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INTRODUCTION
Hepatic resection is a standard method of treatment for 

colorectal liver metastases (CRLM). Many articles have described 
the benefits of surgery for liver metastases of colorectal carci
noma (CRC), resulting in a 5-year survival of up to 50% [1-4]. 
Nevertheless, tumor recurrence after curative resection remains 
a major problem. Approximately, 50%–75% of patients develop 

recurrence of the disease after curative resection of CRLM [4,5].
Numerous studies have investigated the factor associated 

with recurrence after hepatectomy in CRLM. Several clini
cal factors such as preoperative CEA level, primary colorectal 
tumor stage, differentiation and lymph node (LN) metastasis of 
primary colorectal tumor, metastatic tumor burden, time interval 
to the metastasis, and neoadjuvant/ adjuvant chemotherapy 
have been established as important determinants of tumor 

Received January 23, 2014, Reviewed March 4, 2014, 
Accepted March 6, 2014

Corresponding Author: Nam-Joon Yi
Department of Surgery, Seoul National University Hospital, Seoul National 
University College of Medicine, 101 Daehak-ro, Jongno-gu, Seoul 110-744, 
Korea
Tel: +82-2-2072-2990, Fax: +82-2-766-3975
E-mail: gsleenj@hanmail.net

Copyright ⓒ 2014, the Korean Surgical Society

cc  Annals of Surgical Treatment and Research is an Open Access Journal. All 
articles are distributed under the terms of the Creative Commons Attribution Non-
Commercial License (http://creativecommons.org/licenses/by-nc/3.0/) which 
permits unrestricted non-commercial use, distribution, and reproduction in any 
medium, provided the original work is properly cited.

Purpose: Hepatic resection is a standard method of treatment for colorectal liver metastases (CRLM). However, the patho
logic factors of metastatic lesions that affect tumor recurrence are less well defined in CRLM. The aim of this study was to 
evaluate the risk factors for recurrence of CRLM, focusing on histopathologic factors of metastatic lesions of the liver. 
Methods: From January 2003 to December 2008, 117 patients underwent curative hepatic resection for CRLM were 
reviewed. Tumor size and number, differentiation, tumor budding, angio-invasion, dedifferentiation and tumor infiltrating 
inflammation of metastatic lesions were investigated.
Results: The mean number of hepatic tumors was 2 (range, 1–8). The mean size of the largest tumor was 2.9 cm (range, 
0.3–18.5 cm) in diameter. The moderate differentiation of the hepatic tumor was the most common in 86.3% of the patients. 
Tumor budding, angio-invasion, and dedifferentiation were observed in 81%, 34%, and 12.8% of patients. Inflammation 
infiltrating tumor was detected in 6.8% of patients. Recurrence after hepatic resection appeared in 69 out of 117 cases 
(58.9%). Recurrence-free survival at 1, 2 and 5 years were 62.4%, 43.6%, and 34.3%. The multivariate analysis showed the 
number of metastases ≥3 (P = 0.007), the tumor infiltrating inflammation (P = 0.047), and presence of dedifferentiation (P = 
0.020) to be independent risk factors for tumor recurrence. 
Conclusion: Histopathological factors, i.e., dedifferentiation and tumor infiltrating inflammation of the metastatic lesion, 
could be one of the risk factors of aggressive behavior as well as the number of metastases even after curative resection 
for CRLM. 
[Ann Surg Treat Res 2014;87(1):14-21]
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recurrence in CRLM [6-8]. However, early recurrence sometimes 
was developed in patients with known good prognostic factors. 
For this reason, there has been tumor biology suggestion to 
determine additional tumor aggressiveness [9].

Recently, several studies have been performed to analyze 
the histopathology of metastatic lesions as a predictive marker 
of tumor recurrence or a prognosis in patients with colorectal 
lung metastasis. Shirakusa et al. [10] suggested that the histo
logic appearance of metastatic lesion was associated with poor 
survival and higher LN metastasis in colorectal lung meta
stases. Shiono et al. [11] demonstrated the association with 
the pathologic factors of metastatic lesions such as aerogenous 
spread with floating cancer cell clusters and vascular invasion 
with prognosis in colorectal lung metastases. But the pathologic 
factors of metastatic liver lesions that affect tumor recurrence 
are less well defined in CRLM.

Therefore, the aim of this study was to clarify the charac
teristics and identify the risk factors for recurrence of the 
colorectal liver metastases, focusing on the histopathologic 
factors of metastatic hepatic lesions.

METHODS

Patient selection
From January 2003 to December 2008, 226 patients under

went hepatic resection for CRLM. Among them, 117 patients 
who underwent curative resection and who underwent precise 
histologic evaluation of metastatic lesions were retrospectively 
reviewed. 

Preoperative staging workup
The CRLMs were found by routine protocol of follow-up of 

CRC for metachronous CRLM, i.e., serum CEA and abdomen 
contrast enhanced CT per 6 months after surgery for primary 
CRC. The synchronous CRLM was initially detected by pre
operative evaluation protocol of CRC, i.e., abdomen contrast 
enhanced CT and/or rectal MRI for rectal cancer. In the case of 
suspicion of CRLMs, enhanced dynamic liver MRI, enhanced 
chest CT, and 18F-fluorodeoxyglucose positron emission 
tomography (18F-FDG-PET) scans were performed. 

Perioperative chemotherapy and surgery for CRLM
Neoadjuvant chemotherapy was given in patients with high 

preoperative CEA levels or stage M1b, M1c according to Euro
pean Colorectal Metastases Treatment Group [12]. All patients 
underwent adjuvant chemotherapy. Selection criteria for 
hepatic resection included the following: the primary disease 
must be controlled, preoperative imaging studies revealed no 
extrahepatic disease except selected patients with controlled 
extrahepatic lesions, a hepatic resection would remove all 
tumors with acceptable surgical margins, and an expected 

adequate liver function after hepatic resection.

Histological analysis
The resected specimens were immediately fixed in 

10% buffered formalin and the tumors were cut into step 
wise sections and embedded in paraffin and stained with 
hematoxylin and eosin. The tumor size, number, major 
differentiation, angio-invasion, tumor budding, dedifferen
tiation and tumor infiltrating inflammation grade were in
vestigated by a single pathologist who is an expert in liver pa
thology (K.B.L.). Angio-invasion was defined as the presence of 
cancer cells within endothelial-lined channels. An isolated cell 
or a small cluster of <5 carcinoma cells in the invasive front 
was defined as a budding focus, and ≥10 budding foci when 
viewed at a 200-fold magnification was considered positive for 
tumor budding. Dedifferentiation was defined as microscopic 
clusters of tumor cells with large solid sheet, cribriform pattern, 
spindle cell morphology, trabecular or palisading pattern or 
extensive single cells (more than 50% of tumor). Tumor infil
trating inflammation was defined as the presence of tumor 
infiltrating lymphocytes, neutrophils, or macrophages. 

Patient follow-up  
Patients were examined for CRLM recurrence by contrast 

enhanced CT every 4–6 months and blood test including 
tumor marker of CEA, every 2–3 months after discharge. When 
hepatic recurrence was suspected, dynamic enhanced liver 
MRI was performed to ensure the appearance of new lesions 
in the remnant liver, while systemic recurrence was examined 
by 18F-FDG PET. Recurrence was diagnosed when at least two 
imaging studies confirmed the new lesions showing typical 
features of CRC/CRLM, compared tothe previous images.

Statistical analysis
Data are presented as mean ± standard deviation. Kaplan-

Meier estimates of recurrence-free survival and recurrence was 
calculated and compared with the log-rank test. Multivariate 
Cox modeling was performed using potential risk factors 
(demographic factors: gender, age, preoperative CEA level, onset 
of liver metastasis, neo-adjuvant chemotherapy, presence of 
extrahepatic lesion; primary tumor factors: location, T stage, LN 
metastasis, histologic type; metastatic tumor factors: resection 
type, resection margin, number, largest size of tumor, major 
differentiation, budding, angio-invasion, dedifferentiation, 
tumor infiltrating inflammation). Forward stepwise selection 
using likelihood ratios for entry and exit criteria were used to 
develop the final multivariate Cox proportional hazards model. 
A P-value of <0.05 was considered statistically significant.
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RESULTS

Demographics and primary CRC characteristics 
Two hundred eighty nine patients underwent hepatic resec

tion for CRLM. After excluding 109 patients (37.7%) without 
the precise pathologic evaluation of metastatic lesion or with 
microscopic remaining tumors, 117 patients were enrolled in 
this study and evaluated. The patients consisted of 73 men 
(62.4%) and 44 women (37.6%) with a mean age of 64 years. 
Mean preoperative CEA level was 47.5 ± 16.7 ng/mL (range, 
1–1,660 ng/mL). Synchronous liver metastasis was noted in 78 
patients (66.7%). The majority of the primary tumor stage was 
T3 (n = 91, 77.8%). Metastases to a regional LN of primary CRC 
were noted in 82 patients (71.3%). Moderate differentiation 
occupied the most of differentiation (n = 90, 86.5%) (Table 1). 

CRLM characteristics
The mean number of hepatic tumors was 1.7 ± 0.1 (range, 

1–8). The mean size of the largest tumor was 2.9 ± 0.2 cm (range, 
0.3–18.5 cm) in diameter. Moderate differentiation occupied the 
most of differentiation (n = 101, 86.3%). Tumor budding was 
observed in 81.2% (n = 95) and angio-invasion was observed 
in 34.2% of patients (n = 40). Dedifferentiations were observed 
in 12.8% of patients (n = 15, Fig. 1); large solid sheet (n = 7, 
Fig. 1A), palisading pattern (n = 4, Fig. 1B), cribriform pattern 
(n = 2, Fig. 1C), extensive single cells (n = 2, Fig. 1D). Mild to 
moderate inflammation infiltrating tumor was detected in 6.8% 
of patients (n = 8, Fig. 2) (Table 2).   

Patient’s survival and the prognostic factors 
associated with patients’ survival
Median follow-up was 34.2 months. Overall survival at 1, 2, 

and 5 years were 95.7%, 93.7%, and 67.5% (Fig. 3). In multivariate 
analysis, old age (>60 years) (hazard ratio [HR], 9.160; 95% 
confidence interval [CI], 1.190–70.485, P = 0.033) and number 
of metastases (≥3) (HR, 3.283; 95% CI, 1.222–8.820, P = 0.018) 
were associated with poor patient survival.

Recurrence of CRC and the prognostic factors 
associated with recurrence free survival
Recurrence of CRC after hepatic resection appeared in 69 

cases. Recurrence-free survival at 1, 2, and 5 years were 62.4%, 
43.6%, and 34.3% (Fig. 4). The extrahepatic recurrence was noted 
in 48.5%. However, the most frequent site of initial recurrence 

Table 1. Baseline and primary tumor characteristics of 117 
patients with CRLM who underwent hepatic resection 

Variable Value

Sex
Male 73 (62.4)
Female 44 (37.6)

Age (yr), mean ± SD 64 ± 1
≤60 38 (32.5)
>60 79 (67.5)

CEA (ng/mL), mean ± SD (range) 47.5 ± 16.7 (1–1,660)
<200 111 (95.7)
≥200 5 (4.3)

Onset of liver metastasis
Synchronous 78 (66.7)
Metachronous 39 (33.3)

Neoadjuvant chemotherapy, yes 11 (9.4)
Extrahepatic lesion

Positive 23 (29.7)
Site, colorectal primary

Colon 65 (56.0)
Rectum 51 (44.0)

T stage, colorectal primary
T1 2 (1.8)
T2 6 (5.4)
T3 91 (82.9)
T4 12 (10.8)

LN metastasis, colorectal primary, positive 79 (71.2)
Differentiation, colorectal primary

Well 6 (5.8)
Moderate 90 (86.5)
Poor 8 (7.7)

Values are presented as number (%) unless otherwise indicated.
CRLM, colorectal liver metastases; SD, standard deviation; LN, 
lymph node.

Table 2. Liver metastatistic tumor characteristics of 117 
patients with CRLM who underwent hepatic resection

Variable Value

Major resection 36 (30.8)
Resection margin (cm)

<1 77 (68.8)
≥1 35 (31.3)

No. of metastases 1.7 ± 0.1 (1.0–8.0)
<3 97 (82.9)
≥3 20 (17.1)

Size of metastases (cm) 2.9 ± 0.2 (0.3–18.5)
≤3 76 (65.0)
>3 41 (35.0)

Differentiation
Well 3 (2.6)
Moderate 101 (86.3)
Poor 13 (11.1)

Tumor budding, positive 95 (81.2)
Angio-invasion, positive 40 (34.2)
Dedifferentiation, positive 15 (12.8)
Tumor-infiltrating Inflammation,
  mild to moderate

8 (6.8)

Values are presented as number (%) or mean ± standard devia
tion (range).
CRLM, colorectal liver metastases.
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Fig. 1. Histology of dedifferentiation. Dedifferentiation was defined as microscopic clusters of tumor cells with large solid 
sheet (A), palisading pattern (B), cribriform pattern (C), extensive single cells (D) (A-D: H&E, ×200).

Fig. 2. Tumor infiltrating inflammation was defined as the 
presence of tumor infiltrating lymphocytes, neutrophils, or 
macrophages (arrow) (H&E, ×400).

Fig. 3. Overall survival of the 117 patients after hepatic 
resection for colorectal liver metastases.
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was the liver in 54 patients (41.5%), and then a metastatic LN in 
32 (24.6%), the lung in 24 (18.5%), and peritoneal seeding in 7 
(5.4%). Multiple site recurrence was also noted in 13 (10.0%). The 
multivariate analysis showed the number of metastases (≥3) 
(HR, 2.241; 95% CI, 1.251–4.014, P = 0.007), the inflammation 
infiltrating tumor (HR, 2.388; 95% CI, 1.012–5.634, P = 0.047), 
and presence of histologic dedifferentiation (HR, 2.152; 95% CI, 
1.129–4.102, P = 0.020) to be independent risk factors for tumor 
recurrence after hepatic resection in CRLM (Table 3). 

The characteristics of patients with predictive 
histopathologic markers of recurrence 
The positive histopathologic markers predicting tumor 

recurrence, i.e., dedifferentiation or tumor infiltrating inflam
mation, were observed in 22 patients. Between patients with 
predictive histopathologic markers of recurrence and those 
without those, there was no statistically difference in pre
operative CEA level, metastases to a regional LN of primary 
CRC, the mean number of tumor and the mean size of the lar
gest tumor (Table 4). The recurrence free survival rates of those 
patients with predictive histopathologic markers were 50.0% 

at 1 year and 22.7% at 2 years after hepatic resection. It seemed 
to be poorer than others whose recurrence free survival rates 
were 65.2% at 1 year and 48.9% at 2 years. However, there was 
no statistical significance (P = 0.062). Baseline demographics 
and tumor characteristics are shown in Table 5. Although 13 
patients (No. 1–13) had more than one of the well-known good 
prognostic factors, i.e., preoperative CEA level <200 ng/mL, and 
size of metastases ≤3 cm, as well as the number of metastasis 
less 3, they showed recurrence of the tumor within 2 years after 
hepatic resection.

DISCUSSION
Despite recent improvements in the diagnosis and treatment 

of CRLM, the long-term survival of patients is unsatisfactory 
because of tumor recurrence after hepatic resection. Therefore, 
it is necessary to find predictive factors relevant to tumor 
recurrence to improve the survival outcomes. 

Several studies showed that histopathologic factors of pri
mary CRC were related to liver metastasis. Inomata et al. [13] 
reported the correlation between CRLM and dedifferentiation, 
angio-invasion and tumor inflammatory cell infiltration of 
primary CRC. Ono et al. [14] demonstrated that focal dediffe
rentiation at the invasive front of primary CRC was associated 
with liver metastases. However, most previous studies about 
factors associated with recurrence focused on histopathologic 

Fig. 4. Recurrence free survival of the 117 patients after 
hepatic resection for colorectal liver metastases. 

Table 3. Multivariate analysis for risk factors for recurrence

Variable Hazard ratio (95% CI) P-value

No. of metastasis 0.007
<3 Reference
≥3 2.241 (1.251–4.014)

Mild to moderate inflammation 0.047
No Reference
Present 2.388 (1.012–5.634)

Dedifferentiation 0.020
No Reference
Present 2.152 (1.129–4.102)

Table 4. Clinicopathological characteristics of patients with 
(group Y) and without (group N) dedifferentiation/tumor 
infiltrating inflammation 

Variable Group Y 
(n = 22)

Group N 
(n = 95) P-value

CEA (ng/mL) 34.3 ± 18.0 50.5 ± 20.1 0.709
<200 21 (95.5) 90 (95.7) 0.952
≥200 1 (4.5) 4 (4.3)

Onset of liver metastasis
Synchronous 14 (63.6) 64 (67.4) 0.738
Metachronous 8 (36.4) 31 (32.6)

LN metastasis, colorectal
  primary, positive

18 (81.8) 61 (68.5) 0.218

Differentiation,
  colorectal primary

Well 1 (4.5) 5 (6.1) 0.114
Moderate 17 (77.3) 73 (89.0)
Poor 4 (18.2) 4 (4.9)

No. of metastases 1.4 ± 0.1 1.8 ± 0.1 0.161
<3 18 (81.8) 79 (83.2) 0.880
≥3 4 (18.2) 16 (16.8)

Size of metastases (cm) 3.0 ± 0.5 2.8 ± 0.2 0.731
≤3 14 (63.6) 62 (65.3) 0.885
>3 8 (36.4) 33 (34.7)

Values are presented as mean ± standard deviation or number 
(%).
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examination of primary CRC and there had been a few reports 
on the histologic appearance of metastatic lesions in CRLM. 

Therefore, we hypothesized that histopathologic factors of 
metastatic lesions such as dedifferentiation, angio-invasion, 
tumor infiltrating inflammation will be associated with tumor 
recurrence after hepatic resection in CRLM. The results of our 
study revealed that the tumor infiltrating inflammation and 
presence of dedifferentiation of metastatic lesion were inde
pendent risk factors for tumor recurrence after hepatic resection 
in CRLM. 

Dedifferentiation is microscopic clusters of undifferentiated 
cancer cells or single carcinoma cells or a solitary trabecular 
form. Dedifferentiation exhibits a desmoplastic stromal 
reaction with marked fibrosis and neovascularization at the 
tumor invasive front. Tominaga et al. [15] reported that a high 
grade of dedifferentiation is an important predictor of LN 
metastasis in patients with nonpedunculated submucosal 
invasive CRC. Inomata et al. [13] demonstrated the association 
of dedifferentiation with liver metastasis in CRC. Our results 
showed that the presence of dedifferentiation had a significant 
influence on tumor recurrence (P = 0.020). Therefore, it is 
necessary to evaluate the presence of dedifferentiation in 
metastatic lesions to predict tumor recurrence.

Tumor infiltrating inflammation is considered to be patho
logical characteristics corresponding to host antitumor response 
and has been reported to be associated with metastatic activity 
and prognostic outcome. Unitt et al. [16] demonstrated that the 
tumor lymphocytic infiltrate is associated with hepatocellular 
carcinoma recurrence after liver transplantation. Ding et al. 
[17] showed that high macrophage infiltration predicts high 
recurrence and poor survival in patients with hepatocellular 
carcinoma. Similarly, the mild to moderate tumor infiltrating 
inflammation was associated with high recurrence in our cur

rent study.
Dedifferentiation and tumor infiltrating inflammation of 

the metastatic lesion could be one of the risk factors of aggres
sive behavior as well as size and number of metastases. In 
this study, although 13 patients had good prognostic factors, 
as noted in the results session, aggressive tumor biology like 
dedifferentiation or tumor infiltrating inflammation deviated 
the outcome; 6 patients developed tumor recurrence within 6 
months and the additional 3 patients showed recurrence within 
12 months after hepatic resection in CRLM. The recurrence free 
survival rates of these patients seemed to be lower than the 
others although there was no statistical significance. This might 
be a type II error associated with small sample size. 

In our study, there is no significant difference in histopatho
logy according to neoadjuvant and adjuvant chemotherapy, 
although this study has the limitations of retrospective design 
and small sample size of the neoadjuvant chemotherapy group. 
However, for this reason, it was possible to analyze the exact 
histopathological changes of the metastatic tumors. 

In this study, we identified the pathologic prognostic markers 
of hepatic tumors predicting prognosis of the patients with 
CRLM although they had undergone curative hepatic resection. 
Dedifferentiation and tumor infiltrating inflammation of meta
static lesions were predictive factors of tumor recurrence in 
CRLM. Our results might give a clinical guideline to determine 
use of adjuvant chemotherapy after curative resection of CRLM. 
However, because the study design was a retrospective review 
for the small number of patients, further validation is required.
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