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This retrospective study investigated whether necrotic lesions detected on a computed tomography (CT) scan
are more regressive than non-necrotic lesions after methotrexate withdrawal in patients pathologically diag-
nosed with methotrexate-associated lymphoproliferative disorders (MTX-LPD). In total, 89 lesions extracted
from 24 patients on CT scans were included in the analysis. All patients had been evaluated for the presence of
necrosis within lesions via CT scan upon first suspicion of MTX-LPD (baseline CT scan). The percentage lesion
size reduction between the baseline and initial follow-up CT scan was calculated. The association between
necrosis within lesions and size changes was estimated via linear regression analyses using both crude and
adjusted models. Necrosis was significantly more common in extranodal lesions (27 out of 30 lesions, 90%)
than in nodal lesions (9 out of 59 lesions, 15%, p<0.001). In the crude model, the regression of necrotic lesions
was 58.5% greater than that of non-necrotic lesions; the difference was statistically significant (p<0.001).
Additionally, the longest diameter of necrotic lesions at the baseline CT scan was significantly greater than that
of non-necrotic lesions (p <0.001). Based on the adjusted model, necrotic lesions showed 49.3% greater regres-
sion than non-necrotic lesions (p=0.017). Necrosis detected on a CT scan was found to be an independent pre-
dictor of regression after MTX withdrawal in patients with MTX-LPD.
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M orders (MTX-LPD) are rare benign lymphoid
proliferations or malignant lymphomas that occur pre-
dominantly in patients with rheumatoid arthritis against
a background of immunodeficiency caused by treat-
ment with MTX. The prominent clinical characteristic
of MTX-LPD is regression after MTX withdrawal.
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Therefore, MTX withdrawal is the initial step for man-
aging clinically suspected MTX-LPD [1-5].

Thus far, several prognostic factors have been
reported. A clinicopathological study of MTX-LPD
showed that histological subtype and age are correlated
with overall survival [4]. Similarly, histological subtype
has also been reported to be associated with sponta-
neous regression after MTX withdrawal [6]. In addi-

Conflict of Interest Disclosures: No potential conflict of interest relevant
to this article was reported.



30 Kitayama et al.

tion, tumor necrosis detected via pathological investi-
gation is a favorable factor for progression-free survival
in different subtypes of MTX-LPD [7]. Using diagnos-
tic imaging, other studies found that necrosis detected
on computed tomography (CT) scans correlates with
poor prognosis in some subtypes of de novo lymphoma
[8,9]. In contrast, there are no reports on the predic-
tive value of lesion necrosis detected on a CT scan in
MTX-LPD.

At present, there is no strict guideline for the man-
agement of MTX-LPD. Diagnostic imaging aims pri-
marily to evaluate the presence and extent of MTX-
LPD lesions and to monitor the prevalence of lesions
after MTX withdrawal. Imaging findings may also be
used as biomarkers for predicting the regression of
MTZX-LPD lesions after MTX withdrawal.

In this study, we hypothesized that lesion necrosis
detected on a CT scan was correlated with regression
after MTX withdrawal in patients with MTX-LPD. The
present study aimed primarily to investigate whether
necrotic lesions detected on CT scans are more regres-
sive than non-necrotic lesions after MTX withdrawal in
patients pathologically diagnosed with MTX-LPD.
Moreover, the characteristics of the lesions associated
with regression after MTX withdrawal were evaluated.

Materials and Methods

This retrospective and observational study was
approved by our institutional review board; informed
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consent was waived due to the retrospective nature of
the research (approval no. Ken2108-019).

Participants.  Using radiology information sys-
tems, we identified all patients who met a single inclu-
sion criterion: suspected MTX-LPD on a CT scan
performed from January 2011 to December 2020. Sixty
consecutive patients met the criterion. Out of the 60
patients, 36 patients were excluded for the following
reasons: no CT scan before or after MTX withdrawal
(n=14); non-evaluable lesions due to poor image qual-
ity (n=8); diagnosis of other pathologies (i.e., infec-
tious lesion or malignant tumor other than lymphoma)
(n=5); no detectable lesions on CT scan (n=3); no
MTX withdrawal (n=3); and no pathological confir-
mation (n=3). The remaining 24 patients pathologi-
cally diagnosed with MTX-LPD were analyzed (Fig. 1).

Image acquisition. CT scans were performed
using, among others, the following helical scanners:
Discovery CT750 HD (GE Healthcare, Milwaukee, WI,
USA); Aquilion ONE ViSION Edition (Canon Medical
Systems, Ohtawara, Japan); SOMATOM Definition
Flash (Siemens Healthineers, Forchheim, Germany);
Aquilion 64 (Canon Medical Systems); Aquilion
MULTI (Canon Medical Systems). In total, 15 patients
underwent a contrast-enhanced CT scan. The volume
of iodinated contrast agent used with 300 mg of iodine
per milliliter was 2-2.5 ml/kg. The contrast agent was
administered via a mechanical injector within 50 sec
with a scanning delay of 70 sec. The other 9 patients
underwent an unenhanced CT scan. Based on our

60 potentially eligible patients met a single inclusion criterion:
suspected MTX-LPD on a CT scan performed
from January 2011 to December 2020

36 patients were excluded for the following reasons:
No CT scan before or after MTX withdrawal
Non-evaluable lesions due to poor image quality

» Diagnosis of other pathologies

No detectable lesions on CT scan

No MTX withdrawal

No pathological confirmation

(n=14)
(n=28)
(n=13)
(n=3)
(n=3)
(n=3)

24 eligible patients were analysed |

Fig. 1 Flow diagram for patient inclusion.

MTX-LPD, methotrexate-associated lymphoproliferative disorders; CT, computed tomography.



February 2024

standard imaging protocol, the following parameters
were used: 120 kilovolt peak, automated tube current
modulation mode, a beam pitch of 1.0, gantry rotation
time of 0.5 sec, and field of view to fit. The images were
reconstructed using axial planes with a 5 mm section
thickness. To evaluate necrosis within lesions, all
images were displayed using the soft tissue window
settings (level: 30 Hounsfield units [HU]J; width:
350 HU). To measure lung lesions and other lesions,
the lung window settings (level: —550HU; width:
1,500 HU) and the soft tissue window settings were
used, respectively.

Image analysis and regression assessment.  The
target lesions were defined according to the Lugano
Response Criteria [10]. The number of target lesions
per patient was up to 6 of the largest nodal or extran-
odal lesions detected by the baseline CT scan performed
upon MTX-LPD suspicion. Abnormal lymph nodes
were classified as lesions with a long axis measuring
>1.5 cm, while extranodal lesions were defined as those
with a long axis measuring > 1.0 cm. Non-mass lesions,
such as splenomegaly, hepatomegaly, and bone marrow
involvement, were not considered target lesions.

We evaluated necrosis within the lesions at the base-
line CT scan upon MTX-LPD suspicion, following the
protocol used in a previous study that evaluated tumor
necrosis on CT scan in malignant lymphoma [8]. In
patients who underwent unenhanced CT scan, necrosis
was defined as a visual focal area of low attenuation
within nodal or extranodal lesions with corresponding
HU measuring between 10 and 30 HU. In addition, for
patients who underwent a contrast-enhanced CT scan,
a corresponding area without a significant HU increase
(up to a maximum of 5 HU) between the unenhanced
and contrast-enhanced scans was required. Size-
adjustable oval region-of-interest analysis was per-
formed, and the corresponding HU values measured at
the center of the necrotic area were investigated.
Necrosis was independently evaluated by two experi-
enced diagnostic radiologists, neither of whom was the
radiologist who assessed the target lesion size. These
readers were blinded to any additional clinical and
pathological information, including images obtained
via other modalities. All lesions were evaluated as pos-
itive or negative. In this study, we defined true necrosis
based on the necrotic findings on CT scan alone. If
there was discordance between the two readers, a con-
sensus was achieved via discussion.
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Regression was assessed during the initial follow-up
CT scan after MTX withdrawal and the baseline CT
scan performed upon MTX-LPD suspicion. The per-
centage lesion size reduction was calculated according
to differences in the product of the longest and perpen-
dicular diameters between the baseline and the fol-
low-up CT scans, divided by the product of the diame-
ters at baseline CT scan, in line with previous studies
that evaluated changes in tumor size on CT scans in
malignant lymphoma [10-12].

Assessment of pathologic and clinical data.
Histopathological diagnosis was determined based on
the World Health Organization classification, revised
4th edition (2017) [13]. Pathological confirmation was
achieved through hematoxylin and eosin staining,
immunohistochemical staining, flow cytometry analy-
sis, and in situ hybridization of Epstein-Barr virus
encoding ribonucleic acid. An experienced pathologist
confirmed all histopathological diagnoses. Patient stage
was determined based on the Lugano classification sys-
tem for malignant lymphoma [10]. Table 1 shows the
characteristics of the patients in detail. There were no
significant differences in patient characteristics between
the groups of patients who had no necrotic lesions and
those who had at least one.

Statistical analysis.  Descriptive data were pre-
sented as means + standard deviation (SD) and range
for continuous variables, and as counts for categorical
variables. Systemic target lesions were divided into
nodal or extranodal anatomic regions, which was simi-
lar to the classification used in previous region-based
analyses of lymphoproliferative disorders [14-17]. The
percentages of lesion size reduction between necrotic
and non-necrotic lesions were compared. Continuous
variables with a normal distribution were estimated
using the t-test. Differences between categorical vari-
ables were evaluated using Fisher’s exact test (for
expected group sizes of <5). Linear regression analyses
were used to estimate beta coeflicients with 95% confi-
dence intervals of crude and adjusted models. In the
adjusted model, we controlled for lesion site (nodal or
extranodal) and size (the product of the longest and
perpendicular diameters at baseline CT scan). For each
analysis, a two-tailed p<0.05 was considered statisti-
cally significant. All statistical analyses were performed
using Stata Statistical Software Release 17.0 (Stata Corp
LLC, College Station, TX, USA).
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Table 1 Characteristics of patients with MTX-LPD (n=24)

Necrosis status

All patients Necrosis (-)? Necrosis (+)° Povalue
(n=24) (n=9) (n=15)
69.5+9.2 71.0+5.2 68.5+10.9
Age, years, mean + SD (range) (39-90) (64-80) (39-90) 0.535
Gender, n 0.351
Male 6 1 5
Female 18 8 10
Underlying disease, n 0.375
RA 23 8 15
Others® 1 1 0
115.8 £ 109.4 90.6 +125.2 131.2+100.6
Length of MTX, months, mean £ SD (range) (26-396) (26-396) (47-360) 0.423
) 8.5+3.1 6.8+18 9.4+33
Final dose of MTX, mg/week, mean £ SD (range) (2.5-14) (4-10) (2.5-14) 0.0502
Combination with other immunosuppressive drugs®, n 15 5 10 0.678
1,676.6 +1,259.3 1,730.3 +£1,503.2 1,644.4 +1,145.0
sIL-2R, U/ml, mean & SD (range) (343-4.728) (343-4.728) (476-4.511) 0.876
303.0 + 106.1 286.7 +128.4 312.9+93.8
LDH, U/I, mean + SD (range) (183-576) (192-576) (183-518) 0.570
Histological type, n 0.100
Malignant 23 8 15
DLBCL 16 4 12
FL 2 1 1
HL 2 1 1
MZL 2 2 0
PTCL 1 0 1
Benign 1 1 0
EBER, n 1.00
Positive 14 4 10
Negative 7 2 5
N/A 3 3 0
Stage®, n 0.182
| 3 2 1
Il 4 2 2
1] 5 3 2
I\ 12 2 10
Use of contrast agent at baseline CT scan’, n 0.678
Contrast-enhanced scan 15 5 10
Unenhanced scan 9 4 5
Interval between baseline CT scan’ and MTX withdrawal, 9.0+85 6.0+3.7 10.9+10.1 0.182
day, mean £ SD (range) (0-33) (1-12) (0-33) '
Interval between MTX withdrawal and follow-up CT scané, 38.2+28.2 41.3+23.7 36.3+31.2 0.684
day, mean + SD (range) (3-101) (3-67) (3-101) '

MTX-LPD, methotrexate-associated lymphoproliferative disorders; SD, standard deviation; RA, rheumatoid arthritis; sIL-2R, soluble inter-
leukin-2 receptor; LDH, lactate dehydrogenase; DLBCL, diffuse large B-cell lymphoma; FL, follicular lymphoma; HL, Hodgkin lymphoma;
MZL, marginal zone lymphoma; PTCL, peripheral T-cell lymphoma; EBER, in situ hybridisation of Epstein-Barr virus encoding ribonu-
cleic acid; N/A, not available; CT, computed tomography.

aPatients who have no necrotic lesions, PPatients who have at least one necrotic lesion, °One patient with coexisting polymyositis and
Sjégren’s syndrome, °E.g., prednisolone, tacrolimus and salazosulfapyridine, €Lugano classification system, ‘CT scan upon MTX-LPD
suspicion, &lnitial follow-up CT scan after MTX withdrawal.
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Results

Among 89 lesions, 36 with necrosis and 53 without
were included in the analysis and were followed up.
Table 2 presents the specific site of each nodal or
extranodal lesion. Necrosis was identified within 9
(15%) of 59 nodal lesions and 27 (90%) of 30 extran-
odal lesions. Necrosis was significantly more common
in extranodal lesions than in nodal lesions (p <0.001).

Table 3 shows the percentage lesion size reduction
based on the univariate analysis. The mean + SD for the
percentage size reduction in lesions without necrosis

Table 2  Specific site of each nodal or extranodal lesion (n=89)
Necrosis (-)? Necrosis (+)°
(n=53) (n=236)
Nodal, n 50 9
Neck® 7 2
Infraclavicular 1 0
Axillary and pectoral 1 1
Mediastinal 12 2
Hilar 1 1
Spleen 2 0
Paraaortic 6 3
lliac 10 0
Extra nodal, n 3 27
Renal and adrenal 1 11
Lung 1 9
Skin/subcutaneous 0 6
Liver 0 1
Others? 1 0

CT, computed tomography; MTX-LPD, methotrexate-associated
lymphoproliferative disorders.

8 esions without necrosis on CT scan upon MTX-LPD suspicion,
bLesions with necrosis on CT scan upon MTX-LPD suspicion,
CIncluded cervical, supraclavicular, occipital, and preauricular
regions, Thyroid.
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and those with necrosis were —10.5+79.1% and
48.0+24.1%, respectively. Necrotic lesions had more
significant regression than non-necrotic lesions
(p<0.001). In addition, the mean + SD of the longest
diameter of non-necrotic lesions at baseline CT scan
was 25.6+7.3 mm, whereas it was 39.5+20.9 mm for
necrotic lesions, a significant difference (p <0.001).

Table 4 shows the association between necrosis and
the percentage lesion size reduction based on the linear
regression analysis. In the model adjusted for lesion site
(nodal or extranodal) and size (the product of the lon-
gest and perpendicular diameters at baseline CT scan),
necrotic lesions regressed 49.3% (95% confidence inter-
val: 9.0-89.6) more than non-necrotic lesions
(p=0.017); the difference was statistically significant.
Figures 2 and 3 show respective representative images of
necrotic and non-necrotic lesions.

Discussion

This retrospective study revealed that necrotic
lesions detected on CT scans were more regressive than
non-necrotic lesions after MTX withdrawal in patients
with MTX-LPD. Lesion site and size at baseline CT
scan were correlated with the presence of necrosis.
However, multivariate analysis revealed that necrosis
was a predictor of regression independent of these fac-
tors. Previous reports have found that MTX with-
drawal is the initial step for managing MTX-LPD
because some lesions regress after MTX withdrawal
[1-5]. Immediate chemotherapy is not required in these
patients, and the importance of predicting regression is
underscored by the fact that the patients with MTX-
LPD are usually older and immunocompromised and
thus more at risk of adverse effects. This research
emphasized the role of CT scan imaging in predicting

Table 3  Percentage lesion size reduction based on the univariate analysis

Necrosis (-)? (n=53) Necrosis (+)° (n=36) P-value
Longest diameter at the baseline CT®, mm, mean + SD (range) 25.6 £7.3 (16-47) 39.5+20.9 (16-107) <0.001¢
Longest diameter at the follow-up CT®, mm, mean + SD (range) 25.1+12.1 (0-51) 28.4 +18.7 (0-82) 0.318
Percentage lesion size reduction’, %, mean # SD (range) -10.5+79.1 (-284-100) 48.0 +24.1 (-4-100) <0.001¢

CT, computed tomography; SD, standard deviation; MTX-LPD, methotrexate-associated lymphoproliferative disorders.

aLesions without necrosis on CT scan upon MTX-LPD suspicion, °Lesions with necrosis on CT scan upon MTX-LPD suspicion, °CT scan
upon MTX-LPD suspicion, 9Statistically significant (p<0.05), €lnitial follow-up CT scan after MTX withdrawal, fCalculated according to
differences in the product of the longest and perpendicular diameters between the baseline and the follow-up CT scans, divided by the

product of the diameters at baseline CT scan.
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Table 4  Association between necrosis and the percentage lesion size reduction® based on the linear regres-

sion analysis
Crude model (n=89) Adjusted model° (n=289)
Beta coefficients (95% Cl), % P-value Beta coefficients (95% Cl), % P-value
Necrosis (-)° - - - -
Necrosis (+) 58.5 (31.5-85.6) <0.001¢ 49.3 (9.0-89.6) 0.017¢
Cl, confidence interval; CT, computed tomography; MTX-LPD, methotrexate-associated lymphoproliferative
disorders.

aCalculated according to differences in the product of the longest and perpendicular diameters between the
baseline and the follow- up CT scans, divided by the product of the diameters at baseline CT scan, PAdjusted
for lesion site (nodal or extranodal) and size (the product of the longest and perpendicular diameters at baseline
CT scan), °Lesions without necrosis on CT scan upon MTX-LPD suspicion, 9Lesions with necrosis on CT scan
upon MTX-LPD suspicion, ®Statistically significant (0<0.05).

Fig. 2  Representative images of a necrotic lesion. A, A 74-year-old man presented with diffuse large B-cell lymphoma and extensive
necrosis (arrow) at the center of the liver lesion (arrowhead) on a contrast-enhanced axial computed tomography scan before methotrexate
withdrawal; B, Lesion size reduction (arrowhead) on follow-up contrast-enhanced axial computed tomography scan performed 3 days after
methotrexate withdrawal.

Fig. 3  Representative images of a non-necrotic lesion. A, 65-year-old woman presented with follicular lymphoma but without a necrotic
area within the right axillary lesion (arrowhead) on a contrast-enhanced axial computed tomography scan before methotrexate with-
drawal; B, No significant change in lesion size (arrowhead) on follow-up unenhanced axial computed tomography scan 56 days after
methotrexate withdrawal.
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regression after MTX withdrawal among patients with
MTX-LPD.

Few studies have reported on diagnostic imaging
predictors after MTX withdrawal in MTX-LPD.
Takanashi et al. used the maximum standardized uptake
value on '*F-fluorodeoxyglucose positron emission
tomography/computed tomography (FDG PET/CT)
and the maximum size of MTX-LPD-associated tumors
as predictors of spontaneous regression after MTX
withdrawal [18]. Kameda et al. reported that the sum
of the metabolic tumor volume and the sum of total
lesion glycolysis on "*F-FDG PET/CT can be used as
predictors of spontaneous regression [19]. However,
Watanabe et al. showed that none of the *F-FDG PET
factors before MTX withdrawal could be used to predict
clinical outcomes after MTX withdrawal [17]. Thus,
predictors of regression after MTX withdrawal on diag-
nostic imaging remain controversial.

Previous studies have not reported on necrosis
within lesions detected on CT scans in MTX-LPD.
Only the study conducted by Kurita et al. assessed
pathologically identified necrosis within lesions in
MTX-LPD. Their results showed that necrosis was a
significant factor for better progression-free survival in
diffuse large B-cell lymphoma and a subspecific subtype
of LPD lesions [7]. On the other hand, in de novo dif-
fuse large B-cell lymphoma, patients with necrosis
within lesions detected on CT scans had significantly
worse progression-free survival and overall survival
than those without necrosis [8]. Similarly, in de novo
peripheral T-cell lymphoma, patients with necrosis
within lesions detected on CT scans had significantly
poorer outcomes (progression during therapy or lesion
relapse within 24 months after therapy) than those
without necrosis [9]. Thus, necrosis detected on CT
scans is correlated with a poor prognosis in some sub-
types of de novo lymphoma. Our results may help clini-
cians prevent unnecessary chemotherapy in patients
with MTX-LPD who have necrotic lesions. Currently,
it is unclear why necrotic lesions detected on CT scans
are more regressive than non-necrotic lesions after
MTX withdrawal in patients with MTX-LPD. We spec-
ulate that necrosis might reflect potential host immu-
nity against MTX-LPD, but further studies to elucidate
its etiology are desired.

Watanabe et al. observed extranodal involvement on
"F-FDG PET/CT in 17 (18%) of 92 anatomic regions
[17]. In our study, 30 (34%) of 89 lesions were identi-
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fied in the extranodal regions. In several patient-based
evaluations, extranodal involvement was observed in
40-50% of patients [1,2,7,19]. Furthermore, in our
study, necrosis was identified on 36 (40%) of 89 lesions
and was significantly more common within extranodal
than within nodal lesions. In a clinicopathological
study, Kurita et al. showed that 103 (48%) of 214
patients had extranodal involvement. Moreover, 56
(29%) of 192 lesions presented with pathologically
identified necrosis, but the correlation between lesion
site (nodal or extranodal) and frequency of necrosis was
not reported [7]. The cause of this association is
unclear. However, in our study, necrosis within lesions
detected on CT scans was an independent predictor of
regression based on the multivariate analysis.

To the best of our knowledge, only the study by
Takanashi et al. evaluated the specific size of MTX-LPD
lesions on "*F-FDG PET/CT [18]. Their results showed
that the mean maximum diameter of the largest tumors
upon diagnosis was 30 mm (range: 10-110 mm) (n=18).
This was similar to our results, in which the mean lon-
gest diameter of all lesions at baseline CT scan was
31 mm (range: 16-107 mm). However, Takanashi et al.
assessed the size of the largest lesion of each patient
alone, and thus their results cannot be directly com-
pared with ours. In addition, they reported that the
maximum diameters of the spontaneous regression
group were smaller than those of the nonspontaneous
regression group (n=5, mean=20 mm; and n=13,
mean =52 mm, respectively; p=0.04). In contrast, our
results showed that necrotic lesions were larger than
non-necrotic lesions at baseline CT scan. However, our
multivariate analysis showed that necrotic lesions had
significantly more regression than non-necrotic lesions.
The association between lesion size and regression thus
remains unclear, and further prospective studies are
warranted.

The present study had several limitations. First, we
included various imaging modalities and protocols
because of our study’s retrospective nature. Second, the
study cohort comprised a relatively small number of
patients because of the rarity of this disease. Third, we
did not consider non-mass lesions, such as splenomeg-
aly, hepatomegaly, and bone marrow involvement, as
target lesions. In clinical practice, a comprehensive
assessment of these findings is required when evaluat-
ing regression after MTX withdrawal.

In conclusion, necrosis detected on a CT scan is an
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independent predictor of spontaneous regression after
MTX withdrawal in patients with MTX-LPD. The
results of this study enhance the role of CT imaging in
MTX-LPD in predicting regression after MTX with-
drawal as well as in evaluating the extent of the lesions.
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