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Study of prognostic significance of marrow
angiogenesis assessment in patients with de
novo acute leukemia

Asmaa Ahmed AbdElAal!, Reham Abdel Aleem Afify?, Amr ElSayed Zaher?,
Mosaad Mahmoud ElGammal?, Asmaa M. Atef?

IClinical and Chemical Pathology Department, Al kaser Al Aini, Cairo University, Egypt, 2Oncology Department,
National Cancer Institute, Cairo University, Egypt

Background: Angiogenesis is the highly ordered formation of new blood vessels from pre-existing vessels. It
is seen throughout growth, in wound healing, menses, and is important in cancer, where pro- and
antiangiogenic signals can be released by cancer cells, endothelial cells, stromal cells, blood, and the
extracellular matrix.

Aim of the study is to use standardized method for counting blood vessels to verify the significance and
prognostic value of assessing marrow angiogenesis at diagnosis of de novo acute leukemia.
Subjects and methods: The study included 70 newly diagnosed acute leukemia cases and a control group
composed of 35 bone marrow biopsy sections obtained from breast cancer patients. Examination of CD34
immunohistochemically stained sections for the assessment of marrow angiogenesis by quantification of
its microvessel density (MVD).
Results: MVD was significantly increased in acute leukemia patients in comparison to control group (P-value
<0.001). Increased MVD was associated with unfavorable outcome.
Conclusion: The study demonstrated an evidence of increased angiogenesis in acute leukemia detected by
high bone marrow MVD which may play a significant role in leukemic process. Understanding its role may
help in designing new therapeutic strategies for acute leukemia.
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Introduction

Angiogenesis is a critical natural process that occurs in
the body both in health and in disease to create new
blood vessels from pre-existing vessels. This process
occurs physiologically in the uterus during the men-
strual cycles and pregnancy. Moreover, angiogenesis
is necessary for the repair and regeneration of tissue
during wound healing and skeletal growth.!

It involves activation of endothelial cells of a mature
vessel, localized degradation of the surrounding base-
ment membrane, the movement of adjacent vascular
endothelial cells, and proliferation to form tubular
structures making a network of new blood vessels.”

New blood vessels formation are controlled physio-
logically through a series of ‘on” and ‘off” switches® in
which cytokines, growth factors, and other endogen-
ous modulators act in balance to stimulate or inhibit
blood vessel formation. When angiogenic growth
factors are created in greater amounts than

angiogenesis inhibitors, the balance is tilted in favor
of the growth of new blood vessels until the inhibitors
exceed the stimulators.* Known angiogenic growth
factors include, angiogenin, angiopoietin-1, fibroblast
growth factors (FGF), granulocyte colony-stimulating
factor (G-CSF), and vascular endothelial growth
factor (VEGF-A) and its tyrosine kinase receptors
that are considered as the best-characterized signaling
pathway in developmental angiogenesis.” While
known angiogenesis inhibitors include, angioarrestin,
angiostatin, and endostatin.®

Pathological angiogenesis occurs when diseased
cells produce abnormal amounts of angiogenic
growth factors overwhelming the effects of natural
angiogenesis inhibitors. It occurs in diseases such as
cancer, diabetic blindness, age-related macular
degeneration, rheumatoid arthritis, and psoriasis.”*®
In these conditions, new blood vessels feed diseased
tissues and destroy normal tissues. In cases of cancer,
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angiogenesis is required for tumor cell proliferation,
extracellular matrix invasion, and hematogenous
metastasis.”
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Insufficient angiogenesis occurs when tissues cannot
produce adequate amounts of angiogenic growth
factors. It occurs in diseases such as coronary artery
disease, stroke, and chronic wounds. In these con-
ditions, blood vessel growth is inadequate, and circula-
tion is not properly restored, leading to the risk of
tissue death.®

Angiogenesis has been suggested as important
factor in the pathogenesis of hematological malignan-
cies. The bone marrow of leukemic patients had shown
increased blood vessel content compared to normal
counterparts, suggesting that leukemia might be
angiogenesis dependent and raising the possibility
for a role of antiangiogenic therapy in the treatment
of leukemia. Multiple mechanisms of angiogenic path-
ways regulate acute leukemia (AL) survival and pro-
liferation including direct induction of angiogenesis,
expressing receptors for specific angiogenic growth
factors (paracrine regulation), and secreting their
own angiogenic factors for their own angiogenic
growth factor receptors (autocrine stimulation).'”

To investigate the role of angiogenesis as a prognos-
tic factor and monitoring of disease progression in
cancer, an accurate and standardized method should
be applied for counting the microvessel density (MVD).

The aim of the present study was to standardize an
applicable method for counting MVD and apply it to
verify the significance and prognostic value of asses-
sing marrow angiogenesis at diagnosis of AL.

Subjects and methods

Materials

Bone marrow specimens from 70 de novo AL patients
were studied. Diagnosis and classification of AL
according to their clinical, morphological, cytochem-
ical, and immunophenotypic examinations. Their
inclusion criteria were based on the availability of bio-
logical material and their Egyptian nationality. All
patients were treated with the current chemotherapy
protocols. A written consent was obtained from all
patients and/or their parents according to institutional
guidelines.

A bone marrow core biopsy (iliac crest) was
obtained from all patients for examination of hema-
toxylin and eosin-stained sections, to confirm diagno-
sis, precise assessment of the marrow cellularity as well
as the degree of secondary marrow fibrosis (if present),
and examination of immunohistochemical (IHC)-
stained sections for the assessment of marrow angio-
genesis by the quantification of the MVD.
Additional biopsies were obtained to study the
response to induction therapy (induction outcome)
between days 14 and 28 after induction therapy.

To establish controls, 35 bone marrow biopsy
(BMB) sections; previously obtained from breast
cancer patients for staging were included in this
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study. All proved to be morphologically free of any
hematological malignancies, having normal reticulin
content and distribution, and morphologically nega-
tive for any metastatic deposits; confirmed by THC
staining for cytokeratin, mammaglobin, and CA15.3
monoclonal antibodies.

Immunohistochemical staining

Bone marrow specimens were fixed in 10% formal-
saline, decalcified, embedded in paraffin, and decalci-
fied with xylene. Serial sections (3—4 um thick) of each
sample were processed for IHC identification using
CD34. THC localization was performed by two-step
ITHC staining system based on a horse radish peroxi-
dase (HRP)-labeled polymer which is conjugated
with secondary antibodies (DAKO Envision™ peroxi-
dase (HRP)/DAB, Mouse, code: K4006). Before
staining, tissue sections were de-paraffinized in
xylene, rehydrated in descending ethyl alcohol concen-
trations, pretreated by heat-induced epitope, retrieval
for 15-20 minutes in Tris-EDTA buffer solution pH
9.0 in 90-95°C, and blocking endogenous peroxidase
was done by applying enough blocking reagent to
fully cover the sections for 10 minutes. The diluted
primary Ab was applied on the tested sections for
1 hour (simultaneously, for the negative control
samples, additional sections from limited number of
cases were stained by replacing the primary antibody
with phosphate buffer saline (PBS) solution), washed
three times in PBS, the HRP-labeled polymer was
applied for 30 minutes on tested and control sections,
then, the staining was completed by applying freshly
prepared (DAB + substrate — chromogen solution) to
the sections. The sections were counter stained by
hematoxylin stain 5% for 20 minutes.

Evaluation of BM angiogenesis
BM angiogenesis was evaluated by the assessment of
marrow MVD that is estimation of the average quan-
tity of microvessels per square millimeter (mm?) area
among the CD34 IHC-stained BM sections.
Modified method of Babarovic et al.'" was used for
estimation of MVD through the following steps, using
a research binocular light microscope (Leica, DM —
750), the tested immuno-stained slides were initially
scanned at x40 magnification to identify the section
area of the slide, check the staining quality, verify
the distribution pattern of the highlighted microves-
sels, and to locate regions of higher vascular concen-
trations (i.e. hot spots). At higher magnification
(x100), several serial images were captured for each
BM section and its total area, in square millimeter
(mm?), was estimated by recruiting a full high defi-
nition (HD) digital camera (Leica — ICC-50) inte-
grated with the microscope and supplied by a
software for digital morphometric image analysis
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(Leica Application Suite (LAS) — Image Analysis,

version 4.0.0, Leica Microsystems (Switzerland)

Limited). Areas of crushed -cartilaginous and/or

osseous tissues were excluded. Among the estimated

total area of the BM section, quantification of micro-
vessels was performed at x400 magnification accord-
ing to the following rules:

1. Any IHC-stained (CD34 +ve) individually scattered
endothelial cell was considered as a single distinct
countable microvessel.

2. Any IHC-stained endothelial cells cluster (whether
arranged in a complete or incomplete vascular struc-
ture, with or without a lumen and clearly separated
from adjacent microvessels, blasts, and other
marrow elements) was considered also as a single dis-
tinct countable microvessel.

3. The presence of a lumen (with or without RBCs) was
not necessary for microvessels morphological identi-
fication but considered only as a helpful feature.

4. All  immuno-stained highlighted microvessels
(whether crowded within the ‘hot spots’ or randomly
individually dispersed among the intertrabecular
hemopoietic areas) were included into the count.
Those encountered within the BM trabeculae were
not included into the count.

5. All immuno-stained microvessels (whether located
among the malignant hemopoietic infiltrates or
among the non-infiltrated normal hemopoietic
areas) were included into the count.

For each immuno-stained BM section the total
number of microvessels counted per the whole
section was divided by the total section area estimated
in (mm? and therefore the number of microvessels
per one square millimeter area (i.e. MVD) was
obtained.

Quantification of leukemic blast infiltration and
criteria for response to chemotherapy
Quantitative analysis of leukemic blast infiltration was
performed in bone marrow aspirates by routine cytolo-
gical analysis as described by the FAB group.!” A
complete remission was defined as a bone marrow
with normal hematopoiesis of all cell lines, less
than 5% blast cells, and a peripheral blood count
with at least 1500 neutrophils/uL, and 100.000
platelets/uL. 13

Statistical methods

Data was analyzed using IBM SPSS advanced stat-
istics version 20 (SPSS Inc., Chicago, IL, USA).
Numerical data were expressed as mean and standard
deviation or median and range as appropriate.
Qualitative data were expressed as frequency and per-
centage. Chi-square test (Fisher’s exact test) was used
to examine the relation between qualitative variables.
For quantitative data, comparison between two
groups was done using Mann-Whitney test (non-
parametric z-test). Comparison between three groups
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was done using Kruskal-Wallis test (non-parametric
ANOVA) then post hoc ‘Schefe test” on variable rank
was used for pair-wise comparison.

Spearman-rho method was used to test correlation
between numerical variables. A P-value <0.05 was
considered significant.

Results

The present study was conducted on 70 AL cases and
35 normal BMB sections. AML group included eight
pediatrics (2-13 years old). ALL group included nine
pediatrics (3-11 years old). Demographic, clinical,
and laboratory data of the leukemic group are sum-
marized in Table 1.

Results of marrow micro vascular density in then
studied groups

Among the studied 22 ALL cases, the marrow MVD
range was 10.9-106.8 with a median of 32.5 vessels/
mm?, while among the studied 46 AML cases it was
12.4-221.6 with a median of 30.3 vessels/mm?
(Fig. 1) and among the control group it was 1.6-16.6
with a median of 5.0 vessels/mm? (Fig. 1E). A com-
parison of marrow MVD was established between
each of the studied groups and the control group.
Statistically, a highly significant increase was detected
in the marrow MVD between each of the studied
groups and the control group, P-values <0.001
(Table 2).

Patients in the studied groups were further categor-
ized according to their marrow MVD degrees. Four
categories were identified and included those with
MVD up to high normal, increased up to one fold,
increased more than one fold up to two folds and
increased MVD more than two folds.

Relationship between marrow MVD and the
grades of second marrow fibrosis

In the AL group, among the 10 patients with mild
degree of marrow fibrosis (grade I), 5 (50%) showed
normal MVD (as controls) and 5 (50%) showed
increased MVD (up to one fold). Meanwhile, among
the 28 patients with prominent degree of marrow fibro-
sis (grade III) 17 (60.7%) showed increased MVD
(greater than one fold and up to two folds) and 6
(21.4%) showed increased MVD (greater than two
folds); P-value <0.001(Table 3).

Relationship between marrow MVD and
induction outcome

The response to induction therapy (induction
outcome) was assessed by BM re-examination
between days 14 and 28 after induction therapy,
among the 32 patients with unfavorable outcome
(partial remission (PR), no response (NR), and induc-
tion-related mortality (IRM)), 26 (81.2%) showed
increased MVD and only 6 (18.8%) showed normal



Table 1 Characteristics for the studied groups
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Parameter AML (n = 46) ALL (n=22) MPAL (n=2)
Age (years)
Median (range) 39 (2-73) 22.5 (3-65) *
Sex
Frequency (%)
Male 18 (39.1%) 16 (72.7%) *
Female 28 (60.9%) 6 (27.3%)
M:F ratio 1:1.6 2.7:1
Organomegaly
Frequency (%)
Present 17 (37%) 14 (63.6%) *
Absent 29 (63%) 8 (36.4%)
Lymphadenopathy
Frequency (%)
Present 6 (13%) 12 (54.5%) *
Absent 40 (87%) 10 (45.5%)
TLC (x103/cmm)
Median (range) 27.6 (0.8-245) 18.3 (1.4-488) *
Hb (g/dL)
Median (range) 7.5(3.3-10.3) 7.9 (5.2-12) *
Platelets (x103/cmm)
Median (range) 445 (14-146) 52 (15-275) *
PB blasts (%)
Median (range) 39 (0-98) 45 (0-95) *
BMA blasts (%)
Median (range) 56.5 (2-94) 68.5 (22-97) *
Overall marrow cellularity
(%) Median (range) 95 (48-100) 95 (40-100) *
Marrow infiltration pattern
Frequency (%)
D 18 (39.1%) 8 (36.4%) *
DP 7 (15.2%) 8 (36.4%)
| 4 (8.7%) 1 (4.5%)
N/I 17 (37%) 5(22.7%)
Second marrow fibrosis:
Frequency (%)
(+) 7 (15.2%) 3(13.6%) *
(++) 21 (45.7%) 10 (45.5%)
(+++) 18 (39.1%) 9 (40.9%)
FAB classification:
Frequency (%)
MO: 1 (2.2%) L1:0 *
M1 + M2: 32 (39.6%) L2: 20 (90.9%)
M3: 4 (8.7%) L3:2(9.1%)
M4 + M5: 9 (19.6%)
Mé6: 0
M7: 0
Immunophenotyping:
Frequency (%)
Myeloid: 37 (80.4%) Pre B: 14 (63.6%) *

Myeloid with monocytic: 9 (19.6%)

B-ALL: 4 (18.2%)
C-ALL: 1 (4.5%)
T-ALL: 3 (13.6%)

AML, acute myeloid leukemia; ALL, acute lymphoblastic leukemia; MPAL, mixed phenotype acute leukemia; MPAL, mixed phenotype
acute leukemia; D, diffuse; DP, diffuse packed; I, interstitial; N/I, nodular/interstitial.
*The statistical analysis could not be performed for this group because it is composed of a very small number of cases.

MVD (as controls), however, among the 38 patients
with favorable induction outcome (CR) still 34
patients (89.5%) showed increased MVD and only 4
(10.5%) showed normal MVD (as controls);
P-value = 0.05, which is nearly significant (Table 4).

Discussion

For evaluation of angiogenesis, Babarovic er al.'l
noticed that the best IHC results were obtained with
anti-CD34 monoclonal antibody compared to CD31

and factor VIII which are expressed in a large popu-
lation of bone marrow cells, including megakaryocytes
and myeloid cells.

Functional pluripotent CD34+ hematopoietic cells
express VEGFR-2 antigen and these cells are known
as precursors of both human hematopoietic and endo-
thelial lineage.'* The methodology applied for assess-
ment of MVD in the previous studies of Mesa
et al.,’> Padro er al ' Noren-Nystrom et al,'” and
Todorovic er al.'® was depending on the calculation
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Figure 1 CD34-lHC-stained BMB sections showing: (A and B) ALL (L2) showing increased marrow MVD (57.8 vessels/mm?) x
200. (C and D) Stained BMB from a case of AML (M3) showing increased marrow MVD (221.6 vessels/mm?2) x 200. (E) A case from
the control group marrow MVD (2.7 vessels/mm?) x 100. (F) Reticulin stain showing marked BM fibrosis x200.

of mean of microvessel numbers counted in at least
three independent most vascularized hemopoietic
areas ‘hot spots’ per section; using a fixed frame of
known area for counting per each hot spot.

Table 2 Comparison of marrow MVD between each of the
studied groups and the control group

Control group

(n=35)
MVD MVD
(vessels\mm?2): (vessels\mm?):

Median (range)  Median (range)  P-value

AL (n=70) 31.1(10.9-221.6) 5.0 (1.6-16.6)
AML (n=46) 30.3 (12.4-221.6)
ALL (n=22) 32.5(10.9-106.8)

<0.001

AL, acute leukemia; AML, acute myeloid leukemia; ALL, acute
lymphoblastic leukemia; MVD, microvascular density.
P-value <0.001 is statistically significant.
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However, the counting methodology in these previous
studies was not standardized for all the cases as the
number of examined hot spots per section was not
fixed for all cases because of the variation in lengths
found among their obtained BM sections. Moreover,
in the present study, many AL cases showed that the
marrow microvessels distribution pattern mostly
occurred simultaneously in crowded hot spots as well
as in random diffuse dispersion pattern among the
whole section. Both patterns occurred more frequently
than the former one alone.

Therefore, the methodology of the present study was
applied according to the method of Babarovic et al.!!
in which several serial images were captured for each
BM section and its total area was estimated by
digital morphometric image analysis and among the
estimated total area of the BM section, quantification
of microvessels was performed, then the total number
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Table 3 Grades of second marrow fibrosis among MVD-
related categories of patients with AL

Grades of second marrow fibrosis
I(n=10) (=32 Illl(n=28)

Total
number=70

P-value

MVD-related categories of AL patients
Uptohigh 5(50%) 5(156%) O
normal
(<16.6)
(n=10)

Increased
up to one
fold
(16.7-34)
(n=29)

Increased 0
>one fold
and up to
two folds
(35-70)
(n=24)

Increased 0
>two
folds
(>70)

(n=7)

<0.001

5(50%) 19 (59.4%) 5 (17.9%)

7(21.9%) 17 (60.7%)

1(3.1%) 6 (21.4%)

AL, acute leukemia; MVD, microvascular density; %, percent
within second marrow fibrosis grades.
P-value <0.001 is statistically significant.

of microvessels counted per the whole section was
divided by the total section area estimated in mm?;
therefore the number of microvessels per one square
millimeter area (i.e. MVD) was obtained.

In the present study, we found a highly significant
increase in the marrow MVD between each of the
studied groups and the control group, P-values <0.001.

As regards AML, our results are in agreement with
Kuzu er al."”® who measured MVD in BMB of 36
AML patients based on CD31 and CD34 expressing
vessels (CD31: P =0.004, CD34: P <0.001).

Similar results were detected by Padro ez al.'® and
Hussong et al.?® who estimated MVD using endo-
thelial cell markers (thrombomodulin, ULEX-E, and
vonWillebrand factor (vWF)) respectively.

Asregards ALL, all previous studies detected highly
significant increase in the marrow MVD,!718:21.22

Table 4 Relationship between marrow MVD and induction
outcome in studied groups

Induction MVD (vessels/ P-
outcome mm?) median n Range value
ALL  CR: 38 30.3 10.9-221.6 0.953
n=70 PR/NR/IRM: 32 34.9 11.8-156.1
AML  CR: 24 26.5 14.5-221.6 0.231
n=46 PR/NR/IRM: 22 38.8 12.4-156.1
ALL CR: 12 485 10.9-745 0.254
n=22 PR/NR/IRM: 10 21.4 11.8-106.8

AL, acute leukemia; AML, acute myeloid leukemia; ALL, acute
lymphoblastic leukemia; MVD, microvascular density; CR,
complete remission; PR, partial remission; NR, no response;
IRM, induction-related mortality.

P-value <0.001 is statistically significant.
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A borderline association was detected in the present
study between MVD and sex in the ALL group (P-
value = 0.08). However, statistical analysis did not
reveal any significant association between MVD and
sex as reported by Padro er al.'® and Noren-Nystrom
et al."” in AML and ALL, respectively.

The present study did not reveal any significant
difference in MVD in the studied groups related to
the presence of organomegaly or lymphadenopathy
(P-values >0.05). The importance of this relation
was to detect if high MVD was associated with bad
prognostic sign like extramedullary infiltrations. To
the best of our knowledge, no previous studies
addressed the relation of the previous parameters
with MVD in AL.

Statistical analysis did not reveal any significant
differences in MVD between the AML FAB-subtypes
as reported by Padro ez al.'® and Hussong et al.*°

In the present study, high microvessel counts were
not correlated with percentage of BM blast cells in
AML and ALL.

These results are in accordance with Padro et al.'®
and Kuzu et al."’

This observation is in line with the findings in mul-
tiple myeloma in which the degree of bone marrow
angiogenesis did not correlate with the percentage of
plasma cell infiltration.”® However, this correlation
was documented by Hussong et al.,”® De Raeve
et al.,** and Zhang et al.*> They gave an explanation
for the positive synergistic relationship between leukemic
cells and endothelial cells and provided evidence that
MVD is directly related to the malignant cell burden.

In the present study, there was no correlation
between MVD and peripheral WBCs, platelet count,
or MB cellularity. That was in consistent with previous
researches.'”"!?

Because marrow angiogenesis and fibrosis could be
augmented by the same stimulators like FGF, platelet-
derived growth factor, and transforming growth factor
(TGF-beta) which found to be secreted in higher levels
by marrow stromal cells in hematological malignan-
cies,?® we hypothesized that both processes are posi-
tively related. Consistently with this hypothesis, a
highly significant association was detected between
the degree of marrow MVD and the grade of second
marrow fibrosis in AML and ALL (P-values
<0.001). This relation was only investigated and
proved before in multiple myeloma.!' Subsequently,
use of antiangiogenic drugs like anti-FGF in leukemia
could suppress both marrow angiogenesis and fibrosis.
The effect of this double action on disease outcome
and rate of relapse should be widely investigated.

As regards response to treatment in the studied AL,
AML, and ALL groups, no significant associations
were detected between the degree of marrow MVD
and post induction therapy outcome. However,
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because of the short follow-up period due to loss of
many participants, we could not analyze the prognos-
tic value of MVD at presentation (day 0) for event-free
and overall survival.

Padro et al.'® suggested that BM MVD at diagnosis
cannot be used to predict the clinical outcome in terms
of achieving a complete remission after induction che-
motherapy. In contrast, Kuzu et al.'® and Noren-
Nystrom et al.** found that patients with high MVD
had an unfavorable outcome and shorter overall
survival.

Todorovic et al.'® found that the initial values of
MVD had a positive correlation with overall survival
and leukemia-free survival. We can conclude that
even if high MVD does not affect results of induction
therapy, it could increase rate of relapse. These results
are encouraging for inclusion of MVD enumeration in
bone marrow examinations of AML and ALL patients
at diagnosis as an additional prognostic factor.

Understanding its role may help in designing new
therapeutic strategies for ALs.

Detection of the therapeutic effect of different anti-
angiogenic drugs in AL patients and studies that
combine antiangiogenic factors with conventional
treatment of AL to detect if this combination has addi-
tive therapeutic effect over conventional therapy alone
are highly recommended to stratify patients into
responders and non-responders.
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