
1

Vol.:(0123456789)

Scientific Reports |        (2022) 12:15367  | https://doi.org/10.1038/s41598-022-19727-y

www.nature.com/scientificreports

FDG‑PET/CT imaging 
parameters for predicting 
spontaneous regression 
of methotrexate‑associated 
lymphoproliferative disorder 
in patients with rheumatoid 
arthritis
Tomohiro Kameda1*, Shusaku Nakashima1, Katsuya Mitamura2, Yuka Yamamoto2, 
Takashi Norikane2, Hiromi Shimada1, Risa Wakiya1, Mikiya Kato1, Taichi Miyagi1, 
Koichi Sugihara1, Rina Mino1, Mao Mizusaki1, Norimitsu Kadowaki1 & Hiroaki Dobashi1

In this study, we investigated the usefulness of FDG-PET/CT for predicting spontaneous regression in 
methotrexate-associated lymphoproliferative disorder (MTX-LPD). Twenty patients with rheumatoid 
arthritis who were diagnosed with MTX-LPD were enrolled in the study. These patients were divided 
into those who showed spontaneous regression (SR group: ten patients) and those who received 
chemotherapy after discontinuation of MTX (CTx group: ten patients). Between-group differences 
in potential biomarkers were compared, including clinical markers at the onset of LPD [serum LDH 
and interleukin 2 receptor (sIL-2R)], change in absolute number of peripheral lymphocytes (ΔALC) 
over follow-up, and the FDG-PET/CT-derived parameters of maximum standardized uptake value 
(SUVmax), mean SUV (SUVmean), peak SUV (SUVpeak), sum of the metabolic tumor volume 
(MTVsum), and sum of total lesion glycolysis (TLGsum). The levels of sIL-2R, MTVsum, and TLGsum 
were significantly lower in the SR group than in the CTx group. In addition, ΔALC was higher in the 
SR group. In conclusion, MTV and TLG values measured by FDG-PET/CT may be suitable for use as 
predictors of SR in patients with MTX-LPD.

Rheumatoid arthritis (RA) is one of the most common autoimmune inflammatory diseases. It is associated not 
only with synovitis, but also with various organ complications such as lung and heart lesions. Malignancies are 
the most important complications affecting the prognosis and life expectancy. It is reported that RA is associated 
with several types of malignancies, including lymphoproliferative disorders (LPDs). In addition, LPDs, includ-
ing malignant lymphoma, are known to occur in RA patients treated with disease modifying antirheumatic 
drugs (DMARDs). In particular, LPD associated with methotrexate (MTX)-treated RA is often referred to as 
MTX-associated LPD (MTX-LPD). MTX-LPD can spontaneously regress after discontinuation of MTX, which 
makes it difficult to decide on treatment induction, especially the indication for chemotherapy. To date, changes 
in absolute lymphocyte count (ALC) after MTX discontinuation1 and serum soluble interleukin-2 receptor 
(sIL-2R) level at the time of diagnosis2 have been reported to be indicators of spontaneous regression of LPD, 
but are insufficient alone.

18F-Fluorodeoxyglucose positron emission tomography/computed tomography (FDG-PET/CT) is a useful 
modality for the diagnosis and staging of malignant tumors, including malignant lymphoma. In FDG-PET/CT, 
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the standardized uptake value (SUV) is frequently used to evaluate tumor activity. In recent years, two other 3D 
FDG parameters, metabolic tumor volume (MTV) and total lesion glycolysis (TLG), have emerged as imaging 
parameters for the diagnosis and prognosis of various solid tumors, including lung and esophageal cancers. In 
this study, we investigated the usefulness of changes in ALC (ΔALC) and several serum biomarkers, includ-
ing sIL-2R, as predictors of spontaneous regression of MTX-LPD after MTX discontinuation. In addition, we 
analyzed whether SUV, MTV, and TLG measured on FDG-PET/CT could predict the spontaneous regression 
of MTX-LPD.

Results
Among 34 patients clinically diagnosed with MTX-LPD, 29 underwent FDG-PET/CT. Of the five patients who 
did not undergo FDG-PET/CT, four had rapid tumor regression after discontinuation of MTX and the other 
had rapid disease progression. Two cases underwent FDG-PET/CT at other institutions after being diagnosed 
with MTX-LPD and were excluded from this analysis. Of the 27 patients who underwent FDG-PET/CT at our 
institution, 20 were histopathologically diagnosed with malignant lymphoma. The remaining seven cases were 
histologically diagnosed as reactive hyperplasia (n = 2), pleomorphism (n = 1), unknown (n = 1), or were without 
tissue biopsy (n = 3), and were therefore excluded from the analysis. Finally, 20 cases diagnosed as malignant 
lymphoma were included in the analysis of this study (Fig. 1).

Patient characteristics.  The 20 MTX-LPD cases enrolled in the study were divided into a spontaneous 
regression (SR) group (n = 10) and a CTx group consisting of those who underwent chemotherapy after discon-
tinuation of MTX (n = 10), as defined in the Methods. There were no differences in gender, age at onset of LPD, 
total MTX dose, mean MTX dose, or extranodal disease rate between the two groups, but the time from RA 
onset to LPD onset was shorter in the SR group. The mean disease activity over the year before LPD onset was 
no significant difference between the two groups.

The histological types of the malignant lymphomas were mostly diffuse large B-cell lymphoma (DLBCL) in 
the SR group and Hodgkin lymphoma (HL) in the CTx group (Table 1).

Comparison of variables between the two groups.  The analysis of laboratory data at the onset of LPD 
showed no significant difference in LDH levels between the two groups, but sIL-2R was significantly lower in the 
SR group. In addition, ΔALC was significantly higher in the SR group than in the CTx group (Fig. 2). Analysis of 
imaging parameters obtained from FDG-PET/CT showed that MTVsum and TLGsum were significantly lower 
in the SR group (Fig. 3), but that SUVmax, SUVmean, and SUVpeak did not significantly differ between the two 
groups (Fig. 4).

Figure 1.   Patient selection flow chart. SR spontaneous regression, CTx chemotherapy. Hash: tumor rapidly 
regressed after discontinuation of MTX in four cases, whereas rapid growth occurred in one case.
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Discussion
This study is the first to report that MTV and TLG obtained from FDG-PET/CT imaging are useful for predict-
ing spontaneous regression in patients with MTX-LPD. In 1991, Ellman reported for the first time that immu-
nosuppressants such as MTX may be involved in the development of LPD in RA patients treated with them3. 
Subsequently, MTX-LPD, which develops in immunodeficient patients treated with MTX, was defined in the 

Table 1.   Clinical profiles of the MTX-LPD patients. Median [IQR]. LDA low disease activity, MDA moderate 
disease activity, HDA high disease activity, N.D. no data, DLBCL diffuse large B-cell lymphoma, HL Hodgkin 
lymphoma, IVL intravascular lymphoma, TCL T cell lymphoma, MALT mucosa-associated lymphoid tissue, 
FL follicular lymphoma.

CTx (n = 10) SR (n = 10)

Age at LPD onset (years) 62.5 [60, 70] 69.5 [66.5, 75.8]

Gender,  M:F 2:8 2:8

Duration from onset of RA to LPD (years) 22 [18, 33] 9 [4, 12.8]

Disease activity of RA,  DAS28-CRP

Remission: 6
LDA: 0
MDA: 2
HDA: 0
N.D.: 2

Remission: 3
LDA: 1
MDA: 3
HDA: 0
N.D.: 3

MTX dose

Total (mg) 5948 [4597.5, 6387] 3418 [2288, 4312]

Mean (mg/week) 7.56 [6, 8.79] 8.46 [6.8, 10.8]

Extranodal involvement (%) 40.0 50.0

Histology DLBCL: 1, HL: 6, IVL: 1, TCL: 1, MALT: 
1 DLBCL: 6, HL: 1, FL: 1, MALT: 1, Unknown: 1

Figure 2.   Comparisons of (a) sIL-2R (U/ml), (b) LDH (U/l), and (c) ΔALC (/µl) between SR and CTx groups.

Figure 3.   Comparisons of (a) MTVsum (ml) and (b) TLGsum between SR and CTx groups.
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2001 World Health Organization (WHO) Classification of Tumors of Haematopoietic and Lymphoid Tissues4. 
Nowadays, MTX-LPD is included in the “other iatrogenic immunodeficiency-associated LPD (OIIA-LPD)” 
category according to the 2017 WHO classification5.

MTX-LPD has the following characteristics6: (1) an age at onset of 60–70 years, (2) a mean duration from 
onset of RA to LPD of more than 10 years, (3) extranodal lesions in 40–70% of patients, and (4) spontaneous 
regression in 20–70% of patients after MTX cessation. In the 20 patients analyzed in this study, the age at LPD 
onset and the percentage of extranodal lesions were not significantly different between the two groups, but the 
mean duration from onset of RA to LPD was shorter in the SR group than in the CTx group. However, Kura-
moto et al. reported that the time from RA onset to LPD onset was not related to spontaneous regression(SR)7. 
It is presumed that the duration of RA disease before LPD onset does not affect outcomes in the present study 
population as well.

At the time of diagnosis, it is difficult to determine whether or not a patient with MTX-LPD should be treated 
with interventional chemotherapy. Therefore, prediction of the spontaneous regression of LPD is important for 
rheumatologists and hematologists who treat MTX-LPD. Although Baecklund et al. reported that RA disease 
activity was a risk factor for LPD onset8, it is unknown whether the disease activity of RA influences the clini-
cal course of LPD. Baecklund et al. scored RA disease activity at each visit for the whole RA disease period and 
defined the mean of the total scores from all visits as RA disease activity. In consideration of this, we defined the 
mean of the total DAS scores over the year before LPD onset as RA disease activity, and found that it was similar 
between the two groups. According to this result, we consider that the RA disease activity before LPD onset was 
of no relevance to the clinical course of LPD.

There have been several recent reports on predictors of spontaneous regression of LPD. Saito et al. reported 
that a decreased lymphocyte count at the time of LPD diagnosis and its restoration after MTX withdrawal were 
associated with spontaneous regression of LPD1, while Katsuyama reported that peripheral blood Epstein-Barr 
virus (EBV)-DNA positivity was a prognostic marker for MTX-LPD9. Tokuhira reported that sIL-2R is a useful 
biomarker for the management of MTX-LPD, including the decision on additional chemotherapy when LPD 
relapses after discontinuation of MTX2. In our study, the results of analyses of sIL-2R and ALC changes as predic-
tors of spontaneous regression were consistent with these previous reports, but we attempted to further predict 
the prognosis of MTX-LPD using FDG-PET/CT imaging.

We investigated whether MTV and TLG calculated from FDG-PET/CT images acquired at the time of diag-
nosis can be used to predict the spontaneous regression of MTX-LPD. MTV and TLG are reported to be useful 
for predicting the prognosis of lung cancer10,11 and esophageal cancer12,13, and Luo et al. reported that MTV and 
TLG may predict the optimal timing of treatment for non-Hodgkin’s lymphoma14. However, various histological 
types of LPD are observed in MTX-LPD, and it is widely known that FDG uptake differs according to the histo-
logical type. In our study, most of the LPDs were DLBCL in the SR group and HL in the CTx group. However, 
when we compared the SUVmax, SUVmean, and SUVpeak of the LPDs, we found no significant differences in 
these imaging parameters between the histological types. Therefore, we consider that histological differences 
had little impact on the level of FDG uptake in MTX-LPD.

There have been several reports on the use of FDG-PET for prognostic prediction in patients with MTX-
LPD. Watanabe et al. reported that no FDG-PET/CT parameters were useful for predicting complete response 
after discontinuation of MTX15, whereas Takanashi et al. reported that the SUVmax of FGD-PET/CT is a use-
ful predictor of spontaneous regression16. However, there has been no study on the use of MTV and TLG PET 
imaging parameters for prediction of the spontaneous regression of MTX-LPD, which has diverse pathological 
and clinical features. In the present study, the MTV and TLG values at the time of MTX-LPD diagnosis were 
significantly lower in the SR group than in the CTx group. To the best of our knowledge, this is the first report 
of their use as predictive parameters for spontaneous regression in MTX-LPD.

In our analysis, SUVmax, SUVmean, and SUVpeak were not found to be predictive of spontaneous regression 
of MTX-LPD, whereas MTVsum and TLGsum could. Because the highest SUVmax, SUVmean, and SUVpeak 
among all the lesions showing FDG uptake were measured for each patient, these SUV parameters reflect a par-
ticular part of the MTX-LPD lesion. On the other hand, MTVsum and TLGsum quantify the entire lesion. The 
results of the present study suggest that FDG-PET/CT parameters assessing the entire lesion, namely MTVsum 

Figure 4.   Comparisons of (a) SUVmax, (b) SUVmean, and (c) SUVpeak between SR and CTx groups.
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and TLGsum, are more useful than those assessing only part of the lesion, namely SUVmax, SUVmean, and 
SUVpeak.

In our results, the level of sIL-2R and the change in ALC are also predictive biomarkers of spontaneous regres-
sion in MTX-LPD. However, these biomarkers are affected by various factors such as the histological type of LPD 
and the disease activity of RA. Therefore, we consider the prognosis of LPD can be predicted more accurately by 
using the imaging parameters such as MTV and TLG combine with these biomarkers.

Our study has the following limitations: (1) it is a retrospective study; (2) the number of MTX-LPD cases 
analyzed is small; (3) we were not able to compare the two groups according to the presence or absence of EBV 
infection because of the small number of cases; (4) we did not investigate recurrence after SR; and 5) we did not 
apply a partial-volume-correction technique. Although partial-volume-correction is very important for meas-
uring the true volume and accurately assessing metabolism, it is difficult to apply in daily clinical practice17,18.

In conclusion, our study revealed that MTV and TLG measured from FDG-PET/CT can be used as predic-
tors of spontaneous regression in patients with MTX-LPD. We believe that these imaging parameters will be 
useful tools for the prompt determination of treatment strategy when MTX-LPD is diagnosed. In the future, it 
will be necessary to establish a more accurate method for predicting spontaneous regression by comprehensively 
evaluating multiple biomarkers and imaging parameters.

Methods
Participants and procedures.  RA patients at Kagawa University Hospital who were diagnosed with RA 
according to the 1987 ACR or 2010 ACR/EULAR RA classification criteria, who were treated with MTX, and 
who developed MTX-LPD between January 2011 and July 2020 were selected. Among the RA patients identi-
fied as being diagnosed with MTX-LPD, those who underwent FDG-PET/CT imaging at our institution and 
pathological diagnosis by lesion biopsy were divided into a spontaneous regression group (SR group) and a 
chemotherapy group (CTx group) for analysis. The CTx group was defined as patients who required chemo-
therapy after discontinuation of MTX for at least 4 weeks. Clinical data for the SR and CTx groups were collected 
from medical records, and included gender, time from RA onset to LPD onset, age at LPD onset, disease activity 
of RA, total MTX dose, mean MTX dose, presence of extranodal lesions, and histological findings. The disease 
activity of RA was assessed using the 28-joint count C reactive protein score (DAS28-CRP) measured on each 
visit made during the year up to the time MTX was discontinued because of LPD onset. The final disease activity 
score of each patient was calculated as the mean of the DAS scores from all visits.

This study was approved by the Ethics Committee of the Faculty of Medicine, Kagawa University (approval 
numbers: H29-118), and a waiver for the requirement for written informed consent was granted because of the 
retrospective observational study design. Although we did not obtain written informed consent from all patients, 
we disclosed information on our research, and all patients could refuse to participate in the research if they so 
wished. All research was performed in accordance with relevant guidelines and regulations.

Comparisons of laboratory data.  Serum sIL-2R and lactate dehydrogenase (LDH) measurements at the 
onset of LPD were collected from medical records and compared between the two groups. In addition, a periph-
eral ALC was made at the onset of LPD and 4 weeks after discontinuation of MTX. The change in ALC between 
these two time points was calculated as ΔALC using the following formula, and was compared between the two 
groups. ΔALC formula: ΔALC = (ALC after 4 weeks of MTX discontinuation) − (ALC at the onset of LPD).

Comparison of imaging parameters.  All imaging was performed using a hybrid PET/CT scanner (Bio-
graph mCT, Siemens Medical Solutions USA Inc, Knoxville, TN, USA). Patients were instructed to fast for 
more than 5 h before FDG administration. FDG-PET/CT imaging was visually assessed by two board-certified 
nuclear medicine physicians working independently. Any difference of opinion was resolved by consensus. Visu-
ally abnormal FDG uptake seen in locations unaccounted for by the normal biodistribution of FDG was inter-
preted as lesion. A board-certified nuclear medicine physician performed the semiquantitative analyses. Lesion 
boundaries of voxels were determined using a fixed SUV threshold of ≥ 2.5, as used in a previous report19. Any 
FDG uptake by arthritic tissue was excluded. The maximum SUV (SUVmax), mean SUV (SUVmean), and peak 
SUV (SUVpeak; a 1.2-cm-diameter sphere positioned to maximize the mean value) were calculated. The highest 
SUVmax, SUVmean, and SUVpeak among all the lesions showing FDG uptake were evaluated for each patient. 
MTV was defined as the lesion volume where the SUV exceeded a threshold value20. TLG was calculated by mul-
tiplying the MTV by the SUVmean21. The sums of the MTV and TLG of all lesions within a patient were defined 
as MTVsum and TLGsum, respectively. These imaging parameters were calculated using an open-source soft-
ware tool developed for the efficient measurement of tumor volume on FDG-PET/CT22.

Statistical analysis.  The laboratory data (sIL-2R, LDH, ΔALC) and the imaging parameters (SUVmax, 
SUVmean, SUVpeak, MTVsum, TLGsum) were compared between the SR and CTx groups using univariate 
analysis performed with JMP software, version 15.0 (SAS Institute, Cary NC, USA). Data were analyzed for 
statistical significance using the Wilcoxon signed-rank test. P values less than 0.05 were considered statistically 
significant.

Data availability
The data analyzed in this study can be provided on written request to the corresponding author.
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