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technique and that centers and surgeons were 
selected because of their experience, details 
about antithrombotic management and flow 
measurement were indeed left to the discretion 
of each surgeon and center. When the group of 
patients assigned to off-pump CABG was divided 
according to the use or nonuse of aortic manipu-
lation (255 patients underwent the procedure 
with the anaortic technique, 277 with an anasto-
motic device, and 655 with partial aortic occlu-
sion (clamping), rates of stroke were similar in 
each group (2.4% with the anaortic technique, 
1.8% with the anastomotic device, and 2.3% 
with clamping.

Bonchek asks whether it is justified to put 
patients at risk while gaining expertise in off-
pump CABG without a proven benefit of the 
procedure. Avoidance of a “learning curve” is a 
challenge for clinical researchers, especially in 
the surgical arena. We now know that off-pump 
CABG has excellent results when performed by 
expert surgeons. If studies showed a benefit of 
off-pump CABG performed by expert surgeons, 
the consequence would be that all other sur-
geons would need to follow and adapt the off-
pump technique with all necessary efforts for 
training under a strict quality control. The aim 
of randomized trials is to investigate whether or 
not there is a need for a paradigm change.
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The Editorialist Replies: Bonchek raises an 
important point about how a person gains expe-
rience in either off-pump or on-pump CABG sur-
gery. Training in new surgical techniques that do 
not provide a proven benefit, such as the off-
pump CABG technique, should ideally be con-
ducted in established training programs that 
provide appropriate oversight and supervision 
from experienced surgeons. This is probably true 
not only for off-pump CABG surgery but for oth-
er procedures as well.

Data from empirical research are currently 
lacking on the experience necessary to both de-
velop and maintain expertise in cardiac and 
other surgical procedures.
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Table 1. Frequency of the Composite Primary End Point, According to 
 Quartile of German Coronary Score.*

Variable
On-Pump 

CABG
Off-Pump 

CABG
Odds Ratio 

(95% CI)

no. of patients/total no. (%)

Quartile 1 12/296 (4.1) 10/272 (3.7) 0.95 (0.46–1.99)

Quartile 2 24/314 (7.6) 21/322 (6.5) 0.84 (0.46–1.53)

Quartile 3 22/287 (7.7) 21/307 (6.8) 0.85 (0.47–1.55)

Quartile 4 41/310 (13.2) 41/286 (14.3) 1.12 (0.70–1.78)

* German coronary scores range from 0 to 100, with higher scores indicating 
greater risk. CABG denotes coronary-artery bypass grafting, and CI confidence 
interval.

Progressive Multifocal Leukoencephalopathy  
Associated with Ruxolitinib

To the Editor: Ruxolitinib, an inhibitor of Janus 
kinases (JAKs) 1 and 2, has been approved in the 
United States and Europe for the treatment of 
myelofibrosis.1 We report a case of progressive 

multifocal leukoencephalopathy (PML) in a pa-
tient with myelofibrosis after initiation of ruxoli-
tinib therapy.

A 75-year-old man with intermediate-2–risk 
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myelofibrosis that was refractory to hydroxyurea 
therapy received ruxolitinib at a dose of 20 mg 
twice daily. While he was receiving ruxolitinib, 
his constitutional symptoms resolved and his 
blood count normalized. Ten weeks after ruxoli-
tinib therapy was initiated, he reported minor 
symptoms consistent with cognitive impairment 
and expressive dysphasia. Over the following 
few weeks, the symptoms progressed, and wors-
ening confusion, receptive and expressive dys-
phasia, ataxia, and gait instability developed.

Magnetic resonance imaging (MRI) showed 
an extensive T2-dependent signal change within 
the right temporoparietal and posterior frontal 
white matter, with further smaller lesions within 
the left middle frontal lobe and the left posterior 
temporal lobe that were highly suggestive of 
PML. Since it was not known whether these le-
sions were associated with ruxolitinib, it was 
gradually withdrawn. An initial lumbar punc-
ture did not detect JC virus, and all other tests 
of the cerebrospinal fluid were unremarkable. 
Testing for the human immunodeficiency virus 
was negative, and although the absolute lympho-
cyte count was low at 885 cells per cubic milli-
meter, the absolute CD4 and CD8 T-lymphocyte 
counts were normal.

The patient continued to have disease pro-
gression, with severe left upper-motor-neuron 
facial droop, bilateral pyramidal signs, and se-
vere dysphasia, dysarthria, and ataxia. A repeat 
MRI showed evolution of the diffuse signal ab-
normality in the right posterior frontal and pa-
rietal lobes, with further patchy signal abnor-
mality contralaterally.

The patient eventually underwent a brain bi-
opsy. The histologic findings showed florid re-
active gliosis that was consistent with PML. The 
diagnosis was confirmed on immunochemical 
analysis of the biopsy specimens, which showed 
simian virus 40 (SV40) in some nuclei. Despite 
discontinuation of ruxolitinib, neurologic dete-
rioration rapidly continued. After the patient was 
discharged home from hospice care, the deficit 
continued but his motor skills improved.

The JAK–signal transducer and activator of 
transcription (STAT) pathway has an important 
role in host defense and autoimmunity. JAK mu-

tations are associated with primary immunode-
ficiency, and complete STAT-1 deficiency, which 
blocks interferon signaling, can lead to lethal 
viral and bacterial infection.2 PML recently has 
been described in association with a number of 
therapies.3 This case suggests that PML may be 
associated with ruxolitinib treatment. After dis-
continuation of this medication, the worsening 
of the neurologic signs may have been consistent 
with the immune reconstitution inflammatory 
syndrome.4 Although the neurologic signs devel-
oped a few weeks after the initiation of ruxoli-
tinib therapy, it is not yet clear whether the PML 
was directly related to this agent.

Rowan Wathes, B.M., B.Ch. 
Imperial College Healthcare National Health Service (NHS) Trust 
London, United Kingdom

Simon Moule, F.R.C.Path.
Wexham Park Hospitals NHS Foundation Trust 
London, United Kingdom

Dragana Milojkovic, F.R.C.Path., Ph.D.
Imperial College Healthcare NHS Trust 
London, United Kingdom 
d.milojkovic@imperial.ac.uk

Supported by the National Institute of Health Research Bio-
medical Research Centre funding scheme of the United Kingdom.

Disclosure forms provided by the authors are available with 
the full text of this letter at NEJM.org.

1. Verstovsek S, Mesa RA, Gotlib J, et al. A double-blind, placebo-
controlled trial of ruxolitinib for myelofibrosis. N Engl J Med 
2012;366:799-807.
2. O’Shea JJ, Holland SM, Staudt LM. JAKs and STATs in im-
munity, immunodeficiency, and cancer. N Engl J Med 2013; 
368:161-70.
3. Bloomgren G, Richman S, Hotermans C, et al. Risk of nataliz-
umab-associated progressive multifocal leukoencephalopathy. 
N Engl J Med 2012;366:1870-80.
4. Gheuens S, Smith DR, Wang X, Alsop DC, Lenkinski RE, 
Koralnik IJ. Simultaneous PML-IRIS after discontinuation of nata-
lizumab in a patient with MS. Neurology 2012;78:1390-3.

DOI: 10.1056/NEJMc1302135

Correspondence Copyright © 2013 Massachusetts Medical Society.

the journal’s web and e-mail addresses:

For letters to the Editor: authors.NEJM.org

For information about the status of a submitted manuscript: 
authors.NEJM.org

To submit a meeting notice: meetingnotices@NEJM.org

The Journal’s web pages: NEJM.org

The New England Journal of Medicine 
Downloaded from nejm.org on April 1, 2014. For personal use only. No other uses without permission. 

 Copyright © 2013 Massachusetts Medical Society. All rights reserved. 




