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Background: Progressive multifocal leukoencephalopathy (PML) remains a concern when
considering natalizumab for multiple sclerosis (MS) treatment. Extensive research has identified
factors that increase PML risk, and it is important that providers and patients accurately understand
risk to make appropriate benefit-risk decisions.

Methods: One hundred adult US patient-candidates for natalizumab therapy were questioned
about their PML risk perception, the maximum PML risk they deemed acceptable, and sources of
information used to understand risk. Differences in group distributions were compared.

Results: Patients estimated their potential PML risk from 0.1% to 87% (mean, 31.5%). Maximum
PML risk deemed acceptable ranged from 0.1% to 45% (mean, 14.5%). Actual risk (mean, 0.01%),
based on published risk estimates, was calculated as a function of time receiving therapy, anti-John
Cunningham virus antibody index, and previous use of immunosuppressants. The sexes perceived
their risks similarly and had similar risk acceptance. Patient perception of PML risk increased with
age, whereas willingness to accept risk remained similar among all ages. Higher levels of education
correlated with more accurate risk perception and lower risk tolerance. Neither risk perception nor
tolerance was correlated with disability level. Sixty-three percent of patients indicated that their
primary/referring physician’s concern level regarding potential risk of PML during the benefit-risk
discussion was their main source of information about risk.

Conclusions: Patients with MS substantially overestimated their PML risk, often by three orders of
magnitude. Patients with MS could benefit from accurate risk education, and providers could play
an essential role in presenting PML risk information in a manner understandable to each individual
patient. Int J MS Care. 2022;24:13-17. doi:10.7224/1537-2073.2020-068

ultiple sclerosis (MS) is an autoimmune dis-
Morder that has the potential to cause major

disability. Medications used to treat MS are
often referred to as disease-modifying therapies (DMTs)
because they have demonstrated the potential to sub-
stantially alter the course of MS. In fact, one of the
more recent measures of MS therapeutic efficacy can be
expressed as no evidence of disease activity—3 (NEDA-

3), where successful treatment prevents measurable

relapse, magnetic resonance imaging activity, and accrual
of MS-related disability. Although this is a common
treatment goal from an efficacy perspective, both the
patient with MS and the treating provider must also
weigh the risk of the DMT.

All medications are taken for their potential benefit,
but they also have the potential to do harm. Without an
accurate understanding of the risks and benefits of each
medication, it is difficult (if not impossible) for patients
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actual risk

perception and tolerance (P < .001).

Figure 1. Progressive multifocal leukoencephalopathy risk perception and tolerance versus

Bars represent mean + SEM values of patients’ perceived risk, risk that they deem acceptable (risk tolerance), and actual risk
(calculated based on patient’s time taking natalizumab, anti-john Cunningham virus antibody index, and previous use of
immunosuppressants). *Risk tolerance significantly less than risk perception (P < .001). **Actual risk significantly less than risk
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and health care providers to make an accurate thera-
peutic decision. There is now a plethora of DMTs for
the treatment of MS, and making an appropriate DMT
choice is becoming more challenging for patients and
clinicians, even more so when serious adverse events are
associated with some DMTs. A notable component of
DMT choice is each individual’s perception of risk.

It has been suggested that the perception of risk is
based more on fear than statistics,' and, unfortunately,
evidence suggests that knowledge of the actual risks may
have little impact on public perception and response
to risk.? In a chronic disease such as MS, the clinician’s
role is first to fully understand the actual risk, and then
to educate patients and direct the interaction to shared
decision making, a cooperative approach whereby
patients and clinicians mutually agree on each treatment
decision. Shared decision-making is particularly relevant
when there are several reasonable treatment options,
each with a different safety and efficacy profile.>* In
chronic conditions, where lifelong treatment may be
needed, studies have demonstrated that shared decision
making can enhance patients’ satisfaction, treatment
compliance, and overall well-being.

Natalizumab is a highly efficacious medication®’
for MS and has been associated with NEDA in many
patients.® It was approved by the US Food and Drug
Administration in 2004, but shortly thereafter, progres-
sive multifocal leukoencephalopathy (PML) was discov-
ered as a major potential adverse event associated with
natalizumab use.” Since then, substantial efforts have

been devoted to identifying factors affecting the risk of
developing natalizumab-associated PML and estimating
the risk to help physicians make individualized benefit-
risk assessments.'® This article reports the PML risk

perceptions of patients as they consider natalizumab to
treat their MS.

Methods

As part of routine clinical care in a large single-provider
MS practice, during a consultation focused on the decision-
making process related to potential initiation of treatment
with natalizumab, a discussion of PML risks with adult
patients with MS was recorded in the patient’s medical record.
Patients were questioned about their perception of their PML
risk, the maximum PML risk they deemed acceptable for
complete control of their MS, and the sources of informa-
tion they used to understand risk (patients were allowed to
list more than one source of information). Specifically, the
questions were as follows: “What do you think your personal
risk of PML may be?”; “What level of risk would you see as
acceptable for yourself?”; and “What source did you use to
get the information on this?” All responses were recorded in
the patients’ medical records. The answers to the first 2 ques-
tions were analyzed and reported as the patients’ perceived risk
and risk tolerance. Actual PML risk was calculated using the
algorithm published by Ho et al'® and was based on available
anti—John Cunningham virus (JCV) antibody index values,
months of exposure to natalizumab, and presence or absence

5

of immunosuppressant use history.

Patients’ reactions to accurate PML risk information were
recorded. A retrospective medical record review of the risk
perception responses from 100 randomly selected US patient-
candidates for natalizumab treatment was performed.
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Table 1. Patient Risk Stratified by Sex, Ethnicity, Educational Level, and MS Disease Duration

Mean + SEM (%)

Characteristic Patients, n Risk perception Risk tolerance Actual risk
Sex
Female 61 33.84+2.77 15.61 £ 1.30? 0.009 £ 0.001°
Male 38 27.96 £ 3.22 12.79 £ 1.07° 0.011 £0.001*
Race/ethnicity
White 61 32.53+2.52 14.93 £ 1.08? 0.009 + 0.001®
Black 21 34.24 +5.36 1410+ 2.132 0.011 £ 0.002*
Hispanic 12 35.42+4.74 17.08 £ 2.78% 0.015 +0.003*
Asian American 6 3.02+1.56 6.00 £ 2.94 0.006 + 0.003*
Educational level
High school degree 15 44,07 £5.96 19.07 + 2.95° 0.012 +£ 0.002°
Bachelor’s degree 74 32.59+2.20 14.54 £0.96 0.010 £ 0.001°
Master’s degree N 6.75+2.94 7.81+1.79 0.006 £ 0.001°
MS disease duration
Sy 26 28.01 £ 4.01 16.35 + 1.74° 0.007 £ 0.001°
5-10y 30 26.61 +3.52 10.07 £ 1.342 0.010 +£ 0.002*
11-20y 26 28.39 +3.84 13.50 £ 1.47° 0.009 £ 0.002>
2130y 1 50.45+4.18 21.36 + 2.87° 0.015 +0.002°
231y 6 46.71 £9.87 19.29 + 4.29° 0.013 £ 0.004*

MS, multiple sclerosis.
®Risk tolerance significantly less than risk perception (P < .01).

bActual risk significantly less than risk perception and tolerance (P < .001).

Differences in group distributions were compared using the
¢ test or analysis of variance. This retrospective medical record
review was approved by the institutional review board of the

University of Southern California.

Results

One hundred adult patients with MS—potential can-
didates for natalizumab treatment—who were questioned
about their perception of and tolerance for PML risk
were included in this study. Most patients (n = 81) were
naive to natalizumab. The remaining 19 patients were
new patients to the clinic who were considering whether
to continue natalizumab treatment. Patients started tak-
ing natalizumab between 2008 and 2018 and were ques-
tioned between 2013 and 2018. Patient demographics are
presented in Table S1, which is published in the online
version of this article at ijmsc.org.

Figure 1 illustrates the patients’ estimated perception
of PML risk if they decided to receive/continue natali-
zumab (0.1%-87%; mean, 31.5%), the maximum PML
risk they deemed acceptable (0.1%-45%; mean, 14.5%),
and the actual PML risk (0.001%-0.03%; mean, 0.01%).
Actual risk was calculated based on the risk factors pub-
lished by Ho et al." For example, a patient taking natali-
zumab for 9 months with an anti-JCV antibody index of

1.3 and no previous immunosuppressant use would have
arisk of 0.1/1000 (equal to 0.01%).

Perceived PML risk increased with age, but risk accep-
tance was similar among all ages (Figure S1). Table 1
presents risk based on sex, ethnicity, educational level,
and MS disease duration (time since diagnosis). Men
and women perceived their PML risk similarly (28%
and 34%, respectively) and were willing to accept a
similar level of risk (13% and 16%, respectively). Actual
PML risk was 0.009% for women and 0.011% for men.
Educational level had a significant effect on risk estimates
and tolerance. Patients were categorized based on their
highest level of completed or partially completed educa-
tion. Those with higher levels of education (high school
degree vs bachelor’s degree vs master’s degree) estimated
more accurate (lower) risk (44%, 33%, and 7%, respec-
tively). The same significant trend was observed for risk
tolerance (19%, 15%, and 8%, respectively). Actual
PML risk was 0.012% for high school degree, 0.010%
for bachelor’s degree, and 0.006% for master’s degree.
Black, White, and Hispanic patients estimated PML risk
and risk tolerance at similar levels (34%, 33%, and 35%,
respectively), whereas Asian American patients estimated
a significantly lower risk value of 3%. There were only 6
Asian American patients in this cohort, and they had a
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higher level of education than the other 3 groups. Actual
risk values were 0.011%, 0.009%, 0.015%, and 0.006%
for Black, White, Hispanic, and Asian American patients,
respectively. Neither risk perception nor tolerance was
correlated with disability level (as measured by Expanded
Disability Status Scale scores).

Table S$2 reports the primary source(s) that patients
used to form their perception. Most patients (63%) indi-
cated that their primary/referring physician’s concern level
regarding potential risk of PML during the benefit-risk
discussion was their main source of information about
risk. This group of patients also had the greatest risk per-
ception (42%) despite having low actual risk (0.014%).
Although only 11 patients reported using the scientific
literature as their source of risk information, this group
had the most accurate assessment of their risk (0.43%
perceived and 0.003% actual). Interestingly, this is the
only group that was willing to accept a higher risk than
their perceived risk. Other common sources of informa-
tion included discussions with fellow patients with MS,
Biogen patient program or phone call, and the internet. In
addition, 2 patients thought that their anti-JCV antibody
index score was a reflection of their PML risk.

Discussion

These data demonstrate that patients with MS sig-
nificantly overestimate their risk of PML associated with
natalizumab treatment. Patients, on average, thought that
they had a 31.5% chance of acquiring PML while taking
natalizumab when their actual risk was 0.01%. In addi-
tion, patients reported a willingness to accept an average
risk of 14.5%, which is still greater than 3 orders of mag-
nitude higher than their actual risk of 0.01%. The pos-
sible reasons behind a greater than 1000-fold difference
between actual risk and reported perceived or acceptable
risk values are unclear.

One potential key aspect of the data presented herein
is the context in which patients were asked about risk.
Specifically, patients were asked about the level of risk
they would accept for nearly complete disease control
associated with a well-known medication of high efhcacy
(Tysabri)."" A different approach was recently published
by Fox et al'* where patients were asked about PML risk
preference and acceptance for a hypothetical therapy
with a fixed benefit of 50% reduction in clinical relapse
rate and a 30% reduction in disability progression (the
approximate efficacy of many of the currently used MS
therapies). That survey used an iterative algorithm, start-
ing with a risk of 1:1000, to determine the maximum risk
tolerance for each survey respondent. Median risk toler-
ance for PML was 1:1,000,000. Although these data stand

in stark contrast to the data presented herein, an expecta-
tion of partial efficacy versus nearly complete efficacy
likely leads to a significant difference in risk tolerance.

Moreover, it has been our experience that a fully
informed, educated decision on DMT choice is nearly
impossible until the DMT in question has been actu-
ally started by the patient with MS. Only then can the
patient accurately understand the benefit (or lack thereof)
of the medication. This has been supported by hundreds
of testimonials from patients with MS (documented in
patients’ medical records) on how different their views
on the DMT were before and after the medication had
been started. Interestingly, Heesen et al'>' reported risk
tolerance thresholds whereby natalizumab-treated patients
would discontinue natalizumab for the risk of PML. The
inidal set of data" reported that 29% of patients would
not discontinue natalizumab use until the risk was 10%
or greater. A subsequent study'® reported that 40% of
natalizumab-treated patients would not discontinue natal-
izumab use at a PML risk of 25%.

After patients stated their risk perception and tolerance,
they were asked about the source(s) they used to help
make their decisions. The lower range of the risk percep-
tion reports—and as it happens the most accurate ones—
were associated with a higher level of education and the
use of reliable sources of information (scientific literature).
It is remarkable that those patients, who more accurately
estimated their risks, were willing (consciously) to take a
similar or higher risk compared with their actual risk.

Patients who were the least accurate in their estimates
cited that they judged by the referring physician’s concern
level regarding potential risk of PML. Heesen et al'*'
reported that neurologists are more risk averse than their
patients. Thus, it may not be surprising that patients who
primarily base their decision on their interpretation of
their local neurologist’s concern might overestimate the
risk. High risk estimates were also observed after interac-
tion with Biogen via patient programs or phone calls,
which may reflect the company’s efforts to remain fair-
balanced and ensure that PML risk is known to support
benefit-risk discussions. Finally, 2 patients with the highest
risk perceptions of 70% and 87% were judging by their
anti-JCV antibody index numbers, which were 0.70 and
0.87, respectively. This is an unfortunate lack of under-
standing of the anti-JCV antibody component of PML
risk stratification.

Understanding of risk is multifactorial and includes
factors such as emotions, personal values, social pres-
sures, environmental barriers, and economic constraints.'’
Therefore, it may not be surprising that both an under-
estimation and an overestimation of risk have been
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reported in the literature.’®'” However, understanding

risk is fundamental to evidence-based decision making'®
and, therefore, should be considered an important aspect
of any therapy with the potential for significant adverse
events. In our experience, having the patient verbalize
their perceived and personally acceptable risk, followed by
a discussion of their actual risk, has been effective in help-
ing patients better understand their true risk. This could
be taken a step further by following the suggestion of Fox
and Rudick" to compare natalizumab-associated PML
risk with more familiar catastrophic risks, such as the
lifetime risk of death from an airplane crash (1:20,000),
drowning (1:8942), fire or smoke exposure (1:1116), or
an automobile accident (1:100). This appropriate framing
of risk could be valuable for the patient as well as the pro-
vider. However, more research needs to be conducted on
effective risk communication in MS.

A limitation of this report is that data gathered from
a single center may not be representative of the general
US or global population. It is possible that regional and
cultural differences exist in risk understanding and risk
tolerance. However, given the magnitude of the risk dis-
crepancy reported herein, we hypothesize that increased
risk understanding would likely be broadly relevant.
As with any retrospective study, data quality can be a
concern. Specifically, we did not analyze data based on
previous DMT because the data quality from transfer
patients was not deemed by us to be of high enough reli-
ability. However, because this was a single site, the data
reported herein are consistent and reliable for the out-
comes reported.

In conclusion, patients with MS in this study signifi-
cantly overestimated their PML risk, often by 3 orders of
magnitude. Most patients in this cohort were willing to
accept a PML risk much higher than their actual risk. This
discrepancy between real and perceived risk indicates an
important need for education. Patients could benefit from

PRACTICE POINTS

* Natalizumab is an effective medication for MS

but is associated with progressive multifocal
leukoencephalopathy (PML). It is important that patients
and providers understand the risk of PML so that they
can make educated risk-benefit decisions.

* This study demonstrates that patients with MS commonly
overestimate their risk of PML on natalizumab therapy,
often by 3 orders of magnitude.

e This discrepancy between real and perceived risk
highlights an important need for education.

Natalizumab and PML Risk Perception

accurate risk education, and providers could play an essen-
tial role in presenting PML risk information in a manner
understandable to each individual patient. O
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