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Background: Diagnostic splenectomy is often performed on patients with suspected splenic lymphoma. 
However, unnecessary splenectomy entails more harm than benefit for patients. Therefore, a preliminary 
screening method for patients with suspected splenic lymphoma that has high sensitivity and specificity is 
urgently needed.
Methods: From the pathology database at Huadong and Huashan Hospital, we retrospectively identified 
60 patients of suspected splenic lymphoma who underwent fluorodeoxyglucose (FDG)-positron emission 
tomography (PET) before receiving a splenectomy and did not show any increase in FDG uptake except 
in the spleen. We compared the indicators of PET-CT, such as the maximum standardized uptake value 
(SUVmax), metabolic tumor volume (MTV), total lesion glycolysis (TLG), and the SUVmax of 18F-FDG 
uptake ratios between the spleen/liver, spleen/bone marrow, and liver/bone marrow. 
Results: No significant differences were detected in SUVmax, TLG, MTV, or the SUVmax ratio of the 
liver/bone marrow between the lymphoma and benign groups. However, the SUVmax ratios of the spleen/
liver and spleen/bone marrow were significantly higher in the lymphoma group than in the benign group 
(P=0.001; P=0.001). Receiver operating characteristic (ROC) curve analysis determined a spleen/liver 
SUVmax ratio of >2.42 and a spleen/bone marrow SUVmax ratio of >1.45 to be the indications for requiring 
a diagnostic splenectomy for lymphoma. Parallel testing increased the specificity and sensitivity of the test. 
Conclusions: Patients whose PET-CT results are inconclusive regarding the need for splenectomy may 
benefit from our prediction model. Future large-scale prospective clinical trials are required to verify these 
findings.
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Introduction

Splenic lymphoma is a rare form of malignant lymphoma 
that affects only the spleen and splenic hilar lymph nodes. 
It accounts for less than 1% of non-Hodgkin’s lymphoma 
cases (1). However, diagnosing splenic lymphomas often 
proves challenging due to a lack of lymphadenopathy or 
solid tissue masses amenable to biopsy.

For patients with lymphoma, fluorodeoxyglucose-positron 
emission tomography (FDG-PET)/CT at the time of initial 
staging can help to give us a hint for potential biopsy (2).  
For patients with splenic lymphoma, splenomegaly or a 
high standardized uptake value (SUV) of the spleen on 
FDG-PET/CT may be the only diagnostic indicator, and 
some patients may also fail to show a significant increase 
in uptake values on PET-CT. Splenectomy is one of the 
effective treatment for patients with lymphoma confined 
to the spleen. Moreover, lymphoma is a systemic disease, 
and splenectomy is not carried out with eradicative intent. 
Clinically, splenectomy is not really a treatment, but rather a 
step toward a definitive diagnosis. Unfortunately, 18F-FDG 
PET tracer is not specific to malignant lymphomas. 
Tumors, sarcoidosis, malaria, and many other inflammatory 
diseases show increased 18F-FDG uptake (3). Whether to 
conduct splenectomy according to PET-CT result remains 
challenging.

The spleen has adoptive and innate immune functions, 
and can produce lymphocytes and secrete a large quantity 
of antibodies. It maintains homeostasis by removing aged 
cells and microbial antigens (4). Although laparoscopic 
splenectomy, which is being increasingly applied, may 
cause fewer complications than open splenectomy, it is 
still associated with significant morbidity and mortality 
(5,6). Therefore, we need a good prediction model to 
avoid unnecessary splenectomy on the basis of PET-CT 
results.

PET has been widely accepted as a beneficial imaging 
modality in the assessment of several inflammatory and 
neoplastic diseases. Although PET with 18F-FDG is widely 
used for the diagnosis and staging of lymphomas, limited 
data have been reported on its capability to detect splenic 
lymphoma. In the present study, we investigated the 
correlation and indicators of preoperative PET-CT and 
splenic pathology after splenectomy. We also developed a 
model to predict the need for splenectomy with accuracy.

We present the following article in accordance with the 
STARD reporting checklist (available at https://dx.doi.
org/10.21037/atm-21-2790).

Methods

Study participants

After obtaining approval from the ethics committee of 
Huadong Hospital affiliated with Fudan University (the 
registration number of ethics board No. 2019K071), we 
viewed the pathology database of Huadong and Huashan 
Hospital. A total of 175 cases of splenectomy from February 
2013 to September 2019 were identified. The specific 
inclusion criteria for patients were as follows: (I) diffuse, 
increased uptake of 18F-FDG in the spleen, but not in 
the lymph nodes; (II) no peripheral lymphadenopathy 
detected (i.e., node diameter >10 mm); and (III) underwent 
bone marrow biopsy or bone marrow aspiration, with no 
lymphoma detected. Patients who had previously been 
diagnosed with lymphoma and had undergone diagnostic 
splenectomy (with the purpose of identifying lymphoma 
transformation) were excluded. In all cases, the operation 
was performed concurrently with the utilization of PET/
CT. Cases meeting these criteria were reviewed, and 60 
patients with suspected splenic lymphoma who underwent 
FDG-PET examination followed by splenectomy were 
identified. None of the cases had any adverse events at the 
time of receiving PET/CT.

All methods were carried out in accordance with the 
relevant guidelines and regulations (7,8). Informed consent 
was obtained from each participant, or, if the participant 
was under 18, from a parent and/or legal guardian. This 
study was performed in adherence with the Declaration of 
Helsinki (as revised in 2013).

PET/CT image acquisition and analysis

The 18F-FDG PET/CT scans were acquired on a Biograph 
64 PET/CT scanner (Siemens, Munich, Germany). All 
patients fasted for at least 6 hours before the scan, and all 
had blood glucose levels <130 mg/dL (8.7 mmol/L). A 
whole-body scan was acquired at approximately 1 hour after 
the administration of 18F-FDG (200–400 MBq, depending 
on the patient’s body weight). The PET scanner had an axial 
field width of 16.2 cm, a spatial resolution of 4 mm full-
width at half-maximum, and a pixel size of 2.04×2.04 mm2.  
The CT scans were acquired first (120 kVp,150 mAs) using 
a slice thickness of 3.27 mm and then reconstructed to 
512×512 matrix (voxel size: 0.98×0.98×3.27 mm3). Each PET 
image measured 128×128×207 voxels, had an anisotropic 
resolution of 5.47×5.47×3.27 mm3, and was acquired using 
a three-dimensional row-action maximization likelihood 

https://dx.doi.org/10.21037/atm-21-2790
https://dx.doi.org/10.21037/atm-21-2790
https://www.wma.net/policies-post/wma-declaration-of-helsinki-ethical-principles-for-medical-research-involving-human-subjects/
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algorithm. The PET images were converted into SUV 
units through normalizing the activity concentration to the 
dosage of injected 18F-FDG and the patient’s body weight. 
All PET examinations were carried out on patients at the 
same center using the same equipment and methods.

Volume-based image analysis

The three-dimensional regions of interest (ROIs) of the 
enlarged spleens were segmented on the merged PET/CT 
images based on the 18F-FDG-PET data by a skilled nuclear 
medicine physician using ITK-SNAP software (http://
www.itksnap.org/pmwiki/pmwiki.php). To avoid including 
areas with physiological FDG uptake within the ROIs, 
a joint reading of both the fusion CT and the 18F-FDG 
PET scans was performed simultaneously. The volumes 
of interest (VOIs) were recalculated and validated by an 
independent senior nuclear medicine physician, who was 
blind to the results of the patients’ any other tests and clinical 
informations. MATLAB version R2015b (Math Works, 
USA) was employed to generate standard uptake value (SUV) 
maps from the original 18F-FDG-PET Digital Imaging and 
Communications in Medicine (DICOM) data. For each 
lesion, the maximum standardized uptake value (SUVmax), 
SUVmean, and metabolic tumor volume (MTV) based 
on first-order features were extracted using PyRadiomics 
(https://github.com/Radiomics/pyradiomics) (9). The total 
lesion glycolysis (TLG) of the spleen was equal to the 
product of the MTV and the SUVmean.

Statistical analysis

SPSS 19.0 software (SPSS Inc., Chicago, IL, USA) was used 
for the statistical analyses in this study. Comparisons of age, 
SUVmax of the spleen, SUVmean of the spleen, SUVmax of 
the liver and bone marrow, MTV, TLG, and the 18F-FDG 
SUVmax ratios of the spleen/liver, spleen/bone marrow, 
and liver/bone marrow between the lymphoma and benign 
disease groups were performed using Student t tests. All the 
variance between the groups were statistically compared. 
Sex was compared using the chi-squared test. All statistical 
tests were two-tailed, with a P value <0.05 was considered 
significant. Receiver operating characteristic (ROC) curve 
analysis was used to evaluate the cutoff point for predicting 
lymphoma before splenectomy. The positive and negative 
predictive values (PPV and NPV, respectively), sensitivity, 
and specificity were computed. Serial and parallel tests were 
compared to enhance the sensitivity and specificity.

Results

Clinical characteristics of patients scanned by 18F-FDG 
PET-CT

The demographic and clinical characteristics of the 60 
patients with suspected splenic lymphoma who underwent 
FDG-PET examination fol lowed by splenectomy 
(lymphoma cases, n=40; benign cases, n=20) are summarized 
in Table 1. 

Among the lymphoma cases, there were 21 patients 
with T-cell lymphoma (11 men and 10 women; age range,  
15–79 years; mean age, 56.17 years) and 19 patients with B-cell 
lymphoma (9 men and 10 women; age range, 31–72 years; mean 
age, 55.62 years). There were no significant differences 
in sex (x2=0.1, P=0.752>0.05) or mean age (t=−1.168, 
P=0.243>0.05) between the two groups.

For the 20 benign cases, splenectomy revealed the 
following pathology: reactive lymphocyte hyperplasia 
(n=12); congestive splenomegaly (n=3); sarcoidosis (n=2); 
amyloidosis (n=1); arteritis (n=1); and tuberculosis (n=1). 

There was no significant difference in mean age or 
sex between the benign and lymphoma groups (P=0.582 
and P=0.536, respectively). Figure 1 shows the specific 
classification of the lymphoma groups.

Differences in the SUVmax, SUVmean, MTV, and TLG 
of the spleen between the lymphoma and benign disease 
groups

In the lymphoma group, the median SUVmax, SUVmean, 
MTV, and TLG were 7.49, 4.31, 898.33 mL, and 4,048.0 g, 
respectively; in the benign group, the corresponding values 
were 5.17, 3.29, 619.60 mL, and 2,706.7 g, respectively 
(Tables 1 and 2). Thus, no significant differences were noted 
between the two groups with respect to SUVmax, SUVmean, 
MTV, or TLG (P=0.051, P=0.074, P=0.322, and P=0.133, 
respectively) (Figure 2A). However, the difference in 
SUVmax between the B-cell lymphoma and benign groups 
was significant (P=0.027). The median SUVmax values of 
the liver and bone marrow were also compared between the 
lymphoma and benign groups, but no significant differences 
were noted (P=0.080 and P=0.055, respectively).

Differences in the SUVmax ratio distribution of the spleen/
liver and spleen/bone marrow between the lymphoma and 
benign disease groups

The SUVmax ratio of the spleen/liver in the lymphoma 
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Pathology 

Total =40

32.50% DLBCL 

7.50% MZL 

2.50% MCL 

2.50% FL 

2.50% CLL/SLL 

30.00% TCEL 

15.00% NKTL 

7.50% HSTL

Figure 1 The specific classification of lymphoma groups

group was significantly different from that in the benign 
group (3.05±2.08 vs. 1.40±0.46, P=0.001; Figure 2B). The 
SUVmax ratio of the spleen/bone marrow in the lymphoma 
group was also significantly different from that in the 
benign group, (2.46±1.63 vs. 1.16±0.38, P=0.001; Figure 2C).  
However, no difference was found in the liver/bone marrow 
SUVmax ratios of the two groups (0.91±0.42 vs. 0.86±0.25, 
P=0.61; Figure 2D). 

The average spleen size of the 40 patients in the 
lymphoma group was 14.57±3.15 cm, and that of the 20 
patients with benign disease was 12.95±2.24 cm (Table 3), 
which translated to a significant difference in spleen size 
between the 2 groups (P=0.044; Figure 2E).

Box plots for the SUVmax ratios of the spleen/liver and 
spleen/bone marrow in the lymphoma and benign groups 
are shown in Figure 3. The differences in the SUVmax ratios 
of the liver/bone marrow and spleen/bone marrow between 
the B-cell and T-cell lymphoma groups were not significant, 
nor was the difference in spleen size (P=0.157, P=0.057, 
and P=0.112, respectively; Figure 2C,D,E). However, the 
SUVmax ratio of the spleen/liver was significantly different 
between the two groups (P=0.009) (Figure 4). Patients with 
T-cell lymphoma had a high SUVmax ratio of the spleen/
bone marrow but a low SUVmax ratio of the spleen/liver, 
whereas patients with B-cell lymphoma had high SUVmax 
ratios of both the spleen/liver and spleen/bone marrow. 
In patients with benign disease, the SUVmax ratios of the 
spleen/liver and spleen/bone marrow were low (Figure 5).
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Table 2 Classification and summary of the clinical information of patients examined by 18F-FDG PET-CT 

Total patients (N=60) Total lymphoma (N=40) B-cell lymphoma (N=19) T-cell lymphoma (N=21) Benign (N=20)

SUVmax 7.49 (1.49–25.35) 8.78 (2.7–25.35) 6.32 (1.49–14.52) 5.17 (2.34–16.51)

MTV (mL) 898.33 (143.27–3,148.76) 987.46 (167.55–2,064.2) 817.69 (143.27–3,148.76) 744.41 (2.64–1,550.33)

TLG (g) 4,048.02 (384.59–17,802.22) 5248.62 (931.31– 17,802.22) 2,961.76 (384.59–10,016.96) 2,554.0 (5.69–7,361.27)

SUVmean 4.31 (1.78–11.07) 4.73 (1.99–11.07) 3.92 (1.78–10.62) 3.29 (1.12–6.53)

SUVmax ratio

Spleen/liver 3.05±2.08 3.98±2.52 2.20±1.09 1.40±0.46

Spleen/bone marrow 2.46±1.63 2.85±1.94 2.11±1.23 1.16±0.38

Liver/bone marrow 0.91±0.42 0.78±0.33 1.03±0.47 0.86±0.25

Spleen size

 Vertical length (cm) 14.57±3.15 14.87±3.47 14.30±2.89 12.95±2.24
18F-FDG, 18F-fluorodeoxyglucose; PET-CT, positron emission tomography-computed tomography; SUVmax, maximum standardized 
uptake value; MTV, metabolic tumor volume; TLG, total lesion glycolysis.

Figure 2 Box plots showing differences in the SUVmax, SUVmax ratio distributions of the spleen/liver, spleen/bone marrow, and liver/bone 
marrow, and spleen size between the lymphoma and benign disease groups. (A) The SUVmax of the spleen in the lymphoma and benign 
disease groups. (B) The SUVmax ratio distribution of the spleen/liver in the lymphoma and benign disease groups. (C) The SUVmax ratio 
distribution of the spleen/bone marrow in the lymphoma and benign disease groups. (D) The SUVmax ratio distribution of the liver/bone 
marrow in the lymphoma and benign disease groups. (E) The spleen size of patients with lymphoma and benign disease. The median is 
marked with a horizontal line. *P<0.05; **P<0.01; ***P<0.001; ****P<0.0001. ns, not statistically significant; SUVmax, maximum standardized 
uptake value.
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ROC curve to calculate the threshold for predicting 
lymphoma before splenectomy

Next, we sought to develop a model to predict lymphoma 
before splenectomy. Using ROC curve analysis, we 

determined the optimal threshold for detecting lymphoma 
before splenectomy. The area under the ROC curve (AUC) 
value of the SUVmax ratio of the spleen/liver was 0.809 (95% 
confidence interval: 0.702–0.917; P<0.01). The optimal cutoff 
value of the spleen/liver SUVmax ratio for distinguishing 
lymphoma from benign disease was 2.42 (sensitivity: 62.5%; 
specificity: 100.0%) (Figure 6). The AUC value of the 
SUVmax ratio of the spleen/bone marrow was 0.844 (95% 
confidence interval: 0.745–0.943; P<0.01). The optimal cutoff 
value of the spleen/bone marrow SUVmax ratio was 1.45 
(sensitivity: 77.5%; specificity: 85.0%) (Figure 7). Therefore, 
a spleen/liver SUVmax ratio of >2.42 and a spleen/bone 
marrow SUVmax ratio of >1.45 might be able to predict 
lymphoma before splenectomy. Table 3 shows the diagnostic 
specificity, sensitivity, PPV, and NPV of the spleen/liver and 
spleen/bone marrow SUVmax ratios.

Testing in series and parallel

We obtained the cutoff values for two predictors of 
lymphoma: an SUVmax ratio of the spleen/liver >2.42 and 
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Figure 3 Box plots showing differences in the SUVmax ratio distribution of the spleen/liver and spleen/bone marrow between the 
lymphoma and benign disease groups. ***P<0.001. SUVmax, maximum standardized uptake value.

Table 3 Sensitivity, specificity, PPV, and NPV of the cutoff point for risk factors and tests in series and parallel 

Variables Se (%) Sp (%) PPV (%)  NPV (%)

SUVmax ratio of the spleen/bone marrow >1.45 77.5 85 91.2 65.4

SUVmax ratio of the spleen/liver >2.42 62.5 100 100 57.1

Tests in series (SUVmax ratio of the spleen/bone marrow >1.45 and SUVmax ratio of 
the spleen/liver >2.42)

57.5 100 100 54.1

Tests in parallel (SUVmax ratio of the spleen/bone marrow >1.45 or SUVmax ratio of 
the spleen/liver >2.42)

82.5 85 91.7 70.8

PPV, positive predictive value; NPV, negative predictive value; SUVmax, maximum standardized uptake value.
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**P<0.01. SUVmax, maximum standardized uptake value.
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A B C

Figure 5 PET/CT findings in patients with T-cell, B-cell lymphoma, and benign disease. (A) A patient with T-cell lymphoma (case 27) with 
a high spleen/bone marrow SUVmax ratio and a low spleen/liver SUVmax ratio. (B) A patient with B-cell lymphoma (case 16) with high 
spleen/liver and spleen/bone marrow SUVmax ratios. (C) A patient with benign disease (case 49) with low spleen/liver and spleen/bone 
marrow SUVmax ratios. SUVmax, maximum standardized uptake value.

an SUVmax ratio of the spleen/bone marrow >1.45, as per 
the FDG-PET results. Next, we calculated the mean values 
to improve the specificity and sensitivity of the diagnostic 
test. SUVmax ratio of the spleen/liver >2.42 and SUVmax 
ratio of the spleen/bone marrow >1.45 were compared both 
in series (applied if SUVmax ratio of the spleen/liver >2.42 
and SUVmax ratio of the spleen/bone marrow >1.45) and in 
parallel (applied if SUVmax ratio of the spleen/liver >2.42 
or SUVmax ratio of the spleen/bone marrow >1.45). The 
diagnostic specificity and sensitivity of the tests applied in 

parallel were 85.0 and 82.5%, respectively, and the PPV 
and NPV were 91.7 and 70.8%, respectively. For the tests 
applied in series, the specificity and sensitivity were 100 and 
57.5%, respectively, and the PPV and NPV were 100% and 
54.1%, respectively (Table 3).

Discussion

To the best of our knowledge, this study includes the largest 
group of patients with suspected splenic lymphoma who 



Hu et al. PET in splenectomy of suspected lymphoma patients

© Annals of Translational Medicine. All rights reserved.   Ann Transl Med 2021;9(12):1009 | https://dx.doi.org/10.21037/atm-21-2790

Page 10 of 13

0 20 40 60 80 100

S
en

si
tiv

ity
%

100%-Specificity%

100

80

60

40

20

0

0 20 40 60 80 100

S
en

si
tiv

ity
%

100%-Specificity%

100

80

60

40

20

0

Figure 7 ROC curve analysis of the SUVmax ratio of the spleen/bone marrow. The ROC curve and statistics table for the cutoff value of 
the SUVmax ratio of the spleen/bone marrow in the group of patients with suspected lymphoma. ROC, receiver operating characteristic; 
SUVmax, maximum standardized uptake value.

Figure 6 ROC curve analysis of the SUVmax ratio of the spleen/liver. The ROC curve and statistics table for the cutoff value of the 
SUVmax ratio of the spleen/liver in the group of patients with suspected lymphoma. ROC, receiver operating characteristic; SUVmax, 
maximum standardized uptake value.

were evaluated by FDG-PET before splenectomy reported 
in the literature so far. All patients showed diffuse, increased 
uptake of 18F-FDG in the spleen, bone marrow, and liver, 
but not in the lymph nodes. None of the patients had 
peripheral lymphadenopathy (i.e., node diameter >10 mm). 
Our findings provide rationale for the use of FDG-PET 
in patients intended to undergo diagnostic splenectomy. 
In the literature, only the study of Rutherford et al., who 
analyzed 10 cases of splenectomy with suspected lymphoma, 
including 6 cases with previous diagnoses, is similar to ours. 

They classified PET/CT scans as low, intermediate, or 
high splenic metabolic activity based on the SUV. Patients 
with low splenic SUVs were found to be less likely to have 
splenic involvement of lymphoma, whereas intermediate 
and high SUVs suggested the presence of lymphoma (10). 
However, their work was unable to guide splenectomy 
very well. Therefore, as splenectomy can be traumatic, the 
main objective of our study was to find a non-traumatic 
preliminary screening method for patients with suspected 
splenic lymphoma.



Annals of Translational Medicine, Vol 9, No 12 June 2021 Page 11 of 13

© Annals of Translational Medicine. All rights reserved.   Ann Transl Med 2021;9(12):1009 | https://dx.doi.org/10.21037/atm-21-2790

 Dif fuse ,  increased uptake of  18F-FDG in the 
spleen, liver, and bone marrow, with no significant 
lymphadenopathy is consistently observed in patients with 
lymphoma and other inflammatory conditions (11,12). 
However, 18F-FDG is a non-specific tracer for malignant 
lymphomas (3), and it is unwise to make a decision on 
splenectomy on the basis of the splenic SUV value on PET-
CT. In our study, there were no significant differences 
in SUVmax, MTV, or TLG between the lymphoma and 
benign disease groups. Yamanaka et al. also studied the 
prognostic value of MTV, in patients with diffuse large 
B-cell lymphoma, and found that analysis of the MTVs of 
the spleen and bone marrow failed to yield any prognostic 
value (13).

 The spleen is the largest blood filtering and lymphoid 
organ, and it also plays an important role in defending 
against invading pathogens (14,15). Increased splenic 
uptake of  18F-FDG can indicate elevated glucose 
usage by the spleen during inflammation. However, a 
diffuse and increased 18F-FDG uptake may also reflect 
lymphomatous infiltration of the spleen (10). The liver 
is surveyed by antigen-presenting cells and lymphocytes. 
Hepatic lymphocytes are rich in natural-killer cells 
and T-lymphocytes, which are members of the innate 
immune system defending against circulating lymphocyte 
recruitment, liver injury, and invading pathogens (16). In 
healthy individuals, the splenic uptake of 18F-FDG is less 
than that of the liver and does not alter remarkably with age 
(17,18). Greater uptake by the spleen than the liver has been 
considered abnormal (19). Similar results were obtained 
in the present study, in which we found a statistically 
significant difference in the SUVmax ratio of the spleen/
liver between patients in the lymphoma and benign groups. 
Therefore, we hypothesize that the diffuse and increased 
uptake of 18F-FDG by the spleen and liver under various 
inflammatory conditions may result from the activation 
of the splenic and hepatic immune systems. Further, an 
increase in the activity of the spleen compared with the 
liver is sometimes associated with invasive lymphoma (10). 
Interestingly, the SUVmax ratio of the spleen/liver is also 
a valuable prognostic indicator in lymphoma. For instance, 
Albano et al. investigated the prognostic value of PET/
CT for splenic marginal zone lymphoma and found that 
the SUVmax ratio of the spleen/liver was an independent 
prognostic factor for progression-free survival (20).

The present study also showed that the SUVmax ratio of 
the spleen/liver can be used to distinguish lymphoma types. 
B-cell lymphoma has a higher ratio than T-cell lymphoma, 

and T-cell lymphoma is more likely to involve the liver, 
especially γδHSTL, which may result in 18F-FDG PET/
CT hepatomegaly with increased FDG uptake (21).

A previous study found histologic evidence of lymphoma 
in the bone marrow in approximately 50–80% and 25–40% 
of patients with indolent and aggressive non-Hodgkin 
lymphoma, respectively (22). It has been reported that 
as many as 44% of patients with lymphoma could have 
splenic involvement (23). Furthermore, for 35.4% of 
individuals with non-Hodgkin lymphoma, the spleen was 
found to be the only subdiaphragmatic site affected during 
the clinical stages of lymphoma. In their study, Sundaram 
et al. concluded that PET-CT could not replace bone 
marrow aspiration or biopsy in lymphoma (24). All of the 
patients in our study received bone marrow biopsy or bone 
marrow aspiration, and they did not undergo splenectomy 
if lymphoma was found in the bone marrow examination. 
In our study, we found that the SUVmax ratio of the 
spleen/bone marrow differed significantly between the 
lymphoma and benign disease groups. The SUVmax value 
of the spleen in the lymphoma group was significantly 
higher than the SUVmax value of bone marrow, compared 
with benign disease group. We hypothesize that this was 
partly attributable to the low incidence of bone marrow 
involvement among patients with splenic lymphoma.

Splenomegaly is a common finding and is often unrelated 
to tumors; thus, it is an example of non-lymphoma -specific 
involvement (25). In fact, lymphomatous spleens are usually 
of a normal size (26). With the exception of cases with 
obvious, massive enlargement of an organ, organ size cannot 
predict tumor involvement. Castellino et al. reported that 
approximately 30% of all cases of splenic enlargement were 
attributable to nonmalignant causes (27). In our study, the 
difference in spleen size between the lymphoma and benign 
disease groups was significant, which may be connected 
with the small sample size (n=60).

We found that two ratios (the SUVmax ratios of the 
spleen/liver and spleen/bone marrow) derived from PET/
CT were closely related to the postoperative diagnosis of 
lymphoma. Two cutoff values were determined by ROC 
curve analysis. Tests conducted in parallel (an SUVmax 
ratio of the spleen/liver >2.42 or an SUVmax ratio of the 
spleen/bone marrow >1.45) were beneficial in increasing the 
sensitivity and specification of the diagnostic test. Our study 
is the first to report that the SUVmax ratios of the spleen/
liver and spleen/bone marrow carry diagnostic value for 
splenic lymphoma. 

Our study has some limitations.  First ,  i t  was a 
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retrospective study. We controlled selective bias by strict 
inclusion criteria. All of our patients came from the same 
medical history application platform, which was used to 
ensure that medical history information was truthful. 
Our criteria for judgment are pathological diagnosis and 
experienced attending doctors on PET/CT to ensure the 
authenticity of information. Second, the sample size was 
not very large, especially because of the strict inclusion 
criteria essential to accomplish our primary goal.A larger, 
prospective clinical trial is currently underway to verify 
the relationship between these two values and splenic 
lymphoma.
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