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Hepatocellular Carcinoma Microvessel Density Quantitation with
Image Analysis: Correlation with Prognosis
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Abstract: Hepatocellular carcinoma (HCC) has a progression considered to be dependent on angiogenesis. Intratumoral
microvessel density (MVD) has been associated with metastasis and recurrence risk; however, selection bias, counting
errors, and lack of standardized assessment criteria have limited the clinical utility of angiogenesis quantitation.
Therefore, we analyzed HCC angiogenesis with image cytometry using different methods and determined the correlation
to prognosis. Tissue microarrays with 135 HCCs were CD31 and CD34 immunostained and quantitated with the Dako
ACIS Ill Image Cytometer labeling index (LI) and Aperio Scanscope XT and MVD algorithm. LI and MVD were compared
to each other and to pathologic features and prognosis (recurrence free survival). Using median cutoffs of microvessel
quantitation, survival curve analysis showed a statistically significant difference between CD31 MVD algorithm
measurement and prognosis (low MVD mean survival = 56.6 months and high MVD mean = 26.5 months; Log-Rank P =
0.0076). Survival was not significantly related to CD31 LI, CD34 LI or CD34 MVD. By linear regression, a direct
correlation was observed between CD31 and CD34 using MVD (r = 0.45, P <0.0001), between CD31 MVD and CD31 LI
(r = 0.55, P < 0.0001), and between CD31 LI and CD34 LI (r = 0.51, P < 0.0001). In addition, there was a weak but
statistically significant relationship between CD31 MVD and CD34 LI (r = 0.25, P = 0.0050). Together, this data confirms
previous studies linking angiogenesis to disease prognosis and suggests the utility of MVD image analysis algorithms
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BACKGROUND

Primary liver cancer is the sixth most common
cancer worldwide. According to the American Cancer
Society, newly diagnosed cases of liver cancer during
2006 included 18,510 people in the United States, and
over 660,000 worldwide. There were 630,000 resultant
deaths estimated worldwide in 2009 [1-3]. Since liver
cancer is often diagnosed late, it is considered one of
the most common causes of death from cancer. The
most common type of primary liver cancer is
hepatocellular carcinoma (HCC), which is typically a
highly vascular tumor, characterized by high potential
of vascular invasion and metastases [4]. There are
many risk factors for HCC, including cirrhosis from
alcohol abuse, hepatitis B or C virus infection, or iron
overload (i.e., hemochromatosis), aflatoxins, Wilson's
disease, and, less commonly, autoimmune disease [5-
8].

The study of angiogenesis, the physiological
process involving the growth of new blood vessels in
normal organ physiology development and tissue
repair, as well as in a variety of pathological processes,
is important in the pathogenesis of neoplasia,
particularly HCC. When a tumor becomes vascularized,
its growth often accelerates [4]. Circulating levels of
various angiogenic factors such as vascular endothelial
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growth factor (VEGF) and basic fibroblast growth factor
(FGF) have been found to be significantly elevated in
patients with HCC compared with normal controls or
patients with benign chronic liver disease [1].

A correlation has been found with higher levels of
endothelial markers and advanced tumor stage,
vascular invasion, and early recurrence following
resection; all of these factors are considered poor
prognostic features in patients with HCC. Several
studies describe the neovascularization process and
the specificity of the endothelial markers in
distinguishing normal sinusoids from sinusoid-like
tumor vessels in liver. Endothelial markers that have
been studied include CD34 and CD31; and although
these markers have limitations, they are considered
somewhat sensitive and specific for vascular
endothelium [9].

Accumulated evidence has demonstrated that
intratumoral microvessel density (MVD) is highlighted
by expression of endothelial markers essential for
angiogenesis, tumor growth, and metastases. In
addition, the microvasculature provides a new target for
potential therapeutic agents and in guiding surgical and
chemotherapeutic treatments [10-12]. However,
although many studies show the significance of this
intratumoral MVD in the prediction of recurrence risk
and prognosis in patients with HCC [6, 13, 14], its
clinical utility is limited whether due to significant
selection bias or to errors in counting [1].
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The aim of this paper is to analyze the angiogenesis
biomarkers (CD31 and CD34) immunohistochemically
by image cytometry using both labeling index (LI) and
microvessel density algorithms (MVD), and to study
their correlation to prognosis, metastases and to each
other in patients with HCC.

DESIGN
Study Group

The study group was composed of HCC patients
diagnosed at Emory University Hospital between 2000
and 2010 with tissue available in previously
constructed tissue microarrays (TMAs). Permission to
use the TMAs and to review pathology reports and
patient charts was obtained from the Institutional

1a

1c

Review Board of Emory University. Criteria for inclusion
were: occurrence of HCC with or without coexisting
cirrhosis.

Immunohistochemical Study

TMAs were constructed using two 1.0 mm tissue
cores from each cancer. TMAs were stained for CD31
(monoclonal JC70A clone, 1:80 titration, Dako
Corporation, Carpinteria, CA) and CD34 (monoclonal
QBEND clone, 1:320 titration, Dako).

Image Cytometry for
Vessel Density (MVD)

Angiogenesis and Mean

After immunostaining for CD31 and CD34, TMAs
were analyzed by image cytometry using both labeling
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Figure 1: a) Hepatocellular carcinoma tissue microarray stained with CD31 immunohistochemistry. b) Markup image generated
by the microvessel density algorithm highlighting the microvessels counted in green. c) Hepatocellular carcinoma tissue
microarray stained with CD34 immunohistochemistry. d) Markup image generated by the microvessel density algorithm

highlighting the microvessels counted in green.
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index (LI) and an intratumoral microvessel density
(MVD) algorithm. For the LI, slides were scanned and
quantitated with the Dako Automated Cellular Imaging
System (ACIS®) Ill. For MVD, stained TMA slides were
scanned with an Aperio Scanscope XT (Aperio
Technologies, Inc., Vista, CA) and quantitated with the
Aperio MVD. Examples of the MVD quantitation are
shown in Figure 1. LI and MVD for each antibody were
compared to each other and to pathologic parameters
including tumor size, grade, T-stage, vascular invasion,
focality and mitotic rate and to prognosis parameters
including metastases, recurrence and survival period
by months from the first date of diagnosis.

Statistics

Data collection and preliminary data analysis was
performed in Microsoft Excel (Microsoft Corporation,
Redmond, WA), and further statistical analysis was
performed using SAS JMP software Version 10.0 (SAS
Institute, Inc.; Cary, NC). Where appropriate, data from
groups were compared using a Student's t test or
Pearson’s Xz-test with a P value < 0.05 considered to

RESULTS

The study group was composed of 135 HCC
patients with demographics for the study cohort shown
in Table 1. Criteria for inclusion were: occurrence of
HCC with or without coexisting cirrhosis. There were
100 males and 35 females. The median age was 58.7
years. The different causes of chronic liver disease
were: chronic hepatitis C virus (HCV) infection (n = 37),
chronic hepatitis B virus (HBV) infection (n = 14),
hepatitis A (n = 1), alcoholic cirrhosis (n = 13),
cryptogenic cirrhosis (n = 50), sclerosing cholangitis (n
= 6 cases), autoimmune hepatitis (n= 9), and non-
alcoholic steatohepatitis (n=5).

A comparison between measurements of the
microvasculature and various tumoral features (Table
2) revealed a significant relationship between tumor
focality and mitoses/ 10 high power fields. CD31 MVD,
CD31 LI, and CD34 LI were significantly related to
tumor focality; and CD31 LI was significantly related to
mitotic rate/10 high power fields. Other relationships
with tumor size, grade, T-stage, vascular invasion,

be statisticallv sianificant metastases, focality and mitotic rate were not
e statistically significant. significant.

Table 1: Demographics

Variable Parameter

Number of cases (#)

135 (male: 100, female: 35)

Age (Mean +/- Standard Deviation) 58.7 +/-12.5
Size of largest tumor (Mean +/- Standard Deviation) 5.3cm +/- 3.8
T stage (#) T1=52
T2 =58
T3=25
N stage (# of Nodal metastases) (+)=6, (-)=129

M stage (# of Metastases)

(+)=25, (-)=110

Outcome (# of months)

Alive no disease (Mean +/- Standard Deviation)

71 cases (26.4+/-29.9)

Alive with disease (Mean +/- Standard Deviation)

32 cases (24.6+/-22.3)

Dead no disease (Mean +/- Standard Deviation)

9 cases (20.3+/-24)

Dead with disease (Mean +/- Standard Deviation)

23 cases (2.2+/- 3.0)

Different causes of chronic liver disease:
*Chronic hepatitis C virus (HCV) infection
*Chronic hepatitis B virus (HBV) infection
*Hepatitis A
=Alcoholic cirrhosis
*Cryptogenic cirrhosis
=Sclerosing cholangitis
*Autoimmune hepatitis
*Non-alcoholic steatohepatitis

37 cases
14 cases
1 case
13 cases
50 cases
6 cases
9 cases
5 cases
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Table 2: Correlation Between Measurement Methods and Tumoral Features

P values CD31 MVD CD34 MVD CD31 LI CD34 LI
Size NS NS NS NS
Grade NS NS NS NS
T-Stage NS NS NS NS
Vascular invasion NS NS NS NS
Metastases NS NS NS NS
Focality 0.0011 NS 0.02 NS
Mitoses/ 10 HPF NS NS 0.02 NS

NS: Non-significant, MVD: Microvessel Density, LI: Labeling Index, HPF: High power field.

Using median cutoffs of MVD and LI to compare to
survival rates, there was a significant correlation
between the CD31 MVD algorithm and prognosis.
Patients with low MVD had a longer recurrence free
survival time (mean = 56.5 months) than those with
higher MVD (mean = 26.5 months) with Log-Rank P =
0.0076 (Figure 2). There were no statistically significant
correlations between CD31 LI, CD34 LI, and CD34
MVD when they were compared with survival rate in
patients with HCC (Log-Rank P >0.05).

By linear regression, a direct correlation was
observed between CD31 and CD34 MVD (r=0.45, P
<0.0001), between CD31 MVD and CD31 LI (r = 0.55,
P < 0.0001), and between CD31 LI and CD34 LI (r =
0.51, P < 0.0001). In addition, there was a weak but
statistically significant relationship between CD31 MVD
and CD34 LI (r = 0.25, P = 0.0050) (Figure 3). Other

comparisons between measurement methods were not
statistically significant.

DISCUSSION/CONCLUSIONS

Angiogenesis, the formation of new blood vessels
from pre-existing vascular beds, supplies the tumor
cells with adequate nutrients and oxygen, enabling
them to grow, proliferate, and metastasize. These
newly formed vessels are structurally and functionally
abnormal with characteristics that have an impact on
both diagnostic and therapeutic strategies for malignant
tumors [11, 12]. In HCC, through a process referred to
as capillarization, the sinusoidal arterial blood supply is
replaced by capillaries with loss of endothelium and
formation of variable amounts of basement membrane
[11, 12].

1.0

0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2

Proportion Surviving

0.1+

0.0 : , .
0 50

Months

| |
150 200

Figure 2: Using median cutoffs of microvessel quantitation, survival curve analysis showed a significant relationship between
CD31 MVD algorithm measurements and prognosis (- -: Low MVD with a mean recurrence free survival survival of 56.5 months
and —: High MVD with a mean recurrence free survival of 26.5 months, Log-Rank P = 0.0076).



Hepatocellular Carcinoma Microvessel Quantitation

Journal of Analytical Oncology, 2013 Vol. 2, No. 3 139

soooafl  CD3LMVD[ o r=0.55 r=0.25
£ s p < 0.0001 p < 0.0001 p = 0.0050
vessels/ 0.00008—
um 0.00006— (CD31 MVD (CD31 MVD (CD31 MVD
0 | | CcD34 MVD) CD31 LI CD34 LI
-0.00002—
] I CD34 MVD| . _ (17 =009
0.00012 - -
# 0.0001] p=0.07 p =0.34
vessels/ 0.00008—
um 0.00006 (CD34 MVD (CD34 MVD
0.00004— VS. VS.
el ] | cD31L) CD34 LI)
-0.00002— I_I]
60 (=0:17 Cb31 L r=20.51
50— p < 0.0001
. 40—
% 3] (CD31 LI
20— VS.
6t CD34 LIy
0 ]
1 - r=0.25 r=0.09 r=0.51|l CD34 LI
80—
60—-
9% .
40—
20—: I I
=] L & T
T T T T 17T T T T T T T T T T I T 7 T T 171 L L B N
-0.00002 0.00008 -0.00002 0.00008 0 10 20 30 40 50 60 O 20 40 60 80
# vessels/ # vessels/ % %
um?2 um?

Figure 3: Linear correlation between microvessel density (MVD) measurement methods. Histograms depict the proportion of
cases at each level of microvessel density (MVD) and % labeling index (LI). For each linear regression, correlation r values are
depicted; and their corresponding p values are depicted in the upper right portion of the graph. Ellipses surround 95% of the

cases in each regression.

Endothelial cells are typically positive for CD31 and
CD34; therefore, CD31 and CD34 can be used as
markers to measure tumor MVD, which is considered
one of the most important factors related to rapid
growth and metastasis in patients with HCC [9, 15, 16].
Previous similar studies showed this correlation but
also showed significant bias errors in counting and lack
of standardized assessment, limiting their clinical utility
[11, 12].

Our study, using linear regression, showed a
significant correlation between LI and MVD algorithm
measurements of CD31 and CD34 stains. Only CD31
MVD correlated with prognosis and survival rate in
patients with HCC. Patients with hypervascular tumors
had a higher risk of recurrence and lower survival rates
than those with hypovascular tumors [17-22]. There

was no correlation between CD31 LI, CD34 LI, or
CD34 MVD and survival rate in patients with HCC.
These findings suggest that CD31 MVD is superior to
CD34 LI, CD34 MVD, and CD34 LI as a prognostic
factor in HCC.

This data confirms previous studies linking
angiogenesis to HCC prognosis, specifically the
importance of angiogenesis marker CD31 MVD in
studying the parameter of survival rate. Angiogenesis is
important not only for the rapid growth observed in
primary HCC but also for local invasion and metastasis
[9, 16]. For this reason, it will be useful to investigate
the MVD at the interface between tumor and normal
tissue since stromal invasion at the periphery of HCC
can be very important in distinguishing dysplastic
nodules from fully-developed HCC [23, 24]. Our TMA
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approach is limited in investigating this interaction since
the TMA samples are typically taken from the central
portion of the tumor; therefore, it is possible that MVD
assessment can be refined even further in future
studies looking at complete sections of the
tumor/normal interface. Furthermore, it is possible that
the CD31 MVD prognostic predictive ability could
improve in the future on clinical resection samples with
this tumor/normal interface.

In addition, endothelial markers can be used as
candidates for new HCC targeted therapies [25, 26] of
significant impact because there is not an existing
effective systemic treatment for HCC. Focusing on
CD31 receptor-related pathways and other endothelial
markers in HCC could potentially be an effective
approach to decrease rapid growth and metastasis and
for treatment of the primary tumor.

It should be noted that CD31 and CD34 are not
perfectly specific for the endothelium. Although CD31 is
typically considered a highly sensitive and specific
endothelial marker, other markers may be more
sensitive in certain situations. For example D2-40 may
be more sensitive for vascular invasion but is typically
considered a lymphatic marker [27-29]. CD31
immunohistochemistry  typically  stains hepatic
sinusoids [30] but is also positive in platelets and
megakaryocytes [31], in macrophages [32], in
hematolymphoid cells and plasma cells [33], and in soft
tissue fibroblasts and brown fat [34]. CD34 also stains
a variety of cells, including most notably a variety of
hematopoietic progenitor cells [35] and humerous types
of soft tissue cells, including fibroblasts [36]; however
CD34 does not usually stain most normal hepatic
sinusoids [30]. Therefore, it is possible that prognosis
can be predicted with more accuracy in future studies
employing antibodies that are more specific for the
endothelium. Alternatively, prognostic predictive power
may be improved by multiparameter staining able to
simultaneously stain for either CD31 or CD34 and other
cell types such as inflammatory cells. Multicolor
immunohistochemistry or quantum dot staining may be
useful in this regard. However, it will take time to
develop these staining methods; and the finding of
prognostic prediction through CD31 quantitation in this
study will hopefully encourage these future studies.

Angiogenesis is already used as a target for novel
prognostic and therapeutic approaches in many HCC
clinical trials and holds the promise of providing an
effective treatment with a significant improvement in
the overall diagnosis and outcome for HCC patients

[37]. The assessment of CD31 MVD by image
cytometry in resection specimens and diagnostic
needle biopsies of HCC may prove to be both a future
prognostic and predictive marker. Measurements of
MVD may also serve a role in theranostics, guiding
clinicians in the cases that need further therapy.
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