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Abstract

involvement in childhood leukemia.

effect of MSK involvement on survival outcomes.

respectively, p=0.31).

abnormalities and peripheral blast counts.

Background : Childhood leukemia with musculoskeletal (MSK) involvement mimics various conditions, which con-
sequently leads to diagnostic delays. The clinical implication of MSK involvement in this disease on survival outcomes
is inconclusive. This study aimed to compare characteristics and survival outcomes between MSK and non-MSK

Methods: The medical records of children newly diagnosed with acute leukemia of an age under 15 years were
retrospectively reviewed. Two-to-one nearest-neighbor propensity score-matching was performed to obtain matched
groups with and without MSK involvement. The Kaplan—-Meier method and log-rank test were then used to assess the

Results: Of 1042 childhood leukemia cases, 81 (7.8%) children had MSK involvement at initial presentation. MSK
involvement was more likely in children with acute lymphoblastic leukemia than acute myeloid leukemia (p < 0.05).
Hematologic abnormalities were less frequent in the MSK involvement group (p < 0.05). The absence of peripheral
blast cells was significantly higher in the MSK involvement group (17.3% vs 9.6%, p =0.04). Normal complete blood
counts with absence of peripheral blast cells were found 2.5% of the children with MSK involvement. By propensity
score-matching for comparable risk groups of children with and without MSK involvement, the 5-year overall survival
was not significantly different (48.2% vs 57.4%, respectively, p=0.22), nor was event-free survival (43.3% vs 51.8%,

Conclusion: Childhood leukemia with MSK involvement had the characteristics of minimal or absent hematologic
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Background

Acute leukemia is the most common malignancy of child-
hood, accounting for one-third of childhood malignan-
cies, with age-standardized incidence rates of 36.1-46.4
per million person-years [1, 2]. Apart from the charac-
teristic symptoms of fever, pallor, bleeding tendency,
hepatomegaly, and splenomegaly, there are a number of
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unusual clinical manifestations including musculoskel-
etal (MSK) symptoms [3]. MSK involvement has been
reported in childhood leukemia at rates varying from 7.1
to 62.3% [4—12]. In 2016, a systematic review and meta-
analysis reported that MSK symptoms were a prominent
clinical presenting feature in childhood leukemia, includ-
ing limb pain (43%), bone pain (26%), joint pain (15%),
and limping (11%) [3]. Various special characteristics of
childhood leukemia with MSK involvement have been
reported in the literature. For example, in some stud-
ies, MSK involvement was found to be more frequent
in acute lymphoblastic leukemia (ALL), especially B-cell
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ALL, than acute myeloid leukemia (AML) [13-15].
This subgroup with MSK involvement also had lower
rates of hematologic abnormalities, as well as periph-
eral blast counts at initial presentation [12—16]. There-
fore, childhood leukemia with MSK involvement can
mimic rheumatic or orthopedic conditions and lead to
delayed diagnosis of leukemia [14, 16, 17]. To date there
is no consensus on the prognostic significance of MSK
involvement in childhood leukemia. In consideration of
the limited data and the uncertain prognosis of child-
hood leukemia with MSK involvement, this study aimed
to identify the clinical and laboratory characteristics
at initial presentation of childhood leukemia with MSK
involvement, and to compare survival outcomes between
children with and without MSK involvement.

Methods

We retrospectively reviewed the medical records of 1221
children aged <15 years diagnosed with acute leukemia
between January 1978 and December 2019, and treated
at the Oncology Clinic, Department of Pediatrics, Fac-
ulty of Medicine, Prince of Songkla University, which is
the major tertiary-referral center in southern Thailand.
The information recorded for each child included demo-
graphic characteristics, clinical manifestations at diagno-
sis, and initial laboratory investigations such as complete
blood count (CBC), blood chemistry, subtype of acute
leukemia (ALL or AML) and year of diagnosis. Diag-
nosis of AML or ALL and subtype was made according
to the French-American-British (FAB) classification by
morphological examination of bone marrow staining in
all patients. Cytochemical stains included periodic acid-
Schiff, peroxidase and a-naphthyl acetate esterase. After
the year 2000, immunophenotyping of cell surface mark-
ers was additionally used to differentiate subtypes (i.e.,
AML from ALL, and T-cell ALL from B-cell ALL). The
National Cancer Institute (NCI) risk classification was
used to separate high and standard risk groups based
on age and white blood cell (WBC) count at diagnosis.
We used the standard NCI risk classifications, in which
patients aged 1 to 10 years with WBC values less than
50 x 10°/L were defined as low risk, while the rest were
defined as high risk [18]. Prior to 2006, our treatment
chemotherapy protocols were based on the modified
ALL treatment protocols of the Children’s Cancer Study
Group [19-21] and the AML treatment protocols of the
Berlin-Frankfurt-Munster group [22-24]. In 2006, the
Thai Pediatric Oncology Group developed the national
standardized protocols for treatment of childhood leuke-
mia in Thailand [25]. After that our treatment protocols
were based on the national protocols according to the
subtypes of leukemia and risk stratification of patients at
presentation.
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The MSK symptoms at initial presentation of each child
were reviewed. MSK involvement was defined as bone
and/or joint pain (either arthralgia or arthritis). Arthral-
gia was defined as pain localized in one more joints and
arthritis was defined as joint pain with signs of joint
inflammation (joint swelling, effusion, redness, increased
heat, or limited range of motion). The pattern of joint
involvement was defined as monoarticular (one joint),
oligoarticular (2—4 joints), and polyarticular (5 or more
joints). Initial bone and joint radiographs of all children
who had MSK involvement were reviewed by a radiolo-
gist for the characteristics of radiographic bone changes
in leukemia including metaphyseal radiolucent bands,
osteolytic lesions, osteosclerosis, and periosteal reaction
(26, 27].

Statistical analysis

Descriptive statistics are presented using mean and
standard deviation or median and interquartile range
(IQR) for continuous variables as appropriate, and fre-
quency with percentage for categorical variables. Demo-
graphic and clinical characteristics were compared using
the chi-square or Fisher’s exact test for categorical vari-
ables and Student’s ¢-test or rank-sum test for continuous
variables as appropriate. Two-to-one nearest-neighbor
propensity score-matching without replacement was
performed to reduce the imbalance in the distribution
of confounding variables between the groups with and
without MSK involvement using the Matchlt package in
R (R Foundation for Statistical Computing, Vienna, Aus-
tria). Matching variables included age, sex, initial WBC
count, phenotype of leukemia, and period of diagnosis.
Survival analyses were performed using the Kaplan—
Meier estimator and log-rank test. All statistical tests
were two-sided and p-values <0.05 were considered sta-
tistically significant.

Results

During the 42-year study period, 1221 newly diag-
nosed children with acute leukemia were identified.
We excluded 87 children who had incomplete data and
92 children who refused standard chemotherapy and
were treated with alternative traditional medicine alone,
leaving a total of 1042 children for analysis. Of these,
81 (7.8%) were reported as having MSK involvement in
various bones and/or joints. The median time (IQR) from
the beginning of the MSK symptoms to the time of leu-
kemia diagnosis was 30.0 (21.0-90.0) days. The main
clinical presentations of the MSK involvement were joint
pain in 95.1% (77/81) and bone pain in 33.3% (27/81). Of
the 81 children with MSK involvement, 23 (28.4%) had
both joint pain (arthritis or arthralgia) and bone pain.
Among the 77 children who had joint pain, 66 (85.7%)
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had arthritis, while 11 (14.3%) had arthralgia without
signs of joint inflammation. The most common pattern
of joint pain was polyarticular (46.8%), followed by oli-
goarticular (29.9%) and monoarticular (23.4%) patterns.
The most common sites of joint pain were the large joints
of the extremities, notably ankles (58.4%), knees (57.1%),
and elbows (46.8%). Among 78 of 81 children with MSK
involvement who had radiologic work ups of the site of
their MSK involvement at initial presentation, 64 (82.1%)
had the characteristic radiographic bone changes of leu-
kemia confirmed by a radiologist. None of the 81 chil-
dren with MSK involvement were primarily presented to
a pediatric rheumatologist and none exhibited persisting
symptoms after the induction phase of chemotherapy.

Of the 81 children with MSK involvement, 29 (35.8%)
were initially misdiagnosed with other diseases before
the diagnosis of acute leukemia. Among the 29 children
who were initially misdiagnosed, 17 (58.6%) were diag-
nosed with juvenile idiopathic arthritis (JIA). Of the 17
children who were initially misdiagnosed with JIA, 14
(82.3%) presented with polyarthritis. Six children were
initially diagnosed with systemic JIA. Two children had
no other symptoms and hematologic abnormalities
besides MSK symptoms. All 17 children received treat-
ment with non-steroidal anti-inflammatory drugs but
none of them received corticosteroids or other immuno-
suppressive drugs before the diagnosis of leukemia. The
median time from the beginning of the MSK symptoms
to the time of leukemia diagnosis in the 29 children who
were initially misdiagnosed was longer than the 52 who
were not; however, the difference was not statistically sig-
nificant (60 days vs 30 days, p=0.07).

The demographic and hematologic characteristics of
the 81 children with MSK involvement and the 961 chil-
dren without MSK involvement at initial presentation are
presented in Table 1. The median age at onset among the
children with MSK involvement was slightly higher than
in those without MSK involvement. The subtype of acute
leukemia was significantly different between the children
with and without MSK involvement. More children with
MSK involvement were diagnosed with ALL (88.9%) than
AML (11.1%). More children with MSK involvement
were classified as B-cell ALL (69.4%) than T-cell ALL
(4.2%). Children with MSK involvement had fever signifi-
cantly more frequently than those without. Skin bleed-
ing and splenomegaly were significantly less frequent in
the group without MSK involvement and hepatomegaly
and lymphadenopathy were slightly less frequent in those
with MSK involvement, but the differences were not sta-
tistically significant.

Regarding the laboratory findings at initial presenta-
tion, children with MSK involvement had significantly
higher hemoglobin (Hb) and platelet counts, and lower
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WBC and peripheral blast counts (p <0.05). The absence
of peripheral blast cells was significantly higher in the
MSK involvement group than in those without MSK
involvement (17.3% vs 9.6%, p=0.04). Among 81 chil-
dren with MSK involvement, 2.5% (2/81) presented with
a normal CBC (Hb>10 g/dL, WBCs 5.0-15.0 x 10°/L,
platelet count>100x 10°/L. and absence of peripheral
blasts). The median lactate dehydrogenase (LDH) level
was significantly lower in the MSK involvement group
(p<0.05). Other laboratory parameters including serum
calcium, phosphate, uric acid, and alkaline phosphatase
were not significantly different between the children with
and without MSK involvement.

The median survival time for the entire 1042 study
patients was 3.23 years and the 10-year overall survival
rate was 38.8%. There was no difference in the overall
survival (OS) and event-free survival (EFS) rates between
the 81 children with MSK involvement and the 961
children without MSK involvement (p=0.22 and 0.17,
respectively). Among the 81 children with MSK involve-
ment, the OS and EFS were not significantly different
between the 29 children who were initially misdiagnosed
with other diseases and the 52 who were not (p=0.40
and 0.47, respectively).

Comparisons of the distribution of matching factors
and other covariates between groups of children with
MSK and without MSK involvement after propensity-
matching process are shown in Table 2. There were no
differences in the risk variables between the 2 groups.
The Kaplan—Meier curves showing the comparisons of
survival outcome between the 81 children with MSK
involvement and the 162 matched children without
MSK involvement are presented in Fig. 1 (overall sur-
vival, OS) and Fig. 2 (event-free survival, EFS). The OS
and EFS rates were lower for children with MSK involve-
ment compared with the propensity score-matched chil-
dren without MSK involvement, but the differences were
not statistically significant (p=0.22 and 0.31, respec-
tively). The 5-year OS rate for the 81 children with MSK
involvement was 48.2% compared with 57.4% for the 162
matched children without MSK involvement. The 5-year
EFS rate for the 81 children with MSK involvement was
43.3% compared with 51.8% for the 162 matched children
without MSK involvement.

Discussion

Our long-term study covered a 42-year period and
included a total of 1042 childhood leukemia patients. Of
these, the incidence of MSK involvement at initial pres-
entation was 7.8%, which was within the ranges previ-
ously reported from 7.1 to 62.3% in childhood leukemia
[4-12]. These quite disparate ranges may have resulted
from the variety of definitions used in previous studies,
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as some included only cases with bone and/or joint pain
while others also included cases with subjective com-
plaints such as non-specific limb pain, refusal to walk, or
abnormal gait. Among the studies which included only
cases with bone and/or joint pain, Kai et al. found that
18.7% of 225 childhood leukemia patients had symp-
toms referable to bones and/or joints [4]. Similarly, Bis-
was et al. reported that 27.3% of their 75 childhood
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leukemia patients had bone and/or joint pain [9]. Our
study reported a lower incidence of MSK involvement in
childhood leukemia than these previous studies report-
ing only cases with bone and/or joint pain. The explana-
tion may be differences in the definitions, as apart from
bone and joint complaints, most of the cases in our study
had radiologic evidence of bone and joint involvement. In
comparison, the studies which included subjective MSK
complaints tended to report higher incidences of MSK
involvement. Riccio et al. [11] retrospectively reviewed
328 childhood leukemia cases and reported that 22.3%
of their cases had MSK symptoms while Robazzi et al.
reported that 54.7% of 406 childhood leukemia patients
had osteoarticular manifestations [7].

MSK involvement has been reported more commonly
in ALL than AML patients, especially in B-cell ALL [4,
7, 13-15]. Similarly, the majority of children who had
MSK involvement in our study were in the ALL sub-
group. When focusing on a subgroup of childhood ALL,
previous studies reported the incidence of MSK involve-
ment ranged from 8.4 to 47.4% [13-17, 28, 29]. Our study
found that the incidence of MSK involvement in child-
hood ALL was 9.9% (72/726), which was within the lower
range of previous studies. There are only a limited num-
ber of studies investigating MSK involvement in child-
hood AML. Kai et al. reported that 10.5% of 57 childhood
AML cases had MSK involvement [4]. Robazzi et al.
investigated 93 childhood AML cases and found arthri-
tis in 9.7% and arthralgia in 5.4% [7]. Our study, which
included a total of 316 children diagnosed with AML,
found that the incidence of MSK involvement in this sub-
group was 2.8%.

Our study found that joint pain was the most common
MSK involvement, and the large joints of the extremities,
especially the ankles and knees, were the most commonly
involved sites. This clinical characteristic of MSK involve-
ment were similarly reported in previous studies [7, 11,
14, 29-31]. The polyarticular joint pain pattern was the
most common presentation in our study, which was simi-
lar to a study by Spilberg and Meyer [30]. However, most
previous studies found that the oligoarticular pattern was
the most common presentation [10, 12, 14, 29].

Laboratory characteristics of slight hematologic
abnormalities at initial presentation of higher Hb level
and lower WBC and higher platelet counts, have been
reported in childhood leukemia with MSK involvement
compared with patients without MSK involvement [12—
16]. Similarly, we found that hematologic abnormali-
ties were significantly less frequent in the group with
MSK involvement. Few or even the absence of periph-
eral blast counts has also been reported as a distinctive
finding in childhood leukemia with MSK involvement in
previous studies [12, 13, 16]. In the same way, our study
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Table 1 Comparison of demographic and clinical characteristics between childhood leukemia patients with and without
musculoskeletal involvement

Factor Total No MSK involvement MSK involvement P value
(N=1042) (N=961) (N=81)
Median age, years (IQR) 4.9 (2.9-9.0) 4.9 (2.89.0) 59(3.5-9.3) 0.052
Sex 0.787
Male 613 (58.8) 567 (59.0) 46 (56.8)
Female 429 (41.2) 394 (41.0) 35(43.2)
Year of diagnosis 0.036
1979-1999 378 (36.3) 354 (36.8) 24 (29.6)
2000-2009 413 (39.6) 385 (40.1) 28 (34.6)
2010-2019 251(24.1) 222 (23.1) 29 (35.8)
Morphology <0.001
ALL 726 (69.7) 654 (68.1) 72 (88.9)
AML 316 (30.3) 307 (31.9) 9(11.1)
ALL subtype 0.028
B-cell 401 (55.2) 351 (53.7) 50 (69.4)
T-cell 71(9.8) 68 (10.4) 3(4.2)
FAB classification 254 (35.0) 235(35.9) 19 (26.4)
Fever 0.005
Yes 770 (73.9) 699 (72.7) 71(87.7)
No 272 (26.1) 262 (27.3) 10(12.3)
Skin bleeding <0.001
Yes 444 (42.6) 425 (44.2) 19 (23.5)
No 598 (57.4) 536 (55.8) 62 (76.5)
Hepatomegaly 0.149
Yes 909 (87.2) 843 (87.7) 66 (81.5)
No 133(12.8) 118(12.3) 15(18.5)
Splenomegaly 0.043
Yes 643 (61.7) 602 (62.6) 41 (50.6)
No 399(38.3) 359 (37.4) 40 (49.4)
Lymphadenopathy 0.359
Yes 808 (77.5) 749 (77.9) 59(72.8)
No 234 (22.5) 212 (22.1) 22(27.2)
NCl risk group* 0.017
Standard 595 (57.4) 538 (56.0) 57 (704)
High 447 (42.9) 423 (44.0) 24 (29.6)
Hb, g/dL 7.0 (54-838) 7.0(5.3-87) 8.0 (6.5-9.2) 0.001
WBC, x10%/L 17.1 (5.9-62.4) 18.1 (6.1-69.2) 9.0 (5.3-22.7) <0.001
WBC, x10%/L 0.002
<20 557 (53.5) 500 (52) 57 (70.4)
>20 485 (46.5) 461 (48) 24(29.6)
Platelets, x 10%/L 38.0(18.0-80.0) 36.0(17.0-73.0) 78.0 (43.0-168.0) <0.001
Platelets, x 10%/L <0.001
<100 853(81.9) 804 (83.7) 49 (60.5)
>100 189 (18.1) 157 (16.3) 32(39.5)
Blasts in peripheral blood, % 50.0 (13.0-83.0) 52.0(14.8-85.0) 26.0 (5.0-64.0) <0.001
Blasts in peripheral blood 0.044
Absence 106 (10.2) 92 (9.6) 14 (17.3)
Presence 935 (89.8) 868 (90.4) 67 (82.7)
Calcium, mg% 94 (8.9-9.8) 94 (8.9-9.8) 9.5 (9.0-10.0) 0.104

Phosphate, mg% 4.7 (3.9-54) 4.7 (3.9-54) 4.7 (4.2-53) 0.996
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Table 1 (continued)
Factor Total No MSK involvement MSK involvement P value
(N=1042) (N=961) (N=81)
Uric acid, mg% 5.2(3.9-6.8) 5.2 (4.0-6.9) 50(3.7-6.3) 0.168
ALP U/L 141.0 (105.0-193.0) 141.0 (106.0-193.0) 135.0(99.8-190.8) 0.725
LDH, U/L 1047.0(628.0-2171.5) 1065.0(652.0-2207.5) 831.0(532.8-1465.2) 0.013
LDH, U/L 0.008
<500 116 (12.9) 99 (12) 17 (23.6)
>500 782 (87.1) 727 (88) 55 (76.4)

Values are expressed as n (%), or median (IQR). ALP; alkaline phosphatase; ALL, acute leukemia; AML; acute myeloid leukemia, FAB, French-American-British
classification system; Hb, hemoglobin; LDH; lactate dehydrogenase, MSK, musculoskeletal; NCI, National Cancer Institute; WBC, white blood cell

*The standard NCl risk factors are age 1-10 years with WBC <50x 10%/L, with the remaining children classified as high NCl risk

Table 2 Comparison of characteristics between patients with
musculoskeletal involvement and propensity-score matched
patients without musculoskeletal involvement

Factor Total No MSK MSK P value
(N=243) involvement involvement
(N=162) (N=81)

Age, years 1
0-10 187 (77) 125(77.2) 62 (76.5)
>10 56 (23) 37 (22.8) 19 (23.5)

Sex 0.891
Male 135 (55.6) 89 (54.9) 46 (56.8)
Female 108 (44.4) 73 (45.1) 35(43.2)

Year of diagnosis 0.981
1979-1999 74 (30.5) 50(30.9) 24 (29.6)
2000-2009 83(34.2) 55(34) 28 (34.6)
2010-2019 86 (354) 57(35.2) 29 (35.8)

Morphology 1
B-cell ALL 150 (61.7) 100 (61.7) 50(61.7)
T-cell ALL 9(3.7) 6(3.7) 3(3.7)
FAB classifica-  57(23.5) 38 (23.5) 19 (23.5)

tion
AML 27(11.1)  18(11.1) 9(11.1)

WBC, x10%/L 1
<50 27(11.1)  18(11.1) 9(11.1)
>50 216 (88.9) 144 (88.9) 72 (88.9)

Values are expressed as n (%). ALL, acute leukemia; AML; acute myeloid
leukemia, FAB, French-American-British classification system; MSK,
musculoskeletal; WBC, white blood cell

found that the absence of peripheral blast cells was sig-
nificantly higher in the group with MSK involvement.
In our study, 2.5% of 81 childhood leukemia with MSK
involvement had normal CBCs and absence of periph-
eral blasts. Similarly, Jonsson et al. found that 3.9% of
52 childhood ALL cases with MSK symptoms presented
with normal CBCs and absence of peripheral blasts
[16]. Barbosa et al. [5] found that 4.9% of 61 childhood

leukemia cases presented with normal CBC while Ma
et al. reported that 18% of 225 childhood leukemia cases
in their study had minimal anemia and neutropenia
with normal platelet counts and absence of peripheral
blasts [28].

The prognosis of survival outcomes of MSK involve-
ment in childhood leukemia is controversial. Some stud-
ies have reported that children with MSK involvement
had better survival outcomes than those without MSK
involvement [14, 32—-34], while many found no difference
in survival outcomes [8, 13, 15, 17, 29, 35, 36] and one
study reported a poor prognosis in patients with severe
bone involvement [37]. Our study, using a propensity
score-matching method for balancing risks between the
study groups, found that the presence of MSK involve-
ment did not have a significant association with progno-
sis in childhood leukemia.

Our long-term study included a large number of
childhood leukemia patients. The majority with MSK
involvement in our study had their disease confirmed
by radiographic bone changes. Our study also had
some limitations. First, there is potential bias inherent
in any long-term, retrospective study, and although the
chart records of all childhood leukemia patients in our
center included data of the bone and joint involvement
at the initial presentation, subjective complaints such
as limb pain, back pain, limp or night pain might have
been underreported. Second, MSK symptoms which
could have developed later during the disease course
were not included in our study. Third, the validity of
the study is also limited by factors such as the period
of diagnosis where there may have been differences
in classification of ALL (from FAB to T-cell or B-cell
ALL), the method of diagnosis, which additionally
used immunophenotyping of cell markers, and treat-
ment protocols. Fourth, the lack of molecular stud-
ies limited the assessment of these variables in our
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study. Fifth, several related variables, including the ini-
tiation of treatment, were not evaluated in our study.
Thailand has a limited number of pediatric rheuma-
tologists. In the past, there was no pediatric rheuma-
tologist service in our center. Therefore, none of the
children in our study had been evaluated by a pediatric
rheumatologist.

In conclusion, childhood leukemia with MSK involve-
ment had the notable characteristics of minimal or absent
hematologic abnormalities and peripheral blast counts.
The survival outcomes were not different between those
with and without MSK involvement. As the clinical and
laboratory signs of leukemia can be obscured at ini-
tial presentation, clinicians should be aware of the pos-
sibility of leukemia in children who present with MSK
complaints.

Abbreviations

ALL: Acute lymphoblastic leukemia; AML: Acute myeloid leukemia; CBC: Com-
plete blood count; EFS: Event-free survival; FAB: French-American-British; Hb:
Hemoglobin; JIA: Juvenile idiopathic arthritis; LDH: Lactate dehydrogenase;
MSK: Musculoskeletal; NCI: National Cancer Institute; OS: Overall survival; WBC:
White blood cell.

Acknowledgements

We would like to thank Mr. Dave Patterson of the Office of International Affairs,
Faculty of Medicine, Prince of Songkla University, for his help with English
editing.

Author contributions

SK, PS, NS, SC and TC made substantial contributions to conception and
design of the study in addition to the acquisition of data. EM, SK, and TC made
significant contributions to the analysis and interpretation of data. SK and TC
were primarily responsible for drafting and revising the manuscript for impor-
tant intellectual content. All authors provided final approval of the manuscript
to be submitted for publication.

Funding
This research did not receive any specific grants from any funding agencies in
the public, commercial, or not-for-profit sectors.

Availability of data and materials

The data that support the findings of this study are available on request from
the corresponding author. The data are not publicly available due to privacy
and ethical restrictions.

Declarations

Ethics approval and consent to participate

Ethical approval was obtained from the Ethics Committee of the Faculty of
Medicine, Prince of Songkla University, Songkhla, Thailand. The participant
consent was not required.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details

'Department of Pediatrics, Faculty of Medicine, Prince of Songkla University,
Hat Yai, Thailand. “Epidemiology Unit, Faculty of Medicine, Prince of Songkla
University, Hat Yai, Thailand.

Page 7 of 8

Received: 17 February 2022 Accepted: 21 April 2022
Published online: 02 May 2022

References

1. Bidwell SS, Peterson CC, Demanelis K, Zarins KR, Meza R, Sriplung H, et al.
Childhood cancer incidence and survival in Thailand: A comprehensive
population-based registry analysis, 1990-2011. Pediatr Blood Cancer.
2019,66: 27428.

2. Steliarova-Foucher E, Colombet M, Ries LA, Moreno F, Dolya A, Bray F,
et al. International incidence of childhood cancer, 2001-10: a population-
based registry study. Lancet Oncol. 2017;18:719-31.

3. Clarke RT,Van den Bruel A, Bankhead C, Mitchell CD, Phillips B, Thompson
MJ. Clinical presentation of childhood leukaemia: a systematic review and
meta-analysis. Arch Dis Child. 2016;101:894-901.

4. KaiT, Ishii E, Matsuzaki A, Okamura J, Ikuno Y, Tasaka E, et al. Clinical and
prognostic implications of bone lesions in childhood leukemia at diagno-
sis. Leuk Lymphoma. 1996;23:119-23.

5. Barbosa CM, Nakamura C, Terreri MT, Lee ML, Petrilli AS, Hilario MO. Mus-
culoskeletal manifestations as the onset of acute leukemias in childhood.
J Pediatr. 2002;78(6):481-4.

6. Kobayashi D, Satsuma S, Kamegaya M, Haga N, Shimomura S, Fujii T, et al.
Musculoskeletal conditions of acute leukemia and malignant lymphoma
in children. J Pediatr Orthop B. 2005;14:156-61.

7. Robazzi TC, Barreto JH, Silva LR, Santiago MB, Mendonga N. Osteoarticular
manifestations as initial presentation of acute leukemias in children and
adolescents in Bahia. Brazil J Pediatr Hematol Oncol. 2007;29:622-6.

8. Sinigaglia R, Gigante C, Bisinella G, Varotto S, Zanesco L, Turra S. Muscu-
loskeletal manifestations in pediatric acute leukemia. J Pediatr Orthop.
2008;28:20-8.

9. Biswas S, Chakrabarti S, Chakraborty J, Paul PC, Konar A, Das S. Childhood
acute leukemia in West Bengal, India with an emphasis on uncommon
clinical features. Asian Pac J Cancer Prev. 2009;10:903-6.

10. Zombori L, Kovacs G, Csoka M, Derfalvi B. Rheumatic symptoms in child-
hood leukaemia and lymphoma-a ten-year retrospective study. Pediatr
Rheumatol Online J. 2013;11:20.

11. Riccio |, Marcarelli M, Del Regno N, Fusco C, Di Martino M, Savarese R,
et al. Musculoskeletal problems in pediatric acute leukemia. J Pediatr
Orthop B. 2013;22:264-9.

12. Tsujioka T, Sugiyama M, Ueki M, Tozawa Y, Takezaki S, Ohshima J, et al. Dif-
ficulty in the diagnosis of bone and joint pain associated with pediatric
acute leukemia; comparison with juvenile idiopathic arthritis. Mod
Rheumatol. 2018;28:108-13.

13. Maman E, Steinberg DM, Stark B, Izraeli S, Wientroub S. Acute lympho-
blastic leukemia in children: correlation of musculoskeletal manifesta-
tions and immunophenotypes. J Child Orthop. 2007;1:63-8.

14. Brix N, Rosthgj S, Herlin T, Hasle H. Arthritis as presenting manifesta-
tion of acute lymphoblastic leukaemia in children. Arch Dis Child.
2015;100:821-5.

15. Tragiannidis A, Vasileiou E, Papageorgiou M, Damianidou L, Hatzipan-
telis E, Gombakis N, et al. Bone involvement at diagnosis as a predic-
tive factor in children with acute lymphoblastic leukemia. Hippokratia.
2016;20:227-30.

16. Jonsson OG, Sartain P, Ducore JM, Buchanan GR. Bone pain as an initial
symptom of childhood acute lymphoblastic leukemia: association with
nearly normal hematologic indexes. J Pediatr. 1990;117:233-7.

17. Kang S, Im HJ, Bae K, Park SS. Influence of musculoskeletal manifestations
as the only presenting symptom in B-cell acute lymphoblastic leukemia. J
Pediatr. 2017,182:290-295.e1.

18. Smith M, Arthur D, Camitta B, Carroll AJ, Crist W, Gaynon P, et al. Uniform
approach to risk classification and treatment assignment for children
with acute lymphoblastic leukemia. J Clin Oncol. 1996;14:18-24.

19. LaosombatV, Wongchanchailert M, Sattayasevana B, Wiriyasateinkul A,
Watana-Arepornchai S. The treatment of children with acute lymphoblas-
tic leukemia in Thailand. Med Pediatr Oncol. 2002;38:266-8.

20. Tubergen DG, Gilchrist GS, O'Brien RT, Coccia PF, Sather HN, Waskerwitz
MJ, et al. Improved outcome with delayed intensification for children
with acute lymphoblastic leukemia and intermediate presenting features:
a Childrens Cancer Group phase Il trial. J Clin Oncol. 1993;11:527-37.



Kittivisuit et al. Pediatric Rheumatology

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.
31.

32.

33

34.

35.

36.

37.

(2022) 20:34

Gaynon PS, Steinherz PG, Bleyer WA, Ablin AR, Albo VC, Finklestein JZ,

et al. Improved therapy for children with acute lymphoblastic leukemia
and unfavorable presenting features: a follow-up report of the Childrens
Cancer Group Study CCG-106. J Clin Oncol. 1993;11:2234-42.

Creutzig U, Ritter J, Riehm H, Langermann HJ, Henze G, Kabisch H, et al.
Improved treatment results in childhood acute myelogenous leuke-
mia: a report of the German cooperative study AML-BFM-78. Blood.
1985;65:298-304.

Creutzig U, Ritter J, Schellong G. Identification of two risk groups in
childhood acute myelogenous leukemia after therapy intensification

in study AML-BFM-83 as compared with study AML-BFM-78. Blood.
1990;75:1932-40.

Creutzig U, Zimmermann M, Ritter J, Reinhardt D, Hermann J, Henze G,
et al. Treatment strategies and long-term results in paediatric patients
treated in four consecutive AML-BFM trials. Leukemia. 2005;19:2030-42.
Seksarn P, Wiangnon S, Veerakul G, Chotsampancharoen T, Kanjanapong-
kul S, Chainansamit SO. Outcome of childhood acute lymphoblastic
leukemia treated using the Thai national protocols. Asian Pac J Cancer
Prev. 2015;16:4609-14.

Aur RJ, Westbrook HW, Riggs W. Childhood acute lymphocytic leukemia.
Initial radiological bone involvement and prognosis. Am J Dis Child 1960.
1972;124(5):653-4.

Hann IM, Gupta S, Palmer MK, Morris-Jones PH. The prognostic signifi-
cance of radiological and symptomatic bone involvement in childhood
acute lymphoblastic leukaemia. Med Pediatr Oncol. 1979;6:51-5.

Ma SK, Chan GC, Ha SY, Chiu DC, Lau YL, Chan LC. Clinical presenta-

tion, hematologic features and treatment outcome of childhood acute
lymphoblastic leukemia: a review of 73 cases in Hong Kong. Hematol
Oncol. 1997;15:141-9.

Marwaha RK, Kulkarni KP, Bansal D, Trehan A. Acute lymphoblastic leuke-
mia masquerading as juvenile rheumatoid arthritis: diagnostic pitfall and
association with survival. Ann Hematol. 2010;89:249-54.

Spilberg |, Meyer GJ. The arthritis of leukemia. Arthritis Rheum.
1972;15:630-5.

Raj A, Singh KA, Shah H. Orthopedic manifestation as the presenting
symptom of acute lymphoblastic leukemia. J Orthop. 2020;22:326-30.
Mdller HL, Horwitz AE, Kuhl J. Acute lymphoblastic leukemia with severe
skeletal involvement: a subset of childhood leukemia with a good prog-
nosis. Pediatr Hematol Oncol. 1998;15:121-33.

Rajantie J, Jadskeldinen J, Perkkic M, Siimes MA. Prognostic significance
of primary bone changes in children with acute lymphoblastic leukemia.
Pediatr Radiol. 1985;15:242-4.

Hughes RG, Kay HE. Major bone lesions in acute lymphoblastic leukae-
mia. Med Pediatr Oncol. 1982;10:67-70.

Tamashiro MS, Aikawa NE, Campos LM, Cristofani LM, Odone-Filho V, Silva
CA. Discrimination of acute lymphoblastic leukemia from systemic-onset
juvenile idiopathic arthritis at disease onset. Clinics. 2011;66:1665-9.
Heinrich SD, Gallagher D, Warrior R, Phelan K, George VT, MacEwen

GD. The prognostic significance of the skeletal manifestations of acute
lymphoblastic leukemia of childhood. J Pediatr Orthop. 1994;14:105-11.
Masera G, CarnelliV, Ferrari M, Recchia M, Bellini F. Prognostic significance
of radiological bone involvement in childhood acute lymphoblastic
leukaemia. Arch Dis Child. 1977;52:530-3.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 8 of 8

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	Musculoskeletal involvement in childhood leukemia: Characteristics and survival outcomes
	Abstract 
	Background : 
	Methods: 
	Results: 
	Conclusion: 

	Background
	Methods
	Statistical analysis

	Results
	Discussion
	Acknowledgements
	References


