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【 CASE REPORT 】

Philadelphia Chromosome-positive Acute Lymphoblastic
Leukemia Incidentally Detected

by Fluorodeoxyglucose-positron Emission
Tomography/Computed Tomography at a Health Checkup
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Yu Iwabuchi 2, Eisuke Shiomi 3, Shigeru Watanabe 4,

Shinichiro Okamoto 1,5 and Takahide Kikuchi 1

Abstract:
We herein report a case of Philadelphia chromosome-positive acute lymphoblastic leukemia (Ph-ALL) that

was incidentally detected by fluorodeoxyglucose-positron emission tomography (18F-FDG PET)/computed to-

mography (CT) at a health checkup. At that time, the findings of a physical examination and blood tests were

all normal, except for the diffuse bone marrow uptake (maximum standardized uptake value: 6.3). One month

later, when the blood counts remained in the normal ranges, a bone marrow examination confirmed the diag-

nosis of Ph-ALL. Although a diffuse bone marrow uptake of 18F-FDG is observed in some benign conditions,

physicians should also consider the possibility of hematological malignancies, including acute leukemia, even

when that is the only abnormal finding.
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Introduction

Fluorodeoxyglucose-positron emission tomography (18F-

FDG PET)/computed tomography (CT) has been widely

used to detect a variety of hematopoietic malignancies, such

as lymphoma. PET/CT is also being increasingly incorpo-

rated as part of health checkups in Japan. For the diagnosis

of acute leukemia, PET/CT has little value, as the majority

of acute leukemia cases are suspected based on abnormal

findings of a peripheral blood examination. However, there

have been a few reported cases of acute leukemia that was

initially detected by PET/CT based on a diffuse bone mar-

row uptake, and the diagnosis was confirmed by bone mar-

row aspiration or a biopsy (1-3).

We herein report a case of acute lymphoblastic leukemia

that was incidentally detected by 18F-FDG PET/CT at the

time of a health checkup.

Case Report

A 56-year-old Japanese man with no significant medical

history was referred to our hospital for the evaluation of a

diffuse 18F-FDG [maximum standardized uptake (SUVmax):

6.3] uptake of the bone marrow. The uptake was observed in

the vertebrae, ilium, and ribs but not in the bone marrow of

the appendicular skeleton. The inhomogeneous uptake of
18F-FDG was also observed in some parts of the axial skele-

ton (Fig. 1). He had undergone a health checkup annually

for the last two years and had never been shown to have any
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Figure　1.　The findings of PET/CT at the time of health checkup. Maximum intensity projection 
PET image (a) and PET/CT images (b, c). PET/CT showed the diffuse but focally inhomogeneous 
uptake of 18F-FDG. The SUVmax of right ilium was 6.3. 

(a) (b) (c)

abnormal findings except for hyperuricemia.

At the time of this health checkup, he was doing well

without any symptoms, including a fever, bone pain, and

weight loss. He also denied any recent febrile or bleeding

episodes. A complete blood count (CBC) showed a white

blood cell (WBC) count of 4,010/mm3 with normal differen-

tials, a hemoglobin (Hb) level of 13.8 g/dL, and a platelet

count of 204×103/mm3. All of the counts remained within

the normal ranges; however, a slight decrease was observed

in all counts compared with the counts at the time of the

health checkup the previous year (Table). The results of rou-

tine blood chemistry evaluations, including the values of lac-

tate dehydrogenase (LDH) and C-reactive protein (CRP),

also remained within normal ranges.

One month after the health checkup, he visited our serv-

ice for a further evaluation. The physical examination at that

time did not detect any abnormal findings, including hepa-

tosplenomegaly. The hematological examination revealed a

WBC count of 4,800/mm3 with 3% of atypical lymphocytes

and no blasts, a Hb level of 14.1 g/dL, and a platelet count

of 153×103/mm3 (Table). The results of routine blood chem-

istry tests were only remarkable for mild elevation of LDH

(266 IU/L, normal range: 120-220) and ferritin (332 ng/mL,

normal range: 14-303). However, bone marrow aspiration re-

vealed hypercellular marrow with 87% blasts (Fig. 2). The

leukemic blasts were negative for myeloperoxidase staining,

and flow-cytometric analyses confirmed that the cells were

positive for CD10, CD19, CD20, CD34, and cytoplasmic

CD79a. Reverse transcription polymerase chain reaction

(RT-PCR) detected the presence of a minor BCR/ABL1 tran-

script (coding for a 190-kDa protein). A cytogenetic analysis

also showed t(9;22)(q34; q11.2) in 20 out of 20 metaphases.

Based on those findings, he was diagnosed with Philadel-

phia chromosome positive-acute lymphoblastic leukemia

(Ph-ALL).

He was placed on initial induction therapy consisting of

dasatinib (140 mg/day) and prednisolone (60 mg/m2). Com-

plete remission (CR) was obtained one month later, and he

subsequently underwent allogeneic hematopoietic cell trans-

plantation from his HLA-haploidentical daughter after con-

ditioning with fludarabine (150 mg/m2), cyclophosphamide

(29 mg/kg) and total body irradiation (2 Gy). There were no

major transplant-associated complications. He remained in

complete molecular remission for 200 days after transplanta-

tion while taking dasatinib (50 mg every other day).

Discussion

18F-FDG PET/CT has been widely used for the detection/

staging and assessment of response to therapies for a variety

of lymphomas and other hematological malignancies. How-

ever, PET/CT has only been seldomly used for this purpose

in acute leukemia, and bone marrow aspiration or a biopsy

remains the gold standard for detecting the disease and as-

sessing the response to treatment. In some cases, however,

the detection of focal bone-localized relapse by 18F-FDG

PET/CT has been reported in acute leukemia even though a

bone marrow examination failed to demonstrate leukemic

cell growth (4, 5).

There are also some cases in which ALL was detected in-

cidentally by a diffuse increased uptake of 18F-FDG on PET/

CT. Those cases presented with a fever of unknown origin

(FUO) and/or generalized bone pain with normal blood

counts, and a bone marrow examination confirmed the diag-
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Figure　2.　The findings of bone marrow aspiration. Bone 
marrow aspiration revealed a hypercellular marrow with 87% 
blasts (May-Giemsa stain, ×400). The blasts were large and 
heterogeneous in size with a high nuclear-cytoplasmic ratio. 
Their nuclei were irregular and contained one or more promi-
nent nucleoli and vacuoles. 

Table.　Serial Results of CBC and Blood Chemistry (at Health Checkup, at the First 
Visit to Our Hospital, and at the Time of Health Checkup Last Year).

Timing of test
At health checkup 

a year before

A health checkup 

this time

At the time of 

visiting our hospital

Comple blood count

White blood cell 5.96 4.01 4.8 ×103/uL

Neutrophil 58.4 57.4 58 %

Lymphocyte 32.6 35.7 35 %

Monocyte 7.2 4.7 1 %

Eosinophil 1.3 2.0 1 %

Basophil 0.2 0.2 0 %

Metamyelocyte - - 1 %

Myelocyte - - 1 %

atypical lymphocyto - - 3 %

Red blood cell 532 460 484 ×104/uL

Hemoglobin 15.7 13.8 14.1 g/dL

Hematocrit 47.0 40.8 43.0 %

Platelet 253 204 153 ×103/uL

Reticulocyte 1.5 2.0 1.7 %

Blood chemistory

TP 7.5 6.8 7.1 g/dL

Alb 5.1 4.8 5.1 g/dL

Na 142 144 143 mEq/L

K 4.3 4.2 4.6 mEq/L

Cl 103 107 104 mEq/L

Ca 9.5 9.4 10.3 mg/dL

BUN 19.1 9.7 15 mg/dL

Cre 1.00 0.86 0.94 mg/dL

UA 9.0 6.0 8.0 mg/dL

T-Bil 3.8 1.2 1.4 mg/dL

AST 28 18 28 U/L

ALT 30 17 29 U/L

LDH 173 167 266 U/L

ALP 182 46 128 U/L

γ-GTP 28 20 23 U/L

CRP <0.10 <0.10 <0.3 mg/dL

Alb: albumin, ALP: alkaline phosphatase, ALT: alanine transaminase, AST: aspartate transaminase, BUN: 

blood urea nitrogen, Ca: calcium, Cl: chloride, Cre: creatinine, CRP: C-reactive protein, γ-GTP: γ-glutamyl 

transpeptidase, K: potassium, LDH: lactate dehydrogenase, Na: sodium, T-Bil: total bilirubin, TP: total protein

nosis while the findings of peripheral blood examinations or

CBC did not reveal any abnormalities except for mild ane-

mia that was considered to have been caused by inflamma-

tion (1-3, 6). However, there have been no reported cases of

acute leukemia at the time of a health checkup with sugges-

tive 18F-FDG PET/CT images as the sole abnormal finding.

Although the main source of a diffuse 18F-FDG uptake in

the bone marrow is the infiltration of malignant cells, it is

sometimes observed during the hematopoietic recovery

phase after chemotherapy, infection, and the administration

of growth factors, such as colony-stimulating growth factor

or erythropoietin. If the uptake of 18F-FDG is markedly ele-

vated in the bone marrow, malignant infiltration (MI) is very

likely; however, if the uptake at the bone marrow is equiva-

lent or slightly higher than that of the liver, it is difficult to

determine whether it is due to malignant infiltration or a be-

nign process. The 18F-FDG uptake in benign diseases and

under physiological conditions is low. Inoue et al. reported
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that in most cases, the diffuse uptake at the bone marrow

was slight and moderate, often presenting as an uptake level

corresponding to or slightly higher than that in the liver. In

these situations, it is sometimes difficult to determine

whether this is due to MI, including acute leukemia, or a

benign condition (7). Zhou et al. also found that a consider-

able proportion of MI patients had a similar SUVmax at the

bone marrow to non-MI patients. This is mainly seen in pa-

tients with chronic myelogenous leukemia, multiple

myeloma, and lymphoplasmacytic lymphoma. Thus, they de-

veloped a decision tree combining the SUVmax at the bone

marrow with the SUVmax AP/AX (ratio of SUVmax at the bone

marrow of the appendicular skeleton to that at the axial

skeleton), the presence of a fever, and hepatomegaly and

achieved a sensitivity of 81.0%, a specificity of 98.4%, and

an accuracy of 94% for the prediction of MI (8). The pre-

sent case met their criteria for the SUVmax at the bone mar-

row (6.3), suggesting the usefulness of their approach.

In this case, the uptake of 18F-FDG was inhomogeneous in

some vertebrae and pelvic bones; however, these parts were

not associated with osteosclerotic and osteolytic lesions.

These findings are not consistent with those of a hyper-

active bone marrow condition caused by anemia or infec-

tion, in which the bone marrow findings are typically homo-

geneous. Thus, this finding is similar to that of the infiltra-

tion of lymphoma into the bone marrow.

In the present case, despite the massive infiltration of leu-

kemic cells into the bone marrow, the peripheral blood cell

counts remained normal. We speculate that the diffuse but

focally inhomogeneous uptake of 18F-FDG may inferentially

represent the residual activity of normal hematopoiesis. This

may also explain why there are more reported cases of ALL

initially detected by PET/CT than acute myeloid leukemia

(AML). It is likely that AML causes peripheral blood cy-

topenia earlier than ALL, so the majority of cases are diag-

nosed by routine peripheral blood and bone marrow exami-

nations. In contrast, ALL sometimes behaves like lymphoma

and presents with a fever and high LDH level. These differ-

ences may explain to some extent the difference in the fre-

quency of detecting acute leukemia by PET/CT between

AML and ALL.

In conclusion, PET/CT is now being increasingly incorpo-

rated as part of routine health checkups in Japan. Therefore,

we are likely to encounter a diffuse bone marrow uptake of

18F-FDG in this setting. Based on our experience, we

strongly recommend that the blood counts and differentials

should be closely followed for patients with a diffuse uptake

of 18F-FDG in the bone marrow but no abnormalities on a

physical examination or blood tests.

If any changes in symptoms, physical examination find-

ings, or blood tests are observed during follow-up, it is

strongly recommended to perform a bone marrow examina-

tion without delay.
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