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18Applied research on the diagnostic value of F-FDG 

PET/CT in different subtypes mantle cell lymphoma   

Abstract
Objective: To analyze the diagnostic value of �uorine-18-�uoro-deoxyglucose positron emission tomogra-

18phy/computed tomography ( F-FDG PET/CT) in mantle cell lymphoma (MCL) and explore its application in 
distinguishing between the classic and aggressive variants of MCL. Subjects and Methods: Retrospective 

18analysis was performed on the F-FDG PET/CT imaging, clinical, and pathological data of 134 newly diagno-
18sed MCL patients con�rmed by pathology. Results: Among the 134 patients, 97.8% had increased F-FDG 

18uptake in lymph nodes, and 88.8% had increased F-FDG uptake in extranodal tissues or organs. In the diag-
18nosis of bone marrow in�ltration in MCL patients, F-FDG PET/CT has demonstrated a high speci�city rate of 

86.4% and a limited sensitivity rate of 43.9%. Fluorine-18-FDG PET/CT performs well in diagnosing gastric 
and intestinal in�ltration, with high accuracies of 85.0% and 91.7% respectively. The receiver operating cha-
racteristic (ROC) curve analysis revealed that a diagnostic threshold of maximum standardized uptake value 
(SUVmax) at 10.4 e�ectively distinguished between the classic and aggressive variants of MCL, achieving a 
sensitivity of 68.0%, a speci�city of 80.7%, and an accuracy of 79.1%, with an area under the curve (AUC) va-
lue of 0.771. Conclusion: Fluorine-18-FDG PET/CT has a high positive detection rate in both intra-nodal and 
extra-nodal lesions of MCL at initial diagnosis. It exhibits high speci�city and positive predictive value (PPV) 
in diagnosing bone marrow in�ltration and possesses strong comprehensive diagnostic capabilities in gas-
trointestinal in�ltration. Furthermore, the SUVmax can be used to distinguish between the classic and ag-
gressive variants of MCL, and it is signi�cantly positively correlated with the Ki-67 index, providing valuable 
clinical reference.
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Introduction

Mantle cell lymphoma (MCL) is a rare and incurable aggressive subtype of B-cell 
non-Hodgkin lymphoma (NHL), accounting for approximately 6%-8% of all 
NHL cases [1]. It predominantly a�ects middle-aged and elderly individuals, 

with a median age at diagnosis of 60 years. The incidence rate is signi�cantly higher in 
males than in females, with a male-to-female ratio of approximately 2-4:1 [2]. Mantle cell 
lymphoma is characterized by poor prognosis, with a median survival duration of only 3-
5 years [3]. Clinically and biologically, MCL exhibits a high degree of heterogeneity, with 
approximately 10%-20% of patients manifesting an indolent course, while others may 
present with aggressive lymphoma [4, 5]. Based on the size of nucleus, chromatin pat-
tern, and mitotic activity, MCL can be classi�ed into classic and aggressive variants, with 
the latter accounting for 10%-20% of MCL cases [6]. The aggressive variants include blas-
toid and pleomorphic subtypes, which are often resistant to conventional therapies, re-
sulting in di�culties in achieving durable remission [7, 8]. Accurate subtype classi�cation 
is signi�cance for the treatment and management of MCL, as it involves understanding a 
spectrum of molecular and pathological features. This task requires the expertise of a 
specialized pathologist.

8Fluorine-18-�uoro-deoxyglucose (1 F-FDG) positron emission tomography/compu-
ted tomography (PET/CT) has extensive applications in lymphoma assessment [9], but 
signi�cant variations exist among di�erent pathological types of lymphoma in PET/CT 
imaging. Current research on MCL primarily focuses on staging [10-13]. Compared to 

18computed tomography (CT), F-FDG PET/CT is able to detect more lesions, leading to an 
upstaging of the disease [14]. In the study by Albano et al. (2019) [10], 122 patients with 
MCL were staged, and the results showed that PET/CT altered the staging and treatment 
plans of 23 patients, among which two patients avoided unnecessary invasive treatment, 
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while 21 patients were upstaged to an advanced stage and 
underwent more aggressive chemotherapy. A systematic 
review analyzed 209 MCL patients from 25 studies and fo-

18und that F-FDG PET/CT altered the staging of 41 patients 
(19.6%), with 36 patients (17.2%) being upstaged due to the 
detection of additional extranodal lesions on PET/CT [11]. 

18The prognostic value of F-FDG PET/CT in MCL is another 
area of focus [15, 16]. These �ndings suggest that metabolic 

18parameters of F-FDG PET/CT, such as SUVmax, metabolic 
tumor volume (MTV) and total lesion glycolysis (TLG) can ef-
fectively determine the progression free survival and overall 
survival of MCL patients.

In studies concerning the staging and prognosis of MCL, 
the determination of positivity is primarily based on visual 
assessment or semi-quantitative parameters as the criteria, 

18rather than pathological diagnosis. We all know that F-FDG 
is not MCL-speci�c imaging agent, so the positive lesions 
are not necessarily MCL in�ltration. However, few studies re-

18ported the diagnostic performance of F-FDG PET/CT in 
MCL compared with pathology. The possible reason is that 
MCL may involve multiple organs at the same time, and it is 
di�cult to biopsy di�erent lesions in clinical work. In addi-
tion, MCL is rare, and it is di�cult to have su�cient data for 
evaluation.

18This retrospective study analyzed the F-FDG PET/CT 
images and clinicopathological data of 134 newly diagno-
sed MCL patients, aiming to explore the imaging characte-

18ristics and diagnostic performance of MCL on F-FDG PET/ 
18CT. Furthermore, we compared the di�erences in F-FDG 

PET/CT and clinicopathological features between classic 
and aggressive variants of MCL, providing a reference for cli-
nical applications.

Subjects and Methods

Patients
This study retrospectively analyzed MCL patients who un-

18derwent F-FDG PET/CT examination at our hospital, from 
January 2018 to April 2024. The pathological diagnostic cri-
teria for MCL were based on the WHO Classi�cation of Tu-
mours of Haematopoietic and Lymphoid Tissues (2016) [17]. 
Patients were excluded if they had no clear pathological da-

18ta, had chemotherapy before the F-FDG PET/CT, had a his-
tory of other malignancies, or had a fasting blood glucose 
level ≥11.1mmol/L before the examination.

A total of 134 patients with MCL were enrolled in our stu-
dy, comprising 109 males (81.3%) and 25 females (18.7%), 
with male patients approximately 4.3 times the number of 
females. The median age at onset was 62.5±9.2 years, ran-
ging from 37 to 85 years. Notably, prior to the PET/CT exa-
mination, 10 patients underwent resection of a�ected or-
gans or lesions for diagnostic or therapeutic purposes, resul-

18ting in the non-visualization of these lesions on F-FDG PET/ 
CT images. These excluded lesions encompassed 3 spleens, 2 
orbital tumors, 2 segments of the intestine, 2 parotid glands, 
and 1 unilateral testicle, which were not included in our 
statistical analysis. All patients were pathologically con�r-

med with MCL, including 109 cases of the classic subtype, 22 
cases of the blastoid variant, and 3 cases of the pleomorphic 
variant.

Since lymphoma patients often have multiple lesions si-
multaneously, pathological examination is the only gold 
standard to determine these lesions. However, it is an inva-
sive procedure, and we cannot perform pathological biopsy 
on all lesions. In this study, pathological diagnosis of 1-6 
sites was performed in each patient, with a total of 292 sites 
(multiple lymph nodes were counted as 1 site). Table 1 lists 
the basic information of the included population and the si-
tes of lesions that were con�rmed through pathological bi-
opsy.
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Table 1. Patients' characteristics.

Characteristics Number (%)

Age/years 62.5±9.2

Male/Female  109/25 

Cellular morphological variants

Classic subtype 109 (81.3%)

Blastoid variant 22 (16.4%)

Pleomorphic 
variant

3 (2.2%)

Ann-Arbor (Cotswolds revised) stage

Ⅰ-Ⅱ 15 (11.2%)

Ⅲ-Ⅳ 119 (88.8%)

The site of histopathological diagnosis

Site Number (%)            Diagnosis

MCL Not MCL

Total 292 228 64

Lymph node 98 (33.6%) 98 0

Bone marrow 112 (38.4%) 57 55

Intestine 24 (8.2%) 21 3

Waldeyer's ring 21 (7.2%) 20 1

Stomach 20 (6.8%) 15 5

Spleen 6 (2.1%) 6 0

Parotid gland 5 (1.7%) 5 0

Orbital tumors 3 (1.0%) 3 0

Nasal cavity 2 (0.7%) 2 0

Unilateral testicle 1 (0.3%) 1 0

Note: lesions that underwent resection were not included.



18F-FDG PET/CT examination
Fluorine-18-FDG was produced by the Tracerlab FXF-N (GE 
Healthcare, USA) synthesis system with a radiochemical pu-
rity of >95%. The PET/CT scanning instrument used was the 
Discovery VCT 64 (GE Healthcare, USA). All patients were in-

18structed to fast for at least 6 hours prior to the procedure. F-
FDG was administered intravenously at a dose of 3.70 to 
5.55MBq/kg, followed by a 60-minute wait in a quiet state 
before performing the whole-body PET/CT scan. The 
scanning range extended from the top of the head to the 
upper one-third of the femur, with a total of 6 to 7 bed 
positions. For the CT scan, a tube voltage of 140kV and a 
tube current of 120 to 180mAs were used, with a slice 
thickness of 3.75mm. Computed tomography data were 
used for attenuation correction, and images were 
reconstructed using an iterative method to obtain 
transverse, sagittal, and coronal CT, PET, and PET/CT fusion 
images.

18F-FDG PET/CT interpretation
The images were jointly reviewed by two experienced nuc-
lear medicine physicians, and any di�erences in opinion we-
re resolved through mutual consultation. The staging crite-
ria were in accordance with the Ann-Arbor (Cotswolds revi-
sed) staging system [18]. The largest lymph node was cho-
sen, and its short diameter was measured; it was considered 
positive if its SUVmax was greater than that of the mediasti-
nal blood pool. Increased metabolism in bone marrow and 
spleen was considered positive when SUVmax was greater 
than that of the liver, while for other locations, visual asses-
sment was based on the background surrounding the le-
sion tissue [19, 20].

Statistical analysis
Statistical analysis was performed using SPSS 23.0 (SPSS 
Statistics, IBM, USA). Quantitative data were tested for nor-
mality, with normally distributed data expressed as mean± 
standard deviation (x±s) and non-normally distributed data 
presented as Min-Max. The single sample T-test was used to 
compare the SUVmax of pathologically diagnosed lesions 
with the lesions identi�ed as positive by PET/CT. Mann-
Whitney U tests for non-normally distributed data, and Chi-
squared tests or Fisher's exact test for comparisons of pro-
portions. Pearson correlation analysis was employed for cor-
relation analysis. The diagnostic threshold of SUVmax was 
determined by plotting the receiver operating characteris-
tic (ROC) curve. A P-value of less than 0.05 was considered 
statistically signi�cant.

Results

18The characteristics of MCL on F-FDG PET/CT
18All 134 patients exhibited pathological F-FDG uptake on 

18F-FDG PET/CT. Among them, 131 patients (97.8%) had in-
creased 18F-FDG uptake in lymph nodes, and 119 patients 

18(88.8%) had abnormally increased F-FDG uptake in extra-
nodal tissues or organs. The spleen, Waldeyer's ring, bone 

marrow and gastrointestinal tract are the most commonly 
involved extranodal sites of MCL. Di�erent anatomical sites 

18exhibit varying degrees of F-FDG uptake, with relatively 
lower SUVmax in bone marrow and spleen. Table 2 presents 
the proportion of positive lesions in di�erent sites and their 
SUVmax values.

18Since not all F-FDG PET/CT positive lesions were biopsi-
ed, we compared the di�erences in SUVmax between pat-
hologically diagnosed lesions and those diagnosed only by 
18F-FDG PET/CT in Table 3. The results showed that the 

18SUVmax of F-FDG PET/CT positive lesions in bone marrow 
was higher than the SUVmax of pathologically con�rmed 
bone marrow in�ltration. There was no signi�cant di�erence 
in lymph nodes, Waldeyer's ring, stomach and intestine.

18F-FDG PET/CT in MCL bone marrow and gastrointes-
tinal in�ltration
In this study, a cohort of 112 patients underwent bone mar-
row aspiration biopsy, whereas 24 patients underwent colo-
noscopy, and 20 patients received gastroscopic biopsy prior 
to undergoing systemic treatment. Among these patients, 57 
cases (50.9%) were de�nitively diagnosed with bone marrow 
in�ltration, 21 cases (87.5%) exhibited intestinal in�ltration, 
and 15 cases (75.0%) were diagnosed with gastric in�ltration. 
Fluorine-18-FDG PET/CT has high speci�city (86.4%) in the 
diagnosis of bone marrow in�ltration, but its sensitivity is re-
latively low (43.9%), with an accuracy of 67.9%. Fluorine-18-
FDG PET/CT performs well in diagnosing gastric and intesti-
nal in�ltration, with high accuracies of 85.0% and 91.7% res-
pectively. Table 4 presents a comparison of the diagnostic ca-

18pabilities of F-FDG PET/CT versus pathological outcomes in 
detecting MCL in�ltration in bone marrow and the gastroin-
testinal tract.

18F-FDG PET/CT distinguishing the morphological va-
riants of MCL
This study analyzed the di�erences between the classic and 

18aggressive variants of MCL in terms of F-FDG PET/CT and 
clinical features. The results indicated that both the Ki-67 in-
dex and SUVmax of the aggressive variant were signi�cantly 
higher than those of the classic variant, with statistical signi-
�cance. As detailed in Table 5.

The ROC curve analysis indicated that the diagnostic 
threshold of SUVmax for distinguishing the classic and ag-
gressive variants of MCL was 10.4, with an AUC value of 0. 
771. When SUVmax was greater than 10.4, the diagnosis was 
made as the aggressive variant, and otherwise, it was classi-
�ed as the classic type. The sensitivity was 68.0%, the speci�-
city was 80.7%, and the accuracy was 79.1%. Additionally, 
we analyzed the correlation between the Ki-67 index and 
SUVmax, and the results showed a moderate correlation 
between the two (r=0.400, P=0.000). The ROC curve is pre-
sented in Figure 1.

Discussion

Fluorine-18-FDG PET/CT can re�ect the glucose metabolic
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18Table 2. MCL positive lesion distribution and SUVmax in F-FDG PET/CT.

Site Number a% SUVmax

Lymph node 131 97.8 8.2±5.3

Spleen 67 50.0 5.7±3.1

Waldeyer's ring 63 47.0 9.4±3.7

Bone marrow 32 23.9 4.9±2.0

Intestine 39 29.1 9.8±5.0

Stomach 33 24.6 7.2±3.2

Skin 11 8.2 7.7±2.3

Thyroid 9 7.5 2.9-16.8

Parotid gland 4 3.0 3.0-10.3

Nasal cavity 2 1.5 8.10-38.50

Pleura 2 1.5 3.0-3.1

Scrotum 2 1.5 3.79-15.70

Prostate 2 1.5 6.0-10.2

Kidney 2 1.5 4.9-5.2

Breast 1 0.7 7.0

Eyelid 1 0.7 6.7

Lung 1 0.7 3.4

Pancreas 1 0.7 3.1

Gall bladder 1 0.7 8.0

Note: a. the ratio of patients with positive lesions at the speci�c site to the total number of patients.

18Table 3. Comparison of SUVmax values between pathologically diagnosed lesions and F-FDG PET/CT positive lesions.

Site

Pathologically confirmed PET/CT positive

t P value

Number/n SUVmax Number/n SUVmax

Lymph node 98 8.3±5.0 131 8.2±5.3 0.261 0.794

Waldeyer's ring 21 8.9±4.5 63 9.4±3.7 -0.461 0.650

Bone marrow 57 3.5±1.9 32 4.9±2.0 -5.452 ＜0.001

Stomach 15 8.1±4.4 33 7.2±3.2 0.818 0.427

Intestine 21 9.1±6.2 39 9.8±5.0 -0.492 0.628
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18Table 4. MCL positive results in F-FDG PET compared with pathological diagnosis.

Site Number PET results Pathologic diagnosis Sensitivity Specificity aPPV bNPV Accuracy

MCL Other

Bone 
marrow

112
Positive (29) 25 4

43.9% 86.4% 86.2% 61.4% 67.9%

Negative (83) 32 51

Stomach 20
Positive (16) 14 2

93.3% 60.0% 87.5% 75.0% 85.0%

Negative (4) 1 3

Intestine 24
Positive (19) 19 0

90.5% 100% 100% 60.0% 91.7%

Negative (5) 2 3

Note: a. positive predictive value (PPV); b. negative prediction value (NPV)

18Table 5. Comparison of di�erences between typical and aggressive MCL variants in F-FDG PET/CT and clinical features.

Characteristics Classical type 
Aggressive 

variant
2t/χ P

Number 109 (81.3%) 25 (18.7%) - -

Age/year 63.2±8.9 59.5±10.1 1.810 0.073

Ki-67 29.8±15.1 78.0±19.4 -13.590 0.000

SUVmax 8.4±4.7 14.5±8.2 -3.548 0.001

Minor axis of the largest lymph node 2.2±1.4 2.5±1.3 -0.794 0.429

Proportion of Ⅲ-Ⅳ stages 96(88.1%) 23(92.0%) 0.044 0.834

Proportion extranodal infiltration 99(92.5%) 25(100%) 1.328 0.249

aProportion of bone marrow Infiltration 44(49.4%) 13(56.5%) 0.367 0.545

Proportion of increased bone Marrow 
metabolism

22(20.2%) 10(40.0%) 4.393 0.036

Proportion of splenomegaly 56(52.3%) 15(62.5%) 0.816 0.366

Proportion of increased spleen 
bMetabolism

51(47.7%) 16(66.7%) 2.833 0.092

Proportion of increased 
Gastrointestinal metabolism

46(42.2%) 7(28.0%) 1.716 0.190

Note: a Only 112 patients who underwent bone marrow biopsy were included in the statistics. b The 3 patients who underwent 
splenectomy were not included in the statistics.



Figure 1. ROC curve for SUVmax in di�erentiating the cellular morphological variants of MCL.

information of tumor cells, indirectly indicating the prolife-
ration activity and malignancy [21]. In this study, both intra-
nodal and extra-nodal lesions of MCL showed high a�nity 

18for F-FDG, with detection rates of 97.8% and 88.8%, respec-
18tively. However, despite F-FDG PET/CT's high sensitivity in 

detecting MCL lesions, its accuracy in diagnosing various si-
tes is controversial due to its non-speci�city as a tumor ima-
ging agent.

In our study, we compared the di�erences in SUVmax bet-
ween pathologically con�rmed lesions and positive lesions 

18through F-FDG PET/CT in lymph node, Waldeyer's ring, bo-
ne marrow, stomach and intestine. The results indicated that 
there was no statistically signi�cant di�erence in lymph no-
de, Waldeyer's ring, stomach and intestine. It showed a good 
consistency. However, in bone marrow, the SUVmax of the 

18lesions identi�ed as positive by F-FDG PET/CT was higher 
than the SUVmax of pathologically con�rmed bone marrow 
in�ltration, indicating that the SUVmax of patients with MCL 
bone marrow in�ltration may not be high. 

18Compared with bone marrow biopsy, F-FDG PET/CT had 
good speci�city and PPV in the diagnosis of MCL bone mar-
row in�ltration (86.4% and 86.2%, respectively), but the sen-
sitivity and NPV were not satisfactory (43.9% and 61.4%, res-
pectively), and the diagnostic accuracy was 67.9%. This is si-
milar to other aggressive lymphomas [22]. It suggests that 

18when F-FDG PET/CT reveals positive �ndings in the bone 
marrow of MCL patients, bone marrow in�ltration should be 
strongly considered, whereas negative results do not con-
clusively rule out the possibility of bone marrow in�ltration. 
Morgan et al. (2018) [23] compared multiple semi-quantita-
tive methods and results showed that >38% bone marrow 

voxel had the best diagnostic ability to determine MCL bone 
marrow invasion (with sensitivity of 100%, speci�city of 
87.5%). However, there were only 11 MCL patients in this 
study as a development sample, and its practical application 
value needs to be further veri�ed. Mayerhoefer et al. (2020) 
[24] indicated that radiomics can extract more imaging in-
formation and signi�cantly enhance the diagnostic capa-

18bility of F-FDG PET/CT in bone marrow in�ltration. This stu-
dy o�ers a novel approach in this �eld.

The gastrointestinal tract is a common extranodal invol-
vement site for MCL, a�ecting approximately 15%-30% of 
MCL patients [25]. In previous studies, there have been con-

18troversy regarding the use of F-FDG PET/CT in evaluating 
gastrointestinal involvement in MCL, with signi�cant vari-
ations in the results, showing a sensitivity ranging from 11% 
to 81% [10, 26, 27]. Skrypets et al. (2021) [27] retrospectively 
analyzed of 79 MCL patients. Their results indicated that the 

18sensitivity, speci�city, and accuracy of F-FDG PET/CT in the 
upper gastrointestinal (GI) tract were 61.54%, 74.36%, and 
71.15%, respectively. For the intestine, the corresponding 
values were 81.82%, 85%, and 83.87%. In our study, the diag-

18nostic accuracy of F-FDG PET/CT for MCL in�ltration in the 
stomach and intestine was 85.0% and 91.7%, respectively, 
indicating a high diagnostic e�ciency. Given the relatively 
small sample size and the retrospective research of this por-
tion of the study, there exists an inherent and unavoidable 
risk of selection bias. It is important to note that factors such 
as diabetes, in�ammation, and physiological uptake can all 
interfere with the diagnostic process [28].

We analyzed various clinical and PET/CT imaging informa-
tion of MCL patients. The Ki-67 index and SUVmax showed
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statistically signi�cant di�erences in distinguishing between 
the classical and aggressive variants of MCL. Speci�cally, both 
the Ki-67 index and SUVmax were signi�cantly higher in pati-
ents with the aggressive variant compared to those with the 
classical variant. Furthermore, there was a signi�cant positive 
correlation between the Ki-67 index and SUVmax. When ap-
plying a SUVmax threshold of 10.4 for diagnosis, it e�ectively 
di�erentiated between the two pathological subtypes. As we 
all know, SUVmax is a semi-quantitative parameter re�ecting 

18the degree of tumor uptake of F-FDG, while Ki-67 is a nucle-
ar proliferation antigen that can determine the proliferation 
activity of tumor cells. Both SUVmax and Ki-67 index can ref-
lect the malignancy and prognosis of tumors [29]. Our rese-
arch �ndings not only demonstrate that SUVmax can e�ec-
tively distinguish between di�erent cytomorphological sub-
types of MCL, but also possess theoretical value in indicating 
the prognosis and aggressiveness of the disease.

Patients with MCL often present with widespread lesions 
throughout the body at the time of initial diagnosis, making 
it clinically challenging to perform biopsies on all lesions. 
Due to the high heterogeneity of MCL, the aggressiveness, 
cytomorphological subtype, and even pathological type of 
lesions in di�erent locations within the same patient may 
vary [30]. Additionally, some lymphomas have the potential 
for histological transformation [31]. Fluorine-18-FDG PET/ 
CT can non-invasively detect lesions throughout the body. 
For lesions with SUVmax >10.4, there is a high likelihood of 
aggressive disease, which can provide clinical guidance in 
identifying and targeting biopsy locations. This information 
will assist clinicians in selecting appropriate treatment 
options.

18In conclusion, F-FDG PET/CT exhibits high diagnostic va-
lue for mantle cell lymphoma (MCL), and it can also utilize 
the SUVmax value to di�erentiate the cytomorphological 
subtypes of MCL, providing certain indications for progno-
sis and aggressiveness. This can serve as a reference for clini-
cal staging and the selection of biopsy sites. However, this 
study has certain limitations. Firstly, it is a retrospective stu-
dy with a small sample size, which inevitably introduces so-
me selection bias. Secondly, not all abnormal lesions under-
went pathological biopsy, and the diagnosis of some posi-
tive lesions relied on the experience and judgment of nucle-
ar medicine physicians, introducing a degree of subjectivity.
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