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Abstract: Patients with encapsulated colorectal liver metastases

(CRLM) have a better prognosis than those without a capsule. The

reason for the encapsulation is unknown. Hypoxia inducible factor-1a

(HIF-1a) increases tumor angiogenesis and tumor tissue expression is

associated with reduced survival. Our aim was to determine whether the

good prognosis of encapsulated CRLM is associated with reduced HIF-

1a expression by the cancer.

The study selected only patients who had not undergone neoadju-

vant chemotherapy prior to a potentially curative hepatectomy for

CRLM. From 30 selected patients, serial sections were cut from a

single randomly selected metastasis. Morphology was assessed follow-

ing H&E staining. Tumor hypoxia, vascular endothelial growth factor

(VEGF), proliferation, and microvascular density (MVD) were assessed

by immunostaining for HIF-1a and carbonic anhydrase-9 (CA-9),

VEGF, Ki67, and cluster of differentiation-31, respectively. MVD

was calculated in the vascular hot spots. Pathology was reported without

clinical outcome information. Actual long-term survival was recorded.

Thirteen (43%) of the cancers were encapsulated CRLM containing

glands which were large, complex, and cribriform. Thirteen (43%) were

infiltrative CRLM and their glands were small, closely packed, and
BChB, BSc, MA, FAcadMed Sci,
il, and Brian R. Davidson, MD, FRCS

P¼ 0.04), and VEGF (92% vs 25%, P¼ 0.02). MVD was lower in

the encapsulated CRLM group (37 mm2 vs 143 mm2, P< 0.001). The

median follow-up was 115 months. The encapsulated CRLM group had

a better overall and 5-year survival (relative hazard: 0.58, P¼ 0.057 and

hazard ratio: 0.52, P ¼ 0.044).

There are 2 main morphological appearances of CRLM which have

very different long-term survival following liver resection surgery.

The morphology is associated with differences in expression of

HIF-1a, CA-9, VEGF, and angiogenesis.

(Medicine 95(8):e2924)

Abbreviations: CA-9 = carbonic anhydrase-9, CA19-9 =

carbohydrate antigen 19-9, CD31 = cluster of differentiation 31,

CEA = carcinoembryonic antigen, CI = confidence interval,

CRC = colorectal cancer, CRLM = colorectal liver metastases,

DAB = diaminobenzidine tetrahydrochloride, EDTA =

ethylenediaminetetraacetic acid, FCS = fetal calf serum, H&E =

hematoxylin and eosin, HIF-1a = hypoxia inducible factor-1a,

MVD = microvascular density, NHS = national health service, OS

= overall survival, PBS = phosphate-buffered saline, RH = relative

hazard, RPMI = Roswell Park Memorial Institute, VEGF =

vascular endothelial growth factor.

INTRODUCTION

D evelopment of liver metastases marks an ominous event in
the natural history of colorectal cancer (CRC). Historical

data suggest that the median survival of patients with colorectal
liver metastases (CRLM) without treatment is 5 months.1

Surgical resection is the only curative treatment for CRLM.
Unfortunately, only 20% of patients are suitable for curative
resection at the time of diagnosis.2 For those not amenable to
resection at time of presentation, down-staging chemotherapy
aims to facilitate future resection. Following potentially cura-
tive resection for CRLM, about 60% develop recurrences and
80% of these patients are not amenable to further resection.3

Identification of prognostic factors in patients with CRLM
helps to determine likely survival for an individual patient and
allows high-risk patients to be considered for clinical trials. The
prognostic markers currently used include serum CEA and
CA19-9 levels and the histology of the resected liver metas-
tases. Poor prognostic factors include multiple metastases,
poorly differentiated cancers, and the presence of microscopic
nd the tumor.4

form of CRLM was first reported over
uent studies have shown this variant in
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42% to 61% of CRC liver metastases and that it is associated
with a significantly better prognosis.5–7 The reason for the
encapsulation is unknown.

Vermeulen et al8 classified CRLM into 3 different types:
desmoplastic, pushing, and replacing, with distinct outcomes, on
the basis of the growth pattern at the tumor-parenchymal interface.
However, these studies, which classified the tumor morphology of
CRLM, assessed only the CRLM-liver interface and the invasive
front of the metastasis. The morphology of the CRLM–liver
interface might be related to the intratumoral morphology.

Tumor morphology based on the degree of differentiation
or grade of the tumor has not been found to be a useful
prognostic factor in patients undergoing resection of CRLM.
This difference between the prognostic significance of tumor
encapsulation and lack of prognostic significance of tumor
differentiation would suggest that these 2 processes are inde-
pendent. To the best of our knowledge, the intratumoral histo-
logical pattern and the intratumoral vascular pattern of resected
CRLM have not previously been described in detail nor have
this been correlated with patient outcome.

The effect of local hypoxia on tumor morphology and
viability is a major area of research interest as it could lead to
development of novel therapies. Hypoxia in resected tissues is
generally detected by immunohistochemistry. Van Laarhoven
et al found considerable intrametastatic variation of hypoxia in
CRLM and this variability was also considerably different
between patients.9 Hypoxia inducible factor-1 alpha (HIF-
1a)10 and carbonic anhydrase 9 (CA-9) are 2 key factors
induced by cellular hypoxia.11 HIF-1a is also induced by
nonhypoxic stimuli.12 In CRLM, overexpression of HIF-1a
is an independent risk factor for recurrent disease.13 It activates
the transcription of genes which code for more than 300 down-
stream proteins.14 These proteins are involved in glucose
metabolism, angiogenesis, cell proliferation, cell survival and
invasion, epithelial mesenchymal transfer stem cell growth,
and drug resistance.15 HIF-1a also activates the transcription
of vascular endothelial growth factor (VEGF) which is 1 of the
most important factors promoting angiogenesis, which represents
a key event in the process of invasion and metastasis.16

The rate of tumor cell proliferation can be assessed by
detecting fraction of nuclei expressing Ki67.17 Cluster of
differentiation 31 (CD31) is normally, but not exclusively,
expressed in endothelial cells and is a marker used to detect
of microvessels.18

The aims of this study were to assess whether resected
CRLM could be classified into morphological types, based not
only on the morphology of the tumor-liver parenchymal inter-
face but also on the morphology of the glands and vascular
pattern of the metastases; whether these morphological types of
CRLM have a prognostic significance; and whether the
morphology may be associated with different levels of expres-
sion of hypoxic factors (HIF-1a and CA-9) and VEGF, which
influence tumor angiogenesis and tumor proliferation.

Chemotherapy is known to cause areas of intratumoral
necrosis within the CRLM and morphological changes to the
normal liver parenchyma. Rubbia-Brandt et al conducted a
multicenter study that showed the development of perisinusoi-
dal and veno-occlusive fibrosis in patients who have had
systemic neoadjuvant chemotherapy for CRLM. These changes
were not seen in the chemo naı̈ve control group.19 Therefore, in
order to exclude the potential confounding effects of che-

Siriwardana et al
motherapy on the morphology on CRLM and surrounding liver,
a chemotherapy naive group of patients were selected for
the study.
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METHODS

Patients and Specimens
We searched for patients who had not received neoadjuvant

chemotherapy for CRLM prior to undergoing hepatic resection
at the Royal Free Hospital NHS Foundation Trust over the
period 1998 to 2008 to allow adequate follow up to analyze
actual long-term outcome. Formalin-fixed, paraffin-embedded
hepatectomy specimens of 30 patients with CRLM were
retrieved using the pathology database. Informed written con-
sent for research was obtained from all patients (REC ref 5472/
6743). Clinical and mortality data were collected from the
referring center and the patients’ General Practitioners’ records
and the Thames Cancer Registry, respectively, and entered into
a secure database (RFH NHS Foundation Trust). Demographic
features of the patients, characteristics of primary cancer such as
site, stage, differentiation and treatment with chemotherapy, and
characteristics of the CRLM such as temporal relationship to
primary CRC, differentiation, number and size of metastases,
and completeness of resection margin were obtained. Based on
the number and size of the CRLM in the hepatectomy specimen,
each patient was classified into low, moderate, and high tumor
burden groups as described before: low (�3 metastases and/or
�3 cm); moderate (4–7 metastases and/or >3–5 cm); and high
(�8 metastases and/or >5 cm).20

The tissue block which contained the largest tumor to
normal parenchyma interface was selected for each patient. In
case of multiple metastases, the metastasis for analysis was
selected randomly by an author (MG) who was not aware of the
clinicopathological details of the patient. Four-micrometer con-
secutive sections were obtained for hemotoxylin and eosin
(H&E) staining and immunohistochemistry.

Histology and Immunohistochemistry
The histology of the liver–CRLM interface and the CRLM

glandular structures were studied in H&E stained slides inde-
pendently by 2 experienced liver pathologists (TVL and JW)
who were unaware of the clinical outcome of the patients.

Immunohistochemistry was performed in liaison and under
guidance of ALH, KG, and HT (co-authors), at the Nuffield
Division of Clinical Laboratory Sciences, University of Oxford,
with considerable prior experience of assessing tumor tissue
hypoxia. Previously described protocols according to manufac-
turer’s instructions were used for immunohistochemistry. The
dilution of each antibody which would give the optimum
staining was determined by control optimization experiments.
In brief, sections were deparaffinized, rehydrated, and antigen
retrieved by pressure cooking for 2 min at 1258C while being
immersed in the specific antigen retrieval solution for each
antibody.

Background staining was blocked using 2 to 3 drops of
2.5% normal horse serum (Vector laboratories) for 20 min.
Primary antibody (100 mL) was applied and left at the appro-
priate temperature and time in a humidified chamber. A post-
primary reagent (Novocastra postprimary reagent—Leica
Microsystems) was applied for 30 min in HIF-1a, VEGF, and
CD31 protocols. The secondary antibody was applied and left in
room temperature. Sections were placed in a phosphate-buffer
saline bath for 5 min between all steps.

Table 1 shows a summary of the antigen retrieval method,
primary and secondary antibodies, and incubation times and

Medicine � Volume 95, Number 8, February 2016
temperatures used to assess expression of HIF-1a, CA-9,
VEGF, CD31, and Ki67 in CRLM. All primary antibodies were
diluted in Roswell Park Memorial Institute solution with 10%
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fetal calf serum and azide. Diaminobenzidine tetrahydrochlor-
ide diluted 1:20 with horseradish peroxidase substrate buffer
was used as the chromogen for visualization. The positive
controls, for HIF-1a and CA-9, were from formalin-fixed
paraffin pellets made from cells grown under hypoxia and,
for CD31, Ki67, and VEGF, were sections of tonsil previously
demonstrated as being positive. Sections stained without the
respective primary antibody were used as negative controls.

Scoring and Assessing MVD
The staining characteristics of the CRLM sections are

shown in Figure 1. Previously published immunohistochemistry
scoring methods were used to quantify the expression of
HIF-1a, CA-9, Ki67, and VEGF in the CRLM sections.21–24

The scoring methods are described briefly in Appendix 1. The
median HIF-1a, CA-9, and VEGF immunoscores for the cohort
was used as a cut off between high and low expression of
respective factors. Hence, all scores above the median were
classified as high expression, and below and including the
median as low. Ki67 expression was quantified by counting
the number of stained cells per counted 1000 cells in a high
power field (�400).24 The scoring methods were pretested and
agreed by the pathologists (TV and JW) and first author (PNS)
on a sample set of sections. The pathologists were unaware of
the clinical outcome and independently assessed the sections.
When there was disagreement in scoring, both pathologists
assessed the specimens on a multi-head microscope and agreed
on the final score.

The distribution of HIF-1a expressing cells within the
tumor was studied by scanning immunostained sections of
CRLM and the distribution was classified as patchy, central,
and peripheral.

It was observed that within CRLM, areas of fibrosis and
areas of necrosis had a higher density and a lower density of
microvessels, respectively. Hence, we modified the previously
described ‘‘International consensus on the methodology and
criteria of evaluation of angiogenesis in solid tumors’’25 for the
quantification of microvascular density (MVD) in CRLM in
order to overcome overestimation or underestimation of micro-
vessels in areas of fibrous septa or areas of tumor necrosis,
respectively. Briefly, micro-vessels were counted in all the
fields within the tumor using high power magnification and
the MVD was calculated by counting the micro-vessels in an
area within a 0.25-mm2 graticule in a high power field. The
mean microvessel count of the highest 5 fields was used to
calculate MVD (micro vessels per mm2). Our method was
comparable to the ‘‘hotspot’’ method of counting microvessels.
The intraclass correlation coefficient between the 2 methods
was 0.96 (95% confidence interval [CI]: 0.91–0.98) (Siriwar-
dana PN, et al, unpublished data, October 2015).

Data Analysis
Statistical analyses were performed using Stata/IC 13.1 for

Windows, StataCorp (College Station, TX). Due to the small
sample size and skewedness, Kruskal–Wallis test was used to
compare continuous data such as age, MVD, and Ki67 count
between the 2 groups. The Fisher exact test was used to assess the
association between categorical variables such as HIF-1a, CA-9,
and VEGF scores. Missing data were excluded from the analysis.
Interobserver variability of immunoscoring of HIF-1a, CA-9, and
VEGF expression was assessed using kappa statistics. The kappa

Morphological Types and Vascular Patterns in CRLM
value was interpreted as: <0.2, poor; 0.21 to 0.40, fair; 0.41 to
0.60, moderate; 0.61 to 0.80, good; and 0.81 to 1.00, excellent.
Kaplan–Meier plot and Cox regression-based test for equality of

www.md-journal.com | 3
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FIGURE 1. Typical examples of immunohistochemistry staining c
inducible factor 1 alpha (HIF-1a)�20: predominantly nuclear with l
Carbonic anhydrase (CA-9) �20: predominantly membranous w

growth factor (VEGF) �20: predominantly cytoplasmic staining. (D)
survival curves were used to summarize the overall survival (OS)
experience of the patients by CRLM group.

RESULTS

Tumor Morphology
There were 2 distinct types of CRLM as regard to the

morphological appearance of the tumor to normal liver par-
enchyma interface. The first type had a fibrotic or desmoplastic
layer between the metastasis and the liver parenchyma. There
was a lymphocytic infiltrate and bile ductules within the layer of
desmoplasia. The tumor margin was intact. The glands were
large, complex, and cribriform (Figure 2A). These were named
as ‘‘encapsulated CRLM.’’

In the second type, which were named as ‘‘infiltrative
CRLM,’’ the metastasis was infiltrating the liver sinusoids with
no desmoplasia or lymphocytic infiltrate in the CRLM-liver
interface. The glands were small, closely packed, individually
arranged, and rounded (Figure 2B). Encapsulated CRLM had
more necrosis compared with infiltrative CRLM, but this was
not quantified.

If in case 2 types of interfaces were present in separate
areas of the tumor margin, the metastasis was classified as 1 or
the other type if 75% or more of the interface fitted the above
description. However, if both types were present and if any

1 type was more than 25% of the interface, it was classified
as a mixed type.26 Thirteen (43%) patients had a ‘‘fibrotic
or desmoplastic’’ interface, 13 (43%) had an ‘‘infiltrative’’

4 | www.md-journal.com
interface, and 3 (10%) had a mixed interface. The tumors with a
mixed interface were excluded from further analysis. One
CRLM (4%) which had an intact tumor margin but did not
have a fibrotic interface, did not fit into the above classification,
and was not analyzed further.

In encapsulated CRLM, CD31 immunostaining revealed
the micro vessels to be scanty and confined to a stroma
surrounding the glands (Figure 3A). In infiltrative CRLM,
vessels were distributed in the interglandular fibrovascular
connective tissue (Figure 3B). This pattern was most noticeable
at the periphery of the lesions near the interface.

There was a high interobserver agreement between
pathologists in correctly identifying these 2 morphologies
(kappa¼ 0.88, 95% CI: 0.73–1.00).

The clinicopathological characteristics of the patients who
had encapsulated CRLM and infiltrative CRLM are shown in
Table 2. The groups were similar with regard to age, sex,
primary tumor site, Duke’s stage, differentiation of primary,
chemotherapy for primary, temporal relationship of developing
liver metastases (synchronous/metachronous) to the presen-
tation of primary, differentiation of CRLM, tumor burden,
and involvement of the resection margin. None of the patients
had extra hepatic metastatic disease.

Overall Survival
Long-term survival data were available in 25 of the

acteristics of colorectal cancer liver metastasis cells. (A) Hypoxia
r degree of cytoplasmic staining (in cells with high expression). (B)

a lesser degree of cytoplasmic staining. (C) Vascular endothelial
Ki-67 �20: nuclear staining.
26 patients.
The median period of follow-up was 9.5 years

(115 months—ranging from 6 to 182 months). Eleven (42%)

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.



FIGURE 2. Morphology of colorectal liver metastases (CRLM). H&E staining of CRLM showing (A) encapsulated CRLM with fibrotic or
desmoplastic layer (C) between the metastasis (T) and the liver parenchyma (L) with large, complex, cribriform glands. (B) Infiltrative

an
lin
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of the 26 patients died, 14 (54%) are alive, and 1 patient was lost
to follow-up. The 5-year OS rate following surgical resection
for CRLM was 69%. The 5-year survival rate in the encapsu-
lated CRLM was 11/13—85% (95% CI: 51–96) but in the
infiltrative group was 54% (95% CI: 19–70; Figure 4). The
survival curves differed considerably between encapsulated and
infiltrative CRLM (relative hazard [RH]: 0.58, P¼ 0.057, Cox
regression) with a more favorable prognosis in patients with
encapsulated CRLM. The 5-year survival rates for the encap-
sulated and invasive CRLMs were 84% (95% CI: 51–96) and
46% (95% CI: 19–70), respectively, and the difference was
significantly different (RH: 0.518, P ¼ 0.044, Cox regression).

Tumor Hypoxia
We examined the relationship between the expression of

hypoxic factors, HIF-1a and CA-9, and the morphology of the
CRLM. Immunohistochemistry scoring was not possible in
2 cases, 1 from each group, due to extensive necrosis within
the tumor.

There was a significantly higher expression of hypoxia

CRLM with no fibrous or desmoplastic layer in the interface with
arranged rounded glands. C ¼ fibrous capsule, H&E ¼ hematoxy
regulated factors in encapsulated CRLM compared with infil-
trative CRLM. The median HIF-1a score for the study popu-
lation was 3 (range 0–4). Fifty-eight percent (7/12) of patients

FIGURE 3. Microvascular pattern of colorectal liver metastases (CR
showing scanty micro vessels confined to the stroma supporting t
distributed in the interglandular fibrovascular connective tissue (�4
peritumoral sinusoids (arrows pointing at microvessels). CD31¼ clust

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.
with encapsulated CRLM and 8% (1/12) of patients with
infiltrative CRLM had a high expression of HIF-1a (Fisher
P¼ 0.03). There was no evidence of a difference between the
distribution patterns of HIF-1a within the CRLM in the 2
groups (Fisher P¼ 0.22). When both groups were combined,
the distribution pattern of HIF-1a was patchy in 16 (73%),
central in 5 (23%) and only in 1 (4%) of the metastases in the
invasive front.

The median CA9 score for the study population was 2
(range 0–3). Forty-two percent (5/12) of patients with encap-
sulated CRLM had a high CA9 score. None of the patients with
infiltrative CRLM, however, had a high CA9 score expression
(Fisher P¼ 0.039).

VEGF Expression
The VEGF expression pattern differed significantly

between the 2 morphological appearances of CRLM. The
median VEGF score for the study population was 3 (range
0–6). Ninety-two percent (11/12) of patients with encapsulated
CRLM and 25% (3/12) of patients with infiltrative CRLM had

‘‘infiltrative’’ interface had small, closely packed and individually
and eosin, L ¼ liver, T ¼ tumor.
high VEGF expression (Fisher P¼ 0.02).
The interobserver agreement (kappa) for immunoscoring

of HIF-1a, CA-9, and VEGF was high and the kappa was,

LM). CD31 staining characteristics and (A) encapsulated CRLM
he glands (�4 and �10). (B) Infiltrative CRLM showing vessels

and �10). (A) and (B) both show the expression of CD31 in
er of differentiation 31, L ¼ liver, T ¼ tumor.

www.md-journal.com | 5



TABLE 2. Clinicopathological Characteristics of the Primary Colorectal Cancer and the Colorectal Liver Metastases

Encapsulated CRLM
(n¼ 13), N (%)

Infiltrative CRLM
(n¼ 13), N (%) P Value

Age (median/range) 62 (29–82) 64 (48–78) 0.938
�

Sex
Male 11 (85) 7 (54) 0.101

��

Female 2 (15) 6 (46)
Site of primary CRC 0.108

��

Proximal colon 6 (46) 6 (46)
Distal colon 1 (8) 5 (39)
Rectum 4 (46) 2 (15)

Stage of primary (Dukes) 0.834
��

B 4 (31) 5 (38)
C 6 (46) 7 (54)
D 1 (8) 1 (8)
Missing data 2 (15) 0 (0)

Differentiation of primary 0.22
��

Well 0 (0) 3 (23)
Moderate 12 (92) 10 (77)
Poor 0 (0) 0 (0)
Missing data 1 (8) 0 (0)

Chemotherapy for primary
Chemotherapy
(synchronous:metachronous CRLM)

8 (62) (1:6) 9 (69) (1:8) 0.1595
��

Synchronous vs metachronous 0.189
��

Synchronous 5 (50) 2 (17)
Metachronous 8 (50) 11 (83)

Differentiation of CRLM
Well 0 (0) 0 (0)
Moderate 10 (100) 12 (100)
Poor 0 (0) 0 (0)

Tumor burden 1
��

Low 4 (31) 3 (23)
Moderate 5 (38) 6 (46)
High 4 (31) 4 (31)

Resection margin20 1
��

R0 13 (100) 12 (92)
R1 0 (0) 1 (8)

The demographic details of the patients with encapsulated CRLM (n¼ 13) and invasive CRLM (n¼ 13) and the clinicopathological characteristics
of the corresponding primary colorectal cancers were comparable. The tumor burden was classified as low, moderate, and high based on the number
and the size of the CRLM in the hepatectomy specimen: low (�3 metastases and/or �3 cm); moderate (4–7 metastases and/or >3–5 cm); and high
(�8 metastases and/or >5 cm).20

tum
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respectively (kappa [95% confidence interval (CI)]), 0.82

CRC¼ colorectal cancer, CRLM¼ colorectal liver metastasis, R0¼�
Kruskal–Wallis rank test.��
Fisher exact test.
(0.62–1.00), 0.72 (0.48–0.97), and 0.76 (0.56–0.97).

Table 3 summarizes the expression of HIF-1a, CA-9, and

VEGF, in encapsulated CRLM and infiltrative CRLM.

Microvascular Density
MVD was analyzed for 22 patients. Four cases, 2 from

each morphological type, were excluded from the analysis as
sections contained inadequate tissue for microvessel counting
due to tumor necrosis. CD31 was expressed in the cytoplasm of
endothelial cells which lines the intratumoral microvessels and

the peritumoral hepatic sinusoids (Figure 5). Encapsulated
CRLM had a lower microvessel density than the infiltrative
CRLM. The median MVD of encapsulated CRLM and

6 | www.md-journal.com
infiltrative CRLM were 37 per mm2 (range 14–83) and 143
per mm2 (range 75–196), respectively (Kruskal–Wallis equal-
ity of populations rank test P< 0.001).

Tumor Proliferation
The tumor proliferative fraction median (Ki67 count) was

not different between the 2 groups (624 [range 488–896] vs 572
[304–734]; P¼ 0.14, Kruskal–Wallis rank test; Figure 6).

DISCUSSION
This study has analyzed the morphology of CRLM and

or-free resection margin, R1¼ tumor in resection margin.
correlated this with prognosis in patients resected without
neoadjuvant chemotherapy. The morphological types were
found to be distinct in the majority of cases and the evaluation

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.



FIGURE 4. Kaplan–Meier plot showing the overall survival and 5
survival of patients with encapsulated CRLM and infiltrative CRLM.
The overall survival curves differed considerably between encap-
sulated and infiltrative CRLM (relative hazard [RH]: 0.58,
P¼0.057, Cox regression). The 5-y survival rate in the encapsu-
lated CRLM and infiltrative CRLM was 84% (95% CI: 51–96) and
46% (95% CI: 19–70), respectively. The 5-y survival curves
differed significantly (RH: 0.518, P ¼ 0.044, Cox regression).

FIGURE 5. Microvascular density of CRLM as determined by CD31
staining. Difference in the median microvascular density of encap-
sulated and infiltrative CRLM 37 per mm2 (range 14–83) vs 143 per
mm2 (range 75–196). Kruskal–Wallis equality of populations rank
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of tumor type to be reproducible. The study then proceeded to
correlate the morphology with markers of tumor hypoxia and
angiogenesis. In addition to the significant difference in survi-
val, this is the first study to demonstrate a difference in
expression of HIF-1a, CA-9, and VEGF, and proliferation
index between the morphological types of CRLM. When com-
paring the CRLM–liver interface, encapsulated CRLM were
similar to the previously described fibrous pseudocapsule and/
or ‘‘desmoplastic growth pattern,’’ and infiltrative CRLM were
similar to those without a fibrous capsule and/or ‘‘replacement
growth pattern.’’5,7,8 The prognostic significance of the pseu-
docapsule of CRLM has been studied by at least 3 previous
groups.5–7 The 5-year recurrence rate was significantly lower in
patients with CRLM with a pseudocapsule in all studies. Only
Okano et al, however, compared the 5-year OS in the 2 groups
and showed a significantly better OS for those with metastases

CI ¼ confidence interval, CRLM ¼ colorectal liver metastasis.
with a capsule (encapsulated vs no capsule: 75% vs 31%).5 Our
5-year OS for the corresponding groups, despite no chemother-
apy, was considerably higher.

TABLE 3. Expression of HIF-1a, CA-9, and VEGF in Encapsulated

Marker Encapsulated CRLM

HIF-1a high expression 7/12 (58%)
CA-9 high expression 5/12 (42%)
VEGF high expression 11/12 (92%)

Expression of HIF-1a, CA-9, and VEGF in encapsulated CRLM and infiltr
CRLM tumors with a high expression of HIF-1a, CA-9, and VEGF. A highe
CRLM compared with infiltrative-CRLM. The difference was significant f

CA-9¼ carbonic anhydrase, CRLM¼ colorectal liver metastases, HIF-1a

factor.�
Fisher exact test.

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.
Resection of CRLM is associated with a 5-year survival of
up to 32% to 65%.27,28 In this study, the 5-year OS rate for the
patients with the 2 types of CRLM was higher than published
figures. A study from our group on the outcome of patients
undergoing resection of colorectal metastases by Hewes et al29

demonstrated a high survival rate in patients who did not have
chemotherapy prior to resection of CRLM. The authors hypoth-
esized that chemotherapy was not given to this patient group,
perhaps due to a good prognosis being anticipated preopera-
tively, on the merits of a high proportion of patients having
metachronous lesions and a significantly fewer number of
hepatic metastases in this group. However, the benefit of
neoadjuvant chemotherapy for resectable CRLM remains a
matter of debate.30

Despite the higher expression of HIF-1a, CA-9, and VEGF
in the encapsulated CRLM, the OS of this patient group was

test P<0.001. CRLM ¼ colorectal liver metastasis.
significantly better than those with infiltrative tumors. The
fibrotic layer at the CRLM–tumor interface functioning as a
barrier to metastasis, restraining growth and further spread of

CRLM and Infiltrative CRLM

Infiltrative CRLM P Value

1/12 (8%) 0.03
�

0 (0%) 0.039
�

3/12 (25%) 0.002
�

ative CRLM. The number and percentage of encapsulated and infiltrative
r expression of these hypoxia regulated factors is seen in encapsulated-

or HIF-1a, CA-9, and VEGF.
¼ hypoxia inducible factor-1 a, VEGF¼ vascular endothelial growth

www.md-journal.com | 7



FIGURE 6. Tumor proliferation of CRLM as determined by Ki67 staining. The median Ki67 stained cells per 1000 counted cells in
encapsulated and infiltrative CRLM (624 [range 488–896] vs 572 [304–734], P¼0.14; Kruskal–Wallis equality of populations rank test

late
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CRLM may explain the survival advantage of this group. While,
Okano et al5 proposed a protective immune inflammatory
mechanism of the noncancerous liver against the metastasis
giving rise to the pseudocapsule and reducing local recurrence,
Lunevicius et al7 proposed a mechanical and chemical barrier
function of the fibrotic capsule. The fibrotic capsule in hepa-
tocellular carcinoma is known to act as a barrier to the spread of
cancer cells.31 Hence, the barrier function of encapsulated
CRLM may be reducing the aggressiveness and metastatic
growth, which would otherwise result due to the increased
expression and activation of the HIF-1a pathway.

Tumors cannot grow in vivo for more than 1 to 2 mm3

without a blood supply for survival. Hence, many tumors, due to
their accelerated growth, have areas of hypoxia, contributed to
by increased oxygen consumption and aberrant new vessels.32

CRLM are known to have a different degree of co-option of
vascular network from the adjacent liver parenchyma.8 The
intratumoral hypoxia in encapsulated tumors which was demon-
strated in this study may be caused by the fibrous capsule
impeding the recruitment of new vessels from surrounding
normal liver parenchyma. The induction of HIF-1a and VEGF
could be a result of this hypoxic state. Encapsulated CRLM had
a relatively lower MVD compared to infiltrative CRLM. A
similar phenomenon has been shown in hepatocelluar carci-
noma, where tumors with an intact capsule have a significantly
lower MVD compared to those with an incomplete capsule
(P¼ 0.01).33

A low MVD and higher expression of VEGF was found in
encapsulated CRLM and the opposite in the infiltrative CRLM,
the mechanism of which is not known. It is contrary to studies
assessing the relationship between VEGF and MVD in primary
CRC as well as a single study of CRLM in which high
expression of VEGF was associated with an increased
MVD.34 However, Nakamoto et al35 who studied the expression
of angiogenic factors in primary CRC and CRLM reported a
positive correlation between VEGF and MVD in primary CRC
but did not find a correlation between VEGF and MVD in liver

P¼0.14. Data available only for 11 patients each in the encapsu
metastases. The expression of HIF-1a, CA-9, and VEGF in
CRLM has been found to be significantly lower than the
peritumoral liver parenchyma.36 This may be due to CRLM

8 | www.md-journal.com
being well perfused by the adjacent rich liver vascular network
and also because they are predominantly perfused by hepatic
artery.37 Hence, we hypothesize that vascularization of CRLM
may not be VEGF driven and infiltrative CRLM, which do not
have a pseudocapsule, are abundantly vascularized by co-opting
the adjacent rich liver vascular network with viability ensured
without an increase in expression of VEGF. Some highly
vascular cancers have evidence of reduced expression of VEGF.
A study in nonsmall cell lung cancer showed that cancers with
an angiogenic vascular pattern did not have a significantly
higher VEGF.38 The encapsulated form, however, could be
deprived of this rich vascular supply from the adjacent liver,
making them relatively hypoxic with high expression of
HIF-1a, CA-9, and VEGF.

Fifteen patients in this study received chemotherapy for
their primary CRC. All the metachronous CRLMs were
detected after the chemotherapy regimen was completed. Only
2 patients had synchronous CRLM, which would have been
affected by the chemotherapy regime for the primary CRC.
However, there was an 8- and 12-month period between the
completion of the chemotherapy regime for the primary CRC
and the resection of the CRLM for these 2 cases. In Rubbia-
Brandt et al’s study, hepatectomy was performed within a
median of 35 days (16–110 days) of completion of chemother-
apy for CRLM and the long-term resolution of the chemother-
apy-related histological changes within the liver parenchyma
and metastases are not known.

Although postoperative histopathological stratification
into morphological types help predict the prognosis, the thera-
peutic value of currently used postoperative chemotherapy
regimens for CRLM has not been established.39 Preoperative
magnetic resonance imaging (MRI) can differentiate encapsu-
lated HCC from nonencapsulated HCC.40 Hence, this study
provides the evidence to investigate prospectively whether MRI
could predict these 2 morphological types of CRLM preopera-
tively. In addition, PET with hypoxia-specific tracers could be
used to differentiate hypoxic encapsulated type from infiltrative

d and infiltrative CRLM. CRLM ¼colorectal liver metastasis.
type of CRLM.41

The main limitation of this study was the small sample size
which is due to a combination of 2 factors. These were having to

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.



restrict the study period to have a long median follow-up period
of almost 10 years and selecting a group of patients who did not
have chemotherapy for their CRLM to maintain homogeneity of
the study group. Despite the small study population, this proof-
of-concept study has demonstrated a nearly significant differ-
ence (P¼ 0.057) between the OS and significant difference in
the 5-year survival (P¼ 0.044) between the different morpho-
logical types of CRLM.

In conclusion, this preliminary study confirms that there
are 2 main histological types of CRLM, each with a distinct
tumor-liver interface, intratumoral glandular and vascular pat-
tern, and significantly different expression of HIF-1a, VEGF,
and MVD. There was a significantly better OS in patients with
resected encapsulated CRLM compared to those with infiltra-
tive metastases. There is growing support that the histological
type should be included in the histopathology report for resected
CRLM.4 This study could be used as a benchmark for further
multicenter studies as well as analysis of patient groups who
have had chemotherapy prior to resection of CRLM, results of
which would emphasize the need to include the morphological
type in the CRLM histolopathology report. In addition, based on
the morphological difference and the oxygenation status of the 2
types of CRLM, imaging techniques could be used to stratify
patients into treatment groups.
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APPENDIX 1
For HIF-1a, CA-9, and VEGF, the staining characteristics

were categorized into numerical classes. Scores for HIF-1a
protein immune reactivity were as follows: 0—no staining;
þ1—nuclear staining in <1% of cells; þ2—nuclear staining
in 1% to 10% of cells and/or with weak cytoplasmic staining;
þ3—nuclear staining in 10% to 50% of cells and/or with
distinct cytoplasmic staining; þ4—nuclear staining in more
than 50% of cells and/or with strong cytoplasmic staining.21

Immunoreactivity to CA-9 was categorized as follows: 0—no
immunoreactivity; þ1—1% to 25% cells immunoreactive,
þ2—26% to 50%; and þ3—>50% cells immunoreactive.22

As described previously, cells were considered positive for
VEGF if there was unambiguous staining of the membrane
or the cytoplasm. A combination of the percentage of positive
cells and the intensity was used to quantify VEGF expression.
The percentage of positive cells was scored as follows: 0% to
19%—0, 20% to 39%—1, 40% to 59%—2, and 60% to 100%—
3. The intensity of VEGF staining was graded as, 1—mild, 2—
moderate, and 3—strong. As a benchmark of staining intensity,

Medicine � Volume 95, Number 8, February 2016
cells with a staining intensity similar to endothelial cells was

classified as grade 2. The percentage score and grade were
summed to obtain the VEGF staining score.23
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