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Synchronous distant metastasis is a major determinant of prognosis in colorectal adenocarci-
noma, but its associations with routine histopathological parameters at individual metastatic 
sites remain incompletely understood. 
This retrospective study included 382 patients who underwent surgical resection for colorec-
tal adenocarcinoma between 2006 and 2018. Clinicopathological parameters were evaluated 
in relation to synchronous distant metastasis overall and to liver, peritoneal, lung, and bone 
metastases using univariable analyses, exact tests where appropriate, and multivariable logistic 
regression. Synchronous distant metastasis was present in 83 patients (21.7%). 
In two separate multivariable models, lymph node metastasis, positive proximal/distal resec-
tion margin, low peritumoral lymphocytic infiltration, and perineural invasion were associ-
ated with higher odds of synchronous distant metastasis, whereas deficient mismatch repair 
(dMMR) status was associated with lower odds. Liver metastasis was associated with lymph 
node metastasis and positive proximal/distal resection margin, whereas dMMR status was as-
sociated with lower odds. In restricted exploratory models, tumor deposits and non-conven-
tional histological subtype were associated with peritoneal metastasis, and tumor perforation 
was associated with lung metastasis. Bone metastasis was too infrequent for multivariable 
analysis. 
These organ-specific findings should be considered exploratory and require validation in larger  
independent cohorts.
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pathology, mismatch repair.
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Introduction

Colorectal cancer (CRC) remains a  leading cause 
of  cancer-related mortality worldwide [1, 2]. Approx-
imately 20–25% of patients present with synchronous 
distant metastasis, and nearly half develop metastatic 
disease during their illness [3, 4]. Despite therapeutic 
advances, metastatic CRC continues to have poor out-
comes [4, 5], emphasizing the importance of identify-
ing pathological features associated with dissemination.

The liver, lung, and peritoneum are the principal 
metastatic sites in  CRC. Differences in  metastatic dis-
tribution may reflect anatomical factors, tumor biology,  
and interactions with organ-specific microenvironments 
[6–9]. Routinely assessed features – including lymphovascu-
lar, venous, and perineural invasion; tumor budding; poorly 
differentiated clusters (PDCs); tumor deposits; histological 
subtype; resection margin status; mismatch repair (MMR) 
status; and host immune response – have been associated 
with aggressive behavior and adverse outcomes [6, 10–20].
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However, studies evaluating both overall synchro-
nous distant metastasis and site-specific associations 
within the same cohort remain limited [6, 7, 15, 21]. 
We  therefore investigated the associations of  routine 
histopathological parameters with synchronous distant 
metastasis overall and with metastases at  individual 
anatomical sites.

Material and methods

Study design and patient selection

This retrospective, single-center study included 
382 consecutive patients with histopathologically con-
firmed colorectal adenocarcinoma who underwent 
surgical resection between 2006 and 2018. Clinical 
and histopathological data were retrieved from the in-
stitutional pathology archives and electronic medical 
records. The study design is summarized in Figure 1.

Patients with insufficient histopathological mate-
rial, incomplete clinical and/or radiological informa-
tion regarding metastatic status, or prior neoadjuvant 
chemoradiotherapy were excluded because treatment- 
related changes could influence histopathological 
evaluation.

Synchronous distant metastasis was defined as dis-
tant metastasis detected during baseline staging before 
or  at  the time of  primary tumor surgery. Metastatic  
lesions identified only during postoperative follow- 
up were not classified as synchronous unless they rep-
resented radiological confirmation of abnormalities al-
ready suspected at baseline. This definition was applied 
consistently across all metastatic sites.

Metastatic status was established using baseline  
radio-logical and/or intraoperative findings, with his-
topathological confirmation when available. Liver and 
lung metastases were diagnosed primarily by radiolog-
ical imaging, peritoneal metastases by radiological and 
intraoperative findings, and bone metastases by  ra-
diological imaging performed during baseline stag-
ing. Rare metastatic sites, including the adrenal gland, 
ovary, and pancreas, were identified using baseline 
radiological, intraoperative, and/or  histopathological 
findings when available. Clinical follow-up  was used 
solely to confirm lesions suspected at baseline and was 
not used to classify newly detected metastases as syn-
chronous.

All patient data were anonymized before analysis. 
The requirement for informed consent was waived  
because of the retrospective study design. 

Histopathological evaluation

All hematoxylin and eosin (HE)-stained slides were 
independently reviewed by  two pathologists, includ-
ing one gastrointestinal pathologist, who were blinded 
to metastatic status. Cases with discrepant assessments 
were reviewed jointly until consensus was reached.

The following parameters were evaluated: histo-
logical subtype, tumor grade, tumor budding, PDCs, 
lymphovascular invasion, venous invasion, perineural 
invasion, tumor deposits, intratumoral and peritu-
moral lymphocytic infiltration, Crohn-like lymphoid 
reaction, tumor perforation, resection margin status, 
tumor location, tumor size, and MMR status. Histo- 
logical subtype was categorized as conventional adeno-

CRC cases screened for eligibility, 
N = 452 

Total synchronous metastatic-site involvements, 
N = 96 (%)

Excluded, (n = 70) 
• Neoadjuvant therapy, (n = 47) 
• Insufficient histopathological material, (n = 10) 
• Incomplete clinical/radiological data, (n = 13)

Final study cohort, 
n = 382 

No synchronous distant 
metastasis, 

n = 299 (78.3)

Single-organ metastases, 
n = 70 (84.3) 

Liver 
62 (64.6)

Lung 
12 (12.5) 

Adrenal gland 
1 (1.0) 

Synchronous distant 
metastasis, 

n = 83 (21.7) 

Multiple-organ metastases, 
n = 13 (15.7)

Peritoneum 
13 (13.5) 

Bone 
6 (6.3) 

Ovary 
1 (1.0) 

Pancreas 
1 (1.0) 

Patients with multiple-organ metastases were counted under each involved site.  
All 13 patients with multiple-organ metastases had involvement of exactly two 

organs. Site-specific percentages total 99.9% because of rounding. 

Figure 1. Study flowchart and distribution of synchronous metastatic-site involvements
CRC – colorectal cancer

Among 382 eligible patients, 83 had synchronous distant metastasis. Seventy patients had single-organ metastasis, whereas 13 had multiple-organ metastases; all patients in the lat-
ter group had involvement of two organs. These patients accounted for 96 synchronous metastatic-site involvements. Patients with multiple-organ metastases were counted under each 
involved site. Metastatic-site percentages were calculated using the total number of metastatic-site involvements (n = 96) as the denominator and total 99.9% because of rounding. 
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carcinoma, mucinous adenocarcinoma, or signet-ring 
cell carcinoma.

Tumor budding was assessed according to the rec-
ommendations of  the International Tumor Budding 
Consensus Conference (ITBCC) 2016 [22]. Tumor 
buds were counted in a hotspot measuring 0.785 mm²  
at  the invasive front and classified as  Bd1 (low, 
0–4 buds), Bd2 (intermediate, 5–9 buds), or Bd3 (high, 
≥ 10 buds).

Poorly differentiated clusters were evaluated at  the 
invasive front and counted in  a  hotspot measuring 
0.785 mm². Poorly differentiated cluster grade was 
classified as PDC-G1 (< 5 clusters), PDC-G2 (5–9 clus-
ters), or  PDC-G3  (≥ 10  clusters) [14]. For statistical 
analyses, PDC-G1 and PDC-G2 were combined as the 
low/intermediate group because of the limited number 
of  PDC-G1  cases, whereas PDC-G3  constituted the 
high-grade group.

Tumor deposits were defined as discrete tumor nod-
ules within the pericolic or  perirectal adipose tissue 
without residual lymph node architecture.

Peritumoral and intratumoral lymphocytic reac-
tions were evaluated semiquantitatively using criteria 
adapted from Ogino et al. [19]. Peritumoral lymphocyt-
ic reaction was defined as discrete lymphoid aggregates 
surrounding the tumor, whereas intratumoral lympho-
cytic reaction was defined as periglandular lymphocytic  
infiltration within the tumor stroma. Both reactions 
were scored as  0  (absent), 1+ (mild), 2+ (moderate), 
or  3+ (marked). Because this was a  semiquantitative 
morphological assessment, no  predefined numerical 
density or percentage thresholds were used to distin-
guish mild, moderate, and marked reactions. All avail-
able HE-stained tumor sections were reviewed, and 
the highest score observed for each lymphocytic reac-
tion component was recorded. For statistical analyses, 
peritumoral lymphocytic reaction was dichotomized 
as low (0–1+) or high (2+ to 3+), whereas intratumoral  
lymphocytic reaction was categorized as  absent (0), 
low (1+), or high (2+ to 3+).

Crohn-like lymphoid reaction was defined as  the 
presence of at least one transmural lymphoid aggregate 
located beyond the advancing tumor edge within the 
muscularis propria or  pericolic/perirectal tissue and 
was categorized as  present or  absent [19]. No  mini-
mum aggregate-size threshold was applied.

Lymphovascular invasion was defined as  the pres-
ence of tumor cells within endothelial-lined lymphatic  
or  small vascular spaces. Venous invasion was de-
fined as tumor invasion into veins with an identifiable 
smooth muscle wall. Perineural invasion was defined 
as the presence of tumor cells within any layer of the 
nerve sheath or surrounding at  least one-third of  the 
nerve circumference.

Tumor grade was categorized as  low grade, com-
prising well- and moderately differentiated adenocar-

cinomas, or high grade, comprising poorly differenti-
ated adenocarcinomas.

Proximal and distal resection margins were cate-
gorized as positive or negative according to the pres-
ence or absence of tumor involvement at the resection 
line. Circumferential (radial) resection margin status 
was evaluated separately and was available for 118 pa-
tients.

Tumors were classified as right-sided or  left-sided, 
with rectal tumors included in the left-sided group.

Mismatch repair assessment

Mismatch repair protein expression was assessed im-
munohistochemically using antibodies against MLH1, 
PMS2, MSH2, and MSH6. Cases showing loss of nuclear 
expression of one or more MMR proteins in tumor cells, 
with intact internal positive controls, were classified as 
having deficient mismatch repair (dMMR), whereas 
cases with preserved expression of all four proteins were 
classified as having proficient mismatch repair.

Assessment of metastatic patterns

A  three-stage analytical approach was used. First, 
associations between routinely assessed clinicopatho- 
logical parameters and synchronous distant metas-
tasis overall were evaluated. Second, liver, peritoneal, 
lung, and bone metastases were analyzed separately 
as site-specific outcomes. For each metastatic site, pa-
tients with metastasis at  the corresponding site were 
compared with all patients without involvement of that 
site. Patients with multiple-organ metastases were in-
cluded in the analysis of each affected site.

Third, additional analyses were restricted to  the 
83 patients with synchronous metastatic disease to ex-
plore differences among metastatic sites more directly. 
Patients with liver metastasis were compared with met-
astatic patients without liver involvement, and patients 
with peritoneal metastasis were compared with meta-
static patients without peritoneal involvement. Patients 
with multiple-organ metastases were included in  the 
target-site group whenever the corresponding organ 
was involved.

Accordingly, the analyses were designed to evaluate 
site-specific metastatic associations and histopatholog-
ical profiles associated with individual metastatic sites 
rather than to establish biological organ tropism.

Statistical analysis

Statistical analyses were performed using IBM SPSS  
Statistics version 26.0 (IBM Corp., Armonk, NY, USA).  
Categorical variables were compared using Pear-
son’s χ2 test when expected cell-count assumptions 
were satisfied and the two-sided Fisher’s exact test for 
sparse 2 × 2 tables. The Fisher-Freeman-Halton exact 
test, with Monte Carlo estimation where indicated,  
was used for sparse contingency tables with more than 
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two categories. Because of  the very small numbers  
of lung and bone metastatic events, Fisher’s exact test 
was used for all 2 × 2 comparisons involving these out-
comes. All statistical tests were two-sided, and p < 0.05 
was considered statistically significant.

For 2 × 2 comparisons, unadjusted odds ratios (OR) 
and 95% CI were calculated from the cell frequencies 
using the standard logarithmic method. For variables 
with more than two categories, category-specific un-
adjusted OR and 95% CI were calculated relative to the 
designated reference category, whereas the reported 
p-value represented the overall comparison obtained 
using the Fisher-Freeman-Halton exact test. Odds ra-
tios were not estimated when a zero cell prevented con-
ventional estimation.

For the analysis of  synchronous distant metasta-
sis overall, variables with p  < 0.10  in  the univariable 
analyses, together with selected clinically relevant vari-
ables, were considered for multivariable binary logistic 
regression. To reduce overfitting and minimize collin-
earity among biologically related variables, two sepa-
rate models were constructed. Model 1 included lymph 
node metastasis, proximal/distal resection margin 
status, MMR status, and peritumoral lymphocytic in-
filtration. Model 2 included perineural invasion, lym-
phovascular invasion, tumor deposits, and PDC grade.

The multivariable liver metastasis model included 
MMR status, lymph node metastasis, proximal/distal 
resection margin status, perineural invasion, venous 
invasion, and PDC grade.

Because only 13 patients had synchronous peritoneal 
metastasis, the peritoneal metastasis model was delib-
erately restricted to two binary variables selected before 
model fitting based on their established clinicopatholog-
ical relevance: histological subtype, categorized as con-
ventional vs. non-conventional (mucinous or  signet- 
ring cell carcinoma), and tumor deposits. Because only 
12 patients had synchronous lung metastasis, a restrict-
ed exploratory model including tumor perforation and 
peritumoral lymphocytic infiltration was constructed. 
All variables included in the multivariable models were 
entered simultaneously. Because only six patients had 
synchronous bone metastasis, multivariable analysis 
was not performed; bone metastasis was evaluated using 
descriptive and exact univariable analyses only.

Multicollinearity was assessed using the variance 
inflation factor. Adjusted OR  with 95% CI  were cal-
culated for the multivariable models. Model fit and 
discrimination were assessed using the Omnibus test, 
Hosmer-Lemeshow goodness-of-fit test, Cox and Snell 
R², Nagelkerke R², and the area under the receiver op-
erating characteristic curve (AUC), as available.

No  formal adjustment for multiple testing was 
applied because the organ-specific analyses were ex-
ploratory. Accordingly, these findings should be con-
sidered hypothesis-generating and require validation 
in independent cohorts. No missing data were iden-

tified for the variables included in  the multivariable 
models. Radial resection margin status was excluded 
from these models because it  was available for only 
118 patients.

Results

A total of 382 patients with colorectal adenocarcino-
ma were included. The mean age was 62.1 ±11.8 years, 
226 patients (59.2%) were male, and the mean tumor 
size was 4.6  ±1.9  cm. Most tumors were left-sided 
(70.4%) and pT3–4 (93.7%). 

Synchronous distant metastasis was detected 
in 83 patients (21.7%). Of these, 70 (84.3%) had single- 
organ metastasis and 13  (15.7%) had multiple-organ 
metastases, all involving two organs, yielding 96 met-
astatic-site involvements. The liver was the most fre-
quent site (62/96, 64.6%), followed by the peritoneum 
(13/96, 13.5%), lung (12/96, 12.5%), bone (6/96, 6.3%), 
adrenal gland (1/96, 1.0%), ovary (1/96, 1.0%), and 
pancreas (1/96, 1.0%). Other cohort characteristics are 
presented in Table I.

Synchronous distant metastasis

Univariable analysis showed significant associa-
tions with lymph node metastasis, tumor deposits, 
proximal/distal and radial resection margin status, 
MMR status, histological subtype, PDC grade, per-
itumoral lymphocytic infiltration, lymphovascular  
invasion, venous invasion, and perineural invasion 
(all p < 0.05) (Table II).

In  Model 1, lymph node metastasis (OR  = 4.46, 
95% CI: 2.41–8.23; p < 0.001), positive proximal/distal 
resection margin (OR  = 15.37, 95% CI: 1.42–165.93;  
p = 0.024), and low peritumoral lymphocytic infiltra-
tion (OR  = 1.81, 95% CI: 1.07–3.07; p  = 0.028) were 
independently associated with higher odds of synchro-
nous distant metastasis, whereas dMMR was associ-
ated with lower odds (OR = 0.24, 95% CI: 0.08–0.69;  
p = 0.008) (Table III). The area under the receiver oper-
ating characteristic curve was 0.739.

In Model 2, perineural invasion was independently  
associated with higher odds of  synchronous distant 
metastasis (OR = 2.05, 95% CI: 1.20–3.49; p = 0.008). 
Tumor deposits (OR  = 2.06, 95% CI: 0.97–4.38;  
p = 0.059), lymphovascular invasion (OR = 1.83, 95% CI:  
0.92–3.63; p = 0.084), and high-grade PDCs (OR = 1.30, 
95% CI: 0.75–2.22; p = 0.350) did not reach statistical 
significance (Table IV). The area under the receiver  
operating characteristic curve was 0.652.

Site-specific metastatic associations

Synchronous liver metastasis
Univariable analysis showed significant associa-

tions of  liver metastasis with lymph node metastasis, 
proximal/distal resection margin status, MMR status, 
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Patient and tumor characteristics Value

Age [years], mean ± SD 62.1 ±11.8

Sex, n (%)

Male 226 (59.2)

Female 156 (40.8)

Tumor size [cm], mean ± SD 4.6 ±1.9

Parameters n (%)

Tumor location

Right-sided 113 (29.6)

Left-sided* 269 (70.4)

Invasion depth

pT3–4 358 (93.7)

pT1–2 24 (6.3)

Tumor perforation

Present 28 (7.3)

Absent 354 (92.7)

Lymph node metastasis

Present 215 (56.3)

Absent 167 (43.7)

Tumor deposits

Present 38 (9.9)

Absent 344 (90.1)

Proximal/distal resection margin

Positive 5 (1.3)

Negative 377 (98.7)

Radial resection margin***

Positive 22 (18.6)

Negative 96 (81.4)

MMR status

dMMR 59 (15.4)

pMMR 323 (84.6)

Histological subtype

Mucinous adenocarcinoma 31 (8.1)

Conventional adenocarcinoma 347 (90.8)

Signet-ring cell carcinoma 4 (1.0)

Tumor grade

High grade (poorly differentiated) 52 (13.6)

Low grade (well/moderately differentiated) 330 (86.4)

PDC

High 174 (45.5)

Low/intermediate 208 (54.5)

Tumor budding

High (Bd3) 182 (47.6)

Intermediate (Bd2) 81 (21.2)

Low (Bd1) 119 (31.2)

Patient and tumor characteristics Value

Intratumoral lymphocytic infiltration

Absent 97 (25.4)

Low 252 (66.0)

High 33 (8.6)

Peritumoral lymphocytic infiltration

High 200 (52.4)

Low 182 (47.6)

Crohn-like lymphoid reaction

Present 242 (63.4)

Absent 140 (36.6)

Lymphovascular invasion

Present 264 (69.1)

Absent 118 (30.9)

Venous invasion

Present 36 (9.4)

Absent 346 (90.6)

Perineural invasion

Present 160 (41.9)

Absent 222 (58.1)

Metastatic status

Synchronous distant metastasis

Present 83 (21.7)

Absent 299 (78.3)

Metastatic pattern among patients with synchronous metastasis**

Single-organ metastasis 70 (84.3)

Multiple-organ metastases 13 (15.7)

Distribution of synchronous metastatic-site involvements****

Liver metastasis – present 62 (64.6)

Peritoneal metastasis – present 13 (13.5)

Lung metastasis – present 12 (12.5)

Bone metastasis – present 6 (6.3)

Adrenal gland metastasis – present 1 (1.0)

Ovarian metastasis – present 1 (1.0)

Pancreatic metastasis – present 1 (1.0)

Bd – tumor budding grade, dMMR – deficient mismatch repair, MMR – mismatch 
repair, PDCs – poorly differentiated clusters, pMMR – proficient mismatch repair,  
SD – standard deviation
Data are presented as n (%) unless otherwise stated. Age and tumor size are presented  
as mean ±SD.

* Left-sided tumors include rectal tumors.

** Percentages for single- and multiple-organ metastases were calculated among patients 
with synchronous distant metastasis (n = 83). All 13 patients with multiple-organ 
metastases had involvement of two metastatic sites.

*** Radial resection margin status was available for 118 patients; percentages were 
calculated using the available cases as the denominator.

**** Metastatic-site percentages were calculated using the total number of synchronous 
metastatic-site involvements (n = 96) as the denominator. Patients with multiple-organ 
metastases were counted under each involved site.

Individual percentages total 99.9% because of rounding to one decimal place.

Table I. Clinicopathological characteristics of the study cohort and distribution of synchronous metastatic sites
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Table II. Univariable analysis of associations between clinicopathological parameters and synchronous distant metastasis

Parameters Synchronous metastasis 
Present (n = 83)

Absent (n = 299) Unadjusted OR 
(95% CI)

Test p-value

Age [years]

> 55 58 (69.9) 225 (75.3) 0.76 (0.45–1.31)
Pearson χ² 0.323

≤ 55 25 (30.1) 74 (24.7) Reference

Sex

Male 46 (55.4) 180 (60.2) 0.82 (0.50–1.34)
Pearson χ² 0.433

Female 37 (44.6) 119 (39.8) Reference

Tumor size [cm]

> 5.5 24 (28.9) 77 (25.8) 1.17 (0.68–2.01)
Pearson χ² 0.563

≤ 5.5 59 (71.1) 222 (74.2) Reference

Tumor location

Right-sided 26 (31.3) 87 (29.1) 1.11 (0.66–1.88)
Pearson χ² 0.694

Left-sided 57 (68.7) 212 (70.9) Reference

Invasion depth (pT stage)

pT3–4 80 (96.4) 278 (93.0) 2.01 (0.59–6.93)
Pearson χ² 0.257

pT1–2 3 (3.6) 21 (7.0) Reference

Tumor perforation

Present 8 (9.6) 20 (6.7) 1.49 (0.63–3.51)
Pearson χ² 0.362

Absent 75 (90.4) 279 (93.3) Reference

Lymph node metastasis

Present 67 (80.7) 148 (49.5) 4.27 (2.37–7.71)
Pearson χ² < 0.001

Absent 16 (19.3) 151 (50.5) Reference

Tumor deposits

Present 14 (16.9) 24 (8.0) 2.32 (1.14–4.73)
Pearson χ² 0.017

Absent 69 (83.1) 275 (92.0) Reference

Proximal/distal resection margin

Positive 4 (4.8) 1 (0.3) 15.09 (1.66–136.90) Fisher’s
exact 0.009

Negative 79 (95.2) 298 (99.7) Reference

Radial resection margin*

Positive 8 (38.1) 14 (14.4) 3.65 (1.28–10.40) Fisher’s
exact 0.026

Negative 13 (61.9) 83 (85.6) Reference

MMR status

dMMR 5 (6.0) 54 (18.1) 0.29 (0.11–0.75)
Pearson χ² 0.007

pMMR 78 (94.0) 245 (81.9) Reference

Histological subtype

Mucinous adenocarcinoma 10 (12.0) 21 (7.0) 1.88 (0.85–4.18) Fisher-Freeman-
Halton exact test
(Monte Carlo)

0.014Conventional adenocarcinoma 70 (84.3) 277 (92.6) Reference

Signet-ring cell carcinoma 3 (3.6) 1 (0.3) 11.87 (1.22–115.87)

Tumor grade

High grade (poorly 
differentiated)

15 (18.1) 37 (12.4) 1.56 (0.81–3.01)

Pearson χ² 0.181
Low grade (well/moderately 
differentiated)

68 (81.9) 262 (87.6) Reference

PDC

High 48 (57.8) 126 (42.1) 1.88 (1.15–3.08)
Pearson χ² 0.011

Low/intermediate 35 (42.2) 173 (57.9) Reference
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Parameters Synchronous metastasis 
Present (n = 83)

Absent (n = 299) Unadjusted OR 
(95% CI)

Test p-value

Tumor budding

High 46 (55.4) 136 (45.5) 1.67 (0.93–3.01) Fisher-Freeman-
Halton exact test 
(Monte Carlo)

0.214Intermediate 17 (20.5) 64 (21.4) 1.31 (0.64–2.70)

Low 20 (24.1) 99 (33.1) Reference

Intratumoral lymphocytic infiltration

Absent 28 (33.7) 69 (23.1) 1.51 (0.59–3.87) Fisher-Freeman-
Halton exact test 
(Monte Carlo)

0.141Low 48 (57.8) 204 (68.2) 0.87 (0.36–2.13)

High 7 (8.4) 26 (8.7) Reference

Peritumoral lymphocytic infiltration

High 33 (39.8) 167 (55.9) Reference
Pearson χ² 0.009

Low 50 (60.2) 132 (44.1) 1.92 (1.17–3.15)

Crohn-like lymphoid reaction

Present 46 (55.4) 196 (65.6) 0.65 (0.40–1.07)
Pearson χ² 0.090

Absent 37 (44.6) 103 (34.4) Reference

Lymphovascular invasion

Present 69 (83.1) 195 (65.2) 2.63 (1.41–4.90)
Pearson χ² 0.002

Absent 14 (16.9) 104 (34.8) Reference

Venous invasion

Present 17 (20.5) 19 (6.4) 3.80 (1.87–7.70)
Pearson χ² < 0.001

Absent 66 (79.5) 280 (93.6) Reference

Perineural invasion

Present 50 (60.2) 110 (36.8) 2.60 (1.58–4.29)
Pearson χ² < 0.001

Absent 33 (39.8) 189 (63.2) Reference

dMMR – deficient mismatch repair, MMR – mismatch repair, OR – odds ratio, PDC – poorly differentiated clusters, pMMR – proficient mismatch repair
* Radial resection margin status was available for 118 patients.
Data are presented as n (%). Unadjusted odds ratios (ORs) and 95% CI were calculated for the presence of synchronous distant metastasis. For variables with more than two catego-
ries, category-specific ORs were calculated relative to the indicated reference category, whereas the reported p-value represents the overall association across all categories. All p-values 
are two-sided.

Table III. Multivariable logistic regression analysis of factors associated with synchronous distant metastasis (Model 1)

Parameters Comparison OR 95% CI p-value

Lymph node metastasis Present vs. absent 4.46 2.41–8.23 < 0.001

Proximal/distal resection margin Positive vs. negative 15.37 1.42–165.93 0.024

MMR status dMMR vs. pMMR 0.24 0.08–0.69 0.008

Peritumoral lymphocytic infiltration Low vs. high 1.81 1.07–3.07 0.028
AUC – area under the receiver operating characteristic curve, dMMR – deficient mismatch repair, MMR – mismatch repair, OR – odds ratio, pMMR – proficient mismatch repair
Model performance: Omnibus test χ² = 49.674, p < 0.001; Hosmer-Lemeshow test p = 0.199; Nagelkerke R² = 0.192; AUC = 0.739.

Table IV. Multivariable logistic regression analysis of pathological factors associated with synchronous distant metastasis (Model 2)

Parameters Comparison OR 95% CI p-value

Perineural invasion Present vs. absent 2.05 1.20–3.49 0.008

Lymphovascular invasion Present vs. absent 1.83 0.92–3.63 0.084

Tumor deposits Present vs. absent 2.06 0.97–4.38 0.059

PDC High vs. low/intermediate 1.30 0.75–2.22 0.350
AUC – area under the receiver operating characteristic curve, OR – odds ratio, PDC – poorly differentiated clusters

Model performance: Omnibus test χ² = 23.217, P < 0.001; Hosmer–Lemeshow test p = 0.574; Nagelkerke R² = 0.092; AUC = 0.652.

Table II. Cont.
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Crohn-like lymphoid reaction, lymphovascular inva-
sion, venous invasion, and perineural invasion (all p < 
0.05) (Table V).

In  multivariable analysis, lymph node metastasis 
(OR = 3.23, 95% CI: 1.62–6.43; p < 0.001) and positive 

proximal/distal resection margin (OR = 23.78, 95% CI: 
2.08–271.66; p  = 0.011) were associated with higher 
odds of  liver metastasis, whereas dMMR was associ-
ated with lower odds (OR = 0.27, 95% CI: 0.08–0.90;  
p  = 0.033). Venous invasion showed a  borderline as-

Table V. Univariable analysis of the associations between clinicopathological characteristics and synchronous liver metastasis

Parameters Liver metastasis 
Present (n = 62)

Absent 
(n = 320)

Unadjusted OR 
(95% CI)

Test p-value

Age [years]

> 55 47 (75.8) 236 (73.8) 1.12 (0.59–2.10)
Pearson χ² 0.735

≤ 55 15 (24.2) 84 (26.3) Reference

Sex

Male 33 (53.2) 193 (60.3) 0.75 (0.43–1.29)
Pearson χ² 0.299

Female 29 (46.8) 127 (39.7) Reference

Tumor size [cm]

> 5.5 15 (24.2) 86 (26.9) 0.87 (0.46–1.63)
Pearson χ² 0.661

≤ 5.5 47 (75.8) 234 (73.1) Reference

Tumor location

Right-sided 21 (33.9) 92 (28.8) 1.27 (0.71–2.26)
Pearson χ² 0.419

Left-sided 41 (66.1) 228 (71.2) Reference

Invasion depth (pT stage)

pT3–4 60 (96.8) 298 (93.1) 2.21 (0.51–9.67)
Fisher’s exact 0.396

pT1–2 2 (3.2) 22 (6.9) Reference

Tumor perforation

Present 5 (8.1) 23 (7.2) 1.13 (0.41–3.10)
Fisher’s exact 0.791

Absent 57 (91.9) 297 (92.8) Reference

Lymph node metastasis

Present 49 (79.0) 166 (51.9) 3.50 (1.83–6.70)
Pearson χ² < 0.001

Absent 13 (21.0) 154 (48.1) Reference

Tumor deposits

Present 10 (16.1) 28 (8.8) 2.01 (0.92–4.37)
Pearson χ² 0.076

Absent 52 (83.9) 292 (91.2) Reference

Proximal/distal resection margin

Positive 4 (6.5) 1 (0.3) 22.00 (2.42–200.37)
Fisher’s exact 0.003

Negative 58 (93.5) 319 (99.7) Reference

Radial resection margin*

Positive 5 (35.7) 17 (16.3) 2.84 (0.85–9.54)
Fisher’s exact 0.135

Negative 9 (64.3) 87 (83.7) Reference

MMR status

dMMR 3 (4.8) 56 (17.5) 0.24 (0.07–0.79)
Pearson χ² 0.012

pMMR 59 (95.2) 264 (82.5) Reference

Histological subtype

Mucinous 
adenocarcinoma

3 (4.8) 28 (8.8) 0.53 (0.16–1.81)

Fisher-Freeman-
Halton exact test 
(Monte Carlo)

0.403Conventional 
adenocarcinoma

58 (93.5) 289 (90.3) Reference

Signet-ring cell carcinoma 1 (1.6) 3 (0.9) 1.66 (0.17–16.25)
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sociation (OR  = 2.22, 95% CI: 0.96–5.12; p  = 0.062), 
while perineural invasion and PDC grade were not sig-
nificant (Table VI). The area under the receiver operat-
ing characteristic curve was 0.741.

Synchronous peritoneal metastasis

Univariable analysis showed significant associations 
of peritoneal metastasis with younger age, lymph node 
metastasis, tumor deposits, histological subtype, tumor 
budding grade, intratumoral lymphocytic infiltration, 
and perineural invasion (all p < 0.05) (Table VII).

Because only 13  events occurred, the restricted ex-
ploratory model included two binary variables selected  
before model fitting based on  their clinicopatho- 
logical relevance. Non-conventional histological sub-
type (OR  = 38.91, 95% CI: 9.33–162.23; p  < 0.001) 
and tumor deposits (OR = 13.53, 95% CI: 3.05–60.08;  
p < 0.001) were associated with higher odds of perito-
neal metastasis (Table VIII). The area under the receiver 
operating characteristic curve was 0.879. The wide con-
fidence intervals indicate substantial imprecision; there-
fore, these findings should be considered exploratory.

Parameters Liver metastasis 
Present (n = 62)

Absent 
(n = 320)

Unadjusted OR 
(95% CI)

Test p-value

Tumor grade

High grade 
(poorly differentiated)

9 (14.5) 43 (13.4) 1.09 (0.50–2.38)

Pearson χ² 0.821
Low grade (well/
moderately differentiated)

53 (85.5) 277 (86.6) Reference

PDC

High 35 (56.5) 139 (43.4) 1.69 (0.98–2.92)
Pearson χ² 0.060

Low/intermediate 27 (43.5) 181 (56.6) Reference

Tumor budding

High (Bd3) 32 (51.6) 150 (46.9) 1.74 (0.87–3.47) Fisher-Freeman-
Halton exact test 
(Monte Carlo)

0.119Intermediate (Bd2) 17 (27.4) 64 (20.0) 2.17 (0.99–4.75)

Low (Bd1) 13 (21.0) 106 (33.1) Reference

Intratumoral lymphocytic infiltration

Absent 15 (24.2) 82 (25.6) 0.82 (0.29–2.33) Fisher-Freeman-
Halton exact test 
(Monte Carlo)

0.927Low 41 (66.1) 211 (65.9) 0.87 (0.34–2.25)

High 6 (9.7) 27 (8.4) Reference

Peritumoral lymphocytic infiltration

High 26 (41.9) 174 (54.4) Reference
Pearson χ² 0.073

Low 36 (58.1) 146 (45.6) 1.65 (0.95–2.86)

Crohn-like lymphoid reaction

Present 32 (51.6) 210 (65.6) 0.56 (0.32–0.97)
Pearson χ² 0.036

Absent 30 (48.4) 110 (34.4) Reference

Lymphovascular invasion

Present 53 (85.5) 211 (65.9) 3.04 (1.45–6.40)
Pearson χ² 0.002

Absent 9 (14.5) 109 (34.1) Reference

Venous invasion

Present 14 (22.6) 22 (6.9) 3.95 (1.89–8.25)
Pearson χ² < 0.001

Absent 48 (77.4) 298 (93.1) Reference

Perineural invasion

Present 36 (58.1) 124 (38.8) 2.19 (1.26–3.80)
Pearson χ² 0.005

Absent 26 (41.9) 196 (61.2) Reference
Bd – tumor budding grade, dMMR – deficient mismatch repair, MMR – mismatch repair, OR – odds ratio, PDC – poorly differentiated clusters, pMMR – proficient mismatch repair

* Radial resection margin status was available for 118 patients.

Data are presented as n (%). Unadjusted odds ratios (ORs) and 95% CI were calculated for the presence of synchronous liver metastasis. For variables with more than two categories, 
category-specific ORs were calculated relative to the indicated reference category, whereas the reported p-value represents the overall association across all categories. All p-values are 
two-sided.

Table V. Cont.
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Table VI. Multivariable logistic regression analysis of factors associated with synchronous liver metastasis

Parameters Comparison OR 95% CI p-value

MMR status dMMR vs. pMMR 0.27 0.08–0.90 0.033

Lymph node metastasis Present vs. absent 3.23 1.62–6.43 < 0.001

Proximal/distal resection margin Positive vs. negative 23.78 2.08–271.66 0.011

Perineural invasion Present vs. absent 1.47 0.79–2.74 0.225

Venous invasion Present vs. absent 2.22 0.96–5.12 0.062

PDC High vs. low/intermediate 1.19 0.64–2.21 0.578
AUC – area under the receiver operating characteristic curve, dMMR – deficient mismatch repair, MMR – mismatch repair, OR – odds ratio, PDC – poorly differentiated clusters, 
pMMR – proficient mismatch repair
Model performance: Omnibus test χ² = 42.497, p < 0.001; Hosmer-Lemeshow test p = 0.839; −2 log likelihood = 296.314; Cox and Snell R² = 0.105;
Nagelkerke R² = 0.179; AUC = 0.741.

Table VII. Univariable analysis of the associations between clinicopathological characteristics and synchronous peritoneal metastasis

Parameters Peritoneal metastasis 
Present (n = 13)

Absent 
(n = 369)

Unadjusted OR 
(95% CI)

Test p-value

Age [years]
> 55 6 (46.2) 277 (75.1) 0.28 (0.09–0.87)

Fisher’s exact 0.046
≤ 55 7 (53.8) 92 (24.9) Reference

Sex
Male 8 (61.5) 218 (59.1) 1.11 (0.36–3.45)

Pearson χ² 0.859
Female 5 (38.5) 151 (40.9) Reference

Tumor size [cm]
> 5.5 6 (46.2) 95 (25.7) 2.47 (0.81–7.54)

Fisher’s exact 0.114
≤ 5.5 7 (53.8) 274 (74.3) Reference

Tumor location
Right-sided 3 (23.1) 110 (29.8) 0.71 (0.19–2.62)

Fisher’s exact 0.763
Left-sided 10 (76.9) 259 (70.2) Reference

Invasion depth (pT stage)
pT3–4 13 (100.0) 345 (93.5) NE

Fisher’s exact 1.000
pT1–2 0 (0.0) 24 (6.5) Reference

Tumor perforation
Present 2 (15.4) 26 (7.0) 2.40 (0.50–11.40)

Fisher’s exact 0.245
Absent 11 (84.6) 343 (93.0) Reference

Lymph node metastasis
Present 12 (92.3) 203 (55.0) 9.81 (1.26–76.25)

Pearson χ² 0.008
Absent 1 (7.7) 166 (45.0) Reference

Tumor deposits
Present 6 (46.2) 32 (8.7) 9.03 (2.86–28.48)

Fisher’s exact < 0.001
Absent 7 (53.8) 337 (91.3) Reference

Proximal/distal resection margin
Positive 1 (7.7) 4 (1.1) 7.60 (0.79–73.28)

Fisher’s exact 0.160
Negative 12 (92.3) 365 (98.9) Reference

Radial resection margin*
Positive 0 (0.0) 22 (19.0) NE

Fisher’s exact 1.000
Negative 2 (100.0) 94 (81.0) Reference

MMR status
dMMR 3 (23.1) 56 (15.2) 1.68 (0.45–6.28)

Fisher’s exact 0.433
pMMR 10 (76.9) 313 (84.8) Reference
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Parameters Peritoneal metastasis 
Present (n = 13)

Absent 
(n = 369)

Unadjusted OR 
(95% CI)

Test p-value

Histological subtype
Mucinous adenocarcinoma 6 (46.2) 25 (6.8) 20.58 (5.45–77.72)

Fisher-Freeman-
Halton exact test 
(Monte Carlo)

< 0.001
Conventional 
adenocarcinoma

4 (30.8) 343 (93.0) Reference

Signet-ring cell carcinoma 3 (23.1) 1 (0.3) 257.25 (21.79–3036.91)
Tumor grade
High grade (poorly 
differentiated)

4 (30.8) 48 (13.0) 2.97 (0.88–10.03)

Fisher’s exact 0.086
Low grade (well/moderately 
differentiated)

9 (69.2) 321 (87.0) Reference

PDC
High 9 (69.2) 165 (44.7) 2.78 (0.84–9.20)

Pearson χ² 0.081
Low/intermediate 4 (30.8) 204 (55.3) Reference

Tumor budding
High 11 (84.6) 171 (46.3) 7.59 (0.97–59.59) Fisher-Freeman-

Halton exact test 
(Monte Carlo)

0.035Intermediate 1 (7.7) 80 (21.7) 1.48 (0.09–23.93)
Low 1 (7.7) 118 (32.0) Reference

Intratumoral lymphocytic infiltration
Absent 10 (76.9) 87 (23.6) 9.54 (2.57–35.47) Fisher-Freeman-

Halton exact test 
(Monte Carlo)

< 0.001Low 3 (23.1) 249 (67.5) Reference
High 0 (0.0) 33 (8.9) NE

Peritumoral lymphocytic infiltration
High 4 (30.8) 196 (53.1) Reference

Pearson χ² 0.113
Low 9 (69.2) 173 (46.9) 2.55 (0.77–8.42)

Crohn-like lymphoid reaction
Present 10 (76.9) 232 (62.9) 1.97 (0.53–7.28)

Fisher’s exact 0.389
Absent 3 (23.1) 137 (37.1) Reference

Lymphovascular invasion
Present 11 (84.6) 253 (68.6) 2.52 (0.55–11.56)

Fisher’s exact 0.360
Absent 2 (15.4) 116 (31.4) Reference

Venous invasion
Present 2 (15.4) 34 (9.2) 1.79 (0.38–8.42)

Fisher’s exact 0.351
Absent 11 (84.6) 335 (90.8) Reference

Perineural invasion
Present 11 (84.6) 149 (40.4) 8.12 (1.77–37.17)

Pearson χ² 0.001
Absent 2 (15.4) 220 (59.6) Reference

dMMR – deficient mismatch repair, MMR – mismatch repair, NE – not estimable, OR – odds ratio, PDC – poorly differentiated clusters, pMMR – proficient mismatch repair
* Radial resection margin status was available for 118 patients.
Data are presented as n (%). Unadjusted odds ratios (ORs) and 95% CI were calculated for the presence of synchronous peritoneal metastasis. For variables with more than two cat-
egories, category-specific ORs were calculated relative to the indicated reference category, whereas the reported p-value represents the overall association across all categories. All p-values 
are two-sided. Not estimable indicates that OR could not be estimated because of a zero cell.

Table VIII. Restricted exploratory multivariable logistic regression analysis for synchronous peritoneal metastasis

Parameters Comparison OR 95% CI p-value

Histological subtype Non-conventional vs. conventional 38.91 9.33–162.23 < 0.001
Tumor deposits Present vs. absent 13.53 3.05–60.08 < 0.001

AUC – area under the receiver operating characteristic curve, OR – odds ratio
Model performance: Omnibus test χ² = 41.913, p < 0.001; −2 log likelihood = 71.532; Cox and Snell R² = 0.104; Nagelkerke R² = 0.404; Hosmer–Lemeshow test p = 0.770; AUC = 0.879.
Non-conventional histological subtype comprised mucinous adenocarcinoma and signet-ring cell carcinoma. 

Table VII. Cont.
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Synchronous lung metastasis

In  univariable analysis, tumor perforation showed 
a  borderline association with lung metastasis (25.0% 
vs. 6.8%; Fisher’s exact p = 0.050). No other association 
reached statistical significance (Table IX).

The restricted two-variable exploratory model 
showed an  association between tumor perforation 
and higher odds of  lung metastasis (OR  = 4.22, 95% 
CI: 1.06–16.83; p  = 0.042), whereas low peritumoral 
lymphocytic infiltration did not reach statistical sig-
nificance (OR = 3.24, 95% CI: 0.86–12.20; p = 0.084) 
(Table X). The area under the receiver operating char-
acteristic curve was 0.703. Given the limited number 
of events and wide confidence intervals, these findings 
should be considered exploratory.

Synchronous bone metastasis

Among six patients with bone metastasis, five 
(83.3%) had low-grade budding, one (16.7%) had 
high-grade budding, and none had intermediate-grade 
budding (p = 0.036). No other characteristic was sig-
nificantly associated with bone metastasis (Table XI). 
Multivariable analysis was not performed, and this un-
expected distribution should be considered descriptive 
and hypothesis-generating.

Additional comparisons among patients  
with synchronous metastatic disease

Among the 83 patients with synchronous metastatic  
disease, liver involvement was associated with age, histo-
logical subtype, tumor budding grade, and intratumoral 

Table IX. Univariable analysis of the associations between clinicopathological characteristics and synchronous lung metastasis

Parameters Lung metastasis 
Present (n = 12)

Absent (n = 370) Unadjusted OR 
(95% CI)

Test p-value

Age [years]

> 55 11 (91.7) 272 (73.5) 3.96 (0.51–31.10)
Fisher’s exact 0.199

≤ 55 1 (8.3) 98 (26.5) Reference

Sex

Male 8 (66.7) 218 (58.9) 1.39 (0.41–4.71)
Fisher’s exact 0.768

Female 4 (33.3) 152 (41.1) Reference

Tumor size [cm]

> 5.5 3 (25.0) 98 (26.5) 0.93 (0.25–3.49)
Fisher’s exact 1.000

≤ 5.5 9 (75.0) 272 (73.5) Reference

Tumor location

Right-sided 5 (41.7) 108 (29.2) 1.73 (0.54–5.58)
Fisher’s exact 0.349

Left-sided 7 (58.3) 262 (70.8) Reference

Invasion depth (pT stage)

pT3–4 12 (100.0) 346 (93.5) NE
Fisher’s exact 1.000

pT1–2 0 (0.0) 24 (6.5) Reference

Tumor perforation

Present 3 (25.0) 25 (6.8) 4.60 (1.17–18.07)
Fisher’s exact 0.050

Absent 9 (75.0) 345 (93.2) Reference

Lymph node metastasis

Present 9 (75.0) 206 (55.7) 2.39 (0.64–8.96)
Fisher’s exact 0.243

Absent 3 (25.0) 164 (44.3) Reference

Tumor deposits

Present 3 (25.0) 35 (9.5) 3.19 (0.83–12.33)
Fisher’s exact 0.106

Absent 9 (75.0) 335 (90.5) Reference

Proximal/distal resection margin

Positive 0 (0.0) 5 (1.4) NE
Fisher’s exact 1.000

Negative 12 (100.0) 365 (98.6) Reference

Radial resection margin*

Positive 2 (33.3) 20 (17.9) 2.30 (0.39–13.43)
Fisher’s exact 0.311

Negative 4 (66.7) 92 (82.1) Reference
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Parameters Lung metastasis 
Present (n = 12)

Absent (n = 370) Unadjusted OR 
(95% CI)

Test p-value

MMR status
dMMR 0 (0.0) 59 (15.9) NE

Fisher’s exact 0.227
pMMR 12 (100.0) 311 (84.1) Reference

Histological subtype
Mucinous adenocarcinoma 0 (0.0) 31 (8.4) NE Fisher-Freeman-

Halton exact test 
(Monte Carlo)

0.082Conventional adenocarcinoma 11 (91.7) 336 (90.8) Reference
Signet-ring cell carcinoma 1 (8.3) 3 (0.8) 10.18 (0.98–105.86)

Tumor grade
High grade (poorly differentiated) 2 (16.7) 50 (13.5) 1.28 (0.27–6.01)

Fisher’s exact 0.671Low grade (well/moderately 
differentiated)

10 (83.3) 320 (86.5) Reference

PDC
High 5 (41.7) 169 (45.7) 0.85 (0.26–2.73)

Fisher’s exact 1.000
Low/intermediate 7 (58.3) 201 (54.3) Reference

Tumor budding
High 7 (58.3) 175 (47.3) 0.91 (0.28–2.94) Fisher-Freeman-

Halton exact test 
(Monte Carlo)

0.168Intermediate 0 (0.0) 81 (21.9) NE
Low 5 (41.7) 114 (30.8) Reference

Intratumoral lymphocytic infiltration
Absent 6 (50.0) 91 (24.6) 2.11 (0.24–18.20) Fisher-Freeman-

Halton exact test 
(Monte Carlo)

0.100Low 5 (41.7) 247 (66.8) 0.65 (0.07–5.72)
High 1 (8.3) 32 (8.6) Reference

Peritumoral lymphocytic infiltration
High 3 (25.0) 197 (53.2) Reference

Fisher’s exact 0.076
Low 9 (75.0) 173 (46.8) 3.42 (0.91–12.82)

Crohn-like lymphoid reaction
Present 7 (58.3) 235 (63.5) 0.80 (0.25–2.58)

Fisher’s exact 0.765
Absent 5 (41.7) 135 (36.5) Reference

Lymphovascular invasion
Present 11 (91.7) 253 (68.4) 5.09 (0.65–39.87)

Fisher’s exact 0.115
Absent 1 (8.3) 117 (31.6) Reference

Venous invasion
Present 1 (8.3) 35 (9.5) 0.87 (0.11–6.94)

Fisher’s exact 1.000
Absent 11 (91.7) 335 (90.5) Reference

Perineural invasion
Present 7 (58.3) 153 (41.4) 1.99 (0.62–6.37)

Fisher’s exact 0.252
Absent 5 (41.7) 217 (58.6) Reference

dMMR – deficient mismatch repair, MMR – mismatch repair, NE – not estimable, OR – odds ratio, PDC – poorly differentiated clusters, pMMR – proficient mismatch repair
* Radial resection margin status was available for 118 patients.
Data are presented as n (%). Unadjusted odds ratios (ORs) and 95% CI were calculated for the presence of synchronous lung metastasis. For variables with more than two categories, 
category-specific ORs were calculated relative to the indicated reference category, whereas the reported p-value represents the overall association across all categories. All p-values are 
two-sided. Not estimable indicates that OR could not be estimated because of a zero cell.

Table X. Restricted exploratory multivariable logistic regression analysis for synchronous lung metastasis

Parameters Comparison OR 95% CI p-value

Tumor perforation Present vs. absent 4.22 1.06–16.83 0.042

Peritumoral lymphocytic infiltration Low vs. high 3.24 0.86–12.20 0.084
AUC – area under the receiver operating characteristic curve, OR – odds ratio 
Model performance: Omnibus test χ² = 7.175, p = 0.028; −2 log likelihood = 99.497; Cox and Snell R² = 0.019; Nagelkerke R² = 0.076; Hosmer-Lemeshow test p = 0.770; AUC = 0.703.

Table IX. Cont.
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Table XI. Univariable analysis of the associations between clinicopathological characteristics and synchronous bone metastasis

Parameters Bone metastasis 
Present (n = 6)

Absent (n = 376) Unadjusted OR 
(95% CI)

Test p-value

Age [years]

> 55 3 (50.0) 280 (74.5) 0.34 (0.07–1.73)
Fisher’s exact 0.183

≤ 55 3 (50.0) 96 (25.5) Reference

Sex

Male 4 (66.7) 222 (59.0) 1.39 (0.25–7.67)
Fisher’s exact 1.000

Female 2 (33.3) 154 (41.0) Reference

Tumor size [cm]

> 5.5 1 (16.7) 100 (26.6) 0.55 (0.06–4.78)
Fisher’s exact 1.000

≤ 5.5 5 (83.3) 276 (73.4) Reference

Tumor location

Right-sided 1 (16.7) 112 (29.8) 0.47 (0.05–4.08)
Fisher’s exact 0.675

Left-sided 5 (83.3) 264 (70.2) Reference

Invasion depth (pT stage)

pT3–4 5 (83.3) 353 (93.9) 0.33 (0.04–2.91)
Fisher’s exact 0.324

pT1–2 1 (16.7) 23 (6.1) Reference

Tumor perforation

Present 0 (0.0) 28 (7.4) NE
Fisher’s exact 1.000

Absent 6 (100.0) 348 (92.6) Reference

Lymph node metastasis

Present 5 (83.3) 210 (55.9) 3.95 (0.46–34.16)
Fisher’s exact 0.237

Absent 1 (16.7) 166 (44.1) Reference

Tumor deposits

Present 0 (0.0) 38 (10.1) NE
Fisher’s exact 1.000

Absent 6 (100.0) 338 (89.9) Reference

Proximal/distal resection margin

Positive 0 (0.0) 5 (1.3) NE
Fisher’s exact 1.000

Negative 6 (100.0) 371 (98.7) Reference

Radial resection margin*

Positive 2 (40.0) 20 (17.7) 3.10 (0.49–19.78)
Fisher’s exact 0.233

Negative 3 (60.0) 93 (82.3) Reference

MMR status

dMMR 0 (0.0) 59 (15.7) NE
Fisher’s exact 0.596

pMMR 6 (100.0) 317 (84.3) Reference

Histological subtype

Mucinous adenocarcinoma 0 (0.0) 31 (8.2) NE Fisher-Freeman-
Halton exact test 
(Monte Carlo)

1.000Conventional adenocarcinoma 6 (100.0) 341 (90.7) Reference

Signet-ring cell carcinoma 0 (0.0) 4 (1.1) NE

Tumor grade

High grade (poorly 
differentiated)

1 (16.7) 51 (13.6) 1.27 (0.15–11.13)

Fisher’s exact 0.587
Low grade (well/moderately 
differentiated)

5 (83.3) 325 (86.4) Reference

PDC

High 2 (33.3) 172 (45.7) 0.59 (0.11–3.28)
Fisher’s exact 0.693

Low/intermediate 4 (66.7) 204 (54.3) Reference
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lymphocytic infiltration (all p  < 0.05) (Supplementary 
Table S1). Peritoneal involvement was associated with 
tumor deposits, MMR status, histological subtype, and 
intratumoral lymphocytic infiltration (all p < 0.05) (Sup-
plementary Table S2). Because these analyses involved 
multiple comparisons within a  small subgroup, they 
should be  considered hypothesis-generating and not  
evidence of preferential organ tropism.

Discussion

In  this study, synchronous distant metastasis was 
associated with multiple routinely assessed features re-
flecting disease burden, local invasiveness, molecular 
characteristics, and tumor-host interactions. Different 
patterns of  association were also observed across in-
dividual metastatic sites. A strength of the study is the 
assessment of both overall synchronous metastasis and 
site-specific associations within the same cohort.

Synchronous distant metastasis

Two multivariable models were constructed to  re-
duce collinearity among biologically related variables. 
Model 1 demonstrated moderate discrimination (AUC 
= 0.739), whereas Model 2 showed more limited dis-
crimination (AUC = 0.652). Because the models con-
tained different variables and their AUCs were not 
formally compared, this difference does not establish 
the relative importance of  the represented biological 
processes. Rather, it supports the multifactorial nature 
of metastatic dissemination.

Lymph node metastasis was strongly associated with 
synchronous distant metastasis and remained associ-
ated with liver metastasis in the organ-specific model. 
Previous studies have linked lymph node involvement 
and invasive histopathological features to synchronous 
metastasis and adverse outcomes [21, 23]. Regional 
nodal involvement may therefore indicate greater met-
astatic potential or disease burden, although the present 

Parameters Bone metastasis 
Present (n = 6)

Absent (n = 376) Unadjusted OR 
(95% CI)

Test p-value

Tumor budding

High 1 (16.7) 181 (48.1) 0.13 (0.01–1.09) Fisher-Freeman-
Halton exact test 
(Monte Carlo)

0.036Intermediate 0 (0.0) 81 (21.5) NE

Low 5 (83.3) 114 (30.3) Reference

Intratumoral lymphocytic infiltration

Absent 3 (50.0) 94 (25.0) 2.65 (0.53–13.36) Fisher-Freeman-
Halton exact test 
(Monte Carlo)

0.403Low 3 (50.0) 249 (66.2) Reference

High 0 (0.0) 33 (8.8) NE

Peritumoral lymphocytic infiltration

High 3 (50.0) 197 (52.4) Reference
Fisher’s exact 1.000

Low 3 (50.0) 179 (47.6) 1.10 (0.22–5.52)

Crohn-like lymphoid reaction

Present 5 (83.3) 237 (63.0) 2.93 (0.34–25.36)
Fisher’s exact 0.421

Absent 1 (16.7) 139 (37.0) Reference

Lymphovascular invasion

Present 3 (50.0) 261 (69.4) 0.44 (0.09–2.22)
Fisher’s exact 0.378

Absent 3 (50.0) 115 (30.6) Reference

Venous invasion

Present 1 (16.7) 35 (9.3) 1.95 (0.22–17.15)
Fisher’s exact 0.450

Absent 5 (83.3) 341 (90.7) Reference

Perineural invasion

Present 2 (33.3) 158 (42.0) 0.69 (0.12–3.81)
Fisher’s exact 1.000

Absent 4 (66.7) 218 (58.0) Reference

dMMR – deficient mismatch repair, MMR – mismatch repair, NE – not estimable, OR – odds ratio, PDC – poorly differentiated clusters, pMMR – proficient mismatch repair
* Radial resection margin status was available for 118 patients.
Data are presented as n (%). Unadjusted odds ratios (ORs) and 95% CI were calculated for the presence of synchronous bone metastasis. For variables with more than two categories, 
category-specific ORs were calculated relative to the indicated reference category, whereas the reported p-value represents the overall association across all categories. All p-values are 
two-sided. NE indicates that OR could not be estimated because of a zero cell.

Table XI. Cont.
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observational findings do not establish a direct pathway 
between lymphatic and hepatic dissemination.

Deficient mismatch repair was associated with 
lower odds of  both overall synchronous metasta-
sis and liver metastasis. Deficient mismatch repair 
CRCs are characterized by high mutational and neo-
antigen burdens and prominent immune infiltration 
[17, 18], which have been proposed to  contribute 
to  their lower frequency of  distant dissemination 
[24, 25]. Previous studies have similarly report-
ed a  reduced likelihood of  metastasis and favorable 
stage-adjusted outcomes in  selected patients with 
dMMR/microsatellite instability-high CRC [25–27].  
Nevertheless, molecular data beyond MMR status 
were unavailable, and these associations should not 
be interpreted as evidence of a causal protective effect.

Low peritumoral lymphocytic infiltration was asso-
ciated with higher odds of synchronous distant metas-
tasis, with high infiltration as  the reference category. 
This finding, together with the association observed 
for dMMR, is consistent with a potential relationship 
between host immune response and metastatic dis-
semination [18–20]. However, whether these variables 
represent related or  independent biological processes 
could not be determined.

Perineural invasion remained independently asso-
ciated with synchronous distant metastasis in Model 2.  
This finding is consistent with previous evidence link-
ing perineural invasion to  advanced clinicopatholog-
ical features, lymph node involvement, and adverse 
outcomes [12, 23]. Conversely, lymphovascular inva-
sion and tumor deposits showed borderline adjusted 
associations, while PDC grade was not independently  
associated. These findings may reflect correlations 
among adverse pathological features, limited precision, 
or residual confounding. Lymphovascular invasion and 
tumor deposits have previously been associated with 
metastatic disease and adverse outcomes [10, 15, 23, 28], 
and PDCs with adverse prognosis [14, 29, 30]; therefore, 
the present nonsignificant adjusted findings should not 
be interpreted as evidence of no association.

Histological subtype showed a  strong association 
with peritoneal metastasis: non-conventional sub-
types, comprising mucinous and signet-ring cell car-
cinomas, were associated with higher odds than con-
ventional adenocarcinoma. This is  consistent with 
previous reports of more frequent peritoneal dissem-
ination in these subtypes [6, 7]. However, the estimate 
was based on only 13 peritoneal metastatic events and 
had a wide confidence interval, indicating substantial 
imprecision and possible sparse-data bias. It  should 
therefore be considered exploratory rather than a pre-
cise measure of association.

Site-specific metastatic associations

Histopathological associations differed across met-
astatic sites. Although metastatic distribution may 

be  influenced by  tumor biology and organ-specific  
microenvironments [4, 6, 8, 9], the present results 
demonstrate statistical associations rather than mech-
anisms of biological organ tropism.

Synchronous liver metastasis

The liver was the most frequent metastatic site, con-
sistent with previous reports [3, 6]. Its predominance 
reflects portal venous drainage, although hepatic col-
onization may also involve tumor-microenvironment 
interactions described by  the “seed and soil” hypoth-
esis [8, 9].

Lymph node metastasis and positive proximal/ 
distal resection margin were associated with higher 
odds of  liver metastasis, whereas dMMR was asso-
ciated with lower odds. The latter finding may relate 
to immune characteristics of dMMR CRC [18, 24, 25], 
but the underlying mechanism remains uncertain. The 
high OR for positive margin status was based on only 
five positive cases and had a  wide confidence inter-
val. Margin positivity may therefore represent locally 
advanced or  technically difficult disease rather than 
a causal relationship with liver metastasis.

Synchronous peritoneal metastasis

Tumor deposits and non-conventional histological 
subtype were associated with higher odds of peritoneal 
metastasis. Peritoneal dissemination is  thought to  in-
volve tumor-cell exfoliation and intraperitoneal im-
plantation [8, 9]. The association with mucinous and 
signet-ring cell carcinomas is consistent with their re-
ported tendency toward peritoneal involvement [6, 7],  
while tumor deposits have been linked to  metastatic 
disease and adverse outcomes [15, 28, 31]. However,  
with only 13 events, the large estimates and wide con-
fidence intervals indicate imprecision and possible 
sparse-data bias; thus, the restricted model remains 
exploratory.

Synchronous lung metastasis

Tumor perforation was associated with higher odds 
of lung metastasis in the restricted model. Perforation 
reflects advanced local disease and has been associ-
ated with recurrence and adverse outcomes [32, 33], 
although its specific relationship with lung metastasis 
is  poorly characterized. The univariable association 
was borderline (p = 0.050), and the adjusted estimate 
(OR = 4.22, 95% CI: 1.06–16.83; p = 0.042) was based 
on  only 12  events. Low peritumoral lymphocytic in-
filtration was not statistically significant. Accordingly, 
no firm conclusions can be drawn from this model.

Synchronous bone metastasis

Only six patients had bone metastasis, precluding 
multivariable analysis. The unexpected predominance 
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of low-grade budding (p = 0.036) conflicts with the es-
tablished adverse significance of tumor budding [13, 22]  
and may represent a chance finding. The bone metas-
tasis results should therefore be considered descriptive 
and hypothesis-generating.

Additional metastatic-only comparisons identified 
differences in  age, histological subtype, tumor bud-
ding, and intratumoral lymphocytic infiltration ac-
cording to  liver involvement, and in  tumor deposits, 
MMR status, histological subtype, and intratumoral 
lymphocytic infiltration according to  peritoneal in-
volvement. These analyses further illustrate differ-
ing histopathological profiles but remain exploratory  
because of small comparison groups, multiple testing, 
and inclusion of multiple-organ cases.

Overall, the site-specific findings require validation 
in larger independent cohorts and should not be inter-
preted as evidence of preferential organ tropism.

Limitations

A  major strength of  this study is  the evaluation 
of overall and site-specific synchronous metastatic as-
sociations within the same cohort. All slides were in-
dependently reviewed by  two pathologists, including 
a gastrointestinal pathologist, who were blinded to met-
astatic status. Tumor budding was assessed according 
to ITBCC recommendations, MMR status was evaluated  
immunohistochemically, and all examined parameters 
are routinely available in pathological practice.

The retrospective, single-center design and inclu-
sion of only surgically treated patients may have intro-
duced selection bias and limited generalizability, par-
ticularly to unresectable disease. Radial margin status 
was available for only 118 patients and was excluded  
from multivariable analyses. The small numbers of peri-
toneal, lung, and bone metastases increased the risks  
of sparse-data bias, overfitting, and imprecise estimates.  
Thus, the peritoneal and lung models remain explor-
atory despite restriction to two variables, whereas the 
bone analysis is descriptive.

In the primary site-specific analyses, each target-site 
group was compared with all patients without involve-
ment of that site, including both nonmetastatic patients 
and patients with metastases elsewhere. Therefore, 
these analyses do  not demonstrate preferential organ 
tropism. The metastatic-only comparisons were also 
limited by small sample sizes and inclusion of multiple- 
organ cases.

No  adjustment for multiple comparisons was ap-
plied because the organ-specific analyses were explor-
atory, increasing the risk of  false-positive findings. 
Additional limitations include temporal heterogene-
ity during the 2006–2018 inclusion period, molecular 
characterization limited to MMR status, lack of exter-
nal validation, and the inability of  the observational 
design to support causal conclusions.

Conclusions

Synchronous distant metastasis was associated with 
features reflecting disease burden, local invasiveness, 
tumor-host interactions, and MMR status, with differ-
ent association patterns across metastatic sites. These 
findings do  not establish preferential organ tropism. 
The peritoneal and lung results should be considered 
exploratory and the bone findings descriptive and hy-
pothesis-generating. External validation is  required 
before these observations can inform individual risk 
prediction or clinical management.
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