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Abstract 

Background Lymphoproliferative disorder represents a heterogeneous clinicopathological spectrum characterized 
by uncontrolled proliferation of lymphocytes. Immunodeficiency is a major trigger of its development. While induc-
tion of immunodeficiency is a well-known adverse effect of temozolomide therapy, development of lymphoprolifera-
tive disorder following temozolomide therapy has not previously been described.

Case presentation A patient with brainstem glioma developed constitutional symptoms, pancytopenia, spleno-
megaly and generalized lymphadenopathy during the 2nd cycle of maintenance therapy following induction therapy 
with temozolomide. Epstein-Barr virus-infected lymphocytes were observed histopathologically and “other iatrogenic 
immunodeficiency-associated lymphoproliferative disorder” (OIIA-LPD) was diagnosed. Although discontinuation of 
temozolomide led to rapid remission, relapse was observed 4 months later. CHOP chemotherapy was induced, result-
ing in secondary remission. Vigilant follow-up for another 14 months showed radiologically stable brainstem glioma 
and no further recurrence of OIIA-LPD.

Conclusions This is the first report documenting OIIA-LPD during temozolomide administration. Timely diagnosis 
of the disease and discontinuation of the causative agent were considered to be the management of choice. Close 
monitoring for relapse should be continued. Finding a balance between glioma management and controlling the 
remission of OIIA-LPD remains to be clarified.
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Background
The term “lymphoproliferative disorder” (LPD) covers a 
heterogeneous clinicopathological spectrum character-
ized by uncontrolled proliferation of lymphocytes [1]. 
This entity ranges from non-neoplastic lymphoid pro-
liferation to malignant lymphoma that can be discerned 
by the clonality of the proliferating lymphocytes [2]. 
The World Health Organization (WHO) classifies LPD 
into four categories: post-transplant lymphoprolifera-
tive disorders; lymphomas associated with HIV (human 
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immunodeficiency virus) infection; lymphoproliferative 
disorders associated with primary immune disorders; 
and other iatrogenic immunodeficiency-associated lym-
phoproliferative disorders (OIIA-LPD) [2]. OIIA-LPD is 
a category that represents LPD arising in patients treated 
with immunosuppressants such as methotrexate, or in 
patients with immunosuppressed conditions other than 
the post-transplant setting [3, 4]. Causative relationships 
of Epstein-Barr virus (EBV) activation to OIIA-LPD have 
repeatedly been described [3, 5, 6].

Temozolomide has been the mainstay of treatment for 
diffuse glioma since the notable study by Stupp et al. in 
2005 [7]. Temozolomide is an alkylating agent with high 
bioavailability and considerable blood–brain barrier pen-
etration, well-known for its excellent efficacy and little 
adverse effects [8]. Constipation and epigastric discom-
fort are common side effects, and while hematologic tox-
icity is a recognized adverse effect, its frequency is low 
[9]. Temozolomide-induced aplastic anemia (TIAA) is 
one of the hematologic toxicities that has recently been 
garnering attention and has gained notoriety for its 
profound cytopenia [8]. The leukemogenic potential of 
temozolomide has also been noted, and development of 
acute myeloid leukemia, acute lymphoblastic leukemia 

or myelodysplastic syndrome has been reported as late 
as 5–10 years after exposure [10–13]. However, there is a 
paucity of evidence regarding the occurrence of LPD as a 
side effect of temozolomide therapy.

We encountered a case of diffuse astrocytoma in the 
brainstem treated with induction and maintenance temo-
zolomide, leading to profound cytopenia, followed by 
the development of OIIA-LPD. This appears to repre-
sent the first report of OIIA-LPD subsequent to temo-
zolomide administration. We illustrate the presentations 
before and after its development, disease management, 
and our considerations with regard to finding the balance 
between glioma treatment and control of the hemato-
logic disorder.

Case presentation
A 70-year-old man with no contributory medical his-
tory presented to the outpatient clinic complaining of a 
4-year history of dysgeusia. Magnetic resonance imag-
ing (MRI) revealed a space-occupying lesion appear-
ing hyperintense on T2-weighted imaging in the pons 
(Fig. 1A). The area of abnormal signal intensity extended 
to the midbrain (Fig.  1B). The patient initially preferred 
to be followed-up with imaging, during which time mild 

Fig. 1 The patient presented with high-intensity lesions on T2-weighted imaging of the pons (A). The lesion extended to the midbrain (B). The 
patient initially preferred to be followed-up at an outpatient clinic, during which time the lesion extended to the right middle cerebellar peduncle 
(C) and involved the midbrain and thalamus bilaterally (D)
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impairment of deglutition and memory disturbance grad-
ually developed. During the course of 2 years, the lesion 
extended from the pons to the right middle cerebellar 
peduncle (Fig. 1C) and invaded the midbrain and thala-
mus (Fig. 1D), followed by the development of obstruc-
tive hydrocephalus.

As diffuse glioma was strongly suspected, he underwent 
endoscopic third ventriculostomy together with stereo-
tactic biopsy of the brainstem lesion. Histopathological 
investigations showed proliferation of pleomorphic glial 
cells with nuclear atypia (Fig.  2A). Negative results for 
IDH R132H were obtained with immunohistochemical 
staining (Fig. 2B). ATRX positivity was retained (Fig. 2C). 
Tumor cells were negative for H3K27M (Fig. 2D).

Tumor DNA was extracted from frozen tumor tis-
sue using a DNeasy Blood & Tissue Kit (Qiagen, Tokyo, 
Japan). IDH1 R132 and IDH2 R172 were analyzed 
by Sanger sequencing, as previously reported [14, 
15], revealing no hotspot mutations. The two muta-
tion hotspots in the TERT promoter were analyzed 
in tumor DNA by Sanger sequencing, as previously 
reported [16], showing the presence of C250T mutation 
(Fig.  2E). Methylation-specific polymerase chain reac-
tion was performed in the following steps. A bisulfite 
modification was performed using 400  ng of genomic 
DNA from frozen tissues using an EZ DNA methyl-
ation-Gold Kit (Zymo Research Corporation, Irvine, 

CA) according to the protocol provided by the manu-
facturer. Primer sequences were: 5’-TTT CGA CGT 
TCG TAG GTT TTCGC-3’ (forward) and 5’-GCA CTC 
TTC CGA AAA CGA AACG-3’ (reverse) for methyl-
ated product; and 5’-TTG TGT TTT GAT GTT TGT AGG 
TTT TTGT-3’ (forward) and 5’-AAC TCC ACA CTC 
TTC CAA AAA CAA AACA-3’ (reverse) for unmethyl-
ated product. Polymerase chain reaction (PCR) was 
performed using TAKARA EpiTaq (Takara Bio, Tokyo, 
Japan) according to the protocol from the manufac-
turer. Initial denaturation was performed at 94  °C for 
30  s, followed by 37 cycles of amplification consisting 
of denaturation at 94 °C for 20 s, annealing at 59 °C for 
30 s and extension at 72  °C for 30 s, with a final elon-
gation at 72  °C for 2  min. TAKARA 3522 EpiScope 
Methylated HCT116 Genomic DNA (Takara Bio) and 
TAKARA 3521 EpiScope Unmethylated HCT116DKO 
Genomic DNA (Takara Bio) were used as positive and 
negative controls, respectively. The results demon-
strated that the present case harbored an unmethylated 
MGMT promoter (Fig.  2F). Taking all these findings 
together, the patient was diagnosed with glioblastoma, 
IDH-wildtype, CNS WHO grade 4.

Chemoradiotherapy was implemented based on the 
Stupp regimen, as radiation (54 Gy in 27 fractions) with 
concomitant temozolomide (75 mg/m2/day) for a 30-day 
period. After completing this regimen, the patient was 

Fig. 2 Stereotactic biopsy was performed, revealing diffuse infiltration of pleomorphic cells with nuclear atypia and eosinophilic cytoplasm (A). 
Immunohistochemical staining for R132H IDH1 yielded negative results (B). ATRX positivity was retained (C). Negative results were obtained for 
H3K27M (D). Sanger sequencing of the TERT promoter revealed C250T mutation (E). Methylation-specific polymerase chain reaction demonstrated 
unmethylated MGMT promoter. Results for the positive control, negative control, sample and blank are displayed from left to right (F). The samples 
derive from the same experiment and the gels and blots were processed in parallel. The diagnosis was glioblastoma, IDH-wildtype
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continued on maintenance temozolomide at the outpa-
tient clinic.

Five months after histopathological diagnosis and fol-
lowing 2 cycles of temozolomide maintenance treatment, 
the patient reported constitutional symptoms including 
fever, anorexia and general malaise. Physical examina-
tion showed systemic lymphadenopathy (Fig. 3A, arrow-
head) and splenomegaly (Fig.  3B, asterisk). Positron 
emission tomography-computed tomography exhibited 
marked avidity for fluorodeoxyglucose in lymph nodes 
of the neck, axillae, mediastinum and para-aorta region 
(Fig. 3C).

Blood examinations revealed profound cytopenia and 
hyponatremia. Platelet count was decreased to 20 ×  103/
µL on admission. Although hemoglobin and white blood 
cell count were both within normal limits at first, hemo-
globin decreased from 12.5  g/dL to 9.3  g/dL and white 
blood cell count decreased from 7400/µL to 2900/µL 
within one week. Atypical lymphoid cells resembling 
plasmacytes were also observed in peripheral blood 
smears, and soluble interleukin-2 receptor (IL-2R) was 
elevated to over 9000  IU/L. An enlarged cervical lymph 
node was biopsied for diagnostic evaluation. Pathologi-
cally, the lymph node architecture was widely effaced 
(Fig. 4A) with infiltration of small to medium-sized lym-
phocytes, plasma cells and histiocytes (Fig.  4B). Large, 
atypical lymphocytes with prominent nucleoli were 

sparsely observed. These large lymphocytes were posi-
tive for CD20 (Fig. 4C), PAX5 (Fig. 4D) and BCl-6. In situ 
hybridization revealed cells positive for EBV-encoded 
small RNAs (Fig. 4E).

These EBV-positive cells were negative for LMP1 and 
EBNA2. Light chain restriction was not detected by in-situ 
hybridization and monoclonality was not demonstrated. 
EBV-viral capsid antigen antibody immunoglobulin G 
and EBV-nuclear antigen (EBNA) antibody were also 
increased, and EBV PCR yielded positive results. Based on 
the presence of EBV infection, abnormal proliferation and 
infiltration of EBV-positive lymphocytes, lack of mono-
clonality and the occurrence after temozolomide adminis-
tration, the diagnosis of OIIA-LPD was considered highly 
likely. Temozolomide therapy was therefore discontinued.

After ending temozolomide therapy, lymphadenopathy, 
splenomegaly and pancytopenia gradually resolved over 
the course of a month, and the patient became afebrile 
and asymptomatic. Platelet count gradually returned 
to 121 ×  103/µL one month after onset of OIIA-LPD. At 
the same time point, hemoglobin was 9.4 g/dL and white 
blood cell count was 3400/µL. Achievement of remission 
was confirmed and the patient was discharged. Temozo-
lomide was kept on hold.

Four months after the onset of OIIA-LPD, the 
patient experienced intractable epistaxis. Platelet count 
decreased to 2 ×  103/µL and hemoglobin was 6.3 g/dL at 

Fig. 3 During the 2nd cycle of maintenance therapy following induction therapy with temozolomide, the patient experienced constitutional 
symptoms and cytopenia. Computed tomography showed systemic lymphadenopathy (A; arrowhead) and splenomegaly (B; asterisk). Positron 
emission tomography showed marked fluorodeoxyglucose-avid lymph nodes in the neck, axillae, mediastinum and para-aortic region (C)
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this time, necessitating platelet and red blood cell trans-
fusion. White blood cells were also decreased to 1300/µL. 
Although histopathological evaluations of the tonsils and 
bone marrow were inconclusive, relapse of OIIA-LPD 
was suspected clinically and CHOP chemotherapy was 
introduced. It was not until 3 weeks later that the plate-
let count returned to 77 ×  103/µL, and hemoglobin and 
white blood cell count returned to 8.7  g/dL and 2900/
µL, respectively. Since then, the patient has undergone 
vigilant follow-up for 14 months on an outpatient basis. 
Fortunately, the brainstem glioma has remained radio-
graphically stable without requiring resumption of temo-
zolomide treatment and the patient has not experienced 
any further recurrence of OIIA-LPD.

The patient provided written informed consent for the 
case to be reported.

Discussion
In the present case, the patient experienced pancytopenia 
together with constitutional symptoms during mainte-
nance temozolomide therapy. As cytopenia was grade 4 
according to Common Terminology Criteria for Adverse 

Events (CTCAE) version 5.0, interruption of maintenance 
therapy was necessary. Cytopenia is not at all uncom-
mon during temozolomide therapy, but cytopenia to this 
extent is rare. CTCAE Grade 3/4 hematologic toxicity 
is usually observed in 0–10.2% of patients on temozolo-
mide therapy, [17–19] and TIAA is a fatal pathology that 
should be considered among the differential diagnoses 
when cytopenia is encountered [20]. In the present case, 
however, the patient also demonstrated splenomegaly 
and generalized lymphadenopathy, which are not charac-
teristic of TIAA. Light chain restriction was not detected 
by in-situ hybridization and monoclonality was not dem-
onstrated. EBV-viral capsid antigen antibody immu-
noglobulin G and EBNA were also increased, and EBV 
PCR showed positive results. Histopathology revealed 
atypical lymphocytic infiltration with EBV-positive cells. 
Based on the presence of EBV infection, abnormal pro-
liferation and infiltration of EBV-positive lymphocytes, 
lack of monoclonality and the occurrence after temozo-
lomide administration, the diagnosis of OIIA-LPD was 
considered highly likely. Although hematologic malig-
nancies such as leukemia and myelodysplastic syndrome 

Fig. 4 Histopathological investigation of an enlarged cervical lymph node revealed dense infiltration of lymphocytes, and the normal lymph node 
architecture was widely effaced (A). Infiltration of small to medium-sized lymphocytes, plasma cells and histiocytes was observed (B). Large, atypical 
lymphocytes with prominent nucleoli were sparsely observed. These large lymphocytes were positive for CD20 (C) and PAX5 (D). Epstein-Barr virus 
(EBV) DNA was confirmed by in-situ hybridization (E)
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secondary to temozolomide administration have already 
been described multiple times [10–13], and a small 
number of cases of non-Hodgkin’s lymphoma following 
temozolomide administration have also been reported 
[21], the relationships of those pathologies to EBV were 
not described. Neither were any of those cases defined as 
OIIA-LPD. Hence, this case furthers our understanding 
of adverse events that can be caused by temozolomide.

EBV positivity has been implicated in contributing to 
the development of OIIA-LPD [6]. EBV infection is pre-
sumed to relate to the pathogenesis through DNA meth-
ylation, which can interrupt the expression of tumor 
suppressor genes [22]. Measurement of plasma EBV-
DNA is reportedly useful for disease diagnosis and moni-
toring [23]. Peak EBV loads in serum are significantly 
higher in patients with LPD compared to those without 
the disorder [24]. Although LPD may occur in EBV-neg-
ative patients and a negative EBV-DNA load does not 
always exclude the diagnosis of LPD [25], initial evalua-
tion of EBV-DNA load may be worthwhile when LPD is 
suspected [23, 24]. While histopathological diagnosis 
including immunohistochemical staining is prerequi-
site to definitive diagnosis, typical clinical presentations 
including constitutional symptoms, lymphadenopathy, 
splenomegaly and pancytopenia can facilitate diagnosis.

Consideration of the reasons why this patient experi-
enced such a rare complication following temozolomide 
therapy is important. Although EBV is a remarkably 
prevalent virus that infects > 90% of the global population 
[26], only a limited number of patients experience tum-
origenesis related to EBV infection [24]. Pancytopenia 
subsequent to temozolomide therapy might have resulted 
in immunodeficiency and caused EBV reactivation. The 
vulnerability of the host immune surveillance system 
may be a factor that affects tumorigenesis. Another fac-
tor may be the specific EBV strain, with more than 70 
strains now identified [26]. Certain strains have garnered 
attention for their high potential of tumorigenic potential 
[27]. Although the exact risk factors for developing LPDs 
remain unclear, we presume that the host immune sys-
tem and EBV strain might have influenced the develop-
ment of OIIA-LPD in the present case.

In contrast to hematologic malignancies that require 
intensive chemotherapy for treatment [28], OIIA-LPD 
has been known to regress either spontaneously or with 
reduction of the causative agent [4]. Subsequent develop-
ment of more aggressive OIIA-LPDs, including diffuse 
large B-cell lymphoma or anaplastic large cell lymphoma, 
has been observed on rare occasions [2]. The differen-
tiation between OIIA-LPDs and malignant lymphoma 
may not always be clear in clinical practice; however, the 
occurrence of the disease during immunosuppression 

and remission after the discontinuation of temozolomide 
were characteristic of OIIA-LPDs and not of lymphomas 
(Fig.  5A). [4] Systemic lymphomas are clearly biologi-
cally malignant, while LPD often shows a benign clini-
cal course, such as in this case. OIIA-LPDs are mainly 
defined by its clinical pictures, whereas malignant lym-
phomas are predominantly defined by its pathological 
and biological features (Fig.  5B). Regression of OIIA-
LPDs after withdrawal of the causative immunosup-
pressive drug is one of the unique characteristics of this 
pathology, so immunosuppressant withdrawal should be 
attempted as the first step to management [4]. With that 
said, some cases of OIIA-LPD relapse after temporary 
remission, or do not even respond to discontinuation of 
the immunosuppressant [4, 29]. In fact, our case showed 
a second instance of severe pancytopenia 4 months after 
withdrawal of temozolomide and required CHOP chem-
otherapy [30]. The mechanism is explained by the under-
lying potency of host immunity after discontinuation 
of the causative drugs; [4] no relapse is observed if the 
immunity recovers, whereas the significant impairment 
of immunity may lead to relapse/regrowth events. In 
fact, our case exhibited profound and prolonged leuko-
cytopenia during and after maintenance temozolomide, 
which might reflect the impact of immunosuppression 
caused by induction therapy and maintenance therapy 
with temozolomide. The efficacy of CHOP chemotherapy 
against aggressive LPD has been demonstrated previ-
ously [4]. Careful monitoring of the clinical and labora-
tory data and vigilant follow-up are thus the cornerstones 
to the management of this entity.

Evidence remains scant about when or if temozolo-
mide can be resumed after remission of OIIA-LPD. The 
guidelines of the Japan College of Rheumatology state 
that immunosuppressive drugs should be avoided after 
a patient develops OIIA-LPD [31]. However, temozolo-
mide is the key drug in glioma treatment and has been 
demonstrated to improve long-term prognosis [7]. For-
tunately, the present case showed radiographically stable 
disease without further administration of temozolomide. 
Furthermore, MGMT methylation status investigated 
using DNA from a biopsied specimen of brainstem was 
low, supporting the decision not to resume treatment. 
Although our case was fortunate since the patient did 
not experience relapse of the primary lesion, cases that 
are intolerant to chemotherapy or experience relapse 
of the primary lesion would be difficult situations. Re-
administration of temozolomide might theoretically 
lead to aggravation of the OIIA-LPD. Targeted therapy 
based on gene panel analysis or bevacizumab would be 
the alternative options. Nevertheless, future studies need 
to clarify the optimal treatment of glioma itself after the 
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development and regression of OIIA-LPD subsequent to 
temozolomide administration. In the current situation, 
the risk of OIIA-LPD relapse needs to be balanced with 
the risk of glioma progression, paving the way to optimal 
management for each individual case.

Conclusions
We have presented a case in which OIIA-LPD devel-
oped subsequent to temozolomide therapy. Discontinu-
ation of temozolomide led to rapid regression of the 
OIIA-LPD. Despite early relapse, the patient remained 

Fig. 5 OIIA-LPD is characterized by its association with immunosuppression, and regression after cessation of immunosuppressive agents. OIIA-LPD 
is occasionally associated with EBV infection, albeit not necessarily. This entity ranges from non-neoplastic lymphoid proliferation to malignant 
lymphoma (A). OIIA-LPD is mainly defined by its clinical pictures, whereas malignant lymphoma is predominantly defined pathologically and 
biologically (B)
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stable without late relapse in the following 14  months. 
Although extremely rare during and after temozolomide 
treatment, severe pancytopenia, splenomegaly and gen-
eralized lymphadenopathy raise concerns about OIIA-
LPD. Vigilant follow-up should be continued even after 
remission, since late relapse may occur. Balancing treat-
ments for OIIA-LPD and glioma remains a formidable 
challenge in this clinical scenario.

Abbreviations
CTCAE  Common Terminology Criteria for Adverse Events
EBV  Epstein-Barr virus
EBNA  Epstein-Barr virus nuclear antigen
HIV  Human immunodeficiency virus
LPD  Lymphoproliferative disorder
MRI  Magnetic resonance imaging
OIIA-LPD  Other iatrogenic immunodeficiency-associated lymphoprolifera-

tive disorders
PCR  Polymerase chain reaction
sIL-2R  Soluble interleukin-2 receptor
TIAA  Temozolomide-induced aplastic anemia
WHO  World Health Organization

Supplementary Information
The online version contains supplementary material available at https:// doi. 
org/ 10. 1186/ s12883- 023- 03274-8.

Additional file 1. 

Acknowledgements
None.

Authors’ contribution
Daisuke Sato and Hirokazu Takami wrote the main manuscript text and 
Daisuke Sato, Hirokazu Takami, Mariko Tanaka, Reiko Matsuura prepared fig-
ures. All authors reviewed the manuscript. Shunsaku Takayanagi, Kazuki Taoka, 
Shota Tanaka and Nobuhito Saito substantively revised the work.

Funding
This work was supported in part by JSPS KAKENHI Grant Number 22K16650 
from the Japan Society for the Promotion of Science (JSPS)..

Availability of data and materials
All data analyzed during this study are included in this published article.

Declarations

Ethics approval and consent to participate
This study was approved by the institutional review board (#2231).

Consent for publication
Informed consent from the patient was obtained for publication of identifying 
information/images in an online open-access publication.

Competing interests
The authors declare no competing interests.

Received: 8 February 2023   Accepted: 3 June 2023

References
 1. Styczynski J, Sadlok J, Styczynski T, Marjanska A, Richert-Przygonska M. 

Management of resistant post-transplant lymphoproliferative disorder: 
CAR-T is a new option. Anticancer Res. 2022;42(11):5181–6. https:// doi. 
org/ 10. 21873/ antic anres. 16024.

 2. Natkunam Y, Gratzinger D, Chadburn A, Goodlad JR, Chan JKC, Said J, 
et al. Immunodeficiency-associated lymphoproliferative disorders: time 
for reappraisal? Blood. 2018;132(18):1871–8. https:// doi. org/ 10. 1182/ 
blood- 2018- 04- 842559.

 3. Ogawa A, Nakagawa T, Kumaki Y, Hosoya T, Oda G, Mori M, et al. Sponta-
neous regression of breast lymphoproliferative disorders after withdrawal 
of methotrexate in rheumatoid arthritis patients with Epstein-Barr virus 
infection: a case report and review of the literature. J Med Case Rep. 
2022;16 1:49; https:// doi. org/ 10. 1186/ s13256- 022- 03274-1.

 4. Tokuhira M, Tamaru JI, Kizaki M. Clinical management for other iatrogenic 
immunodeficiency-associated lymphoproliferative disorders. J Clin Exp 
Hematop. 2019;59(2):72–92. https:// doi. org/ 10. 3960/ jslrt. 19007.

 5. Salem AE, Zaki YH, El-Hussieny G, ElNoueam KI, Shaaban AM, Koppula BR, 
et al. An Overview of selected rare B-cell lymphoproliferative disorders: 
Imaging, histopathologic, and clinical features. Cancers (Basel). 2021;13 
22; https:// doi. org/ 10. 3390/ cance rs132 25853.

 6. Toyonaga H, Fukushima M, Shimeno N, Inokuma T. Methotrexate-
associated lymphoproliferative disorder in the stomach and duodenum: 
a case report. BMC Gastroenterol. 2019;19 1:62; https:// doi. org/ 10. 1186/ 
s12876- 019- 0982-4.

 7. Stupp R, Mason WP, van den Bent MJ, Weller M, Fisher B, Taphoorn MJ, 
et al. Radiotherapy plus concomitant and adjuvant temozolomide for 
glioblastoma. N Engl J Med. 2005;352(10):987–96. https:// doi. org/ 10. 
1056/ NEJMo a0433 30.

 8. Park AK, Waheed A, Forst DA, Al-Samkari H. Characterization and prog-
nosis of temozolomide-induced aplastic anemia in patients with central 
nervous system malignancies. Neuro Oncol. 2022;24(6):964–73. https:// 
doi. org/ 10. 1093/ neuonc/ noab2 40.

 9. Nicholson HS, Krailo M, Ames MM, Seibel NL, Reid JM, Liu-Mares W, et al. 
Phase I study of temozolomide in children and adolescents with recur-
rent solid tumors: a report from the Children’s Cancer Group. J Clin Oncol. 
1998;16(9):3037–43. https:// doi. org/ 10. 1200/ JCO. 1998. 16.9. 3037.

 10. Liu P, Li P, Lei T, Qu L, Huang H, Mu Q. Acute lymphoblastic leukemia 
following temozolomide treatment in a patient with glioblastoma: a case 
report and review of the literature. Oncol Lett. 2018;15(6):8663–8. https:// 
doi. org/ 10. 3892/ ol. 2018. 8422.

 11. Chou KN, Lin YC, Liu MY, Chang PY. Temozolomide-related acute lympho-
blastic leukemia with translocation (4;11)(q21;q23) in a glioblastoma 
patient. J Clin Neurosci. 2014;21(4):701–4. https:// doi. org/ 10. 1016/j. jocn. 
2013. 07. 032.

 12. Ogura M, Todo T, Tanaka M, Nannya Y, Ichikawa M, Nakamura F, et al. 
Temozolomide may induce therapy-related acute lymphoblastic leukae-
mia. Br J Haematol. 2011;154(5):663–5. https:// doi. org/ 10. 1111/j. 1365- 
2141. 2011. 08641.x.

 13. Villano JL, Letarte N, Yu JM, Abdur S, Bressler LR. Hematologic adverse 
events associated with temozolomide. Cancer Chemother Pharmacol. 
2012;69(1):107–13. https:// doi. org/ 10. 1007/ s00280- 011- 1679-8.

 14. Takami H, Mukasa A, Ikemura M, Shibahara J, Takahashi M, Momose T, 
et al. Findings from positron emission tomography and genetic analyses 
for cerebellar liponeurocytoma. Brain Tumor Pathol. 2015;32(3):210–5. 
https:// doi. org/ 10. 1007/ s10014- 014- 0210-4.

 15. Mukasa A, Takayanagi S, Saito K, Shibahara J, Tabei Y, Furuya K, et al. 
Significance of IDH mutations varies with tumor histology, grade, and 
genetics in Japanese glioma patients. Cancer Sci. 2012;103(3):587–92. 
https:// doi. org/ 10. 1111/j. 1349- 7006. 2011. 02175.x.

 16. Takami H, Mukasa A, Takayanagi S, Koike T, Matsuura R, Ikemura M, 
et al. Morphologically, genetically and spatially mixed astrocytoma and 
oligodendroglioma; chronological acquisition of 1p/19q codeletion and 
CDKN2A deletion: a case report. Brain Tumor Pathol. 2022. https:// doi. 
org/ 10. 1007/ s10014- 022- 00448-z.

 17. Brada M, Viviers L, Abson C, Hines F, Britton J, Ashley S, et al. Phase II study 
of primary temozolomide chemotherapy in patients with WHO grade 
II gliomas. Ann Oncol. 2003;14(12):1715–21. https:// doi. org/ 10. 1093/ 
annonc/ mdg371.

 18. Kim BS, Seol HJ, Nam DH, Park CK, Kim IH, Kim TM, et al. Concurrent 
Concurrent chemoradiotherapy with temozolomide followed by 

https://doi.org/10.1186/s12883-023-03274-8
https://doi.org/10.1186/s12883-023-03274-8
https://doi.org/10.21873/anticanres.16024
https://doi.org/10.21873/anticanres.16024
https://doi.org/10.1182/blood-2018-04-842559
https://doi.org/10.1182/blood-2018-04-842559
https://doi.org/10.1186/s13256-022-03274-1
https://doi.org/10.3960/jslrt.19007
https://doi.org/10.3390/cancers13225853
https://doi.org/10.1186/s12876-019-0982-4
https://doi.org/10.1186/s12876-019-0982-4
https://doi.org/10.1056/NEJMoa043330
https://doi.org/10.1056/NEJMoa043330
https://doi.org/10.1093/neuonc/noab240
https://doi.org/10.1093/neuonc/noab240
https://doi.org/10.1200/JCO.1998.16.9.3037
https://doi.org/10.3892/ol.2018.8422
https://doi.org/10.3892/ol.2018.8422
https://doi.org/10.1016/j.jocn.2013.07.032
https://doi.org/10.1016/j.jocn.2013.07.032
https://doi.org/10.1111/j.1365-2141.2011.08641.x
https://doi.org/10.1111/j.1365-2141.2011.08641.x
https://doi.org/10.1007/s00280-011-1679-8
https://doi.org/10.1007/s10014-014-0210-4
https://doi.org/10.1111/j.1349-7006.2011.02175.x
https://doi.org/10.1007/s10014-022-00448-z
https://doi.org/10.1007/s10014-022-00448-z
https://doi.org/10.1093/annonc/mdg371
https://doi.org/10.1093/annonc/mdg371


Page 9 of 9Sato et al. BMC Neurology          (2023) 23:224  

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

adjuvant temozolomide for newly diagnosed glioblastoma patients: a 
petrospective multicenter observation study in Korea. Cancer Res Treat. 
2017;49(1):193–203. https:// doi. org/ 10. 4143/ crt. 2015. 473.

 19. Kobayashi N, Takeda Y, Okubo N, Suzuki A, Tokuhisa M, Hiroshima Y, et al. 
Phase II study of temozolomide monotherapy in patients with extrapul-
monary neuroendocrine carcinoma. Cancer Sci. 2021;112(5):1936–42. 
https:// doi. org/ 10. 1111/ cas. 14811.

 20. Ata F, Akkam Veettil SF, Gaber M, Omar NE, Madani A, Mah Afifi H, et al. 
Fatal temozolomide induced aplastic anemia in a female with Glioblas-
toma multiforme : a case report and literature review. Clin Case Rep. 
2021;9(3):1641–6. https:// doi. org/ 10. 1002/ ccr3. 3860.

 21. Neyns B, Cordera S, Joosens E, Pouratian N. Non-Hodgkin’s lymphoma 
in patients with glioma treated with temozolomide. J Clin Oncol. 
2008;26(27):4518–9. https:// doi. org/ 10. 1200/ JCO. 2008. 18. 8177.

 22. Ejima-Yamada K, Oshiro Y, Okamura S, Fujisaki T, Mihashi Y, Tamura K, 
et al. Epstein-Barr virus infection and gene promoter hypermethylation 
in rheumatoid arthritis patients with methotrexate-associated B cell 
lymphoproliferative disorders. Virchows Arch. 2017;470(2):205–15. https:// 
doi. org/ 10. 1007/ s00428- 016- 2030-x.

 23. Au WY, Pang A, Choy C, Chim CS, Kwong YL. Quantification of circulating 
Epstein-Barr virus (EBV) DNA in the diagnosis and monitoring of natural 
killer cell and EBV-positive lymphomas in immunocompetent patients. 
Blood. 2004;104(1):243–9. https:// doi. org/ 10. 1182/ blood- 2003- 12- 4197.

 24. Qin T, Gu XQ, Jeong SS, Song YY, Liu JC, Zheng JX, et al. Impact of EBV 
infection and immune function assay for lymphoproliferative disorder in 
pediatric patients after liver transplantation: a single-center experience. 
Hepatobiliary Pancreat Dis Int. 2020;19(1):3–11. https:// doi. org/ 10. 1016/j. 
hbpd. 2019. 12. 005.

 25. Mizushima M, Ishi Y, Ikeda H, Echizenya I, Otsuka T, Mitsuhashi T, et al. 
Successful treatment of intracranial methotrexate-associated lymphopro-
liferative disorder without Epstein-Barr virus infection using Rituximab, 
Methotrexate, Procarbazine, and Vincristine: a case report. NMC Case Rep 
J. 2022;9:237–42. https:// doi. org/ 10. 2176/ jns- nmc. 2022- 0091.

 26. Chakravorty S, Afzali B, Kazemian M. EBV-associated diseases: cur-
rent therapeutics and emerging technologies. Front Immunol. 
2022;13:1059133. https:// doi. org/ 10. 3389/ fimmu. 2022. 10591 33.

 27. Kanda T, Yajima M, Ikuta K. Epstein-Barr virus strain variation and cancer. 
Cancer Sci. 2019;110(4):1132–9. https:// doi. org/ 10. 1111/ cas. 13954.

 28. De Vita S, De Matteis S, Laurenti L, Chiusolo P, Reddiconto G, Fiorini 
A, et al. Secondary Ph+ acute lymphoblastic leukemia after temozo-
lomide. Ann Hematol. 2005;84(11):760–2. https:// doi. org/ 10. 1007/ 
s00277- 005- 1093-6.

 29. Ohgaki F, Takemoto Y, Paku S, Tatezuki J, Kumagai J, Shuto T, et al. Primary 
central nervous system other iatrogenic immunodeficiency-associated 
lymphoproliferative disorders presenting as extraosseous plasmacytoma 
with a progressive clinical course: a case report and literature review. 
Neuropathology. 2022. https:// doi. org/ 10. 1111/ neup. 12863.

 30. Fisher RI, Gaynor ER, Dahlberg S, Oken MM, Grogan TM, Mize EM, et al. 
Comparison of a standard regimen (CHOP) with three intensive chemo-
therapy regimens for advanced non-Hodgkin’s lymphoma. N Engl J Med. 
1993;328(14):1002–6. https:// doi. org/ 10. 1056/ NEJM1 99304 08328 1404.

 31. Kameda H, Fujii T, Nakajima A, Koike R, Sagawa A, Kanbe K, et al. Japan 
College of Rheumatology guideline for the use of methotrexate in 
patients with rheumatoid arthritis. Mod Rheumatol. 2019;29(1):31–40. 
https:// doi. org/ 10. 1080/ 14397 595. 2018. 14723 58.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.4143/crt.2015.473
https://doi.org/10.1111/cas.14811
https://doi.org/10.1002/ccr3.3860
https://doi.org/10.1200/JCO.2008.18.8177
https://doi.org/10.1007/s00428-016-2030-x
https://doi.org/10.1007/s00428-016-2030-x
https://doi.org/10.1182/blood-2003-12-4197
https://doi.org/10.1016/j.hbpd.2019.12.005
https://doi.org/10.1016/j.hbpd.2019.12.005
https://doi.org/10.2176/jns-nmc.2022-0091
https://doi.org/10.3389/fimmu.2022.1059133
https://doi.org/10.1111/cas.13954
https://doi.org/10.1007/s00277-005-1093-6
https://doi.org/10.1007/s00277-005-1093-6
https://doi.org/10.1111/neup.12863
https://doi.org/10.1056/NEJM199304083281404
https://doi.org/10.1080/14397595.2018.1472358

	Lymphoproliferative disorder during temozolomide therapy; a representative case of a formidable complication and management challenges
	Abstract 
	Background 
	Case presentation 
	Conclusions 

	Background
	Case presentation
	Discussion
	Conclusions
	Anchor 10
	Acknowledgements
	References


