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Abstract
Asa malignanthematopoietic stem cell disease, leukemia remains life-threateningdue to its increasing incidence rate andmortality rate.
Therefore, its early diagnosis and treatment play a very important role. In the present work, we systematically reviewed the current
applications and future directions of positron emission tomography (PET) in patients with leukemia, especially 18F-FDG PET/CT. As a
useful imaging approach, PET significantly contributes to the diagnosis and treatment of different types of leukemia, especially in the
evaluation of extramedullary infiltration, monitoring of leukemia relapse, detection of Richter’s transformation (RT), and assessmentof
the inflammatory activity associated with acute graft versus host disease. Future investigations should be focused on the potential of
PET/CT in the prediction of clinical outcomes in patients with leukemia and the utility of novel radiotracers.
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Introduction

As a type of malignant clonal disease, leukemia originates from

hematopoietic stem cells. A large number of cloned leukemia

cells proliferate and accumulate in bone marrow and other

hematopoietic tissues, leading to inhibited normal hematopoie-

tic function and infiltration of other non-hematopoietic tissues

and organs. According to the differentiation and maturity of

leukemia cells and the natural course of the disease, leukemia

can be broadly classified into 4 main types as follows: acute

lymphoblastic leukemia (ALL), acute myeloblastic leukemia

(AML), chronic lymphoblastic leukemia (CLL) and chronic

myeloblastic leukemia (CML). CLL is the most common form

in elderly patients, and ALL is the most common form in

pediatric patients. Other rare types include hairy cell leukemia

(HCL), acute promyelocytic leukemia (APML) and T-cell pro-

lymphocytic leukemia (T-PLL).1 Acute leukemia (AL) has

become a public health concern due to its increasing incidence

rate and mortality rate. Therefore, its early diagnosis and treat-

ment greatly contribute to the prognosis of leukemia patients.

Positron emission tomography (PET) is widely applied as a

molecular imaging approach, in which radiopharmaceuticals

are used as tracers to graphically display the metabolism of the

whole body and focal lesions to diagnose diseases. PET scans

are now routinely combined with computed tomography (PET/

CT) or magnetic resonance imaging (PET/MRI). The func-

tional metabolic imaging of PET is fused with anatomical

structure imaging of CT or MRI, which can not only obtain

information, such as function and metabolism, but also have

high spatial resolution and accuracy. Moreover, a variety of

PET radiotracers have been introduced.

As the most common PET radiotracer, 18-fluorodeoxyglucose

(18F-FDG) is a radio-labeled glucose analog, which can reflect the

increased level of glucose consumption. The malignant tumors

often have a significantly higher level of 18F-FDG uptake because

of high glucose uptake and accelerated glucose metabo-

lism.2,318F-FDG can also accumulate under a variety of benign

and physiological conditions, leading to false-positive interpreta-

tion. In general, the 18F-FDG uptake in the benign disease and

physiological conditions remains low.4,5

18F-FDG PET/CT has been widely used as a new non-

invasive molecular imaging technique in diagnosing, staging,
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restaging and response assessment of hematologic malignan-

cies, such as lymphoma,6,7 myeloid sarcoma8 and multiple

myeloma.9 In recent years, more and more research reports

have shown that 18F-FDG PET/CT also plays an important role

in the diagnosis and treatment of different types of leukemia,

especially AL.10 In the present work, we systematically

reviewed the current applications and future directions of PET

in leukemia patients, especially 18F-FDG PET/CT.

1. The utility of 18F-FDG PET/CT in the diagnosis of leukemia

18F-FDG PET/CT is not routinely used in the assessment of

leukemia, because typical leukemia does not present with a

solid tumor, and bone marrow (BM) examination remains the

gold standard test of its diagnosis.

Increased uptake of 18F-FDG in BM may be a characteristic

finding in leukemia patients, including diffuse and focal pat-

terns. Alam et al.3 have revealed that 18F-FDG super BM

uptake is a highly potent indicator for the BM malignant infil-

tration, which mostly originates from lymphoma and leukemia.

Arimoto et al.11 have shown that all 9 leukemia patients have

increased BM uptake of 18F-FDG on PET/CT in the vertebrae,

pelvis, sternum, ribs and extremities, reflecting the increased

number and elevated metabolic activity of leukemic cells in the

BM. Furthermore, some patients have focal or inhomogeneous

BM uptake of 18F-FDG, especially in the extremities. This may

reflect the focal bone localization of leukemia or focal sites

with the decreased number and reduced activity of leukemic

cells due to BM necrosis. In addition, increased focal uptake of
18F-FDG in BM can detect focal bone localization of leukemia,

especially in patients with relapsed leukemia.12

18F-FDG PET/CT may become a critical diagnostic tool for

the early diagnosis of leukemia in patients without a remark-

able abnormality in peripheral blood or patients presenting with

non-specific symptoms, such as bone pain and fever. Arslan

et al.13 have reported an ALL patient presenting with fever of

unknown origin, who is diagnosed after 18F-FDG PET/CT

showing diffuse BM involvement. Ennishi et al.14 have

reported a patient with a long-term fever and diffuse bone pain.

Routine hematologic and radiologic (CT and MRI) investiga-

tions do not reveal any abnormalities. 18F-FDG PET/CT shows

an increased diffuse BM uptake, and the BM biopsy reveals

98% lymphoblasts. Therefore, 18F-FDG PET/CT may be a use-

ful tool for the non-invasive assessment of patients with sus-

pected leukemia.

However, there are some limitations when 18F-FDG PET/

CT is used in the diagnosis of leukemia. The increased BM

uptake is not specific for leukemia, which can also be observed

in the patients with infections and those treated with granulo-

cyte colony-stimulating factor (GCSF) or erythropoietin

(EPO).15,16 In these situations, it is difficult to distinguish

whether such elevation is caused by malignant disease or

inflammatory response, although some articles have reported

that BM malignant infiltration derived from lymphoma and

leukemia generally has a markedly higher 18F-FDG uptake in

the BM compared with benign etiologies.3,17 Li et al.18 have

developed a 18F-FDG PET/CT radiomic analysis with machine

learning model for the patients with suspicious relapsed AL,

and found that high-dimensional, high-throughput radiomic

features provide an objective and efficient mechanism for iden-

tifying the BM involvement, and it can complement the visual

analysis to derive a more comprehensive, confident and accu-

rate diagnosis.

The Utility of 18F-FDG PET/CT in
Extramedullary AL

Clinical Features of Extramedullary Involvement of AL

Leukemia usually originates from the BM with the typical

symptoms of inhibited hematopoietic function, such as anemia,

bleeding and fever. Extramedullary AL refers to lesions that

occur in any anatomical sites outside BM, and it is common in

monocytic and myelomonocytic leukemia. Granulocytic sar-

coma (GS) (also known as myeloid sarcoma or chloroma) is

a rare extramedullary manifestation, which is commonly found

in patients with AML but uncommonly found in myelodysplas-

tic syndrome, CML or myeloproliferative disorders, and GS

can precede the diagnosis or occur during relapse after initial

treatment.19,20 Most previous studies have reported that the

prevalence of extramedullary AL remains below 10%.19,21

However, some recent studies have shown that up to 30% of

AML patients are accompanied by extramedullary involve-

ment,22 and such situation has been increasingly reported in

ALL patients.23 Extramedullary AML is most frequently

located in the skin, while it can affect almost every part of the

body.24,25 Moreover, some studies have found that testis and

kidney involvement are only seen in the ALL patients.26,27

Detection of Extramedullary AL

Extramedullary infiltration of AL is not easily diagnosed, espe-

cially in the recurrent AL patients, because it often grows

slowly and its clinical symptoms and laboratory tests are usu-

ally not abnormal. Patients are often diagnosed until they have

intolerable symptoms, extramedullary lesions are often large or

widespread, and outcomes are poor by this time. The difficult

cure of leukemia and its high mortality can be largely attributed

to the existence of these extramedullary lesions. Therefore, the

extramedullary infiltration should be detected and identified as

early as possible.

Although traditional imaging modalities, such as CT, MRI

and ultrasound, have been widely used for the detection of

extramedullary involvement, they have limitations since the

sensitivity of these approaches is not high enough to detect the

small lesions and occult lesions, and they cannot provide a

panoramic picture of the whole body. Some articles have

shown that 18F-FDG PET/CT may be a useful tool in detecting

extramedullary AML and guiding biopsies.

Aschoff et al.28 have compared the results of CT alone or

PET alone with 18F-FDG PET/CT in 10 GS patients. The study

shows that the combination of PET and CT avoids 5 false-
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positive manifestations compared with PET alone, as well as 13

false-negative and 1 false-positive compared with CT alone.

Cribe et al.22 have reported that 18F-FDG PET/CT can reveal

more than twice as many patients with extramedullary AL than

found by clinical examination, and the responses of extrame-

dullary AL detected by 18F-FDG PET/CT are concordant with

the BM responses assessed by pathology examination. Zhou

et al.26 have also shown that 18F-FDG PET/CT is a sensitive

imaging modality (93.3%) for the detection of extramedullary

AL with the intense 18F-FDG uptake of the lesions (Figure 1).

Monitoring of Extramedullary Relapse

Leukemia relapse refers to the reappearance of leukemia cells

in the peripheral blood, or the extramedullary invasion of leu-

kemia cells, which occurs within 2 years after complete remis-

sion. It can occur intramedullary or extramedullary, or both,

and intramedullary relapse is more frequently detected. Despite

the high rates of initial complete remission in AL, relapse

remains a major cause of failure in treatment.29 In the past,

retrospective data have indicated that the rate of extramedul-

lary relapse alone is only 0.65% in AML patients after allo-

geneic hematopoietic stem cell transplantation (HSCT)

compared with 30% in those with combined BM and extrame-

dullary disease.30 However, it has been reported that the inci-

dence of extramedullary relapse is increasing, especially in the

patients who have received HSCT.31,32 One study has shown

that up to 20% of AML patients have extramedullary relapse

after HSCT, and ALL patients have a higher recurrence rate.33

Intramedullary relapse can often easily be diagnosed by BM

biopsy and blood cell examination. However, it is difficult to

detect extramedullary relapse. Some articles have indicated

that FDG-PET/CT can be helpful for detecting extramedullary

relapse.23,34,35 FDG-PET/CT is sensitive in determining the

location and metabolic activity of recurrent malignant tumors

compared with other imaging modalities, and it can be helpful

in managing individualized treatment of patients. Tan et al.36

have reported that a 16-year-old girl, who is diagnosed as ALL

Figure 1. 18FDG-PET/CT images demonstrating extramedullary AL. (A) A 21-year-old male received allo-HSCT for ALL. 18FDG-PET/CT

images revealed right pleura with diffuse intense 18F-FDG uptake, which was proved to be extramedullary AL by biopsy. (B) A 20-year-old

male received allo-HSCT for ALL. 18FDG-PET/CT images showed bilateral kidneys, muscle, and subcutaneous tissue were involved by

extramedullary AL (Reference: Zhou WL, et al.26).
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and achieves complete remission after allo-HSCT 9 years ago,

is presented with a mass in the left eye through a normal visual

inspection. FDG PET/CT imaging has found increased FDG

uptake in an oval mass in the soft tissue between the left eyeball

and the left nasal. The extramedullary relapse is confirmed by

biopsy, while the BM aspiration biopsy is negative. Stolzel

et al.37 have performed PET/CT for 10 patients with de novo

and relapsed AML and histologically proven extramedullary

disease. The scans detect the known extramedullary lesions

in 9 out of 10 patients (90%). Furthermore, additional extra-

medullary sites are detected in 6 patients (60%). It is possible to

identify known and clinically undetectable extramedullary

manifestations of AML by using PET/CT.

Since most of these patients relapse within a short period of

time after initiation of therapy or have refractory disease, using
18F-FDG PET/CT to detect extramedullary disease has an

important impact on treatment decisions and outcomes. In

order to obtain a higher survival rate and a better prognosis,

more and more clinical attention has been paid to the occur-

rence and detection of extramedullary involvement of AL.

Staging and Response Assessment of Leukemia
18F-FDG PET/CT has been widely used in staging, restaging

and response assessment of lymphoma. Likewise, for AL

patients, PET/CT can also help determine the extent of the

disease and assess the therapy response. It has been determined

in a study consisting of 124 AL patients by Cunningham et al.38

The whole body 18F-FDG PET/CT imaging before and after

treatment can evaluate whether the treatment is effective by a

comparison. Rao et al.39 have reported a case of a 64-year-old

man who is diagnosed with AML and subsequently has recur-

rent extramedullary relapses. Doma et al.40 have reported a

case of a 66-year-old man diagnosed with HCL, who has an

extensive pathological retroperitoneal mass and infiltration of

the spleen and skeletal involvement which are highly avid on
18F-FDG PET/CT. In addition, all previous pathological sites

show normal FDG uptake on 18F-FDG PET/CT after treatment.

These cases demonstrate the usefulness of FDG-PET for sta-

ging and assessment of the treatment response.

Moreover, 18F-FDG PET/CT may be useful in children for

relapsed/refractory leukemia. A study has reported 2 children

with AML who undergo PET/CT at diagnosis as well as in

remission and detected 5 extramedullary disease lesions, only

2 of which are detectable on clinical examination.41 Kaya

et al.42 have found that 18F-FDG PET/CT may be a comple-

mentary imaging modality to improve the detection of subtle

leukemic infiltration in children with suspected leukemia pro-

gression or recurrence after chemotherapy or allo-SCT. Four

patients who have undergone allo-HSCT are observed with

increased multifocal BM uptake and extramedullary leukemia

on 18F-FDG PET/CT, while they show negative BM biopsies.

Focal BM involvement may be missed by BM biopsy alone,

while 18F-FDG PET/CT-guided targeted biopsies may over-

come such problem in these patients.

The Utility of 18F-FDG PET/CT in Patients
With CLL and Richter’s Syndrome (RS)

CLL is the most common type of leukemia in Western coun-

tries.43 It is generally an indolent and low-grade lymphoproli-

ferative disease.44 RS or Richter’s transformation (RT) refers to

the development of CLL to another more aggressive lymphoma

or lymphoid malignancy, most commonly to diffuse large B-cell

lymphoma (DLBCL).45 Transformations into PLL, Hodgkin

disease and small non-cleaved cell lymphoma have also been

documented.46,47 The syndrome is first described by Richter

MN in 1928, who has reported a patient with CLL transformed

into fatal rapidly progressing generalized lymphadenopathy and

hepatosplenomegaly.48 RS is one of the main complications of

CLL, which occurs in about 2.2-8% of CLL patients. RS may

represent the end stage of CLL. The prognosis is poor, and the

median survival duration ranges from 5 months to 8 months.49

Figure 2. 18FDG-PET/CT images demonstrating RS of CLL. (A)

Patient with CLL stable disease (SUVmax: 2); (B) Patient with rapid

disease progression (SUVmax: 7.5); (C) Patient with RS, which was

confirmed by lymph node biopsy showing large B cells with high

proliferation rate (SUVmax: 14). (Reference: Michallet, et al.56).
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Therefore, prompt diagnosis is necessary. However, the clinical

features of RS are non-specific, such as fever, progressively

enlarging lymph nodes and suggestive lab findings of elevated

lactate dehydrogenase (LDH) andb-2 microglobulin levels. Pre-

vious reports have shown that high-dose 67 Ga scanning can

detect RT. However, it cannot be a routine imaging test for

lymphoma due to some restrictions.50,51 Conventional imaging,

such as CT, can be used to evaluate lymphomatous lesions with

compressive or infiltrative patterns. In the case reported by Mota

et al.,52 the CT scan can detect an ocular lymphoma with RS.

Papajik et al.53 have reported the case that there is no advantage

in performing 18F-FDG PET/CT over CT as a surveillance tool

in CLL patients, while if RS is suspected, an 18F-FDG PET/CT

can be extremely beneficial in confirming the diagnosis.
18F-FDG PET/CT can detect RT of CLL to large cell

lymphoma with a high sensitivity, specificity and negative

Figure 3. 18FDG-PET/CT images demonstrating GVHD. A 46-year-old patient who presented with signs of acute GI-GVHD 30 days after allo-

SCT. 18F-FDG PET/CT which performed at 25 days after allo-HSCT showed colon FDG uptake increased. (Reference: Bodet-Milin C, et al.69).

Zhao et al 5



predictive value. Earlier studies have reported a low degree of
18F-FDG avidity of PET in patients with CLL or small lympho-

cytic lymphoma (SLL), which is likely attributed to the lower

mitotic activity and glucose consumption of lymphocytes.54

Conversely, a high level of 18F-FDG accumulation has been

observed in RS patients. Bruzzi et al.55 have shown that the

abnormal increase in the standardized uptake value (SUV) of
18F-FDG raises the suspicion for RS, especially if SUVmax �
5.0, and should be considered highly suggestive of histological

transformation. The overall sensitivity and specificity of 18F-

FDG PET/CT for RS have been reported to be 91% and 80%,

respectively. Michallet et al.56 have reported that an SUVmax >

10 seems to be the optimal threshold for distinguishing RS in

CLL, and such threshold is also strongly correlated with mor-

tality. In addition, diagnosis of RS is confirmed by biopsy of

enlarging lymph node or other involved sites (Figure 2). Further-

more, for patients suspected of having RS, 18F-FDG PET/CT

can also identify sites of increased 18F-FDG uptake as intensely

metabolically active nodes to guide biopsy or surveillance.55

Sood et al.57 have presented a case of CLL with suggestive

clinical features of RS. 18F-FDG PET/CT shows liver and lung

involvement with no lymphadenopathy, which is an unusual

presentation of RS.

In addition, the role of 18F-FDG PET/CT in identifying RS

in the era of novel agent CLL therapy has evolved in recent

years. Wang et al.58 have found that CLL patients receiving B-

cell receptor pathway inhibitor (BCRi) therapy should undergo
18F-FDG PET/CT for the evaluation of potential disease pro-

gression. A biopsy should be considered in patients with sus-

pected RS when an SUVmax � 5.

The Utility of 18F-FDG PET/CT in Graft Versus
Host Disease (GVHD) After Allo-HSCT

HSCT has been proved to be an important method for a variety

of life-threatening malignancies, and it may be the only cure for

most malignant blood diseases. However, HSCT is limited by

the immunological recognition and destruction of host tissues,

which is termed as GVHD. As one of the most serious compli-

cations, GVHD is the primary cause of non-recurrence death in

patients after allo-HSCT but rare in those after autologous

HSCT.59,60 GVHD affects 50–70% of patients receiving allo-

HSCT.61 One remarkable feature of GVHD is its predilection

for certain organ systems, such as the epithelial surfaces of the

skin and mucous membranes, the crypts of the gastrointestinal

tract, and the biliary ducts of the liver. About 80% of patients

with acute GVHD have skin involvement, and more than 50%
have gastrointestinal GVHD.62,63 Severe acute gastro-intestinal

tract (GIT)-GVHD is likely the most serious manifestation, and

it is a major determinant of long-term survival.64

Although clinical investigation, laboratory tests, and histol-

ogy usually lead to an early diagnosis of skin or liver GVHD,65

GIT-GVHD can be difficult to diagnose because of its non-

specific clinical symptoms, such as anorexia, nausea, vomiting,

watery diarrhea, intestinal bleeding, abdominal pain, and

ileus.66 Endoscopic examination and histology are mainly used

to exclude differential diagnosis, and this method remains

unsatisfactory in most cases.67 Furthermore, only the evolution

of acute GIT-GVHD during the initial weeks will ultimately

define the severity of GVHD.59 Non-invasive tests for assess-

ment of GVHD activity are desirable but lacking. Some studies

have indicated that 18F-FDG PET/CT may be a sensitive and

specific non-invasive technique to assess the inflammatory

activity associated with acute GIT-GVHD.

Stelljes et al.68 have observed 30 patients with suspected

intestinal GVHD beyond 20 days after transplantation. Of the

17 histologically diagnosed patients, 14 patients show signifi-

cant intestinal FDG uptake, mainly in the colon. Of the 13

patients without histological evidence, there is no increased

FDG uptake. It shows for the first time that 18F-FDG PET/

CT can be used as a sensitive and specific non-invasive method

to diagnose and map the inflammatory component of intestinal

Table 1. PET Radio Tracers in Leukemia as well as Their Main Advantages and Disadvantages.

PET

radiotracers Advantages Disadvantages

18F -FDG 18F-FDG can detectvarious hematologic neoplasms due to

altered glucose consumption. Its half-live is appropriate for

clinical use and it is inexpensive tomanufacture reliably

Sometimes it is difficult to dis differentiate benign lesions

such as inflammation from malignantdisease. And it may

not be able to detect malignant involvement in areas of high

HueD_Ref18glucose metabolism such as the meninges or

the pericardium
18F-FLT 18F-FLT PET may reduce the false-positive manifestations

due to infection or inflammation, and it may be appropriate

for the detection of meningeal diseases because of the

negligible background uptake in the brain and skull.

18F-FLT uptake in bone marrow is unable to demonstrate

leukemia infiltration due toit may be caused byboth

neoplastic and normal hematopoietic cells

68Ga-Pentixafor 68Ga-Pentixafor may possibly be useful for detection,

characterization, andtreatment response assessment in CLL

patients

68Ga-Pentixafor reflects the CXCR4 expression, and only

used in CXCR4-based CLL

11C-choline The negligible uptake of 11C-Choline in the normal brain may

be helpful for the diagnosis of extramedullary AL in brain

11C-Choline was inappropriate for routine clinical use

because of the rapid in vivo degradation and short half-life

of 11C
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GVHD, and monitor the treatment response of intestinal

GVHD in patients after allo-HSCT (Figure 3). A prospective

study by Bodet-Milin et al.69 has found that 9 of 10 (90%)

patients with proven acute GIT-GVHD have a positive 18F-

FDG PET/CT, including 5 patients before developing clinical

symptoms, suggesting that this imaging technique would be

potentially useful for early the diagnosis of acute GVHD in

some cases. Dejanovic et al.70 have reported that a patient with

extensive and multifocal involvement of the GIT in the whole

body 18F-FDG PET/CT develops severe acute GVHD at 93

days post allo-SCT, demonstrating that 18F-FDG PET/CT can

be valuable in mapping the activity and distribution of intest-

inal GVHD and directing targeted biopsies of involved regions.

The Utility of PET With Other Radio Tracers
in Leukemia
18F-Flurodeoxythymidine (18F-FLT)
18F-FLT is a thymidine analog that is resistant to in vivo degra-

dation and accumulates predominantly in proliferating tissues.

Some studies have reported that 18F- FLT, as a tracer of PET, is

able to visualize extramedullary manifestation sites of AML

and reflect the disease activity. Compared with 18F-FDG, 18F-

FLT PET may reduce the false-positive manifestations due to

infection or inflammation, and it may be appropriate for the

detection of meningeal diseases because of the negligible back-

ground uptake in the brain and skull. This approach may be

used in future studies of extramedullary AL.10.71

68Ga-Pentixafor
68Ga-Pentixafor is a novel PET radiotracer, which reflects the

CXCR4 expression. Initially, a study by Herhaus et al. has

demonstrated that in vivo application of 68Ga-Pentixafor PET

is feasible in AML.72 Some researchers have found that 68Ga-

Pentixafor uptake is elevated in BM of CLL patients compared

with other oncological patients without BM infiltration.
68Ga-Pentixafor uptake may possibly play a role as an indepen-

dent parameter for detection and treatment response assess-

ment in CLL patients.1,73

11C-Choline
11C-Choline PET has been introduced for imaging various

tumors, including prostate cancer, lung cancer and brain

tumor.74 The negligible uptake of 11C-choline in the normal

brain may be helpful for the diagnosis of extramedullary AL in

brain. Qin et al.75 have reported a case of a 26-year-old man

whose brain MRI suggests possible brain metastases, and AML

is diagnosed after BM biopsy. The brain lesions are revealed by
11C-choline PET/CT obviously, while the FDG uptake level of

brain lesions is similar to adjacent brain in 18F-FDG PET/CT.

In addition, novel targeted tracers for PET may have the

potential to further improve the GVHD diagnosis and provide

new insights into the mechanisms underlying the pathogenesis

and management of intestinal GVHD.76-78A summary table of

PET radiotracers in leukemia as well as their main advantages

and disadvantages can be seen in Table 1.

Conclusions

In summary, PET has many important applications in leukemia

patients, especially 18F-FDG PET/CT. 18F-FDG PET/CT can

be useful in diagnosing leukemia, mainly in patients with fever

and anemia of unknown origin. Moreover, it is of great value

for detecting extramedullary disease, monitoring extramedul-

lary relapse and evaluating treatment response.18F-FDG PET/

CT plays an important role in the early detection of RS and

guiding biopsy, in which an SUVmax > 10 may be the optimal

threshold for distinguishing RS in CLL. Furthermore, it can

also be used to diagnose GVHD after allo-HSCT. Some novel

radiopharmaceuticals for PET also have potential to be used in

clinical practice to detect and assess the prognosis of leukemia.

PET may have great potential in the prediction of clinical

outcomes in leukemia patients, and it deserves further research.

In recent years, PET/MRI has also been increasingly used in

clinical practice and shown important value in better visualiza-

tion of BM without exposure to radiation. It may play more

roles in the diagnosis and treatment of leukemia in the future.

However, the studies about the use of PET in leukemia are still

rare. We found that only few clinical trials are related to the

application of PET in the diagnosis and treatment of leukemia,

including18F-FDG PET/CT, PET/MRT and FLT PET in AML

and in detecting GVHD, and most of them have no clinical data

published (Table 2). Moreover, the sample size of the studies is

not large enough so far, which can probably be related to the

limitation of PET in the diagnosis of leukemia. Therefore, more

trials should be designed, and prospective studies with larger

sample size are needed in the future. For example, we can

assess the use of 18F-FDG PET/CT to predict the clinical out-

come in AL patients treated with allo-HSCT and the use of
18F-FDG PET/CT radiomic analysis in leukemia.
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