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Abstract Chronic myelogenous leukemia (CML) is a rare
disease in children, accounting for approximately 3% of
leukemias in children and adolescents, with an annual
incidence of 1 case per million children in western coun-
tries. This study was conducted, at PGIMER, Chandigarh.
Ninety eight patients, 48 in children and adolescents group,
and 50 in adult group were included in the study. Their
hematological profiles along with the bone marrow findings
were analyzed. The diagnosis of CML was confirmed by
cytogenetics and/or molecular analysis. The complete
hematological response (CHR) was analyzed at 3 months
and cytogentic response (CgR) at 12 months after starting
imatinib therapy. Compared to adults, pediatric and ado-
lescent patients were more symptomatic at presentation
(93.5 vs. 75%). Among symptomatic patients, massive
splenomegaly (>10 cm), higher total leucocyte and platelet
counts were seen more frequently in pediatric patients. The
most common transcript in both groups was el4a2. The
distribution of pediatric and adolescent cases in Sokal,
Hasford and EUTOS score, showed only statistically sig-
nificant difference for low risk Sokal group, which had
more patients in pediatric group. Compared to adults,
pediatric and adolescent patients had similar CHR rate
(91.3 vs. 92%), but showed lesser major CgR rate (90.9 vs.
95.5%) however, this was not statistically significant.
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Introduction

Chronic myeloid leukemia (CML) shows certain features
which differ amongst the pediatric and adult groups [1, 2].
However, variable age ranges have been used by different
authors. Recently, another age group of 15-29 years, ter-
med as the adolescent and young adult population (AYA),
is increasingly been recognized [3].

The Surveillance, Epidemiology and End Result (SEER)
programme of the National Cancer Institute (NCI), United
States of America, has analyzed the age specific rates for
CML by subdividing the patients into small subgroups. The
SEER programme has analyzed patients up to the age of
19 years in one subgroup (pediatric and adolescent) and
>20 years in another (adult group) [4, 5]. Based on
SEER results, in our study, we divided patients into 2
groups: <19 and >19 years, and compared the disease
characteristics and outcome with imatinib therapy. Only
few reports are published on pediatric CML patients [1-5],
therefore this study was undertaken to analyze differences
in clinico-hematological features of pediatric versus adult
CML patients.

Materials and Methods

For the pediatric and adolescent group, consecutive 48
patients were enrolled who fulfilled the 2008 World Health
Organization (WHO) CML diagnostic criteria [6] and had a
follow up data available at 3 and 12 months after imatinib
therapy. In the adult group, 50 consecutive CML patients,
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on imatinib therapy with a follow up at 3 and 12 months,
were included.

Genetic Studies

For Cytogenetic analysis for Philadelphia (Ph) chromo-
some a minimum of 20 metaphases were analyzed and
percentage positivity noted.

Molecular analysis for BCR-ABLI fusion gene was done
by reverse transcriptase polymerase chain reaction (RT-
PCR) using primers specific for p210 (el3a2 and el4a2)
and p190 (ela2) [7].

This work was done as a part of DM Hematopathology
thesis, wherein only RT-PCR data was included; RQ-PCR
data of CML patients is being reported separately.

Prognostic scoring systems, Sokal, Hasford, and Euro-
pean treatment and outcome study (EUTOS) were applied
at diagnosis for risk stratification [8—10].

The hematological response was evaluated at 3 months
and the cytogenetic responses (CgR) were evaluated at
12 months as per National Comprehensive Cancer Net-
work (NCCN) guidelines [11].

Results

Of 48 pediatric and adolescent patients studied, 46 were in
chronic phase (CP) at presentation and only 1 (2.1%) each
was in accelerated (AP) and blast crisis phase (BP). Of the
50 adult CML patients, 44 were in CP and 3 (6%) each in
AP and BP. Since the number of patients was less in AP
and BP, the comparison of clinical, hematological features
and outcome, between the two groups, could be done in CP
patients only.

Clinical Features

Compared to adults, a significantly higher incidence of
symptomatic presentation was seen in pediatric and adoles-
cent patients, 93.5 versus 75% (p value 0.01). The most
common presentation was with abdominal discomfort in
both groups of patients. On examination, incidence of pal-
pable splenomegaly was almost similar for both, however,
massive splenomegaly was more frequently seen in adults.

Hematological Features
The difference between the hemoglobin (Hb) values in the
two groups was statistically significant (p value 0.02). The

patients in the pediatric and adolescent group were more
anemic than the adult group.
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Adult patients had higher total leucocyte and platelet
counts at presentation, however, this was not statistically
significant.

In adult group, significant inverse correlation was seen
for liver size with Hb value, and Hb with TLC, and a direct
significant correlation was seen between spleen size with
TLC. There was no significant correlation between spleen
size and platelet counts.

Bone marrow showed increased megakaryopoiesis more
frequently in adults (47.7 vs. 32.6%). On differential count,
mature neutrophils were significantly more in pediatric and
adolescent group compared to adult group.

Genetic Studies

The cytogenetic analysis for Ph chromosome was available
for all enrolled patients, however, RT-PCR for BCR-ABLI
fusion gene was available for 27 pediatric and adolescent
patients only, as 16 patients in this group were diagnosed
before 2006 and this facility was not available at that time
in the department and diagnosis was confirmed by cyto-
genetics alone in these patients. The most common tran-
script in both groups was el4a2; ela2 transcript was not
seen in any patient.

Details of clinical and hematological features are out-
lined in Table 1.

Prognostic Scoring

In both pediatric and adolescent group and adult group,
majority of patients were assigned to intermediate risk
group by Sokal and Hasford scoring, and low risk group by
EUTOS scoring. The difference in the two groups was
statistically significant for the low risk Sokal score only.
The distribution of cases is shown in Table 2.

Response to Imatinib
Complete Hematological Response (CHR) at 3 Months

In both the groups, majority of patients achieved CHR at
3 months, 42 (91.3%) in pediatric and adolescent group
and 41 (92%) in adult group.

Cytogenetic Response at 12 Months

Of the 46 pediatric and adolescent patients, one patient
progressed to BP and one to AP during the follow up
period. Of the remaining 44 patients, 40 (90.9%) achieved
major cytogenetic response (MCgR) and 4 (9.1%) achieved
minor cytogenetic response (mCgR).
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Table 1 Details of clinical and hematological features in CML-CP patients

Parameters Pediatric and adolescent patients (<19 years) Adult patients (>19 years)  p value
N =46 N =44
Age range (median) 5-19 (12.5) 22-70 (43) -
Male:female 2:1 1.8:1 0.301
Incidental diagnosis/asymptomatic at presentation 03 (6.5%) 11 (25%) 0.01
Symptoms 43 (93.5%) 33 (75%)
Abdominal discomfort 33 (71.7%) 18 (40.9%) -
Weakness 22 (47.8%) 11 (25%)
Fever 21 (45.7%) 11 (25%)
Loss of weight 16 (34.5%) 22 (50%)
Loss of appetite 15 (32.6%) 22 (50%)
Splenomegaly 0.04
Not palpable 02 (4.5%) 01 (2.3%)
<5 cm 04 (8.7) 11 (25%)
5-10 cm 13 (28.3%) 17 (38.6%)
>10 cm 27 (58.7%) 15 (34.1%)
Hepatomegaly 35 (76%) 28 (63.6%) 0.20
Hemoglobin
<8.0 gm/dL 11 (23.9%) 3 (6.8%) 0.023
8-10 gm/dL 32 (69.6%) 32 (72.7%)
>10 gm/dL 3 (6.5%) 9 (20.5%)
Total leucocyte count
<100 x 10°/L 10 (21.7%) 17 (38.6%) 0.194
100-300 x 10°/L 29 (63%) 23 (52.3%)
>300 x 10°/L 7 (15.2%) 4 (9.1%)
Platelet count
<450 x 10°/L 29(63%) 30 (68.2%) 0.645
450-1000 x 10°/L 16 (34.8%) 12 (27.3%)
>1000 x 10°/L 1 (2.2%) 02 (4.5%)
BCR-ABLI transcripts
p210-e13a2 10 (37.1%) 12 (35.3%) 0.166
p210-e14a2 17 (62.9%) 22 (64.7%)
p190-ela2 0 0

Bold numbers indicate significant p value (< 0.05)

Table 2 Distribution of risk according to the prognostic scores

Scoring system Risk Pediatric and adolescent patients (<19 years) Adults (>19 years) p value
N =46 N =44

Sokal Low 18 (39.1%) 5 (11.4%) 0.002
Intermediate 19 (41.3%) 23 (52.3%) 0.296
High 9 (19.6%) 16 (36.4%) 0.075

Hasford Low 16 (34.8%) 14 (31.8%) 0.09
Intermediate 25 (54.3%) 22 (50%) 0.17
High 5 (10.9%) 8 (18.2%) 0.97

EUTOS Low 26 (56.5%) 27 (61.4%) 0.22
High 20 (43.5%) 17 (38.6%) 0.22

Bold number indicates significant p value (< 0.05)
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In adult group, cytogenetic responses were evaluated in
all the patients. MCgR was seen in 42 (95.5%) and mCgR
in 2 (4.5%).

CHR and Cytogenetic Response

Of the 42 pediatric and adolescent patients who achieved
CHR, 40 were evaluated for cytogenetic response, and of
these 36 (90%) achieved MCgR and 4 (10%) mCgR. In the
adult group, of 41 patients with CHR, 39 (95.1%) achieved
MCgR and 2 (4.9%) mCgR. No statistically significant
difference was observed between pediatric and adolescent
versus adults group and on attainment of CHR with MCgR.

Impact of Prognostic Scores in Predicting CHR
and Cytogenetic Response

On evaluating the CHR and cytogenetic responses with
Sokal, Hasford and EUTOS scoring systems no significant
correlation was observed, and these scores were not able to
predict CHR, cytogenetic response rates for CML patients
on imatinib in our study groups (Table 3).

Discussion

CML accounts for 3% of newly diagnosed leukemia cases
with an annual incidence of approximately 1 per million in
children and adolescents <20 years. The reported median
age at diagnosis is 12 years with approximately 10% pre-
senting in advanced phases [12]. The median age in our
study was similar, being 12.5 years, however, only 4%
patients were in either BP or AP at presentation.
Approximately 20-40% CML patients are incidentally
detected at the time of routine medical examination. In the
present study, 25% adults were asymptomatic at presen-
tation, whereas only 6.5% pediatric and adolescent patients
were asymptomatic. Thus, compared to adult patients,

lesser number of pediatric and adolescent patients were
asymptomatic at presentation.

Palpable splenomegaly was seen in most pediatric and
adolescent and adult patients (95.5 and 97.7% respec-
tively), however, massive splenomegaly was more frequent
in pediatric and adolescent compared to adult patients (58.7
vs. 34.1%), difference being statistically significant.

Association between splenomegaly with higher TLC
and lower platelet count has been reported [13]. We also
found a direct significant correlation between spleen size
with TLC, however, there was no significant correlation
between spleen size and platelet counts.

Most patients in both groups had anemia, however,
severe anemia was more frequent in pediatric and adoles-
cent group (23.9 vs. 6.8%), difference being statistically
significant. Overall, incidence of anemia was higher than
that reported in previous studies [1, 2]. This could be due to
associated nutritional deficiency anemia prevalent in our
group of patients.

Majority of pediatric and adolescent patients had TLC
between 100 and 300 x 10”/L and platelets <450 x 10°/L
and this trend was similar to that in adult patients. Overall,
no significant difference was seen for TLC and platelet
count for pediatric and adult patients. Previous studies in
children have also reported a higher TLC and also a higher
platelet count [1, 2].

Most commonly detected transcript types in CML are
el3a2 and el4a2 [7]. In our study also, most common
transcript type in both groups, was el4a2, seen in 62.9 and
64.7% respectively. Variable frequencies of BCR-ABL
fusion transcripts have been reported in different studies,
some mention el3a2 to be more common [13] whereas
other study found el4a2 to be more common [14].

Similarly, association of el3a2 and el4a2 with age has
been variably reported. Suryanarayan et al. [15] reported
predominance of el3a2 in children and Mondal et al. [16]
of el4a2. In our study most common transcript was el4a2
in both groups of patients.

Table 3 Analysis of prognostic scores versus CHR versus cytogenetic response

Scoring system Risk Pediatric and adolescent

Adult patients

Pediatric and adolescent Adult patients

patients patients
CHR No CHR CHR No CHR MCgR mCgR MCgR mCgR
Sokal Low 17 (94.4%) 01 (5.6%) 05 (100%) - 15 (88.2%) 02 (11.7%) 05 (100%) -
Intermediate 17 (89.5%) 02 (10.5%) 21 (91.3%) 02 (8.7%) 17 (94.4%) 01 (5.5%) 22 (95.6%) 01 (4.4%)
High 08 (88.9%) 01 (11.1%) 15 (93.8%) 01 (6.3%) 08 (88.8%) 01 (11.1%) 15 (93.7%) 01 (6.3%)
Hasford Low 14 (87.5%) 02 (12.5%) 14 (100%) - 13 (86.6%) 02 (13.4%) 13 (92.8%) 01 (7.2%)
Intermediate 23 (92%) 02 (8%) 19 (86.4%) 03 (13.6%) 22 (91.6%) 02 (8.4%) 21 (95.4%) 01 (4.6%)
High 05 (100%) - 8 (100%) - 05 (100%) - 08 (100%) -
EUTOS Low 24 (92.3%) 02 (7.7%) 26 (96.3%) 01 3.7%) 22 (88%) 03 (12%) 26 (96.2%) 01 (3.8%)
High 18 (90%) 02 (10%) 15 (88.2%) 02 (11.8%) 18 (94.7%) 01 (5.3%) 16 (94.1%) 01 (5.9%)
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Various risk scoring systems are used for CML—Sokal,
Hasford and EUTOS. The Sokal and Hasford scores were
derived before the advent of BCR-ABL—targeting tyrosine
kinase inhibitors (TKI), and the EUTOS score was
specifically formulated and tested in patients on imatinib
therapy. However, all 3 scoring systems have been variably
used in patients on TKI.

As a separate pediatric CML scoring system has not yet
been established, same scoring systems are used for chil-
dren also. In our study, all 3 scoring systems were used to
risk stratify patients. With Sokal and Hasford score,
majority of the pediatric and adolescent patients were in
the intermediate risk group (41.3 and 54.3% respectively),
and with EUTOS in low risk group. Compared to adults, no
significant difference was seen in risk group stratification
for children, except for the Sokal low risk, which had
higher number of pediatric and adolescent patients.

The first-generation TKI—imatinib received accelerated
approval for adult CML patients in 2001 and in pediatric
patients in 2003. It is recommended that frontline therapy
for pediatric CML in CP to be TKI therapy without
transplantation. Patients in AP or BP or who fail to reach
landmarks on TKI should undergo SCT [17]. There are
limited studies on the use of TKI in pediatric CML. Data in
children with CML-CP treated with first-line imatinib have
shown that 96% achieve a CHR and 69% CCgR after
1 year [18]. A recent study from India on 43 children and
adolescent CML patients showed that 100% achieved CHR
and 58.1% CCgR [19].

In our study, CHR was achieved in 91.3% patients and
CCgR in 60.9% pediatric and adolescent patients. The
CHR was comparable to that seen in adults (92%), how-
ever, CCgR was lower than adults (75%).

Achievement of CCgR is an important short-term goal
of CML therapy, and predicts improved survival. Studies
have shown that patients with low Sokal score achieve
superior CgR [2]. Similar findings were appreciated in our
study in the adult group where all the patients in the low
Sokal score achieved CCgR. However, CCgR was
achieved in only 88% pediatric and adolescent group
patients with low Sokal score.

Kantarjian et al. [20] reported that survival by Sokal risk
groups was significantly different before 2001 (p < 0.001),
but not since 2001 (p = 0.4). Overall, in our study, low
scores by all three scoring systems did not translate into
better CCgR rates.

A recent pilot study analyzed pediatric CML patients,
applying the established prognostic scores for adults to see
which scoring system most specifically classifies the
prognosis of pediatric CML with regard to early molecular
response on imatinib. The authors found that for pediatric
cohort, the Sokal and Hasford scores did not predict a poor
imatinib treatment response at month 3 while the EUTOS

score achieved borderline significance and suggested that
there is a need for development of a more specific pediatric
risk score system [21].

Although the biology of CML has been known for long
and behavior of pediatric CML patients is quite similar to
adults, still many aspects need to be studied further.

1. Studies are needed to determine if imatinib can be
stopped in children who are responding to it, consid-
ering that in this age, the adverse effects of prolonged
therapy on the growth development are also important.
Growth retardation has been reported from our insti-
tute, as a significant adverse effect in children with
CML [22]. Imatinib stoppage appears feasible in
children also, considering the results of a recent pilot
study on adult patients where imatinib was discontin-
ued after having achieved a complete molecular
response lasting more than 2 years. It was found that
a proportion of patients with CML-CP who have
perfectly responded to TKI treatment, could safely stop
treatment for an as-yet-unknown period [23].

2. Recently, adolescents and young adults (15-29 years)

with CML are being considered as a separate group, as
studies in this set of patients have shown that they have
unfavorable outcome compared to other age group
patients [3].

Additional research in this population is required, so as
to better define outcomes, understand the cause of clinic-
hematological differences, and to help make better treat-
ment recommendations for different age group patients.
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