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ABSTRACT
Background At disease onset, children with acute
lymphoblastic leukaemia (ALL) may present with
arthralgia or even signs of arthritis. This might cause
misdiagnosis and thereby lead to prolonged diagnostic
delay. The present study aimed to identify children with
ALL with joint involvement and to compare their
characteristics and outcome with children with ALL
without joint involvement.
Methods Case records of 286 children diagnosed
with ALL between 1992 and 2013 were reviewed and
analysed in this retrospective, descriptive study.
Results Fifty-three (18.5%) children with ALL presented
with localised joint pain, and half of them had objective
signs of arthritis. The mean number of joints involved was
2.5, most frequently presenting as asymmetric
oligoarthritis. The suspected misdiagnosis were reactive
arthritis (19/53), osteomyelitis (9/53) and juvenile
idiopathic arthritis (8/53). Children with joint involvement
had less objective signs of haematological disease.
Cytopenia was absent in 24% in children with joint
involvement (vs 8% without, p=0.001), 50% had only
one cell line affected (vs 21%, p=0.0005) and 44% had
no organomegaly (vs 29%, p=0.05). Median diagnostic
delay was 4 vs 2 weeks. The 5-year event-free and overall
survival was superior for children with joint involvement:
94% vs 87% (p=0.049), and 96% vs 83% (p=0.044).
Conclusions ALL with joint involvement is a frequent
finding (18.5%). The clinical signs of leukaemia are less
prominent, but non-articular pain should alert the clinician
of a possible diagnosis of leukaemia. The overall and
event-free survivals were superior compared with the
children without joint involvement.

INTRODUCTION
Acute lymphoblastic leukaemia (ALL) is the most
common childhood neoplasia, with an annual inci-
dence of 38–40 per million in the Western popula-
tion.1 ALL has a peak incidence between 2 and
6 years of age and occurs more frequently in boys
than in girls.2

Children with ALL characteristically present with
fever, pallor, skin or mucosal bleeding, organome-
galy and cytopenia.3 Musculoskeletal symptoms are
frequent in children with ALL, usually as diffuse
bone pain in the lower extremities. Some of the
patients present with arthralgia ( joint pain) or even
with overt arthritis (localised joint swelling, redness,
restriction of motion). This arthritis is generally sec-
ondary to bone, periosteal or capsular lesions rather
than to direct synovial involvement.4–6 This subset
of children with joint involvement may initially be
misdiagnosed as reactive arthritis, osteomyelitis or
juvenile idiopathic arthritis ( JIA).7–10

In the present study, we have reviewed the clin-
ical presentation of a large Danish cohort of chil-
dren with ALL to determine the proportion with
joint involvement. We recorded the clinical presen-
tation of the patient, clinical signs of arthritis and
initial rheumatological diagnosis. The aim of this
study was to identify ALL patients with joint
involvement, who initially were misdiagnosed as
having a rheumatological disease, and further to
compare their clinical and laboratory characteristics
and outcome with the children with ALL without
joint involvement.

MATERIALS AND METHODS
From January 1992 to March 2013 (Aarhus) and
June 2012 (Aalborg), 318 children and adolescents
were diagnosed with ALL at the Pediatric Oncology
Units, Aarhus University Hospital Skejby (n=219),
and Aalborg University Hospital (n=99). For the
present analysis, 32 children were excluded: 5
infants aged <1 year, 12 adolescents aged
≥15 years, 4 children with Down syndrome, 6 chil-
dren with mature B-cell leukaemia and 5 children
with missing records.
Patient records of 286 children were reviewed in

this retrospective descriptive study. The following
data were extracted: age, sex, symptoms recorded
at the time of admission (musculoskeletal, constitu-
tional and symptoms of cytopenia), approximate
duration of symptoms, clinical signs (pallor, fever,
skin or mucosal bleeding, hepatosplenomegaly,
lymph node enlargement, joint swelling, redness
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What is already known

Paediatric acute lymphoblastic leukaemia may
present with arthralgia or even signs of arthritis.
Presentation of musculoskeletal complaints in a
child with acute leukaemia could imply a
diagnostic delay.

What this study adds

Acute lymphoblastic leukaemia with joint
involvement is a frequent finding (18.5%). At
presentation, cytopenia and hepatosplenomegaly
are rarely seen in ALL with joint involvement. The
overall and event-free survivals were superior
compared with the children without joint
involvement.
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and restriction of motion), laboratory results at diagnosis (com-
plete blood count, serum lactate dehydrogenase (LDH), serum
uric acid), percentage of blasts in the blood and bone marrow
findings. Diffuse pain in both legs was classified as leg pains,
pain distinctly localised to one or more joints as arthralgia.
Presence of joint swelling was defined as arthritis, some also had
redness and restriction of motion. Children with arthralgia and/
or arthritis were considered to have joint involvement. The time
from onset of symptoms until diagnosis = diagnostic delay,
including both patient, doctor and system delay.

Quantitative haematological data were categorised using the
following definitions: leucopenia=white blood cell count
(WBC) <4.0×109/L, leukocytosis=WBC >20.0×109/L, neutro-
penia=absolute neutrophil count (ANC) <1.0×109/L,
anaemia=haemoglobin<10.0 g/dL (independent of age) and
thrombocytopenia=platelet count <100×109/L. Upper limits
for normal serum LDH were 500 IU/L, and for serum uric acid
0.35 IU/L.

Data analysis was mainly descriptive and selected differences
in frequencies were tested for statistical significance using
Fisher’s exact test with two-sided tests and 5% level of signifi-
cance. The event-free and overall survival were determined
using Kaplan–Meier plotting.

RESULTS
Of the 286 children, 243 (85%) had pre-B ALL and 43 (15%)
had T-ALL. The cohort included 143 boys and 143 girls,
comprising 188 children aged 1–5 years and 98 children aged
6–14 years. Median age was 4.4 years.

Children with arthralgia and/or arthritis were considered to
have joint involvement. Of the 286 children with ALL, 53
(18.5%) had joint involvement: all had arthralgia and 27
patients had clinical signs of arthritis. The characteristics of the
children with and without arthritis are compared in table 1.

Fourteen per cent of the children reported an initial, often
minor, trauma. Asymmetric oligoarthritis was most frequent;
60% had involvement of 1–2 joints, and 12% had involvement
of >4 joints. The most frequent joints involved were the knee
(36%) and hip (34%). Further, 13% each had involvement
of the ankle, wrist or elbow. The shoulder and the small joint
in the hands each were involved in 8%. The sacroiliac joint/

spine was in involved in 6% and the small joints in the feet
in 4%.

Rheumatic disease was suspected initially in 68% of the 53
cases with joint involvement, with reactive arthritis as the most
frequent diagnosis, 36% (n=19). Osteomyelitis and JIA were
each suspected in respectively 17% (n=9) and 15% (n=8) of
the children with joint involvement. The children with clinical
signs of arthritis were initially diagnosed as having a rheumatic
disease in 88% of cases, and the median diagnostic delay in this
group was 45 days, being 17 days longer than for the children
with arthralgia only.

The eight children who were suspected as JIA (median six
joints involved), and six of these received rheumatological treat-
ment: all six received NSAIDs, five also intra-articular steroid
injection and one received methotrexate. This group all had
negative rheumatoid factor, anti-dsDNA and antinuclear anti-
bodies (ANA) (except one with slightly elevated ANA of eight).
All had increased erythrocyte sedimentation rate and C reactive
protein.

The group of children with and without joint involvement
had similar gender distribution (49% and 50% boys, respect-
ively) and age distribution (median 4.4 years of age). Children
with joint involvement were all diagnosed with pre-B ALL,
except one child who had T-ALL. In the group of children
without joint involvement, 42 of 233 (18%) had T-ALL.
Characteristics of the two groups are compared in table 2.

The children with joint involvement had non-articular pain
in the legs or spine, or had a limp more frequently (73% vs
28%). Constitutional symptoms were less frequent (55% vs
81%), as were symptoms of cytopenia, especially bleeding
manifestations (10% vs 43%). The duration of symptoms also
differed. The children with joint involvement initially had
musculoskeletal symptoms (including joint pain) and constitu-
tional symptoms (median duration 4 weeks), and symptoms of
cytopenia appearing shortly before ALL diagnosis (median dur-
ation 1 week). The children without joint involvement initially
had non-articular pain (median duration 4 weeks), then consti-
tutional symptoms (median duration 3 weeks), and finally,
symptoms of cytopenia (median duration 1 week). The total
median diagnostic delay was twice as long for the children
with joint involvement compared with the children without: 4
vs 2 weeks.

Table 1 Clinical characteristics of acute lymphoblastic leukaemia (ALL) children with joint involvement according to signs of arthritis

Joint involvement No arthritis Arthritis
p Valuen=53 n=26 n=27

Initial trauma 14% 12% 15% 1.0
Nocturnal pain 6% 4% 7% 1.0
Number of joints involved

1 36% 41% 31% 0.39

2 23% 31% 15% 0.20
3 19% 16% 23% 0.73
4 10% 8% 12% 1
>4 12% 4% 19% 0.19

Median number of joint 2.5 2.1 2.8
Total median Symptom interval (days) 30 28 45
Initial misdiagnosis 68% 36% 88% <0.01

Reactive arthritis 36% 31% 45% 0.05
Osteomyelitis 17% 5% 19% 0.05
Juvenile idiopathic arthritis 15% 0% 26% 0.01

Bold type face is partly to highlight and partly to mark where there is value.
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Organomegaly was absent more frequently in children with
joint involvement (44% vs 29%, p=0.05). Enlarged lymph
nodes were equally likely to be present (33% and 38%), but
enlargement of the liver or the spleen was less frequent, and
only 6% had combined lymphadenopathy and hepatosplenome-
galy compared with 27% of the children without joint involve-
ment. Similarly, the characteristic clinical triad of fever, pallor
and bleeding was infrequent in children with joint involvement
(6% vs 18%, p=0.03).

ALL with joint involvement had less frequently signs of cyto-
penia (76% vs 92%, p=0.001) and two or three cell lines
affected (50% vs 79%, p=0.0005). Anaemia, thrombocytopenia
and leukocytosis were significantly less frequent in the children
with ALL with joint involvement (table 2).

The survival for children with ALL with and without joint
involvement is depicted in figure 1 (event-free survival, EFS)
and figure 2 (overall survival). The 5-year EFS was 94% for
children with joint involvement compared with 87% for those
without (p=0.049). The 5-year overall survival was superior
for the group of children with joint involvement 96% vs 83%
(p=0.044). Restricting the survival analyses to pre-B ALL
showed the same tendency of better outcome in those with
joint involvement, but the difference was not statistically
significant.

Of the 286 children, 97% achieved complete remission, but
10% relapsed, 3% died in first complete remission and 1% had
a secondary malignant neoplasia. The median duration of
follow-up for the children alive was 9.8 years (10.1 years for the
children with joint involvement and 9.7 years for the children
without).

DISCUSSION
Physicians evaluating children with joint involvement must
always be aware of the possibility of underlying malignancy. In
this study, we investigated the extent and significance of arthral-
gia and/or arthritis as a presenting manifestation of ALL in chil-
dren. We demonstrated a frequent occurrence of misdiagnosis
and few clinical and laboratory signs of leukaemia among chil-
dren with joint involvement, thus reflecting a diagnostic delay
being twice as long as for the children without joint
involvement.

This study describes a consecutive series of children with ALL
admitted to two paediatric oncology centres in Denmark, but
being retrospective the results must be interpreted with some
caution and has its limitations. There is a risk of bias by parental
recall as the exact duration of symptoms may be difficult to
recall. Physical signs have been revealed by multiple doctors and
similarly may be subject to error. The laboratory data are

Table 2 Comparison of the clinical characteristics of acute lymphoblastic leukaemia (ALL) children with and without joint involvement

Joint involvement No joint involvement
n=53, % (median diagnostic delay) n=233, % (median diagnostic delay) p Value

Age, median 4.4 years 4.4 years
Boys 49% 50% 1
T-ALL 2% 18% <0.01
Non-articular pain 73% (4 weeks) 28% (4 weeks) 0.01

Leg pain 45% 18% <0.01
Back pain 28% 8% <0.01
Limp 22% 18% 0.44

Constitutional symptoms, total 55% (4 weeks) 81% (3 weeks) <0.01
Fatigue 45% 64% 0.02
Anorexia 26% 31% 0.62
Abdominal pain 29% 22% 0.37
Headache 10% 13% 1
Anorexia 26% 31% 0.62

Signs of cytopenia, total 61% (1 week) 72% (1 week) 0.10
Pallor 28% 46% 0.02
Fever 57% 49% 0.36
Bleeding 10% 43% <0.01
No signs 24% 8% <0.01

Organomegaly 56% 71% <0.01
Hepatomegaly 29% 47% 0.01
Splenomegaly 12% 39% <0.01
No organomegaly 44% 29% 0.05
Lymphadenopathy 33% 38% 0.64

Abnormal blood count 76% 92% <0.01
Hb <10 g/dL 59% 80% <0.01
Platelet count <100×109/L 44% 75% <0.01
WBC >20×109/L 17% 36% <0.01
WBC <4×109/L 27% 28% 0.99
ANC <1.0×109/L 67% 72% 0.40
Lymphoblasts in blood 70% 75% 0.74
LDH >500 IU/L 63% 70% 0.33
Uric acid >0.5 IU/L 17% 30% 0.06

Bold type face is partly to highlight and partly to mark where there is value.
ANC, absolute neutrophil count; Hb, haemoglobin; LDH, lactate dehydrogenase; WBC, white blood cell count.
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accurate, but the categorical transformation is arbitrary although
used previously.11 12 When comparing the children from 1992
to 2002 with the children from 2003 to 2013, the proportion
of children with joint involvement and other musculoskeletal
symptoms was unchanged as was the diagnostic delay over time.
The children with T-ALL biased the survival as they were over-
represented in the group of children without joint involvement.

The present series illustrates that diagnosis of leukaemia in
children with joint involvement is challenging. It is well known
that bone pain, often an early symptom in ALL, is associated
with nearly normal haematological counts.5 8 13 The clinical

presentation, and the consequences of isolated joint involve-
ment, however, is sparsely described.14–16 The main focus in the
literature has been the differentiation of children with musculo-
skeletal symptoms caused by ALL from children with
JIA.4 8 9 11 12 17–19

In this study, we attempted to delineate the characteristics of
ALL with joint involvement, that is, pain localised to specific
joints with and without objective signs of arthritis, comparing
the clinical presentation and survival of children with and
without joint involvement. We found that 18.5% of the children
with ALL had joint involvement at time of admission, and half
of them had objective signs of arthritis. An asymmetric oligoar-
thritis with involvement of one or two large joints was the
typical presentation. Prior studies of arthralgia or arthritis in
children with ALL are few. Joint pain was present at diagnosis in
16% in one study,13 whereas arthritis has been found to be
present in 2–10%.4 15 20 21 Gur et al22 studied the rheumatic
manifestations preceding adult acute leukaemia and found that
3.6% presented as a reactive arthritis with asymmetric involve-
ment of the large joints. In our series of children with ALL,
6.7% had an initial presentation mimicking reactive arthritis, 3%
as osteomyelitis and 2.7% as JIA. This is slightly different from
previous literature stating that 2–3.6% presented as reactive arth-
ritis, 1.5% as osteomyelitis16 22 23 and 6.4% presented as JIA.6

The risk of misdiagnosis is increased by the relative lack of
clinical and laboratory signs of leukaemia. Half of the children
with joint involvement had less than two haematological cell
lines affected, 24% did not have any signs of cytopenia, 44%
did not have any organomegaly or lymph node enlargement.
This may have an impact on diagnostic delay. We found that the
diagnostic delay was twice as long in children with joint involve-
ment as in those without. The atypical presentation among chil-
dren with musculoskeletal involvement has been suggested to
prolong the diagnostic delay in previous reports.5 21 24–26 The
present study indicates the same tendency among children with
joint involvement. This underscores the need for prompt and
early investigations to identify the ALL patients among children
with joint-related symptoms and signs of arthritis.

The clinical picture gets further complicated if glucocorticos-
teroids are administrated since this affects blood counts and
bone marrow.14 15 27 Subtle signs of leukaemia or indications
for steroid treatment should prompt considering a bone marrow
examination.

Marwaha et al6 stated that 6.4% of 762 children with ALL
had an initial presentation mimicking JIA. This study and
Ostrov et al9 stated that the children with ALL had painful,
transient and asymmetric oligoarthritis and like in our study
general physical examination for signs of leukaemia often was
not useful. Though in our study 73% of the children with joint
involvement also had non-articular pain at presentation, and
while articular pain is a very common rheumatic complaint,
non-articular musculoskeletal pain or bone tenderness should
cause suspicion of leukaemia. A smaller Indian study from
200915 found that non-articular pain predicted a diagnosis of
ALL and differentiated it from JIA.

Serum LDH is a marker of high cell turnover and was ele-
vated among the majority (63%) of the children with joint
involvement. In previous studies, the majority of children with
ALL and musculoskeletal involvement did not have lympho-
blasts in the peripheral blood at the time of clinical evalu-
ation.11 13 Jones et al11 found that only 25% of children with
ALL who presented to rheumatologists for arthritis had blasts in
the peripheral blood at the time of evaluation. In our cohort,
70% of the children with ALL with joint involvement had blasts

Figure 1 Event-free survival in children with acute lymphoblastic
leukaemia with or without joint involvement.

Figure 2 Overall survival in children with acute lymphoblastic
leukaemia with or without joint involvement.
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in peripheral blood at admission equivalent to the children with
ALL without joint involvement. This discrepancy might be a
consequence of disease at different stages. A change of method-
ology over time might also explain the difference, as flow cyto-
metry is more sensitive to blasts than morphology.

Non-articular pain, blasts in peripheral blood and elevated
LDH are predictive factors for ALL in this group as they
occurred among the majority of children with joint involvement.
At least one of these markers was positive among 94% of the
children with joint involvement.

Polyarticular arthritis, soft tissue swelling, osteopenia and
normal blood counts have been shown to be more frequent
among children with JIA than among children with ALL with
musculoskeletal symptoms caused by ALL.6 9 12 Each type of
arthritis, as well as osteomyelitis, have different clinical
characteristics, that is, age at presentation, sex ratio, joint distri-
bution and other associated features. JIA is a diagnosis of exclu-
sion and requires the presence of arthritis for at least six
weeks.28 Caution should be given to each specific diagnosis con-
sidering whether any features are atypical. ANA are not specific
for rheumatic disease and may be positive in up to 30% of chil-
dren hospitalised for various reasons.9 11 16

The prognostic significance of musculoskeletal symptoms in
ALL has been debated. Previous studies have shown that the
children with severe objective skeletal abnormalities may have
an indolent form of leukaemia.29–31 In the present study, we
found that children with joint involvement had better event-free
and overall survival, both differences reaching statistical signifi-
cance. ALL with arthritis may belong to a subgroup with a
better prognosis. The comparison, however, was biased by the
children with T-ALL, all of whom except one were in the group
without joint involvement. These children are known to have a
poorer outcome, although there has been a significant improve-
ment in survival of children with T-ALL in the two last Nordic
trials.2 Restricting the survival analysis to children with pre-B
ALL, the survival benefits were not statistically significant. This,
however, may be due to small numbers. Thus, children with
joint involvement may have a favourable prognosis in spite of
the longer diagnostic delay, but even so reduction of the diag-
nostic delay is important to maintain the confidence and trust of
children and parents and to improve the clinical conditions of
the children at the time of starting therapy.

CONCLUSIONS
A high proportion of children with ALL present with joint
involvement, and the risk of an initial rheumatological misdiag-
nose is significant. The clinical signs of leukaemia are less promin-
ent in this group compared with the children without joint
involvement. These diagnostic challenges can be minimised if clin-
icians are aware of the atypical presentation and pay close atten-
tion to non-articular pain, elevated LDH and blasts in peripheral
blood indicating ALL. This group of children with ALL with joint
involvement may belong to a subgroup with a better prognosis.
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