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SEVERE EXACERBATION OF RELAPSING-
REMITTING MULTIPLE SCLEROSIS AFTER G-CSF
THERAPY

A 31-year-old woman (figure) with relapsing-
remitting multiple sclerosis (MS) (first symptoms
February 1994, first diagnosis August 1994,
Expanded Disability Status Scale [EDSS] 3.0) was
diagnosed with breast cancer in January 2014. The
last relapse had occurred in August 2007. Under
treatment with natalizumab from August 2007 to
June 2013, the patient was clinically stable and the
brain MRI showed no signs of disease activity.
Because of a positive JC virus antibody test, the
immunomodulatory therapy was changed to fingo-
limod in July 2013. The patient remained clinically
stable during the switching period and thereafter. In
January 2014, a brain MRI showed 2 new lesions
without contrast enhancement. After diagnosis of
breast cancer in January 2014 and subsequent sur-
gery in February 2014, adjuvant chemotherapy
with cyclophosphamide, doxorubicin, and docetax-
el was started (March–July 2014). Fingolimod was
stopped in March 2014 considering the strong
immunosuppressive effect of cyclophosphamide.
The patient received granulocyte colony-
stimulating factor (G-CSF; pegfilgrastim) 6 mg sub-
cutaneously at each of the 6 cycles of chemotherapy
to reduce the risk of infection during the phase of
chemotherapy-induced neutropenia. In July 2014,
the patient experienced a numbness and tingling in
her right leg, which progressed to a severe hemipa-
resis (EDSS 7.0) leading to hospitalization. The
MRI scan of the brain revealed several new lesions
including a lesion with contrast enhancement. An
IV steroid pulse therapy was administered. She
recovered partially (EDSS 6.5). Fingolimod was
started again in August 2014. Subsequently the
patient developed another relapse with a worsening
of the atactic hemiparesis on the left side, resulting
in an inability to walk (EDSS 7.5). Again an IV
steroid pulse therapy was administered. The patient
recovered partially until the end of August 2014,
when she was discharged from rehabilitation. At
that time, she was able to walk for 50 meters with-
out aid (EDSS 6.0). Another brain MRI in

September 2014 revealed confluent progressive le-
sions in the white matter with partial contrast
enhancement. The patient was referred to our inpa-
tient clinic, where again a steroid pulse therapy was
administered. In the following months, the patient
recovered to a clinical condition similar to that
before the start of the chemotherapy (as of August
2015, EDSS 3.0). An MRI scan of the brain in
September 2015 did not show new lesions or con-
trast enhancement compared to the preceding MRI
examination in September 2014.

This case raises the suspicion that activation of
the immune system by G-CSF might have contrib-
uted to a temporary flare of disease activity in this
patient. Other possible reasons for the exacerbation
might be the switch of the immunomodulatory
therapy from natalizumab to fingolimod or the dis-
continuation of fingolimod. Since the observed
exacerbation occurred more than 1 year after stop-
ping natalizumab and returning disease activity is
normally seen within the first 6 months after stop-
ping, it is unlikely that the disease activity repre-
sents a rebound phenomenon after natalizumab
stop. Single case reports indicated a disease exacer-
bation also after fingolimod withdrawal.1 However,
these patients were often without any immunomo-
dulating therapy, whereas in this case cyclophos-
phamide was administered. We therefore favor the
third possibility that the administration of G-CSF
led to a temporary increased disease activity.

The closely related hematopoietic growth factor
granulocyte-macrophage colony-stimulating factor
(GM-CSF) has recently been implicated in the path-
ogenesis of MS.2–5 GM-CSF-deficient mice were
resistant to the induction of experimental autoim-
mune encephalitis (EAE) and failed to sustain
immune cell infiltrates in the CNS.2 Moreover, the
production of GM-CSF by T cells seems to be essen-
tial for the emergence of EAE.3,4 In patients
with MS, the number of GM-CSF-producing
T-helper cells was found to be increased and patients
with MS under treatment with immunomodulatory
drugs showed a decreased level of GM-CSF-
producing T cells compared to untreated patients.5

In a recent phase 1b study, blockade of GM-CSF
was tested in a small group of patients with MS as a
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novel therapeutic approach.6 G-CSF was also already
associated with increased inflammatory activity in
MS in the clinical setting of a conditioning therapy
before an immunoablating treatment.7 The reported
case suggests a possible relationship between G-CSF
treatment and a severe exacerbation of MS. We
would therefore advise to critically challenge the
use of G(M)-CSF in patients with MS.
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Figure Treatment timeline of a 31-year-old woman with relapsing-remitting multiple sclerosis

EDSS 5 Expanded Disability Status Scale; G-CSF 5 granulocyte colony-stimulating factor.

2 Neurology: Neuroimmunology & Neuroinflammation

ª 2016 American Academy of Neurology. Unauthorized reproduction of this article is prohibited.

http://nn.neurology.org/lookup/doi/10.1212/NXI.0000000000000215
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:Tobias.Derfuss@usb.ch


5. Hartmann FJ, Khademi M, Aram J, et al. Multiple sclerosis-

associated IL2RA polymorphism controls GM-CSF produc-

tion in human TH cells. Nat Commun 2014;5:5056.

6. Constantinescu CS, Asher A, Fryze W, et al. Randomized

phase 1b trial of MOR103, a human antibody to GM-CSF,

in multiple sclerosis. Neurol Neuroimmunol Neuroinflamm

2015;2:e117. doi: 10.1212/NXI.0000000000000117.

7. Openshaw H, Stuve O, Antel JP, et al. Multiple sclerosis

flares associated with recombinant granulocyte colony-

stimulating factor. Neurology 2000;54:2147–2150.

Neurology: Neuroimmunology & Neuroinflammation 3

ª 2016 American Academy of Neurology. Unauthorized reproduction of this article is prohibited.

http://dx.doi.org/10.1212/NXI.0000000000000117


DOI 10.1212/NXI.0000000000000215
2016;3; Neurol Neuroimmunol Neuroinflamm 

Heiko Rust, Jens Kuhle, Ludwig Kappos, et al. 
Severe exacerbation of relapsing-remitting multiple sclerosis after G-CSF therapy

This information is current as of March 9, 2016

Services
Updated Information &

 http://nn.neurology.org/content/3/2/e215.full.html
including high resolution figures, can be found at:

References
 http://nn.neurology.org/content/3/2/e215.full.html##ref-list-1

This article cites 7 articles, 1 of which you can access for free at: 

Citations
 http://nn.neurology.org/content/3/2/e215.full.html##otherarticles

This article has been cited by 1 HighWire-hosted articles: 

Subspecialty Collections

 http://nn.neurology.org//cgi/collection/multiple_sclerosis
Multiple sclerosis

 http://nn.neurology.org//cgi/collection/chemotherapytumor
Chemotherapy-tumor

 http://nn.neurology.org//cgi/collection/all_oncology
All Oncology
following collection(s): 
This article, along with others on similar topics, appears in the

  
Permissions & Licensing

 http://nn.neurology.org/misc/about.xhtml#permissions
its entirety can be found online at:
Information about reproducing this article in parts (figures,tables) or in

  
Reprints

 http://nn.neurology.org/misc/addir.xhtml#reprintsus
Information about ordering reprints can be found online:

2016 American Academy of Neurology. All rights reserved. Online ISSN: 2332-7812.
Published since April 2014, it is an open-access, online-only, continuous publication journal. Copyright © 

is an official journal of the American Academy of Neurology.Neurol Neuroimmunol Neuroinflamm 

http://nn.neurology.org/content/3/2/e215.full.html
http://nn.neurology.org/content/3/2/e215.full.html##ref-list-1
http://nn.neurology.org/content/3/2/e215.full.html##otherarticles
http://nn.neurology.org//cgi/collection/all_oncology
http://nn.neurology.org//cgi/collection/chemotherapytumor
http://nn.neurology.org//cgi/collection/multiple_sclerosis
http://nn.neurology.org/misc/about.xhtml#permissions
http://nn.neurology.org/misc/addir.xhtml#reprintsus



