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Abstract
Introduction  The concurrent presence of both central nervous system (CNS) tumors and multiple sclerosis (MS) poses vari-
ous diagnostic and therapeutic pitfalls and makes the clinical management of such patients challenging.
Methods  In this retrospective, single-center cohort study, we searched our clinical databases (2006–2019) for patients with 
concurrent CNS tumors and MS and described their disease courses. Age at diagnosis of the respective disease and prob-
abilities for MS disease activity events (DAEs) with vs. without prior tumor-specific therapy were tested pairwise using t-test 
for dependent samples and exact binomial test.
Results  N = 16 patients with concurrent CNS tumors and MS were identified. MS diagnosis preceded the CNS oncologi-
cal diagnosis by an average of 9 years (p = 0.004). More DAEs occurred in patients without prior chemotherapy (83.3%) 
than in patients with prior chemotherapy (16.7%; p = 0.008). This effect did not reach significance for patients with prior 
radiation therapy/radiosurgery (66.7% vs. 33.3%, p = 0.238). The average interval between DAEs and the last documented 
lymphopenia was 32.25 weeks.
Conclusions  This study describes the clinical and demographic features of patients with concurrent CNS tumors and MS 
and suggests several practical approaches to their clinical management. Our findings suggest that adding a disease-modifying 
MS therapy to the regimen of patients treated with chemotherapy is necessary only if the patient suffers from a highly active, 
aggressive course of MS. In view of the lack of prospective trials, individual risk assessments should remain the foundation 
of the decision on MS treatment in concurrent CNS tumor diseases.
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Introduction

Inflammatory autoimmune diseases and tumors of the cen-
tral nervous system (CNS) can be viewed as two opposite 
results of neuroimmunological dysfunction: while hyper-
activity might lead to primary neuroinflammatory diseases 
such as multiple sclerosis (MS), immunosuppression pro-
motes the development and progress of brain tumors [1]. 
Thus, the concurrent presence of both MS and CNS tumors 
can be rather challenging in clinical practice. Inconclusive 
diagnostics (e.g., in the case of pseudoprogression) as well 
as therapeutic pitfalls can severely complicate the manage-
ment of such patients.

Studies based on general population register data demon-
strated a decreased overall cancer risk among patients with 
MS but an increased risk for brain tumors, which, as the 
authors suggest, may be due to more frequent neuroimaging 
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in MS patients, i.e., a surveillance bias [2]. Another large 
study investigated the occurrence of brain tumors in 33 dif-
ferent autoimmune diseases and found that none of them 
(including MS) influences the risk of glioma development 
but that autoimmune diseases negatively affect survival in 
glioma and meningioma patients, probably due to the added 
physical burden or therapeutic limitations [3]. Accordingly, 
some of the challenges the clinical management of concur-
rent CNS tumors and MS pose have been described in the 
literature but due to the rare coincidence of these two CNS 
diseases, current evidence is limited to single case reports 
and, to our best knowledge, no cohort studies have been 
reported [4–9].

To lay out the main characteristics of the population 
affected by both diseases, we conducted a retrospective 
single-center cohort study encompassing patients with con-
current MS and CNS tumors. We focused on characteriz-
ing the demographic and clinical variables of this cohort. 
Furthermore, we evaluated the possible association between 
tumor therapies and subsequent MS disease activity. This 
is a particularly relevant question since disease-modify-
ing therapies (DMT) with additional immunosuppressive 
or immunomodulatory effects can further aggravate the 
immune system which might have already been compro-
mised by the tumor therapy (e.g., chemotherapy). In this 
case, adding DMT to an existing chemotherapy might result 
in an unfavorable risk–benefit ratio, e.g., an increased risk 
of infection. On the other hand, ongoing MS disease activity 
without adequate DMT could result in rapidly accumulating 
neurological deficits that, combined with deficits related to 
CNS tumors, may severely limit the individual’s quality of 
life and survival. Finally, we describe three representative 
cases as examples of the typical challenges in the clinical 
management of such patients.

Methods

This single-center retrospective study was approved by the 
Institutional Review Board (IRB) of the University Hos-
pital Frankfurt (Protocol-Number: SNO-13–2019). It was 
performed in line with the principles of the Declaration of 
Helsinki. Consecutive patients who had been registered 
in the clinical information system of the University Hos-
pital Frankfurt between 2006 and 2019 were identified by 
filtering for ICD-10 diagnosis codes encompassing MS 
(G35.1x, G35.2x, G35.3x, G35.9) or unspecified encepha-
litis, myelitis, or encephalomyelitis (G04.9) and concurrent 
tumor diseases (CXX.X). Patients had to be seen at least 
once by a specialist at the Department of Neurology or Dr. 
Senckenberg Institute of Neurooncology at the University 
Hospital Frankfurt. Inclusion criteria were (1) diagnosis 
of CNS tumor (primary CNS tumor or CNS metastasis/

meningeal carcinomatosis) and (2) diagnosis of MS (either 
relapsing–remitting [RRMS], secondary/primary progres-
sive [SPMS/PPMS], or clinically isolated syndrome [CIS]). 
Patients were excluded if they met only one or none of the 
two inclusion criteria. The data was carefully reviewed by 
two different investigators and cases were included only 
if their evaluation was unequivocal. Inconclusive cases 
(n = 1) were referred to a third senior investigator for a final 
decision.

For all remaining patients, the following information was 
extracted: age at MS diagnosis, age at CNS tumor diagnosis, 
gender, neurooncological diagnosis [10], non-CNS oncolog-
ical diagnosis (for the patients with CNS metastasis/menin-
geal carcinomatosis), tumor therapy after neurooncologi-
cal diagnosis (classified as CNS tumor resection, radiation 
therapy/radiosurgery, chemotherapy, or molecular/antibody 
tumor therapy), MS disease phenotype, oligoclonal band-
ing positivity, MS therapy after establishment of neuroon-
cological diagnosis, number and form of MS disease activity 
events (DAEs, i.e., clinical relapses or radiological signs of 
MS activity, defined as new/enlarging T2/FLAIR-hyperin-
tense MRI lesions or gadolinium-enhancing T1-weighted 
MRI lesions), and occurrence of lymphopenia. For consist-
ency purposes, cases with MS diagnosis established using 
older revisions of the McDonald criteria or where the exact 
diagnostic criteria had not been referred to, were reviewed 
by two different investigators and adjusted unequivocally 
to the latest revision (2017) of the McDonald criteria [11]. 
Thus, for example, MS cases with recorded relapses but with 
no history of progression independent of relapse activity 
were classified as relapsing–remitting MS [11]. For patients 
with CIS, we ensured that after applying the most recent 
revision of the McDonald criteria [11], RRMS criteria were 
still not met.

To illustrate the course of the two concurrent CNS dis-
eases after the establishment of the neurooncological diag-
nosis, we employed a swimmer plot (Fig. 1). The origin of 
the coordinate system (zero) was defined as the point of time 
when the neurooncological diagnosis had been established. 
On the y-axis, each bar represents a single subject with 
n = 16 patients in total. The x-axis illustrates the time before 
(left side of the swimmer plot; displays the age [in years] at 
which the corresponding MS or neurooncological diagnosis 
was established) and after (right side of the swimmer plot; 
displays the common observation time [in months]) the neu-
rooncological diagnosis. On the right side of the swimmer 
plot, we also outlined the individual disease course with the 
corresponding therapies, clinical, imaging, and laboratory 
findings as well as the end of observation (death/ongoing 
observation/lost to follow-up).

Based on the collected data, we estimated the association 
between neurooncological therapy and MS disease activity. 
For this purpose, DAEs were categorized with regard to the 
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presence or absence of (1) prior chemotherapy at any time 
after the neurooncological diagnosis and (2) prior radiation 
therapy/radiosurgery at any time after the neurooncological 
diagnosis. In addition, we determined the interval between 
each DAE and the last chemotherapy or radiation therapy/
radiosurgery as well as the interval between each DAE and 
the last recorded lymphopenia.

Patients’ age at the time of MS diagnosis and at the time 
of CNS tumor diagnosis were compared using a t-test for 
dependent samples (two-tailed, significance level set at 
p < 0.05). The proportions of DAEs with vs. without prior 
chemotherapy and with vs. without prior radiation therapy/
radiosurgery were computed and the respective probabili-
ties were estimated and compared pairwise using the exact 
binomial test (two-tailed, significance level set at p < 0.05). 
Clopper-Pearson 95% confidence intervals were computed 
correspondingly.

Finally, we describe three representative cases to illustrate 
some of the diagnostic and treatment pitfalls and offer cor-
responding strategies which may be employed in the clinical 
management of these patients.

Results

The search for concurrent MS/encephalitis/myelitis/enceph-
alomyelitis and tumor ICD-10 diagnosis codes retrieved 
n = 83 patients. After a careful examination of their clinical 
data, diagnostic work-up, and final diagnoses, n = 67 patients 
did not meet the study inclusion criteria. N = 16 patients with 
concurrent CNS tumor and MS were included. The demo-
graphic and clinical features of the sample as well as the 
results from the statistical testing are presented in Table 1.

The majority of the patients (56.25%) were female. MS 
diagnosis preceded the first CNS oncological diagnosis 
by an average of 9 years (mean age 35.38 vs. 44.38, t-test 
for dependent samples, p = 0.004). The majority of MS 
phenotypes were RRMS or CIS (93.75%) and the majority 
of the CNS tumors were metastases/meningeal carcinoma-
tosis (31.25%). Other CNS tumors were distributed more 
evenly (glioblastoma, astrocytoma/anaplastic astrocytoma, 
ependymoma/subependymoma, and meningioma each 
12.5%, while pilocytic astrocytoma and unspecified glioma 
were represented with 6.25% each). Most of the metastases 

Fig. 1   The disease course of concurrent CNS tumor and MS after 
establishment of the neurooncological diagnosis. To illustrate the 
course of the two concurrent CNS diseases after the establishment 
of the neurooncological diagnosis, we employed a swimmer plot. 
The center of the coordinate system (zero) was defined as the time at 
which the neurooncological diagnosis was established. On the y-axis, 
each bar represents a single subject with n = 16 patients in total. The 
x-axis illustrates the time before (left side of the swimmer plot; dis-

plays the age [in years] at which the corresponding MS or CNS tumor 
diagnosis was established) and after (right side of the swimmer plot; 
displays the common observation time [in months]) the neuroonco-
logical diagnosis. On the right side of the swimmer plot, the individ-
ual disease course with the corresponding therapies, clinical, imag-
ing, and laboratory findings as well as the end of observation (death/
ongoing observation/lost to follow-up) is outlined
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Table 1   Demographic and clinical information

n %

Gender
  Female 9 56.3
  Male 7 43.7

Neurooncological diagnosis
  CNS lymphoma 1 6.25
  CNS metastases/meningeal carcinomatosis 5 31.25
  Glioblastoma 2 12.5
  Astrocytoma/anaplastic astrocytoma 2 12.5
  Pilocytic astrocytoma 1 6.25
  Ependymoma/subependymoma, n (%) 2 12.5
  Glioma (unspecified) 1 6.25
  Meningioma 2 12.5

Non-CNS oncological diagnosis
  Mammary carcinoma 1 6.25
  Lung carcinoma 3 18.75
  Melanoma 1 6.25

Other oncological diagnosis, not CNS relevant
  Mammary carcinoma 1 6.25
  Mantle cell lymphoma 1 6.25

CNS tumor resection
  No 7 43.75
  Yes 8 50.0
  Information not available 1 6.25

Radiation therapy/radiosurgery after neurooncological diagnosis
  No 6 37.5
  Yes 10 62.5

Chemotherapy after neurooncological diagnosis
  No 10 62.5
  Yes 6 37.5

Molecular/antibody tumor therapy after neurooncological diagnosis
  No 14 87.5
  Yes 2 12.5

MS disease phenotype
  RRMS 13 81.25
  SPMS 1 6.25
  CIS 2 12.5

Oligoclonal banding positivity
  No 1 6.25
  Yes 9 56.25
  Information not available 6 37.5

MS therapy after neurooncological diagnosis
  None 9 56.25
  Continued/started 7 43.75
  Interferon beta-1a/b 2 12.5
  Glatiramer acetate 1 6.25
  Dimethyl fumarate 2 12.5
  Repeated intervals of high-dose corticosteroid 1 6.25
  No information available 1 6.25

MS therapy stopped after neurooncological diagnosis
  Interferon beta-1a/b 1 6.25
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originated from lung carcinoma (18.75% of all patients). 
Other primary cancers were mammary carcinoma or mela-
noma (each 6.3% of all patients). Approximately half of 
the patients (50%) underwent CNS tumor resection. The 
majority of the patients (62.5%) were treated with radia-
tion therapy/radiosurgery. Fifty percent received chemo-
therapy (temozolomide; R-CHOP (rituximab, cyclophos-
phamide, doxorubicin, vincristine, prednisolone), R-MTX 
(rituximab, methotrexate)) or molecular/antibody therapy 
following the neurooncological diagnosis. 56.25% were 
not treated with a disease-modifying MS therapy after the 
establishment of the neurooncological diagnosis, while 
43.75% started or continued their MS therapy after CNS 
tumor diagnosis. Twenty-five percent of the patients dis-
continued MS therapy after the neurooncological diagno-
sis had been established.

Most of the DAEs (72.2%) were signs of radiological 
activity in brain/spinal cord imaging. Only 27.8% of the 
events were clinically apparent relapses. DAEs affected 
in total 37.5% of the patients. More DAEs occurred in 
patients without than in patients with prior chemotherapy 
(83.3% vs. 16.7%; exact binomial test, p = 0.008). This 
effect did not hold true for patients with prior radiation 
therapy/radiosurgery treatment (66.7% vs. 33.3%, exact 
binomial test, p = 0.238). Average intervals between 
each type of tumor therapy (chemotherapy and radia-
tion therapy/radiosurgery) and the next DAE were almost 
identical (23.67 vs. 24.33 weeks). The average interval 
between DAEs and the last documented lymphopenia was 
32.25 weeks.

Number of patients and proportion (in % of the whole sample) are presented for the most relevant demographic and clinical categories. CNS, 
central nervous system; MS, multiple sclerosis; RRMS, relapsing–remitting MS; SPMS, secondary progressive MS; CIS, clinically isolated syn-
drome; DAE, disease activity event (i.e., either a clinical relapse or radiologic activity). aProbability for DAE; bestimated probability for chemo-
therapy/antibody/molecular therapy preceding DAE; cestimated probability for radiotherapy/radiosurgery preceding DAE; a, b, c were computed 
using the exact binomial test and the corresponding exact Clopper-Pearson 95% confidence interval; dexact binomial test was used to test for a 
significant deviation of the observed from the expected probability of 0.5 for the respective category; et-test for dependent samples

Table 1   (continued)

n %

  Azathioprine 1 6.25
  Teriflunomide 1 6.25
  Natalizumab 1 6.25

p value Estimate 95% CI
Lower Upper

MS disease activity event (DAE)
  Clinical relapse events (number of patients) 5 (3) 27.8 (18.8) 0.096d 0.722a 0.465 0.903
  Radiologic activity events (number of patients) 13 (5) 72.2 (31.3)
  Number of patients with any DAE 6 37.5

Chemotherapy preceding DAE
  No 15 83.3 0.008d 0.167b 0.036 0.414
  Yes 3 16.7

Radiation therapy/radiosurgery preceding DAE
  No 12 66.7 0.238d 0.333c 0.133 0.590
  Yes 6 33.3

Mean SD
Age (years) at

  Neurooncological diagnosis 44.38 15.81 0.004e

  MS diagnosis 35.38 11.86
    Interval between DAE and chemotherapy (weeks) 23.67 21.83
    Interval between DAE and radiation therapy/radiosurgery 

(weeks)
24.33 19.22

    Interval between DAE and last lymphopenia (weeks) 32.25 35.70
Total observation time (months)

  All participants (median, IQR) 21 (61)
  Chemotherapy preceding DAE 67 (12)
  No chemotherapy preceding DAE 68 (115)
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Discussion

In this retrospective, single-center cohort study, we 
describe a series of patients with concurrent CNS tumor 
and MS diagnoses.

Not surprisingly, some of the patients discontinued or 
never started their MS therapy (56.25%) after establish-
ment of the neurooncological diagnosis. A possible expla-
nation could be the low to moderate average level of MS 
disease activity after CNS tumor diagnosis (only 37.5% of 
our patients were affected by DAEs) with a risk–benefit 
ratio that did not favor DMT. Furthermore, discontinuing 
MS therapy which had been initiated before the neuroon-
cological diagnosis might be related to concerns about 
DMT-associated immunosuppression and increased risk of 
infection. Further concerns could be related to a possible 
risk of neoplasm, which has been reported for some DMTs 
among MS patients. Although Grytten et al. reported an 
increased incidence of cancer among MS patients com-
pared to controls for the time period from 1996 to 2017, 
corresponding in time to the introduction of DMT for MS, 
this effect has been observed predominantly among MS 
patients older than 60 years of age [12] and other studies 
analyzing similar time periods could not confirm these 
findings but reported instead no increased incidence of 
malignancy, neither in comparison with the general popu-
lation nor in relation to DMT [13, 14]. A recent meta-
analysis with meta-regression by Papadopoulos et  al. 
found that treatment with DMT did not modify the risk of 
neoplasms in MS clinical trials from 1991 to 2020, which 
may reflect a low carcinogenic potential of DMTs and/or 
that the neoplasia latencies far exceed the typical MS trial 
observation periods [15]. 43.75% of our patients started or 
kept their MS therapy after tumor diagnosis, which might 
have been motivated by the concern of ongoing MS dis-
ease activity.

Interestingly, DAEs defined as clinically apparent 
relapses or radiological signs of MS disease activity 
occurred mainly in patients without prior chemotherapy 
for CNS tumors (83.3% of all DAEs). On the contrary, 
only a very small proportion of DEAs (16.7%) occurred 
at any time after chemotherapy for CNS tumor diagnosis, 
which suggests that chemotherapy reduces MS disease 
activity via its immunosuppressive mechanisms of action. 
This is consistent with the fact that some DMTs have 
similar mechanisms of action or even have been derived 
from therapeutics used in cancer treatment [16]. Moreo-
ver, these findings imply that chemotherapy employed for 
the treatment of CNS tumors reduces by far the need for 
additional DMT in concurrent MS and that there might 
not be a significant level of MS disease activity after 
chemotherapy. DAEs in patients with prior chemotherapy 

were seen on average 23.67 weeks (i.e., approximately 
6 months) after chemotherapy, which corresponds to the 
time interval of treatment in, e.g., some B-cell deplet-
ing therapies. Interestingly, the average interval between 
DAEs and the last reported lymphopenia was on average 
8 months, which also roughly corresponds to this inter-
val. Therefore, recurring DAEs in patients with preced-
ing chemotherapy might be related to the repopulation 
of immune cells and the resulting reconstitution of the 
immune system. Finally, patients with preceding chemo-
therapy and absent DAEs were observed for more than 
6 years on average (median 68 months, Table 1), which is 
a reasonable time for a follow-up to assess the effect of a 
particular treatment on MS disease activity. Our findings 
suggest long-lasting effects of the chemotherapy on the 
immune system and imply that patients with concurrent 
MS and CNS tumors benefit from DMT only if they do 
not receive additional chemotherapy. Vice versa, chemo-
therapy treatment might be associated with an unfavorable 
risk–benefit ratio of an additional DMT unless the patient 
has a highly active, very aggressive course of MS. Thus, 
individual risk assessments should be the foundation of 
the decision on the MS treatment approach in concurrent 
CNS tumor diseases.

Interestingly, we did not find evidence for an altered ratio 
of DAEs after radiation therapy or radiosurgery treatment. 
There have been reports on increased radiosurgery toxicity 
in MS [17] and radiotherapy might stimulate the immune 
response [18]. Most interestingly, a case report described 
an MS-like disease confined to the irradiated part of the 
cervico-thoracic spinal cord of a patient treated before with 
radiation therapy for Hodgkin’s lymphoma, suggesting that 
alterations of antigenic make-up may enable MS-specific 
autoimmune attacks by a pre-existent immunological mecha-
nism [19]. However, at least in this small sample, no deterio-
ration of MS followed radiotherapy. Thus, radiation therapy 
or radiosurgery treatment did not seem to affect MS disease 
activity.

There are several limitations to our study. Due to the rare 
prevalence of the concurrent presence of the two diseases, 
the sample size was limited. However, most of the baseline 
demographical characteristics of our sample were consistent 
with the characteristics of the respective disease population 
(CNS tumor vs. MS). While the mean age at MS diagnosis 
worldwide is 32 years [20], most of adult gliomas occur 
in patients aged 45 years or older, [21] and the incidence 
of brain metastases is typically higher in older patients 
[22]. Consistently, our results showed a similar difference 
between the age at which the MS (35.38 years) and the CNS 
tumor (44.38 years) diagnoses were established. Most of the 
reported patients had a RRMS or CIS diagnosis, which cor-
responds to previously reported distributions of MS disease 
phenotypes [23]. However, we cannot rule out a bias related 
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to the more frequent MRI follow-ups in relapsing MS phe-
notypes, especially if patients switch treatments and need a 
new baseline MRI or are at risk of serious treatment-related 
adverse events and need to be monitored more frequently 
[24]. Frequent MRI follow-ups increase the probability of 
detecting CNS neoplasia. On the other hand, symptoms in 
progressive MS are typically advancing more slowly than 
relapse-associated worsening in active MS and thus it is 
at least theoretically possible that CNS tumor occurrence 
might be mistakenly considered as a MS-related progress 
in SPMS/PPMS patients, which might delay the initiation 
of new brain/spinal imaging and corresponding diagnostics. 
Last but not least, due to the retrospective nature of this 
study, not all of the relevant variables were available—for 
example, EDSS scores were missing for many of the subjects 
and were therefore not included in the analysis. Visitations 

had been scheduled purely out of clinical indication and 
consequently the intervals between the single observations 
were not standardized. Exact time points of antiedematous 
treatment with dexamethasone were not documented in the 
medical records. In some cases, corticosteroids treatment 
might have reduced or even suppressed ongoing MS disease 
activity. Future prospective cohort studies should include 
these aspects. Similarly, the inclusion of patients treated 
with checkpoint-inhibitors in prospective studies would be 
highly interesting from both clinical and pathophysiological 
perspectives. Another limitation was that due to the small 
sample size we were not able to differentiate between the 
effectivity of the different chemotherapies in suppressing 
MS disease activity. This would be an intriguing question 
since some therapies may affect autoimmunity to a different 

Fig. 2   Pseudoprogression in 
concomitant MS and CNS 
tumor. A This 46-year-old 
female patient was diagnosed 
with a pilocytic astrocytoma 
affecting the left thalamus 
and the left cerebral peduncle. 
Relapsing–remitting MS had 
been diagnosed 11 years before 
that. She was treated with 
radio- and chemotherapy for 
the astrocytoma. During one 
of the 6-month follow-ups, she 
reported new dysarthria and 
increasingly impaired ambula-
tion. Brain MRI revealed that 
the cystic portion of the tumor 
has grown (A–B, blue arrows) 
affecting more strongly the left 
cerebral peduncle. Addition-
ally, a new periventricular 
gadolinium-enhancing MS 
lesion has appeared, which was 
not seen on the previous brain 
MRI (C–D, red arrow). Because 
of increasingly pronounced 
symptoms and further growth 
of the cystic portion, the cystic 
portion was punctured. No 
corticosteroid therapy was initi-
ated for the new MS lesion. The 
lesion was not present on the 
further follow-ups anymore (not 
shown here)
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extent and its answer could guide a more precise MS immu-
notherapy in patients treated with chemotherapy.

Based on our observations of the clinical courses of this 
exclusive cohort, we would like to outline the following les-
sons for the clinical management of concurrent CNS tumor 
and MS diseases: First, in patients treated with cytotoxic 
chemotherapy, there is little to no evidence for an “add-on” 
DMT for MS, since the tumor-specific therapy results in a 
sufficient suppression of the immune system. DMT could 
be considered, however, as our data suggests, 6–8 months 
after the last tumor-specific treatment and/or lymphopenia, 

especially in the case of clinical and/or imaging findings 
indicative of ongoing MS disease activity. Particularly in 
patients who exhibit a highly active MS disease course 
and are treated for their CNS tumor disease solely with 
radiotherapy, maintaining or starting DMT seems reason-
able. Second, in some cases methylprednisolone treatment 
of relapses might not be necessary and instead watchful 
waiting might suffice, especially if the main reason for the 
clinical worsening can be clearly identified as related to the 
CNS tumor activity (Fig. 2). On the other hand, if clini-
cal and radiological signs of disease activity persist, DMT 

Fig. 3   Resuming DMT in concomitant MS and CNS tumor. A–C 
This 21-year-old female patient presented for a second opinion at our 
hospital. She had been diagnosed 4  years before that with a relaps-
ing–remitting multiple sclerosis (MS). During the diagnostic process, 
a right frontal lesion not typical for MS was detected (indicated by 
blue arrows; the red arrow shows two exemplary MS lesions). During 
the last follow-ups, the right frontal lesion has been expanding slowly. 
Therefore, primary resection was recommended and done 14 months 
after the first presentation in our clinic, leading to the diagnosis of 

anaplastic astrocytoma and followed by radio- and chemotherapy. D 
Four years later, the patient presented with a new numbness of the 
right arm. There were no signs of a tumor recurrence. A new right 
hemispheric T2/FLAIR-hyperintense lesion was detected on the brain 
MRI (red circle). No spinal MRI was done. Based on the new clinical 
relapse and radiologic signs of activity, the resumption of a disease-
modifying therapy (DMT) for the MS, which had been stopped before 
the chemotherapy, was recommended

Fig. 4   Equivocal clinical symptoms in concomitant MS and CNS 
tumor. This 46-year-old female patient has been diagnosed with mul-
tiple sclerosis and recurrent multifocal meningioma. The latter has 
been resected surgically twice and treated with a radiation therapy 
after the last detection of tumor growth. Three months after the radia-
tion therapy the patient presented again with a vision loss in the left 
eye. Optic nerve compression by a new tumor growth was suspected. 
However, the patient reported also new general weakness, numbness 
in all four extremities, unsteady gait and clinically a sixth nerve palsy 

on the right side was detected. Brain MRI did not show any new 
tumor growth (A–B, blue arrows) but revealed several new gadolin-
ium-enhancing MS lesions including one in the optic nerve (C–E, red 
arrows). Corticosteroids resulted in improvement of all symptoms, 
but the vision loss progressed further. Plasmapheresis was initiated 
and resulted in a partial improvement of vision after 9 cycles. Radio-
genic damage to the optic nerve was also considered as an alternative 
diagnosis but the effect of plasmapheresis suggested inflammatory 
MS activity
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initiation/resumption can be recommended to reduce the 
risk for accumulating disability (Fig. 3). Cases with one of 
the diseases mimicking the other are particularly challeng-
ing. In such cases, the clinician might be tempted to explain 
the appearance of new or worsening of already present 
symptoms by the disease, which is currently given priority 
in treatment. However, symptoms which are not fully and 
reliably explained by the respective disease should always 
prompt diagnostics and further evaluation since this might 
have important therapeutic consequences, as our experience 
suggests (Fig. 4).

Our study describes the clinical and demographic features 
of patients with concurrent CNS tumors and MS and intro-
duces several practical approaches to their clinical manage-
ment. Our findings suggest that adding a disease-modifying 
MS therapy to the regimen of patients treated with cytotoxic 
chemotherapy is associated with an unfavorable risk–benefit 
ratio, unless the patient suffers from a highly active, aggres-
sive course of MS. Decisions on clinical management of 
concurrent CNS tumor and MS should therefore always be 
based on an individual risk assessment.

Author contribution  All authors contributed to the study conception 
and design. Material preparation, data collection, and analysis were 
performed by YY, DD, and MV. The first draft of the manuscript was 
written by YY and all authors commented on previous versions of the 
manuscript. All authors read and approved the final manuscript.

Funding  Open Access funding enabled and organized by Projekt 
DEAL.

Data availability  The data that support the findings of this study are 
available in anonymized form from the corresponding author upon 
reasonable request. The data are not publicly available due to privacy 
and ethical restrictions.

Declarations 

Ethical approval  This study was performed in line with the principles 
of the Declaration of Helsinki. Ethics approval for this retrospective 
data collection was obtained from the ethics committee of the Uni-
versity Hospital Frankfurt; Goethe University, Germany (Protocol-
Number: SNO-13–2019).

Conflict of interest  YY has been supported by travel grants from 
Novartis and Sanofi Genzyme and has received an honorarium for ac-
tive participation in an advisory board by Sanofi Genzyme as well as 
speaking honoraria by Roche and Sanofi Genzyme.

Open Access  This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 

the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/.

References

	 1.	 Mitchell D, Shireman J, Sierra Potchanant EA et al (2021) Neu-
roinflammation in autoimmune disease and primary brain tumors: 
the quest for striking the right balance. Front Cell Neurosci 
15:716947. https://​doi.​org/​10.​3389/​fncel.​2021.​716947

	 2.	 Bahmanyar S, Montgomery SM, Hillert J et al (2009) Cancer risk 
among patients with multiple sclerosis and their parents. Neurol-
ogy 72:1170–1177. https://​doi.​org/​10.​1212/​01.​wnl.​00003​45366.​
10455.​62

	 3.	 Hemminki K, Liu X, Försti A et al (2013) Subsequent brain 
tumors in patients with autoimmune disease. Neuro Oncol 
15:1142–1150. https://​doi.​org/​10.​1093/​neuonc/​not070

	 4.	 Green AJ, Bollen AW, Berger MS et al (2001) Multiple sclerosis 
and oligodendroglioma. Mult Scler 7:269–273. https://​doi.​org/​10.​
1177/​13524​58501​00700​410

	 5.	 Sinclair G, Al-Saffar Y, Johnstone P et al (2019) A challenging 
case of concurrent multiple sclerosis and anaplastic astrocytoma. 
Surg Neurol Int 10:166. https://​doi.​org/​10.​25259/​SNI_​176_​2019

	 6.	 Sirko A, Dzyak L, Chekha E et al (2020) Coexistence of multiple 
sclerosis and brain tumours: case report and review. Interdiscipli-
nary Neurosurgery 19:100585. https://​doi.​org/​10.​1016/j.​inat.​2019.​
100585

	 7.	 London F, Cambron B, Jacobs S et al (2020) Glioblastoma in 
a fingolimod-treated multiple sclerosis patient: causal or coin-
cidental association? Multiple Sclerosis and Related Disorders 
41:102012. https://​doi.​org/​10.​1016/j.​msard.​2020.​102012

	 8.	 Taricco MA, Machado A, Callegaro D et al (2002) Spinal cord 
tumor in a patient with multiple sclerosis: case report. Arq Neu-
ropsiquiatr 60:475–477. https://​doi.​org/​10.​1590/​s0004-​282x2​
00200​03000​25

	 9.	 Plantone D, Renna R, Sbardella E et al (2015) Concurrence of 
multiple sclerosis and brain tumors. Front Neurol 6:40. https://​
doi.​org/​10.​3389/​fneur.​2015.​00040

	10.	 Louis DN, Perry A, Reifenberger G et al (2016) The 2016 World 
Health Organization classification of tumors of the central nervous 
system: a summary. Acta Neuropathol 131:803–820. https://​doi.​
org/​10.​1007/​s00401-​016-​1545-1

	11.	 Thompson AJ, Banwell BL, Barkhof F et al (2018) Diagnosis of 
multiple sclerosis: 2017 revisions of the McDonald criteria. The 
Lancet Neurology 17:162–173. https://​doi.​org/​10.​1016/​S1474-​
4422(17)​30470-2

	12.	 Grytten N, Myhr K-M, Celius EG et al (2021) Incidence of cancer 
in multiple sclerosis before and after the treatment era - a regis-
try-based cohort study. Multiple Sclerosis and Related Disorders 
55:103209. https://​doi.​org/​10.​1016/j.​msard.​2021.​103209

	13.	 Nørgaard M, Veres K, Sellebjerg FT et al (2021) Incidence of 
malignancy in multiple sclerosis: a cohort study in the Danish 
Multiple Sclerosis Registry. Multiple Sclerosis Journal - Experi-
mental, Translational and Clinical 7:205521732110539. https://​
doi.​org/​10.​1177/​20552​17321​10539​39

	14.	 Stamatellos V-P, Siafis S, Papazisis G (2021) Disease-modifying 
agents for multiple sclerosis and the risk for reporting cancer: a 
disproportionality analysis using the US Food and Drug Admin-
istration Adverse Event Reporting System database. Br J Clin 
Pharmacol 87:4769–4779. https://​doi.​org/​10.​1111/​bcp.​14916

5521Neurological Sciences (2022) 43:5513–5522

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3389/fncel.2021.716947
https://doi.org/10.1212/01.wnl.0000345366.10455.62
https://doi.org/10.1212/01.wnl.0000345366.10455.62
https://doi.org/10.1093/neuonc/not070
https://doi.org/10.1177/135245850100700410
https://doi.org/10.1177/135245850100700410
https://doi.org/10.25259/SNI_176_2019
https://doi.org/10.1016/j.inat.2019.100585
https://doi.org/10.1016/j.inat.2019.100585
https://doi.org/10.1016/j.msard.2020.102012
https://doi.org/10.1590/s0004-282x2002000300025
https://doi.org/10.1590/s0004-282x2002000300025
https://doi.org/10.3389/fneur.2015.00040
https://doi.org/10.3389/fneur.2015.00040
https://doi.org/10.1007/s00401-016-1545-1
https://doi.org/10.1007/s00401-016-1545-1
https://doi.org/10.1016/S1474-4422(17)30470-2
https://doi.org/10.1016/S1474-4422(17)30470-2
https://doi.org/10.1016/j.msard.2021.103209
https://doi.org/10.1177/20552173211053939
https://doi.org/10.1177/20552173211053939
https://doi.org/10.1111/bcp.14916


1 3

	15.	 Papadopoulos D, Gklinos P, Psarros G et al (2022) Disease-
modifying treatments for multiple sclerosis have not affected the 
incidence of neoplasms in clinical trials over 3 decades: a meta-
analysis with meta-regression. J Neurol. https://​doi.​org/​10.​1007/​
s00415-​021-​10932-9

	16.	 Kieseier BC, Jeffery DR (2010) Chemotherapeutics in the treat-
ment of multiple sclerosis. Ther Adv Neurol Disord 3:277–291. 
https://​doi.​org/​10.​1177/​17562​85610​379885

	17.	 Wallerius K, Collins S, Forsthoefel M et al (2021) Increased 
radiosurgery toxicity associated with treatment of vestibular 
schwannoma in multiple sclerosis. Otol Neurotol 42:e489–e494. 
https://​doi.​org/​10.​1097/​MAO.​00000​00000​002977

	18.	 Golden EB, Apetoh L (2015) Radiotherapy and immunogenic 
cell death. Semin Radiat Oncol 25:11–17. https://​doi.​org/​10.​
1016/j.​semra​donc.​2014.​07.​005

	19.	 Eggers C, Kopatz V, Dörr W et al (2020) Localised multiple 
sclerosis-like disease after irradiation of the cervicothoracic spi-
nal cord. Multiple Sclerosis and Related Disorders 45:102443. 
https://​doi.​org/​10.​1016/j.​msard.​2020.​102443

	20.	 Walton C, King R, Rechtman L et al (2020) Rising prevalence of 
multiple sclerosis worldwide: insights from the Atlas of MS, third 
edition. Mult Scler 26:1816–1821. https://​doi.​org/​10.​1177/​13524​
58520​970841

	21.	 Ostrom QT, Cote DJ, Ascha M et al (2018) Adult glioma inci-
dence and survival by race or ethnicity in the United States from 
2000 to 2014. JAMA Oncol 4:1254–1262. https://​doi.​org/​10.​1001/​
jamao​ncol.​2018.​1789

	22.	 Tabouret E, Chinot O, Metellus P et al (2012) Recent trends in 
epidemiology of brain metastases: an overview. Anticancer Res 
32:4655–4662

	23.	 Engelhard J, Oleske DM, Schmitting S et al. (2021) Multiple scle-
rosis by phenotype in Germany. Multiple Sclerosis and Related 
Disorders:103326. https://​doi.​org/​10.​1016/j.​msard.​2021.​103326

	24.	 Wattjes MP, Ciccarelli O, Reich DS et al (2021) 2021 MAGN-
IMS–CMSC–NAIMS consensus recommendations on the use of 
MRI in patients with multiple sclerosis. The Lancet Neurology 
20:653–670. https://​doi.​org/​10.​1016/​S1474-​4422(21)​00095-8

Publisher's Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

5522 Neurological Sciences (2022) 43:5513–5522

https://doi.org/10.1007/s00415-021-10932-9
https://doi.org/10.1007/s00415-021-10932-9
https://doi.org/10.1177/1756285610379885
https://doi.org/10.1097/MAO.0000000000002977
https://doi.org/10.1016/j.semradonc.2014.07.005
https://doi.org/10.1016/j.semradonc.2014.07.005
https://doi.org/10.1016/j.msard.2020.102443
https://doi.org/10.1177/1352458520970841
https://doi.org/10.1177/1352458520970841
https://doi.org/10.1001/jamaoncol.2018.1789
https://doi.org/10.1001/jamaoncol.2018.1789
https://doi.org/10.1016/j.msard.2021.103326
https://doi.org/10.1016/S1474-4422(21)00095-8

	Concurrent CNS tumors and multiple sclerosis: retrospective single-center cohort study and lessons for the clinical management
	Abstract
	Introduction 
	Methods 
	Results 
	Conclusions 

	Introduction
	Methods
	Results
	Discussion
	References


