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Abstract

Background: Acute lymphoblastic leukemia is a heterogeneous malignancy characterized by
variable biological and clinical behavior. Multiple diagnostic modalities, including morphological,
immunophenotypic, cytogenetic, biochemical and molecular analyses, are essential for its
diagnosis and classification. Both CD34 antigen expression and fetal hemoglobin levels have been
linked to prognostic outcomes in pediatric acute lymphoblastic leukemia patients.

Objectives: This study aimed to evaluate the prognostic significance of CD34 and hemoglobin F
levels in childhood acute lymphoblastic leukemia patients and to explore their correlation with
other hematological and clinical parameters.

Method: A cross-sectional study was performed on 28 pediatric patients (<15 years) with a new
diagnosis of ALL at the Oncology Department of the Central Teaching Hospital of Pediatrics
from August 2017 to April 2018. Data were obtained from each patient using a questionnaire.
Peripheral blood and bone marrow samples were analyzed by morphology, cytochemistry and flow
cytometry. Hemoglobin F levels were determined using high-performance liquid chromatography.
Results: CD34 expression was detected exclusively among B-lineage acute lymphoblastic
leukemia patients and was detected more frequently in children with favorable clinical and
hematological prognostic factors.. No associations were detected between HDF levels and any
clinical or hematological prognostic factors.

Conclusion: CD34 expression is a common event in childhood B-ALL and is associated with
favorable prognostic factors. HbF levels were not associated with any clinical or hematological
prognostic factors.

Keywords
Acute lymphoblastic leukemia, CD34 and HbF

==
© 2026 The Authors.

This article is published by the Iraqi Journal for Cancer and Medical Genetics, Mustansiriyah
University and is distributed under the terms of the Creative Commons Attribution License
(CC BY 4.0), which permits unrestricted use, distribution, and reproduction in any medium,

How to Cite:

Muhsin, A. H., & Subh S. Al-Mudallal. (2026).
Prognostic significance of CD34 expression and fetal
hemoglobin level in childhood acute lymphoblastic
leukemia: Prognostic Significance of CD34 and HbF
in ALL. Iraqi Journal of Cancer and Medical Genetics,

provided the original work is properly cited. 19(1). https://doi.org/10.29409/93btc760

86 | Iraqij. cancer med. genet. Il@ Volume 19 - Number 1 (Jun 2026)



Prognostic Significance of CD34 and HbF in ALL

Introduction

Acute lymphoblastic leukemia (ALL) is a malignant clonal
disorder of lymphoid progenitor cells resulting from multistep
genetic mutations (1). The disease demonstrates considerable
heterogeneity in morphology, immunophenotype, cytogenet-
ics and molecular profiles, necessitating integrated diagnostic
evaluation to establish classification and prognosis(2). Leuke-
mic cells from patients with ALL express a variety of surface
antigens that are also found on normal lymphocyte precursors
at discrete stages of maturation (3). Flow cytometric immu-
nophenotyping of childhood ALL plays an important role in
the diagnosis and classification of B and T-cell lineages (4).
CD34, a 110 to 115 Kd transmembrane sialoglycoprotein, is
expressed by early hematopoietic progenitor cells, endothelial
cells, and bone marrow (BM) stromal cells and their precur-
sors (5, 6). Although assessment of the number of cells that
express the antigen CD34 provides valuable data for diagnos-
tic and prognostic purposes, the percentage of CD34-posi-
tive cells should not be considered a substitution for the blast
count from the smears or an estimate from the bone marrow
biopsy. CD34 is used in acute leukemia and is used to define
leukemic blasts (7-9). Previous studies reported a strong cor-
relation between CD34 positivity and favorable prognostic
markers, such as younger age, hyperdiploidy and lower leu-
kocyte count(10). Fetal hemoglobin (HbF) is recognized as
an indicator of hematological and nonhematological disorders
and may be elevated in patients with malignant disorders. Al-
though HbF itself is not a tumor product, its increased synthe-
sis is triggered by malignant conditions(11). Automated high-
performance liquid chromatography (HPLC) is an important
primary diagnostic method; it can detect hemoglobin vari-
ants and hemoglobin A and F percentages in one procedure
(12). Some studies have suggested that elevated HbF levels
are linked to adverse prognostic parameters, such as organo-
megaly, anemia and high leukocyte count, in cases of ALL in
pediatric patients (11).

Materials and Methods

This cross-sectional study included 28 children under 15 years
of age who were newly diagnosed with ALL and admitted to
the Oncology Department of the Central Teaching Hospital of
Pediatrics between August 2017 and April 2018. The diagno-
sis was confirmed by peripheral blood and bone marrow ex-
amination, including morphology and cytochemical staining.
Flow cytometry was conducted at the flow cytometry
Department in Medical City, Baghdad. Written consent was
obtained from the patients’ guardians before peripheral blood
and bone marrow samples were taken. Data, including the
main symptoms and physical signs, especially the presence of
mediastinal widening; extramedullary manifestations, which
include lymphadenopathy, splenomegaly, hepatomegaly, and
CNS involvement; and hematological parameters (from the
patient case file), were obtained using a questionnaire. The in-
clusion criteria for the patients were as follows: were younger
than 15 years old, were newly diagnosed, and did not receive

any treatment before blood samples were collected.

The exclusion criteria for patients were as follows: who re-
ceived chemotherapy, who had been treated with steroids
for more than one week, who had recently received blood
transfusions, and who had hemoglobinopathies. Samples of
peripheral blood and bone marrow aspirate were stained with
Leishman staining in addition to cytochemical staining (with
Sudan Black SBB staining and periodic acid-Schiff (PAS)
staining). Lymphoblasts that were subjected to PAS stain-
ing were considered to be positive for granular staining and
strongly positive for block staining.

Other peripheral blood and bone marrow aspirate samples
were sent for flow cytometry analysis from each patient in
an ethylene diamine tetraacytic acid (EDTA) tube.Flow cy-
tometry device by BD Biosciences (USA), Model: BD FAC-
SCanto™ II. An automated 8-color flow cytometer system
configured with multilaser capability was used, and BD FAC-
SDiva™ software was used for data acquisition and analy-
sis. The monoclonal antibodies used were primarily from BD
Biosciences (CD34 Antibody Cloning: 8G12). The cutoft per-
centage of blasts is equal to or greater than 20 %.

For newly diagnosed ALL patients, one cytoplasmic marker,
CD3, and two surface markers, CD34 and CD19, were tested
in bone marrow aspirates. The FSC/SSC used for gating on
the blast window, CD19 and CD3 were used to differentiate
between T-ALL and B-ALL, in which B-ALL is CD19 posi-
tive and CD3 negative, T-ALL is CD19 negative and CD3
positive, and CD34 was used to study its expression pattern
in blasts.

HPLC: is a process in which a mixture of molecules (for ex-
ample, normal and variant hemoglobins) with a net positive
charge is separated into its components by their adsorption
onto a negatively charged stationary phase in a chromatog-
raphy column. D-10 software is used to reduce the amount
of raw data collected from each analysis. Two-level calibra-
tion is used for the HbA2/F/Alc values. A sample report and
a chromatogram are generated for each sample. Peripheral
blood samples in EDTA tubes were sent for HPLC to assess
HDF levels. The cutoff value for HbF was 1 %. The risk group
was classified in this study according to WBC count and age;
the high-risk group was older than 10 years and had a WBC
count >50000.

Statistical analyses: SPSS v23 was used. Categorial vari-
ables were analyzed using the chi-square test or Fisher’s ex-
act test, whereas continuous variables were assessed using the
Mann-Whitney U test. Significance was accepted at P < 0.05.

Results

CD34 expression in ALL

Among 28 pediatric ALL patients, 75 % presented with B
ALL, and 25 % with T ALL. The male-to-female ratio was
1.2:1. The median ages were 6 (5.75) years, 5 (4.5), and 10
(6) years for total, B ALL and T ALL patients, respectively,
which was not significant (P = 0.066).

Common presenting features in order of frequency were as
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follows: fever in 96.4 %, hepatosplenomegaly in 96.4 %,
lymphadenopathy in 78.6 %, pallor in 71.4 %, CNS involve-
ment in 46.4 %, bruising in 35.7 %, and mediastinal mass in
21.4 %.

CD34 expression was positive in 66.7 % of patients with B
ALL and negative in 33.3 %; CD34 expression was negative

in all patients with T ALL. CD34 positivity correlated signifi-
cantly with age (1-10 years; P=0.035; Table 1) but not with
sex or hematological variables. Moreover, positive CD34 ex-
pression was less frequent in children with CNS involvement
(4 (57.1 %) versus 10 (71.4 %)); however, this difference was
statistically insignificant (P = 0.870).

Table 1: Association between CD34 expression and age and sex in patients with B ALL.

Age and sex CD34 positive CD34 negative P
1-9 14 (73.7 %) 5(26.3 %)
Age (years) 0.035 *
>10 0 (0.0 %) 2 (100.0 %)
Male 8 (72.7 %) 3(27.3 %)
Sex 0.8 *
Female 6 (60.0 %) 4 (40.0 %)

*: Fischer exact test; S: significant at P < 0.05; NS: not significant at P> 0.05

Hemoglobin F (HbF) levels in patients with ALL
The difference in HbF levels between patients with B and
T ALL (1 (1 %) versus 1.1 (0.8 %)) was not significant, as

Table 2: HbF levels in B-ALL and T-ALL.

shown in Table 2. Moreover, HbF levels were not significant-
ly associated with age, sex, risk group, hematological param-
eters or clinical presentation.

HbF % Total BALL TALL P
High 11 (39.3 %) 8 (38.1 %) 3 (42.9 %)
1.000 *
Normal 17 (60.7 %) 13 (61.9 %) 4(57.1 %)
Median (IQR) 1 (0.95) 1(1) 1.1(0.8) 0.831 1

T: Mann-Whitney U test; not significant, P > 0.05.

Associations between CD34 expression and HbF levels in
patients with ALL:

The HbF level in children who were positive for CD34 was
1.00 (1.15), whereas it was 0.80 (0.70) in children who were

Table 3: CD34 and Hb F association.

negative for CD34; these values were not significant (P =
0.764). Although high HbF expression was more frequent in
patients with positive CD34 expression, these findings were
not significant (Table 3).

HbF CD34 positive CD34 negative P
Normal (n = 13) 7 (50.0 %) 6 (85.7 %)
0.266 *
High (n=218) 7 (50.0 %) 1 (14.3 %)
Median (IQR) 1.00 (1.15) 0.80 (0.70) 0.764 T

n: number of cases: : Mann—Whitney U test; *: Yates correction for continuity.

Associations between CD34 expression and the PAS score
in patients with ALL:

Compared with patients with negative PAS, all ALL patients
with strong PAS expression had significantly higher CD34 ex-
pression (P =0.018) (42.9 % versus 35.7 %) (Table 4 shows

all patients with B and T ALL). However, the association be-
tween CD34 expression and the PAS score in B ALL patients
was not significant (P > 0.05). An association cannot be per-
formed for T ALL, as all patients with T ALL had negative
CD34 expression.
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Table 4: Association between CD34 expression and PAS in ALL.

CD34
Total Positive Negative P
Negative 13 (46.4 %) 5(35.7 %) 8 (57.1 %)
PAS Positive 9(32.1 %) 3(21.4 %) 6 (42.9 %) 1.000 *
Strong positive 6 (21.4 %) 6 (42.9 %) 0 (0.0 %) 0.018

*: Yates correction for continuity test; §: Mann-Whitney U test; not significant at P >0.05; significant at P < 0.05

Associations between HbF levels and the PAS score in pa-
tients with ALL:
HbF levels were not significantly associated with the PAS

Table 5: Association between HbF and PAS in ALL patients.

score in any patient with ALL or according to ALL subtype
(B and T ALL), since P was > 0.05 (Table 5).

PAS
HbF
Total Negative Positive Strong positive
Normal 17 8 7 2
High 11 5 2 4
Median (IQR) 1.00 (0.95) 1.00 (1.20) 0.80 (0.50) 1.45 (1.08)
pP* Reference NS 0.735 0.515 (NS)

*: Mann-Whitney U test; NS: not significant at P > 0.05.

Expression of CD34 in standard and high-risk ALL pa-
tients:

In all ALL patients, CD34 expression was significantly lower
in the high-risk group than in the standard-risk group (31.3
%) (P =0.022; 75.0 %), as illustrated in Table 6. The differ-

Table 5: Association between HbF and PAS in ALL patients.

ence in CD34 expression between standard-risk and high-risk
B ALL patients was not significant. This association is inap-
plicable for T ALL patients since all of them were negative
for CD34. Standard and high-risk groups were classified ac-
cording to WBC count and age.

CD34 Total High risk standard risk |
Positive 14 (50.0 %) 531.3%) 9 (75.0 %)
0.022
Negative 14 (50.0 %) 11 (68.7 %) 3 (25.0 %)

*: Chi-square test; significant P < 0.05.

HDF levels in standard and high-risk ALL patients:

Notably, the difference in HbF levels between the high- and
standard-risk groups in all ALL patients was not significant
(Table 7), nor was the difference in the HbF level between

the high-risk group and the high-risk group (P > 0.05). This
association was not observed for T-ALL patients since all T-
ALL patients were grouped as high risk. Risk groups were
classified according to WBC count and age.

Table 7: HbF levels in the high- and standard-risk ALL groups.

HDbF Total High risk standard risk P
Normal 17 (58.7 %) 10 (62.5 %) 7 (58.3 %)
1.000 *
High 11 (39.3 %) 6 (37.5 %) 5(41.7 %)
Median (IQR) 1.05 (0.95) 0.95 (1.00) 0.658

*: Chi square test with Yate’s correction for continuity test; ¥: Mann-Whitney U test; not significant, P > 0.05.
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Discussion:

Subtypes of acute lymphoblastic leukemia; This study in-
cluded 28 pediatric patients with ALL; 75 % of them had B-
ALL, and 25 % had T-ALL. These findings were in agreement
with those of other studies in Arabic countries (Jordan and
Morocco) as well as Brazil and Indonesia(13-16).

Age and sex; All of the patients in this study had a median
age of six years; this was in line with the findings of other
studies (17-19); however, other studies (20-23) did not report
comparable median age values. Specifically, the median age
of patients with the B-ALL subtype is 5 years, and that of pa-
tients with T-ALL is 10 years; these results are comparable to
those of Bachir et al. (15) but differ from the results of other
studies (24, 25).

These findings confirm that T-ALL is associated with poor
prognosis since patients approximately 10 years old are in-
cluded in the high-risk group (26).

Moreover, the patient age ranged from 1.2—14 years, which
is comparable to that reported by Kashmoola et al. (27) in
Mosul. The results of the current study revealed that ALL was
more frequent in males than in females, with a ratio of 1.2:1,
which was close to the findings of many studies, including
those of Iraqi and non-Iraqi (15, 27, 28).

Presentation in a clinical setting; Fever and HSM are the
most common presentations, whereas bruising is the least
common. Since coagulopathy is less common in ALL than in
acute myeloid leukemia and usually mild and no severe hem-
orrhage is observed (29), this finding is comparable to that of
AlMulla et al. (30), but it is not in line with that of Harpani et
al. (31), who demonstrated a different distribution of clinical
manifestations. Additionally, the mediastinal mass sign was
limited to T-ALL patients.

CD34 expression; Our investigation revealed that CD34 ex-
pression was detected in only 14 out of 28 ALL patients and
was detected in only the B-ALL subtype; this finding was in
agreement with that of Campana D et al. (32) in the USA.
CD34 expression was detected in 66.7 % of B-ALL patients
in this study and was detected only in children in the favor-
able age group between 1 and 10 years; these results were
comparable to those of other studies (33, 34). Although the
male:female ratio was 1.2:1, there was no discernible corre-
lation between CD34 positivity and sex; these results are in
agreement with those of other studies (10, 35). In terms of the
relationships between CD34 and hematological parameters,
the median WBC count in CD34-positive B-ALL patients was
much lower than the median WBC count in CD34-negative
patients.

Additionally, the median Hb level was higher in CD34-posi-
tive ALL patients and CNS involvement was less frequent in
these patients and Hb is less frequent in children with CNS
involvement. These results were in agreement with the results
of other studies (10, 33, 34). These results may indicate a cor-
relation between positive prognostic indicators and CD34 ex-
pression.

With respect to risk stratification, CD34 expression in B-ALL

patients was lower in the high-risk group than in the standard-
risk group (55.6 % versus 75 %), which was similar to the
findings of Supriyadi et al. (2012) (35). All the T-ALL pa-
tients were classified as high risk, and all of them were CD34-
negative.

Fetal hemoglobin level; In the B-ALL group, children with
high HbF levels were younger than children with normal HbF
levels were; only 1 patient who was over 10 years of age had
high HbF levels. In addition, there was no significant associa-
tion between high HbF levels and patient sex, and none of the
hematological parameters were associated with high HbF lev-
els or CNS involvement. In the T-ALL group, children with
high HbF levels were younger than children with normal HbF
levels were. High HbF levels were not associated with patient
sex, and none of the hematological parameters were associat-
ed with high HbF levels or CNS involvement. Unfortunately,
no similar studies in our country have compared these results;
in addition, the results of this study are not comparable to
those of an Indian study performed by Mallick et al. (11), who
reported that HbF is high in many hematological malignan-
cies, including 30 pediatric patients with ALL, and reported
that high HbF is associated with poor prognosis. This may
be due to differences in ethnic and geographical distribution.
Positive staining with periodic acid—Schiff; In the current
study, 57.2 % of the B-ALL patients stained positive for PAS;
28.6 % of them showed mixed block and granular positivity,
and the remaining 28.6 % showed strong positive staining; all
of them had block positivity. These results were in line with
those of Lilleyman et al. (36) in 1994, who reported 75 %
positivity for PAS staining, and Belurkar et al. (2013) reported
66.66 % positivity for PAS staining (37).

In this study, the number of ALL patients whose CD34 ex-
pression was positive was greater among those with PAS-
positive B-ALL than among those with PAS-negative ALL.
Additionally, all B-ALL patients with strong PAS positivity
were CD34 positive. Moreover, none of the T-ALL patients
showed strong PAS positivity. This finding was in agreement
with that of Gassmann et al. (38).

If we propose that CD34 expression is a good prognostic
marker, this former relationship clearly revealed that CD34
was detected mainly in B-ALL with strong PAS staining.
Some studies have concluded that strong PAS positivity,
particularly block positivity, is a feature of ALL with a good
prognosis in terms of genetics and treatment response but not
independent of other cell characteristics (39).

Conclusion

CD34 expression is a frequent event in childhood ALL,
particularly B-ALL. CD34-positive ALL, in comparison to
CD34-negative ALL, was associated with favorable clinical
and hematological prognostic factors and was associated with
the standard risk group. Although they are not independent of
other prognostic criteria, PAS staining results may correlate
with prognosis in ALL, but these initial findings require vali-
dation in larger patient cohorts and follow-up. In addition, the
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evaluation of the coexpression of CD34 with CD10 is recom-
mended because the coexpression of both markers is associ-
ated with good prognostic parameters and the evaluation of
cytogenetic abnormalities such as hyperploidy in relation to
CD34 expression.
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