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Abstract Patients and Methods

Neovascularization promotes tumor growth by facilitating nutrient
exchange and by the paracrine effect. To Investigate the relationship
between tumor angiogenesis and patient outcome in colorectal cancer, 133
prhnary tumors were immunostained for CD34 antigen. Blood vessels
within five microscopic fields at X200 were counted, and the mean was
assigned. Mean patient age was 62.9 years, mean follow-up was 56.4
months, and mean vessel count was 112 (range, 23-298). Cox proportional
hazards model and multivarlate logistic regression analyses showed that
the vessel count was the most important prognostic factor and correlated
significantly with hematogenous, but not peritoneal or lymph node, me

tastasis.

Introduction

A considerable amount of research has documented that tumor
growth and metastasis require persistent new blood vessel growth (1).
Although there is significant variation in patient populations and the
techniques used, most studies have demonstrated that there is an
inverse relationship between tumor vascularity and patient survival.
This applies to tumors from a variety of sites, including breast (2),
lung (3), prostate (4), esophagus (5), and stomach (6). However, little
is known of the significance of tumor vascularity in colorectal cancer.
The prognostic significance of angiogenesis in patients with only
node-negative lesions has recently been reported from one laboratory
(7). Nevertheless, a higher percentage of patients with node-positive
colon cancer, than those without, will experience recurrence and
might benefit from adjuvant therapy. Thus, we sought to identify a
subset of patients at high risk for recurrence regardless of their node
involvement. In addition, most studies measuring microvessel counts
in tumors used antibody against vWF2-related antigen to highlight
microvessels. Although this is a reliable technique, variability in
staining and lack of reproducibility may produce equivocal results (8,

9). Our previous study has demonstrated that immunostaining mi
crovessels with a CD34-specific antibody provided a more sensitive
and accurate measure of tumor angiogenesis and produced even better
prognostic information than that obtained with anti-vWF antibody (6).
Accordingly, the evaluation of vessel counts in the present study was
undertaken with anti-CD34 staining. To clarify whether the extent of
tumor vasculature would be important as a predictor not only of the
patient's survival but also of the mode of metastasis, we analyzed the
clinical data of 133 patients with colorectal cancer, as well as their
primary tumor specimens.
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Patients. This study involved the analysis of 133 patients who had
undergone tumor resections for adenocarcinoma of the colon or rectum
between October 1983 and December 1993 at the Second Department of
Surgery, Fukui Medical University Hospital. Morphological examination
and classification of the tumors were performed according to tumor-node

metastasis classification (10). Patients did not receive chemotherapy or
radiation therapy before surgery. All had primary tumor resection with
regional lymph node dissection. Tumor specimens were fixed in 10%
buffered formalin and embedded in paraffin. Histological grading was
performed on H&E-stained sections. Of these patients, 16 (12%) had stage
I disease, 40 (30%) hadstage II disease, 46 (35%) had stage IIIdisease, and
31 (23%) had stage IV disease. Eighty-one patients (61%), less than 70

years old and with either stage II, III, or IV disease, were treated with
tegafur [(2-tetra-hydrofuryl)-5-fluorouracilj at 600 mg/day for 2 years after
surgery. If the patient died, the date and cause of death was recorded.
Prognostic information of all patients was available for analysis.

ImmunohistochemicalStudy for CD34 Antigen. Immunohistochemical
staining for CD34, to highlight endothelial cells, was performed using the

avidin-biotin-peroxidase complex technique on formalin-fixed and paraffin

embedded tumor sections as described elsewhere (6). Briefly, mouse mono
clonal anti-CD34 antibody (QB-END/lO, Novocastra Laboratories, Newcastle,

United Kingdom) was used. Four- to six-sm-thick sections, mounted on glass

slides, were dewaxed in xylene, rehydrated in ethanol, and then incubated in
3% hydrogen peroxide for 5 mm. After incubation in 10% normal bovine
serum for 5 mm, each slide was incubated overnight with the antibody at a 1:50

dilution. Biotinylated goat anti-mouse immunoglobulin (DAKO LSAB kit,

DAKO, Kyoto, Japan) was used as a secondary antibody. Peroxidase-conju
gated avidin (DAKO) was used at a dilution of 1:500. The slides were

counterstained with hematoxylin. Normal mouse IgG diluted to an equivalent
protein concentration was used as a negative control in place of the primary
antibody.

Determination of Microvessel Density. Microvessel density was as
sessed in tumor areas showing the highest density of staining, as deter
mined by an initial scan with low magnification (X40). For vessel count

ing, a X200 field in each of the five most vascular areas was counted, and

the average counts were recorded. A vessel lumen was not required for
identification of a microvessel. The areas of the highest density of staining

were predominantly at the invading edge of the tumor mass. Vessel
counting was performed by two investigators (M. M. and H. A.), neither of
whom had any knowledge of the other clinicopathological features and
clinical outcomes. At first, a double-headed microscope was used for

standardization in selection of counting areas and definition of vessel

counting. Then, vessel counts were assessed independently by the two
investigators.

Statistical Analysis. The clinical characteristics of the patients in relation
to the microvessel counts were compared and checked by Welch's t and@
tests. The survival curve was plotted according to the Kaplan-Meier method,
and the statistical difference was analyzed using the generalized Wilcoxon test.

The influence of various clinicopathological factors, including vessel counts,
on overall survival and the mode of metastasis was assessed by the Cox
proportional hazards model and multivariate logistic regression analysis. For
all statistical analyses, the Statistical Analysis System for personal computers
(SAS Institute, Inc., Cary, NC) was used. A value of P < 0.05 was considered
statistically significant.
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VariableHypovascular (n = 67)Hypervascular(n 66)Pvalu?Age@6533

(44)42(56)NS>6534(59)39(41)GenderMale34

(45)42(55)NSFemale33
(58)24(42)Tumor

grossappearanceLocalized54
(50)55(50)NSInvasive13
(54)1 1(46)Tumor

siteRight,
transverse23 (56)1 8(44)NSLeft,

rectum44 (48)48(52)Tumor
size<5cm41(52)38(48)NS@5

cm26(48)28(52)Tumor
histologyWell

differentiated38 (64)21(36)0.003Poorly
differentiated

Depth of penetrationb28
(38)45(61)tl,t249(59)34(41)0.007r3,t417

(35)32(65)Lymphatic
invasionNegative48

(59)34(41)0.02Positive19
(37)32(63)Venous

vesselinvasionNegative38
(58)27(42)NSPositive29
(43)39(57)Adjuvant

chemotherapyNegative21
(58)15(42)NSPositive35
(43)46(57)Lymph

nodemetastasiscNegative42
(64)24(36)0.003Positive

Peritoneal metastasis'@25
(37)42(63)Negative59

(56)46(44)0.01Positive

Hematogenousmetastasis'@8(29)20(71)Negative58(69)26(31)<0.000001Positive9

(18)40(82)

ANGIOGENESIS IN COLORECML CANCER

Table 1 Comparison of clinicopathologicalfeatures between patients with
hypovascular tumors and those with hypereascular tumors

Results

Patient Outcome. Seventy-five of 133 patients (56%) have sur
vived with a median survival of 72 months, ranging from 30 to 147
months, and the remaining 58 (44%) died between 2 and 109 months
(median 26 months) after surgery. Among various modes of metas
tasis, hematogenous metastasis and peritoneal metastasis were evalu
ated both at surgery and after surgery, whereas lymph node metastasis
was histologically confirmed only at surgery, because postoperative
recurrence in lymph nodes was difficult to identify in many cases.

Peritoneal metastasis occurred in 28 patients (21%); 11 metastases
were found at surgery, and 17 developed after surgery. Hematogenous

metastasis occurred in 49 patients (37%); 17 liver metastases were
found at surgery, and 32 developed after surgery (8 liver, 8 lung, 7
liver and lung, 5 lung and bone, 2 liver and bone, 1 lung and skin, and
1 lung, bone, and brain). Both peritoneal and hematogenous metasta
ses occurred in 16 patients (12%); 4 liver metastases were found at
surgery, and 12 developed after surgery (5 liver, 4 liver and lung, and
3 lung). Lymph node metastases were found in 67 patients (50%) at
surgery. Two of 75 survivors had developed metastatic disease in their
lungs at the time of this analysis.

Intratumoral Vessel Density. Consistent staining of endothelial
cells was obtained using anti-CD34 antibody, whereas no specific
staining was observed in a control slide using normal mouse IgO in
place of the primary antibody. Intratumoral microvessel counts as
sessed independently by two investigators correlated with each other
and were represented by the mean of the two. Those for 133 tumors
ranged from 23 to 298 with a MSD of 1 12 Â±46 (median 105). The

mean intratumoral microvessel count was 96 Â±41 MSD for the 75
survivors and 133 Â±45 MSD for the 58 patients who had died of
disease recurrence after surgery (P < 0.000!).

Correlation between Vessel Counts and Overall Survival. The
Cox model indicated that the odds of death increase with the number
of intratumoral microvessel counts (P < 0.0001, odds ratio 1.011 with
95% confidencelimitsbetween1.006and1.015).A totalof 133
patients were dichotomized by a median vessel count of 105 into two
subgroups: 67 patients with hypovascular tumors and 66 with hyper
vascular tumors. The f analysis demonstrated that clinicopatholog
ical variables, including age, sex, tumor gross appearance, tumor
length, venous vessel invasion, tumor sites, and postoperative adju
vant chemotherapy, were equally distributed among these two sub
groups. However, poorly differentiated tumor histology, lymphatic
vessel invasion, penetration into the serosa, and metastases were more
frequent in the hypervascular tumors (Table I). The survival rates of
two subgroups were calculated using the Kaplan-Meier method. There
was a statistically significant difference in the survival rate in favor of
the hypovascular group (P < 0.00001 ; Fig. 1A). Although 75 Â±6%
SE of the hypovascular group reached the overall survival rate of 5
years, only 38 Â±6% SE of the hypervascular group survived for that
period. Meanwhile, there was no significant survival difference be
tween the patients who received adjuvant chemotherapy and those
who did not.

The prognostic value of microvessel counts was examined by
multivariate analysis using the Cox proportional hazards model (Table

2). Among various clinicopathological variables, the vessel count was
identified as one of the significant and independent prognostic van
ables, as well as lymph node metastasis, tumor depth, and tumor site.
A value of 105 or more microvessels yielded a relative risk of cancer
death of 3.391 with 95% confidence limits ranging from 1.799 to
6.391.

Correlation between Vessel Counts and Metastasis. A total of
133 tumors was subdivided into four categories as follows: nonmeta
static tumors (n = 44); lymph node metastatic tumors (n = 67), which

a NS, no significant difference.

b tl, penetrates to submucosa; /2, penetrates to subserosa; t3, across (exposed); t4,
infiltrating the neighboring tissue.

C Lymph node metastasis evaluated at surgery.

d Peritoneal and hematogenous metastases evaluated both at surgery and after surgery.

included 8 peritoneal, 24 hematogenous, and 13 both peritoneal and
hematogenous metastatic tumors; peritoneal metastatic tumors
(n 28), which included 16 hematogenous metastatic tumors; and
hematogenous metastatic tumors (n = 49), which included 16 pen
toneal metastatic tumors. The mean microvessel counts were 95 Â±37
MSD for nonmetastatic tumors, 124 Â±5! MSD for lymph node
metastatic tumors, 138 Â±52 MSD for peritoneal metastatic tumors,
and 139 Â±46 MSD for hematogenous metastatic tumors. The vessel
counts for metastatic tumors were significantly higher than those for
nonmetastatic tumors, regardless of the mode of metastasis
(P < 0.001).

The number of tumors that developed lymph node, peritoneal,
and/or hematogenous metastasis was plotted against the microvessel
count divided into progressive 50-vessel increments (Fig. 1B). The
plots showed different patterns for the association of microvessel
counts with the distinct mode of metastasis; i.e., lymph node metas
tasis occurred similarly, ranging from 38 to 60% regardless of the
number of microvessel counts, whereas the prevalence of hematoge
nous metastasis increased as the vessel count increased, and this trend
was less marked in peritoneal metastasis.

To determine whether any variable would provide a better estimate
of the relative risk for the development of each mode of metastasis,
multivariate logistic regression was applied. The microvessel count

among various prognostic factors provided the most significant esti
mate of relative risk for the development of hematogenous metastasis.
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agreement with reports described by other groups for patients with
various malignancies. (2â€”7)Thus, it can be stressed from this work

that the information of vascularity in human colorectal cancer has
prognostic importance and should be provided as part of the patho
logical evaluation of tumor specimens. Recent studies suggest that
angiogenesis not only may enhance tumor growth by supplying nu
trients to the tumor, but also may work through paracnne effects of
endothelial cells. Endothelial cells are capable of releasing growth
factors that stimulate tumor cells.

What causes tumors to metastasize? To address this issue, the
correlation between microvessel count in the primary tumor and
metastasis was investigated separately according to individual mode
of metastasis. Welch's t test demonstrated that tumors with either
lymph node, peritoneal, or hematogenous metastasis had significantly
higher vessel counts than nonmetastatic tumors. Other investigators
also demonstrated that tumors with lymph node metastasis had a
significantly higher microvessel count than those without metastasis.
This has been shown in various malignancies, including melanoma
(13), breast (14â€”16),and prostate (4) cancers. Those studies evaluated
the association of tumor vascularity with lymph node metastasis by
Student's or Welch's t test. However, because tumors with lymph
node metastasis may have potential for development of another mode
of metastasis, multivariate logistic regression analysis seems neces
sary to investigate the correlation between vessel counts and each
mode of metastasis. When multivariate logistic regression was applied
in this series of patients, the intratumoral vessel count correlated
significantly with hematogenous metastasis, but not with lymph node
or peritoneal metastasis. This finding is quite consistent with our
previous report on gastric cancer (6). Although tumor angiogenesis is
unlikely to be the only factor responsible, high vessel counts in
colorectal cancer are closely associated with only hematogenous me
tastasis. This is consistent with experimental evidence indicating that
as neovascularization increases within a tumor, the surface area for
potential escape of tumor cells into the systemic circulation and the
propensity for the hematogenous metastasis increase (17). Multivari
ate logistic regression also indicated that tumor angiogenesis may not
be an important factor responsible for the development of either
lymph node or peritoneal metastasis, suggesting a different mecha
nism in the development of those metastases.

Although most studies measuring vessel density in colorectal can
cer used anti-vWF antibody for highlighting endothelial cells, our
previous study demonstrated that the CD34 antibody gave both more
reliable and more specific staining of microvessels than anti-vWF
antibody and that vessel counts for CD34 were 3â€”4times higher than
those for vWF (6). Mean vessel counts for vWF in colorectal cancer

Table 2 Association of various factors with overall survival determined
proportional hazards modelby

theCoxHazards

95%confidencePrognostic
factors ratiolimitsPAge

(@65 or more) 1.1339 0.6411â€”2.00580.6658Gender
(male or female) 0.58280.3299â€”1.02950.0629Tumor
gross appearance 1.73460.8642â€”3.48160.1213(localized

orinvasive)Tumor
site (right, transverse 0.41400.2282â€”0.75120.0037or

left,rectum)Tumor
size (5 or more) 0.95800.8612â€”1.06570.4302Histology

(well or poorly)a 0.9891 0.9673â€”1.0115
Tumor depth (tl,t2 or t3,t4)â€• 2.6128 1.4945-4.56780.33900.0008Lymphatic

invasion (â€”or +) 0.9434 0.843 1â€”1.05570.3099Vessel
invasion (â€”or +) I.0318 0.9246â€”1.15150.5758Lymph
node metastasis (â€”or +)c 4.45852.3676â€”8.3959<0.0001Microvessel

counts (< or l05) 3.3906 1.7987â€”6.39120.0002

5 6 71 2 3 4

Year after Surgery
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Fig. 1. A, overall survival curves for patients with colorectal cancer. Survival of 67
patients with hypovascular tumors (microvessel count < 105,dark line) was significantly
greaterthanthatof66 patientswithhypervasculartumors(microvesselcount 105,light
line). P < 0.00001 by generalized Wilcoxon test. B, metastatic disease among 133 patients
in relation to microvessel count in progressive 50-vessel increments. The incidence of
lymph node metastasis does not change regardless of vessel counts. The prevalence of
hematogenous metastasis increased as vessel counts increased, whereas such a trend was
less remarkable in peritoneal metastasis.

In contrast, lymphatic vessel invasion, but not vessel count, was
significantly associated with lymph node metastasis. In the develop
ment of peritoneal metastasis, tumor site, lymph node metastasis, and
tumor depth, but not vessel count, provided a significant estimate of
the relative risk. In addition, the significant relationship between
lymph node metastasis and hematogenous metastasis was also noted
(Table 3).

Discussion

Numerous studies have sought to link long-term survival to tradi
tional markers of tumor aggressiveness in colorectal cancer, i.e.,
tumor size, pathological grade, and site (11, 12). However, those
results are inconclusive. As has been shown in node-negative colon
cancer (7), a significant correlation was found by Cox proportional
hazards multivariate analysis between microvessel count and long
term survival in a total of 133 patients with colorectal cancer, 67% of
whom had lymph nodes positive for metastasis. This finding is in

a well, papillary or tubular; poorly, poorly or undifferentiated.
tl invadinglamina propriaor mucosa;t2, invadingthe muscularisor the submucosa;

t3, penetrating the serosa; :4, invading adjacent organs.

C Lymph node metastasis evaluated at surgery.
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Table 3 Association of various factors with mode of metastasisas determined by logistic regressionanal,'sisPrognostic

factorsHematogenous metastasis

P value Odds ratioPeuritoneal

metastasis

P value Odds ratioLymph

nod

P valuee

metastases

OddsratioAge
(@65 or more)0.5820 0.77520.7461 0.84260.50010.7194Gender

(male or female)0.7993 0.88280.5 180 0.70340.80331 . I330Tumor
gross appearance (localized or invasive)0.8545 0.89250.23932.08920.20150.3990Tumor
site (right. transverse or left. rectum)0.8798 0.92540.0032 0. 19 180.49061.4482Tumor
size (@5 or more)0.8750 1.03130.95471.00650.57351.0728Histology

(well or poorly)â€•
Tumordepthor(13.t4)â€•0.7501

1.0284
0.2195 1.77980.5598

0.9530
0.0250 3.26110.3347 0.81770.93841.1253Lymphatic

invasion (â€”or +)0.7177 0.97690.28840.9124<0.000128.7546Vessel
invasion (â€”or +)0.2462 0.98030.6474 1.02200.98600.9997Lymph
node metastasis (â€”or + )0.0007 4.83520.00944.6908Microvessel

counts (< I05 or more)<0.0001 7.66890.0977 2.57970.063 I2.4529

ANGIOGENESIS IN COLORECTAL CANCER

a well, papillary or tubular; poorly, poorly or undifferentiated.

b tl, invading lamina propria or mucosa; :2, invading the muscularis or the submucosa; :3. penetrating the serosa; t4, invading adjacent organs.
C Lymph node metastasis was evaluated at surgery.

reported recently were variable: (a) 27.9 at X 100 (2.955 mm2 per
field; Ref. 7); (b) 35.4 at X200 (0.739 mm2 per field; Ref. 18); and (c)
65.3 per I mm2 field (19). When adjusted to the X200 that was used
in this study, they would have been (a) 7.0; (b) 35.4; and (c) 48.2.
Thus, those vessel counts were quite small compared with the mean
vessel count of I 12 in this study. In addition, Miettinen et a!. (20)
indicated that anti-vWF antibody stained not only vascular, but also
lymphatic endothelial cells approximately equally. Therefore, CD34
staining may provide more usable information than vWF staining,
which may be relevant to clear elucidation of the correlation between
vessel counts and the mode of metastasis in this study.

Also of interest is the relationship between lymph node metastasis
and hematogenous metastasis. This could suggest that neoangiogen
esis accompanied by tumor growth in affected lymph nodes may
facilitate hematogenous metastasis.

Strong association of tumor vascularization with the overall sur
vival, as well as the mode of metastasis, in colorectal cancer is likely
to be reproducible, because we have demonstrated previously the
same association in gastric cancer (6). Further studies are necessary to
confirm whether the findings can be extended not only to greater
numbers of colorectal cancer, but also to other types of human tumors.

The current results suggest that pathologists should grade angio
genesis carefully because it may be an important prognostic factor in
patients with colorectal cancer and that surgical adjuvant therapy
should focus on reducing hematogenous metastasis with the use of
antiangiogenesis factors.
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