Variable

Univariate analysis

Multivariate analysis

HR

95% CI

pvalue

Sex (men)

1.390

0.6123.158

0.4315

Tumor site (rectum)

0.324

0.1370.766

0.0103

Lymphatic permeation (presence)

3.003

0.40322.35

0.2831

Venous permeation (presence)

0.561

0.2471.275

0.1678

Tubular-type carcinoma in all
LNMs

0.114

0.0260.499

0.0039

HR

95% CI

pvalue

0.426

0.1781.019

0.0551

0.137

0.0310.606

0.0088

Abbreviations: HR, hazard ratio; CI, confidence interval; LNM, lymph node metastasis.
Table 3
Univariate and multivariate analyses for clinical complete regression of node-positive stage IV patients
with colorectal cancer
Variable

Univariate analysis

Multivariate analysis

HR

95% CI

p-value

Sex (female)

1.333

0.2217.438

0.7419

Tumor site (colon)

0.078

0.0040.562

0.0092

Lymphatic permeation (absence)

4

0.144111.7

0.3641

Venous permeation (absence)

0.296

0.0142.134

0.2476

Tubular-type carcinoma in all
LNMs

69

7.4391756

<0.0001

HR

95% CI

pvalue

0.106

0.0031.651

0.1100

56.81

5.0601994

0.0005

Abbreviations: HR, hazard ratio; CI, confidence interval; LNM, lymph node metastasis.
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Table 4
Univariate and multivariate analyses for resection of liver or lung metastasis of node-positive stage IV
patients with colorectal cancer
Variable

Univariate analysis

Multivariate analysis

HR

95% CI

pvalue

Sex (female)

1.889

0.296–
12.17

0.4882

Tumor site (colon)

0.313

0.038–
1.909

0.2094

Lymphatic permeation
(absence)

5

0.178–
141.9

0.2990

Venous permeation (absence)

0.378

0.018–
2.843

0.3708

Tubular-type carcinoma in all
LNMs

11

1.618–
102.9

0.0141

HR

95% CI

pvalue

8.386

1.087–
90.11

0.0413

Abbreviations: HR, hazard ratio; CI, confidence interval; LNM, lymph node metastasis.

Discussion
LNM should be evaluated when managing CRC patients. TNM classification includes the number of
metastatic LNs but not histology. In most patients, LN histologies differ from those of the primary tumor.
It may represent phenotype of metastatic CRC cells. The prognosis was good in order of muc, tub, cri, and
por in node-positive CRC patients. Treatment for unresectable CRC is mainly for metastatic cancer cells.
The histological type of lymph node metastasis may represent the malignant potential of the metastatic
cancer cell as a therapeutic target. Our results suggested that current treatment plans including surgery
and chemotherapy may be initiatively performed for stage IV tub and muc. Whereas, novel therapy must
be needed for stage III or IV cri and por.
In stage III CRC patients, recurrence and survival should be predicted to manage the therapeutic plan.
Therefore, we reported the implications of CriLN in at least one LNM for RFS and OS of stage III
patients12. In selecting stage III CRC patients who receive adjuvant chemotherapy, less malignancy of its
LNM should be also evaluated. In previous study, it has been shown that TubLN in all LNMs had longer
OS times than CriLN in at least one LNM. In the current study, we analyzed the differences from stages II.
Stage III tub patients had significantly shorter OS (p=0.7069; Fig. 4B) but not RFS (p=0.0475; Fig. 4A)
than stage II patients. This suggests that TubLN in all LNMs may be a novel biomarker for adjuvant
chemotherapy to subclassify stage III patients.
In node-positive stage IV CRC patients, there are some patients who have long survival times after
appropriate therapy. We examined the implications of TubLN for the OS of node-positive stage IV
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patients. Multivariate analyses showed that TubLN in all LNMs was an independent prognostic factor for
longer OS times, clinical complete response, and possible metastasectomy. Actually, of the seven
surviving stage IV patients without recurrence, six had TubLN in all LNMs and one had three CriLN and no
TubLN. Stage IV tub group had significantly longer OS than stage IV cri group (p=0.0011; Fig. 5A).
Furthermore, stage IV tub patients had no significant difference in OS compared to stage III cri patients
(p=0.1567; Fig. 5B). These results suggest that TubLN in all LNMs is an effective target for current
surgical treatment and chemotherapy. Diagnosing the LNM histology may provide additional information
for managing stage IV CRC patients.
Regarding other histological types, including PorLN and MucLN types, we had too few cases to assess
their implications for metastasis and prognosis; however, all three patients with stage III muc survived
throughout the observation period. Although one patient had lung metastasis, no recurrence was
observed after we resected the lung metastasis, whereas, two stage III por and four stage IV por patients
died within 5 years. Stage III or IV por patients must need other appropriate therapeutic plans or novel
chemotherapy. Larger scale investigations may find out an effective therapy for PorLN in CRC.
It is important to recognize how different cancer histological types in lymph node metastasis are formed,
in order to develop novel diagnostics and treatment. Cancer cells invade the wall of the colon or rectum in
primary CRC tumors. A cancer colony of fewer than five cancer cells is defined as a “budding,”13 which is
reportedly correlated with metastatic processes and a poor prognosis for CRC patients13–17. Moreover,
tumor budding is significantly correlated with LNM, local recurrence, distant metastasis, and shorter
survival in advanced CRC patients16,18−20. Budding eventually becomes an extratumoral deposit without
a residual LN structure and is associated with a poor prognosis. Budding cells21,22 or larger clusters
induce morphological changes, including tubular or hollow formations. We previously reported that
hollow spheroids at the invasion front correlate with more metastases and a poorer prognosis in CRC
patients than tumor budding23 or chemosensitivity to 5-fluorouracil24. Thus, cancer colonies and their
morphological changes at the invasion front are associated with malignant phenotypes in cancer cells.
After invasion, cancer cells flow into the lymphatic system and form colonies in the LNs. Because single
or several cancer cell clones form colonies and grow in LNs, different cancer histologies may form in the
LNs according to clone type. A report that LNM in colon cancer is polyclonal25 supports this idea. In this
study, we showed that various histological types can be detected in the LNs. The recognition of cancer
histological formation in the LNs may lead to a novel diagnostics and treatment.
This study was limited in that it had a small number of patients and was retrospective. Further
investigations, including larger retrospective studies and prospective clinical trials, are required to address
these issues. Moreover, more detailed pathological classifications for histological types of cancer in the
LNs are needed to establish clinical applications.
In conclusion, we demonstrated that TubLN in all LNMs is a prognostic factor for a better prognosis in
node-positive patients, including stage III and IV patients. We have already reported that CriLN in at least
one LNM is an independent risk factor for distant metastases and shorter survival in node-positive
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patients12. Taken together, evaluation of LN histology may help determine the appropriate surgery and
anticancer agents for node-positive CRC patients. Morphological changes in the LNs may be a novel
therapeutic target.
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Figures

Figure 1
Hematoxylin and eosin staining of LN sections. A: Tubular type; B: Cribriform type; C: Poorly differentiated
type. D: Mucinous type (original magnification, 40×).
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Figure 2
Differences between cancer cell polarity between tubular, cribriform, or poor-differentiated types. AB:
Tubular type; CD: Cribriform type; EF: Poorly differentiated type. (original magnification, A, C, E: 100×; B, D,
F: 400×).
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Figure 3
Kaplan-Meier plots of the OS times of histological type in the LN in node-positive stage III and IV patients.
tub, stage III and node-positive stage IV with tubular adenocarcinoma in all LNMs; cri, stage III and nodepositive stage IV with cribriform carcinoma in at least one LNM; muc, stage III mucinous adenocarcinoma
in all LNMs; and por, stage III and node-positive stage IV with poorly differentiated adenocarcinoma in at
least one LNM.
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Figure 4
Kaplan-Meier plots of the RFS (A) and OS (B) times of stage III tub and stage II patients. stage III tub,
stage III with tubular carcinoma in all LNMs.
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Figure 5
Comparison of OS times between stage IV tub and stage IV cri, III cri, III tub groups. A: Stage IV tub and
stage IV cri groups, stage IV tub, stage IV with tubular carcinoma in all LNMs, stage IV cri, stage IV with
cribriform carcinoma in at least one LNM, B: stage IV tub and stage III cri groups, stage IV tub, stage IV
with tubular carcinoma in all LNMs, stage III cri, stage III with cribriform carcinoma in at least one LNM, C:
stage IV tub and stage III tub groups, stage IV tub, stage IV with tubular carcinoma in all LNMs, stage III
tub, stage III with tubular carcinoma in all LNMs.
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