
Introduction

Acute lymphoblastic leukemia (ALL) is the most
common of all childhood malignancies [1]. Current
remission rates for patients with ALL approach 80%
[2, 3]. About 25–30% of patients with ALL experience
recurrence of the disease [4]. Relapse of the disease is
a major cause of treatment failure and usually occurs
within 3 years of treatment [5]. Patients at greatest
risk for disease relapse during first remission are those
diagnosed with ALL when less than 1 year of age,
those with cytogenetic abnormalities, those who do
not achieve remission within 28 days of starting
induction therapy, and those whose presenting leuko-

cyte count exceeds 1,000,000/mm3 [6]. Bone-marrow
transplantation is most commonly offered to patients
who have achieved a second remission [6]. Those who
relapse after bone-marrow transplantation usually
have a poor prognosis, with the average survival
duration of approximately 6–10 months [5]. Treatment
of ALL relapse after BMT takes into consideration
the patient’s age at the time of relapse, interval be-
tween BMT and relapse, and the patient’s response to
previous treatment.

Patients with relapse of leukemia may present with
non-specific symptoms such as joint pain or fatigue,
or with symptoms reflecting the site of relapse, e.g.
blurred vision or seizures [7]. Diagnosis of relapse
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Abstract Acute lymphoblastic
leukemia (ALL) is the most common
of all childhood malignancies. Cur-
rent remission rates approach 80%.
Recurrent disease can present in a
wide variety of ways. MR imaging
plays a crucial role in the detection
of disease relapse. Because other
disorders can mimic recurrence of
leukemia, it is important for the
radiologist to judge recurrence from
non-recurrence accurately in order
to avoid unnecessary testing and
emotional stress on the patient and
family.
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includes clinical and laboratory demonstration of
peripheral, central nervous system, or marrow disease
after induction of remission. Bone marrow aspirate
and biopsy are needed for proper immunophenotyping
[7]. The bone marrow can remain in morphological

remission for months or even years after the patient
has developed extramedullary relapse [7]. As MR
imaging is a standard method of evaluating many of
these symptoms, the diagnosis of relapsed leukemia
may first be suggested by the radiologist. Extrame-
dullary relapses typically involve sequestered sites such
as the central nervous system (CNS), testes, liver,

Fig. 1a–c A 12-year-old boy underwent MR imaging of the spine
and pelvis to evaluate a 2-week history of increasing back pain
while on treatment for acute lymphoblastic leukemia (ALL)
relapse. a Sagittal non-contrast T1- and b contrast-enhanced
T1-weighted MR of the spine without fat suppression shows
abnormal signal of virtually all imaged bones with varying degrees
of contrast enhancement at several levels. The normal fatty bone
marrow has been replaced by leukemic infiltration. Enhancing
lesion conspicuity would be increased with a fat-suppression
sequence, but visualization of abnormal fatty changes would be
suppressed. c Axial proton density imaging of the pelvis shows
extensive bone-marrow signal abnormalities in the form of multiple
punctate foci that coalesce. Also note interruption of the cortex of
the iliac wings indicative of disease (arrows). Lumbar spine
radiographs (not shown) were normal

Fig. 2a–c A 14-year-old boy with recurrent ALL and leukemic
infiltration of the left anterior chamber; the imaging findings were
confirmed by ophthalmologic examination to represent leukemic
infiltration of the anterior chamber of the left globe. a Pre- and b
post-contrast enhanced T1-weighted images demonstrate abnormal
thickening and intense enhancement of the curvalinear density of
the left anterior chamber corresponding to leukemic infiltration
(arrow). Also note generalized bone-marrow infiltration evidenced
by decreased signal on T1-weighted sequence and enhancement
with contrast administration (arrowheads). cSubtraction image
demonstrates with better conspicuity the abnormal anterior
chamber enhancement (arrow) and extensive bone-marrow
enhancement
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kidneys, spleen, spine, and the eye [1]. This pictorial
essay describes the MR appearance of ALL relapse
obtained from a single tertiary-care pediatric oncology
center. Additional CT and US imaging examples are
included where appropriate.

Bone-marrow relapse

The most common site of ALL relapse is the bone
marrow. Bone-marrow relapse has been defined as
marrow that contains 20% or more blasts [8]. Patients

who have bone-marrow relapse present with painful
limbs and joints [9]. MR imaging without contrast-
enhancement is used to detect bone-marrow infiltra-
tion by leukemic cells. Bone-marrow relapse usually
has decreased signal on T1- weighted MR images,
increased signal on T2-weighted sequences, and is
enhanced with gadolinium administration [9, 10]
(Figs. 1, 2, 3, 4). However, evolving lesions of osteo-
necrosis (also seen in children under treatment for
leukemia) can mimic leukemic relapse by MR [9]. In
our (unpublished) experience, osteonecrosis preferen-
tially occurs in weight-bearing joints and in the
diaphyses of the long bones, though it may develop in
any skeletal site.

Ocular relapse

Nearly all portions of the globe have been reported to be
involved by leukemia cells [11] (Fig. 2). Leukemic infil-
tration of the optic nerve is more common in children
with ALL (Fig. 5) than in adults and is found in 13–16%
of patients who die from leukemia [7]. If the optic-nerve
disease is not diagnosed early, it could result in irre-
versible vision loss. Because optic-nerve relapse occurs
most frequently in patients with a history of ALL, some
authors have proposed that follow-up examinations of
the optic discs be performed on all patients who have
been diagnosed with ALL, whether or not there is a

Fig. 3a–d A 14-year-old boy with T-cell ALL having completed
therapy 11 months prior to imaging. He presented with cough and
low-grade fever unresponsive to antibiotics. The chest radiograph
obtained by his local physician reportedly showed cardiomegaly. a
Axial non-contrast T1- (650/15) weighted image through the upper
chest shows the large intermediate-signal mediastinal mass encasing
the ascending aorta and compressing the superior vena cava
(arrow) and trachea (short arrow). b Axial T2-weighted (4500/18)
images through the mid-chest demonstrate a large mediastinal mass
encasing the superior unit cava and surrounding the roots of the
great vessels. There is extension into the retrosternal space and into
the subcarinal distribution.c Sagittal contrast-enhanced T1-
weighted (787/15) demonstrates extensive adenopathy involving
the anterior and middle mediastinum with encasement of great
vessels. Note mass effect on the posterior aspect of the right atrium.
d Axial contrast enhanced T1-weighted (755/15) demonstrates
global myocardial enlargement with homogeneous contrast
enhancement
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previous history of CNS involvement [7]. However,
optic-nerve involvement may occur even in the presence
of a normal ophthalmologic examination. Leukemic
infiltration of the optic nerve can be detected with MR

imaging and should be considered when enhancing optic
nerve enlargement is found in a patient previously
treated for ALL [7] (Figs. 2, 5, 6) The role of MRI in the
routine follow-up of these patients could be considered,
but its efficacy as a screening tool has not as yet been
determined.

Central nervous system relapse

Leptomeningeal relapse

ALL is the most common pediatric malignancy associ-
ated with leptomeningeal disease [12]. Leptomeningeal
metastases, though rare overall, may occur either at the
time of diagnosis of ALL with an overall risk of about
3% (range, 1.3–7.6%) or at the time of relapse with an
overall risk of about 15% (range 8–20%) [13]. The like-

Fig. 5 A 17-year-old boy, 14 months off therapy for ALL,
presented with vision loss in the left eye after being hit with a
football. Ophthalmologic examination revealed retinal detachment
associated with a retinal mass further determined to represent
ocular relapse of ALL. Axial postcontrast-enhanced T1-weighted
image through the globes demonstrates an enhancing soft-tissue
mass (arrow) within the fluid of the retinal detachment. Note loss of
CSF space of the left optic nerve with enhancement. There is also
subtle irregular thickening of the nasal aspect of the retinal surface
of the right globe

Fig. 6a, b An 8-year-old male complained of blurred peripheral
vision while on continuation therapy for ALL. Clinical examina-
tion revealed retinal lesions suspicious for tumor. a Axial non-
contrast T1-weighted image through the orbits demonstrates mildly
enlarged optic nerves that diffusely enhance with b intravenous
administration of gadolinium (arrow). These findings are consistent
with leukemic infiltration of the optic nerves

Fig. 4a, b A 25-year-old woman presented with sacral neuropathy
2 years postautologous BMT for relapsed ALL. a Sagittal pre- and
b postcontrast enhanced T1-weighted (430/15) images of the
thoracolumbar spine demonstrates multiple sites of bone metasta-
ses. The sites of disease demonstrate decreased signal on T1,
increase signal on T2 (not shown) and enhanced with intravenous
contrast administration. Also note compression fracture of T11
(arrows). Note that the sacral mass extends anteriorly from the
sacral body as well as posteriorly into the thecal sac
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lihood of developing leptomeningeal relapse in children
seems to correlate with the children’s initial clinical pre-
sentation: high peripheral leukocyte count, young age at
diagnosis, T-cell disease, thrombocytopenia, lymphade-
nopathy, hepatosplenomegaly [14]. Clinical presenta-
tions of leptomeningeal disease include headache, cauda
equina syndrome, cranial neuropathy, ataxia, and mye-
lopathy [13]. The MR appearance of leptomeningeal
metastasis includes subarachnoid nodule(s), cord wid-
ening, and epidural cord compression [13].

Fig. 7a–d This 10-year-old girl underwent MR imaging of the chest
prior to referral to our institution because of a mediastinal mass
noted on chest radiography. a Axial non-contrast T1- and b T2-
weighted MR images of the chest demonstrate a diffusely enlarged
thymus with homogeneous signal intensity. Note encasement of
great vessels and extension into the middle mediastinum. The
thymus is larger than normally seen for a child of this age and has
convex lateral margins. There is also mild airway compression.
These factors suggest an infiltrative process of the thymus.c Axial
non-contrast T1- and d T2-weighted MR images of the abdomen
demonstrate diffusely enlarged kidneys with homogeneous signal
(intermediate signal on T1- and increased signal on T2-weighted
sequences)

Fig. 8a, b This 17-year-old boy
was diagnosed with low-risk
ALL when 2 years old. Unilat-
eral testicular enlargement was
noted on a routine physical
examination. Histologic exami-
nation of a right testicular
biopsy revealed lymphoblastic
infiltrate. Longitudinal images
of the right (a) and left (b)
testicles demonstrate an en-
larged, hypoechoic and hyper-
vascular right testes; these
findings are charatceristic of
testicular leukemia
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Intraspinal mass

Leptomeningeal disease is relatively common in patients
with acute leukemia, but an intraspinal mass as a site
of relapse is rare [15, 16, 17]. (Figs. 1, 4) Such sites of
recurrence may present with focal pain and/or neuro-

Fig. 9a, b A 12-year-old boy who returned with bilateral testicular
enlargement 4 years after completing therapy for ALL. Histologic
examination material obtained from biopsy of both testes revealed
bilateral leukemic infiltrates of the testes. Longitudinal images of
the right (a) and left (b) testicles demonstrate bilaterally symmet-
rical enlargement but asymmetrical echotexture. The left testicle
has considerably greater inhomogeneous echo pattern than the
right

Fig. 10a–d A 10-year-old girl initially attained complete remission
after 2 months of therapy. Ten months after completion of therapy,
she presented with jaundice. An abdominal US was obtained for
evaluation of hyperbilirubinemia. Bone-marrow aspirates per-
formed during evaluation were consistent with relapse of ALL.
Longitudinal US images of the pelvis demonstrate large bilateral
(a right and b left) hypervascular ovarian masses; normal ovaries
could not be discerned. c Axial contrast-enhanced abdominal-
pelvic CT image demonstrates extensive paracaval adenopathy
(arrow) and right iliac adenopathy (arrowhead) d in association
with marked enlargement of the ovaries (ov). A hypodense area
within the right ovary (not shown) was interpreted as indicative of
necrosis
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logic deficit. MR imaging readily demonstrates the int-
raspinal mass.

Mediastinal relapse

About 15% of patients with ALL have mediastinal
masses at diagnosis [18] that are characteristically bulky
and lie in the anterior mediastinum. They may extend
into the middle or posterior mediastinum (Fig. 3).
Leukemic infiltration of the mediastinum can result in
thymic enlargement at relapse as well as at initial pre-
sentation [18, 19]. (Fig. 7).

Differentiation between post-therapy thymic rebound
and thymic relapse of disease may be difficult. Radio-
nuclide imaging with gallium-67, thallium-201, and/or
18-fluorodeoxyglucose (FDG) and MR imaging has
been reported to be helpful in distinguishing between
these two entities [20, 21, 22, 23, 24, 25]. Absence of
gallium and/or thallium avidity suggests a quiescent
process [20]. Though gallium avidity strongly suggests
disease acitivity, such avidity may be falsely positive in
up to 43% of cases [26]. More recently, thallium-201 has
been shown to be 100% sensitive in patients with
Hodgkin’s disease at diagnosis [21]; its sensitivity in
diagnosing relapsed ALL has not been studied. MR has
a 100% sensitivity, 73% specificity, 35% positive pre-
dictive value, and 100% negative predictive value in
detecting mediastinal disease [27]. Disease recurrence
may be suspected when thymic signal is inhomogeneous
(areas of decreased signal on T1- and increased signal on
T2-weighted sequences) [20].

Cardiac relapse

Leukemic involvement occurs in 37% of 420 autopsy
cases in the myocardium and 13% in the pericardium
[28]. Involvement of the heart by malignant tumors oc-
curs via three modes: retrograde involvement along
lymphatic channels, direct extension, and hematogenous
dissemination [29]. Cardiac involvement has rarely been
reported as the presenting sign of leukemia [30], and
most cases of cardiac involvement are asymptomatic [30,
31]. (Fig. 3). Cardiac valve involvement has been re-
ported in chronic adult T-cell leukemia [32].

Renal relapse

Isolated renal relapse of ALL occurs very rarely [33, 34,
35]. Renal involvement by ALL at presentation or re-
lapse may be inconspicuous or heralded by acute renal
failure often with hyperuricemia [33, 34]. Leukemic
infiltration of the kidneys is typically characterized by
nephromegaly and, though usually bilateral, may rarely

be unilateral or focal [34]. The kidneys may be sym-
metrically enlarged by imaging (Fig. 7) [33, 34]. By
ultrasound, the involved kidney typically demonstrates
heterogeneous echogenicity, but hypoechoic multifocal
lesions have also been described [34]. Because of the
rarity of unilateral or focal renal leukemia and the lack
of specificity of imaging findings, such involvement
requires biopsy to rule out other renal malignancy such
as Wilms’ tumor and renal cell carcinoma [34].

Testicular relapse

The testicle is the most common site of extramedullary
relapse of leukemia in males [4, 35] and the third-most-
common site of relapse of ALL in boys [36]. With con-
temporary therapy regimens, testicular relapse occurs in

Fig. 11a–d A 6-year-old boy was undergoing induction chemo-
therapy for ALL and underwent his second protocol-driven MR
imaging of the hips and knees for osteonecrosis. This new focus of
abnormal marrow signal is consistent with evolving osteonecrosis
of the left ischium. Such a finding can prompt concern for recurrent
disease and potentially prompt bone-marrow aspiration and
biopsy. He is well 2 years later. a Coronal non-contrast T1-
weighted and b STIR imaging through the demonstrate a new 2.5-
cm focus of abnormal signal that is dark on T1-weighted and bright
on STIR sequences involving the left inferior ischium (arrows)
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less than 5% of patients [36]. It most often occurs within
2–3 years from completion of chemotherapy [3, 37], al-
though it has been reported as late as almost 19 years
from treatment completion [36]. About one-third of
patients with testicular relapse have clinical involvement
of both testes, but up to 80% of cases demonstrate
bilateral involvement histologically [36, 38]. Because
of their anatomic location, US is typically the imag-
ing method of choice for evaluatng the testicles.
Involved testes may have normal echogenicity, but
may be enlarged [36]. Alternatively, the testes may
have hypoechoic areas. Hypervascularity is typical of
leukemic involvement (Figs. 8, 9).

Ovarian relapse

Ovarian relapse has rarely been reported in pediatric
ALL and may occur in the absence of bone-marrow
relapse or in combination with relapse in other extra-

medullary sites [35, 39]. This site of recurrent disease has
more commonly been reported with acute myelogenous
leukemia (AML) where ovarian chloroma may also oc-
cur. Large ovarian masses owing to leukemic infiltration
have been reported. Autopsy reports of leukemic infil-
tration of the ovary have varied from 3.2 to 36% [35].
Pelvic masses are typically first evaluated with US
(Fig. 10). Such masses appear ultrasonographically as
solid echogenic masses that may be hypervascular. By
CT, they may appear as solid masses, isodense with
adenopathy.

In conclusion, it is important for radiologists to be
familiar with MR findings of ALL relapse in order to
expedite and appropriately direct patient care. Because
other disorders can mimic recurrence of leukemia
(Fig. 11), radiologists must be able to distinguish
recurrence from non-recurrence accurately in order to
avoid unnecessary testing and emotional stress on the
patient and family. MR imaging plays a crucial role in
the detection of disease relapse.
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