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The impact of blinding on the results
of a randomized, placebo-controlled

multiple sclerosis clinical trial

J.H. Noseworthy, MD; G.C. Ebers, MD; M.K. Vandervoort, MSc: R.E. Farquhar, RN: I
E. Yetisir, MS¢; and R. Roberts, MS¢ r

Article abstract—In the randomized, placebo-controlled, physician-blinded Canadian cooperative trial of eyclophe
phamide and plasma exchange, neither active treatment regimens (group I: IV eyclophosphamide and prednisong
group II: weekly plasma exchange, oral evclophosphamide, and prednisone) were superior to placebo (group III: shan
plasma exchange and placebo medications) using the blinded, evaluating neurclogists’ assessments of dizease coury
{primary analysis). All patients were examined by both a blinded and an unblinded neurologist at each assessment is
this trial. We compared the blinded and unblinded neurologists’ judgment of treatment response and analyzed the clin
ical behavior of patients who correctly guessed their treatment. The unblinded (but not the blinded) neurologist
scores demonstrated an apparent treatment henefit at 6, 12, and 24 maonths for the group IT patients (not group g
placebo; p < 0.05, two-tailed). There were no significant differences in the time to treatment failure or in the propor
tions of patients improved, stable, or worse between the group 11 and group 111 patients who carrectly guessed ther
treatment assignments and those who did not. Physician blinding prevented an erroneous conclusion about treatmes

efficacy ({alze positive, type 1 error).
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Investigators should take great care in planning
treatment trials to ensure that the study design
and conduct will adequately test their hypothesis 14
A number of important variables must be consid-
ered in planning a trial or evaluating the quality of
a completed study (eg, the need for randomization,
physician and patient blinding, an assessment of
the success of the blinding procedures, an estimate
of the degree of compliance with the protocol, the
inclusion of a suitable control group, the require-
ment to define the primary analysis before starting
the trial, the adequacy of the sample size, the han-
dling of withdrawals and patients lost to follow-up,
and so on). However, few studies have addressed
the relative contribution of these variables to the
trial outcome.

The randomized, placebo-controlled, evaluating
physician-blinded Canadian ecooperative cyelophos-
phamide and plasma exchange trial'® did not con-
firm earlier reports that either IV cyclophos-
phamide and ACTHE® or the combination of aral

cyclophesphamide, prednisone, and plasm:
exchange’ offered a significant treatment advan
tage over a convincing placebo treatment it
patients with progressive multiple sclerosiz (M8
The paired evaluator design used in the Canadia
trial’ and the analysis of the success of the blindin
gave us the opportunity to estimate the influences
physician blinding on the assessment of responset
treatment in this controlled clinical trial.

Methods, Treatment protocel, The trial design and result
have been published previously.® Briefly, patients witl
clinically definite or laboratary-supported definite® pn
gressive MS were randomized to one of three treatmen
programs. Group 1 received IV cyclophosphamide (1 prar
alternate days adjusted to the white blood cell count) an
prednisone (40 myg daily, tapeied over 16 days); group |
received weekly plasma exchange (20 weeks), daily o
eyclophosphamide (1.5 to 2.0 mg'kg for 22 weeks adjuste
to reduce the white blood cell count), and alternate da
prednizone (20 mp, tapered over 22 weeks); and group 0
received sham plasma exchange and placebo medications
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Faired cvaluator desigr. Each clinieal assessment was
afrmed consecutively by both a blinded levaluating)
of unblinded (treating) newrologist at G-month inter-
&= throughout the study (mean follow-up, 30.4 months).
te Expanded Disability Status Scale (EDSS) scores at
o evaluation were compared with the enrollment
epe to determine improvement (21,0 EDSS fall), wors-
e (1.0 EDSS rise), or apparent stabilization (=0.5
755 change), A treatment failure was defined as a
arsening of the blinded evaluating neurologist's score
7210 EDSS points en two consecutive visits separated
vat [east 6 months,

Asgessment of blindness. The treating neurclogists
af the patients randomized to group I were unblinded
wenghout the trial. The evaluating neurologists were
Feded to the treatmient assignment for all patients in
ke study, At the final assessment, the evaluating neu-
dcgists and the patients in groups I and [ were asked
seomplete a questionnaire to determine the success of
b blind, Neither group was told beforehand that they
mald be asked to complete this questionnaire, nor were
key aware that their résponses would be used to evalu-
w the effect of hlinding upon assessing efficacy. The
saluating neurologists were asked to indicate whether
ke patient had been assigned to group [, group 1L, or
woup 111, or to state that they did not know. Patients
e asked whether they felt they had received the “real”
msma exchange treatment, the placebo {sham) treat-
mnt, or to state that they did not know, The evaluating
earalogists completed this questionnaire on 135 of 165
nal assessments (82%). Forty-seven of 57 group 11
stients (829 ) and 39 of 56 group I patients (T0%) pro-
ided this information. The importance of physician
finding was estimated by comparing the blinded evalu-
ting (publizhed primary analysis'®) and unblinded
eating neuralogists’ assessments of disease course fol-
ywing enrollment. We compared the ¢linical course of
hose patients who correctly guessed their treatment
ith those who guessed incesrectly or were unwilling to
ffer an opinion to estimate the impact of this degree of
atient blinding on the response to these experimental
reatments.

tesults, Success of the blind, The evaluating neu-
ologists felt that they could not identify the allocat-
d treatment for 92% of the (rial patients. For the
3 patients (8%) on whom an opinion was
wpressed, the treatment was correctly identified in
ight and incorrectly identified in five. In spite of
ur attempts to blind the patients randomized to
he active and placebo outpatient regimens (eg, dou-
le-blinded study for groups II and [11} by following
dentical protocols, using paired dozage adjustments
f placebo, and shielding the plasma exchange
pparatus, 32 of 40 (80%, group II patient- nd 21
f 31 (68% ) group III patients who offered 'n opin-
on correctly puessed their treatment assignments.
even additional group Il patients and eight addi-
ional group III patients were unwilling to offer an
pinion about their treatment assignment (“did not
now”), As such, 68% of group 11 patients (32 of 47)
nd 54% of group III patients (21 of 39) correctly
dentified the treatment they received. If patients
vere puessing their treatment groups, we would
xpect a 50% success rate. The number of correct

Talbile: 1. p Value® of between-treatment
comparison of proportion of suljects impraved,
stable, or worse

IV oyolo :;u-r.-i us PLEX versas
Assossment plac b o F_g]:}mhu
(no, pis) Blinded Unblinded Blinded  Unblinded
& Months 0.169 ] 248 0047
{1657 .
12 Months 0.295 0.054 0.0RG 0,004
(L1440
158 Months G418 0355 0,106 D072
(X081 !
24 Months 0.0841 0.152 0.20L 0.1
a1
Final (mean, 0290+ (1,450 0.930 05490
30.4 months;
1658
* Derived from chi-sguare test of the 2 treatment) % 3
{improved, stable, worsed frequency table at sach
assessment point,
+ Trend favering placeébo; all other comparisons favor
active tharapy,
IV evels  Intravenous cyclophosphamide groug (rroup 1)
PLEX Plaama exchange group (group 1T

guesses from those patients willing to express an
opinion (32 of 40 group Il and 21 of 31 group III
patients) is significantly higher than 50% for both
groups (p = 00001 for group II and p = 0.0133 for
group III, one-tailed).

Impact of physician blinding. The p values for
the treatment comparison of the proportion of
patients improved, stable, or worse at each assess-
ment point are given in table 1 separately for blind-
ed and unblinded assessors. The unblinded, treat-
ing neurologists' scores suggested a beneficial
response to oral cyclophosphamide, plasma
exchange, and prednisone treatment (group II} at
B, 12, and 24 months compared with the placebo
treatment, A favorable trend was seen at 18
months, but not at the final follow-up assessment.
The blinded evaluating neurologists’ scores did not
suggest a significant treatment advantage with
this regimen, however (primary analysis*}L
Neither the unblinded nor the blinded neurologists’
findings suggested a benefit from IV eyclophos-
phamide and prednisene (group 1) compared with
the placebo treatment, Indeed, at the 24-month fol-
low-up, the hlinded evaluating neurologists’ assess-
ment suggested a trend favoring the placebo group
{p = 0.088, two-tailed). As illustrated in the figure,
the unblinded treating neurologists recognized
apparent clinical worsening earlier in the placebo
patients and later in the group Il patients com-
pared with the blinded evaluating neurologists.

Impact of patient blinding. Table 2 illustrates a
comparison of the clinical outcomes between the
group II and IIT patients who correctly identified the
treatment they received and those who were unaware
or uncertain of their treatment assignment. The
blinded evaluatin~ neurologists’ scorves were used to
determine clinical status, As shown, the clinical
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= behavior of the patients treated with plasmg] tors |
8 Plasma Exchange exchange, cyclophosphamide, and prednisone (grog) 8!y
ﬁ 11} did not differ signincantly from the patients in th dﬂ_ﬂl |
@ placebo group irrespective of the status of the patiey blin |
g 1o blinding in the proportion of patients improved, stz of tl '
< ble, or worse. Similarly, there was no difference inth) 1
o time to treatment failure by the techniques of sur trol|
g os R vival analysis for either the patients who mrrenu}l‘?”—’l '
Blinded _~" guessed (p = (1,47, Breslow's test!®) or did not kngy} 8% |
8 i Unbiinded their treatment (p = 0.19). Within the treatmen; uat
2 T groups, the clinical course of the patients treated with of t
S eeme————— : ! plasma exchange, eyclophosphamide, and prednison: €4,
. 1 & 3 (group I1), as well as the nlacebo-treated patients at
A Tima from randomization, years (group III), did not vary significantly between thes I'F
who did and those who did not correctly guess thep ed
g 18 treatment assignments (data not shown), T:_'
5 Placebo : s s o ] w
§ Discussion, Physician blinding standardizes th: '
@ way patients are observed and treated in controlle dit
8 10 elinical trials and enhances the objective rru:aslure-l tl}'
= ment of treatment responses. Unblinded physician:| 81¢
= may inadvertently permit preconceived opinions T
Unblinded about the value of various interventions (eg, stud; P@
s Y e i and placebo treatments) to influence patient car th
g after randomization and, thereby, dismantle thy t¥
2 gains achieved by randomization, Physician blinding 10
= 0 is particularly crucial when subjective factors migh
o 1 2 3 influence the endpoint used for the primary analysif 2!
5 Tirme from randomization, years of a study.? In a placebo-controlled trial, patiem| Y
blinding is essential to provide all particpants wity{ ™
Figure. The median change in EDSS scores after ran- th.ﬂ m_}p{}rtunit].f ta ergoy @ placfabu EEFROIE: P?m.ml '{l
domization to either an active (A; plasma exchange, l:lllmdmg may be particularly important in clinical} ™
group 1) or control (B; placebo, group 11D treatment limb trials of experimental treatments in MS considering| ¥
us recorded by the blinded, evaluating and unblinded, the marked daily variability in patient performane: i
treating neurologists. An increase in EDSS indicates and the many factors that influence neurologic fune| 0
clinical worsening, tion (eg, intercurrent infection, fever, emotional fac tl
i
(&
Table 2. Impact of patient awareness of treatment assignment on the assessment of clinical outecome E
I .tients who correctly identified F
Patients no! knowing their treatment their treatment
Group 11 Group 111 Group I1 Group 11T t
Assessment  Status® Received PLEX  © reeived placeba  p Valuet  Known PLEX  Known placebs p Valuet b
i
& Months Improved 15 (20 0%) LIET1L1%) 532 115.6%) 121 (4,851 1
Stable 11415473.3%) 12718 (66.74%:) .57 24/32 (75.0%) 16/21 (76.2%) 042 i
Worse 1715 (6:T%) 415 122.2%) 232 (9.4%:) 4721 (19.0/%])
12 Monthe, = lmproved 3714 (21.4%) 113 (7.7%) 12T (3.75%) 021 (0.0%) J
Stable 914 (64.3%) 913 {69, 2%) n.7z Z4/2T (BR.S0) 15521 (T1.4%1 0.11
Waorse 214 (14.3%) 313 (23.1%) 2T (T AR 521 {25.6%)
1% Months Tmproved 20 20.0%) 010 10.0%) 224{8.3%) 0414 (0.0%) I|
Stable G0 060.0%) TL0CTOE) .63 1824 (75.0%) 814 (BT.1%H 0.20 i
Worse 210 (20.0%) A0 1 30.05%) 4/24 (16.7%) 614 (42.9%)
Final Improved 115 16.7%) 0VEA (0,05 w32 (0.0%) 1721 (4.8%) l
{mean, 3004 Stoble B15 (B0.0%] 1118 (61.1%) 0,71 19/32 (59.4%) 1221 (5715} 0.55
months) Worse G156 (33.3%) TIH {1 38.9%) 1332 (40.65%) A2 (353%)
* Blinded fevalualing newrologists’ scores nsed to determing chimenl status, eg, improved: 210 E S5 fll; siable; 0.5 ETSEE change, and
worse: =1.0 KIS risa,
{ Chissgquare derived Trom 2 %73 frequency table at pieh assessment pont, 1
FLEX Flosma exchange. i‘
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S (S, fatipue. and so onl. A!Limugh l.‘l}iu-:’ling 1~. gener- pattii_‘-nt unh]in{ii:ﬂg ecomparcd withl the setting in
:!'uu-.. lly regarded 4s an :“Hm*ntm'E foature of clinical T!'E.’I] which a patient is &_:om_}ﬂnt.c:] i unhhndlud from the
n Lh:. Jesign, few studies report L_zrt]wr the SLCCESS of JL1 e mu:_n_unt of ra:lxdmmzatmn. '_I‘hrc. mugmtydu n!’lthis
tien | blinding provoedure!t or the mﬂuvr?['[- af the integrity positive hmg.'lin-'u_] plar_:elm effect on the trial patients
sta ofthe Blind «n the resulls of the t_rml. who were able to identify their treatment assignment
n the The auihml-s of the d{:uhls:—}.:hn:{ml_ plnceho-cmj- is illustrated Iin table 2 'If‘hn:-;i_a d:-ll:'l .—eu_gg‘est that t_lw
 sur. | trolled, interferon beta-1b trial state thoi-"the effi- degree of patient unblinding in this trial (Lhe ability
! ciency of evaluating-neurologist blinding ... was to puess the assigned treatment at the final evalua-

E:;]._].: excellent.”” The success of the blinding of the eval-  tion visit) did not alter the apparent response to
nent | uating neur:v]ugnsts and‘pnhﬂnts and the influence  intervention sufficiently to alter the conclusion of the
with | of the blinding on the trial results were not report-  primary analysis (no treatment effect), .

sone | ed, however, as all participants were still blinded As such, in this study, the bias introduced by
ents at the time the report was published.’ In a recent  physician unblinding would have contributed to an
hose | report describing he results of the evaluator-hlind-  erroneous conclusion about treatment efficacy in

ed, Northeast Cooperative Multiple Sclerosis  what otherwise seems to have been a negative clin-
Treatment study, the authors state that the evalu-  ical trial. The potentially positive and negative
ating neurologist was also the treating neurologist  effects of patient unblinding were not sufficiently
in 20 of the 21 participating centers.® In that four  powerful to influence the primary analysis, howev-

heir

——— e

the . S
lloq | different treatment protocols were being tested in er. Attempts to blind clinicians and patients always
ure.| this trial, it is clear that the examining neurnlo- complicate clinical trial design and sometimes fail.

ans { gists (like the patients} must have been unblinded  The degree of bias introduced by unblinding pre-
ons} in these 20 participating centers (171 of 256 study  sumably varies widely among studies. In this con-

udy | patients). The authors do not report the success of  trolled clinical trial, physician blinding was of

are | the physician blinding in the single center where  paramount importance, and we encourage others to

the | two neurologists (one “single-blinded”) were  consider this observation in designing and review- s
ling | involved in the patient assessments. ing future therapeutic trials. 'i
ght Our study suggests that there would have been l
vsis | an important systematic bias if we used the Acknowledgment

ent | unblinded treatymg neurnluglsts' Q‘lll‘llCﬂ:l aSsess. We appreciate the secretarial expertise of Marian Bortolon. i H
Ath § ments for the primary analysis. As shown in the fig- . ? '

ent | ure, the unblinded treating neurologists were more  References
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Kramer MS, Shapire 8H. Seientific challenges in the app\_\

ear disorders can produce the syndrome (eg, bilat-

~eral Meniere's disease, bacterial and syphilitic
infections, trauma, ete).®® Some olotoxins, such as
streptomyein and gentamicin, are relatively speeif-
ic for the vestibular system, whereas most other
causes of Dandy syndrome also produce severe
hilateral hearing loss. In 1989, we described 22
patients with normal hearing and bilateral vestibu-
lar loss of unknewn cause.” All presented with
imbalance—particularly prominent at night—but
only a minority described head-movement-depen-
dent nscillopsia. About half had prior episodes of
vertigo (lasting hours to days), possibly due to viral
vestibular neuritis.” We speculated that some of
the patients may have had an inherited disorder,
although we did not obtain a family history of simi-
lar {ioblems in any of them.

A large number of inherited disorders result in
combined auditory and vestibular loss.®!! Typically,
such patients describe a slowly progressive imbal-
ance and hearing loss, beginning in adulthood. We
know of only one prior report of a familial bilateral

sive basis, The mother and father each had large

“tamilies, and none described any symptoms sug

gesting vestibular loss. The symptoms in these
three patients began in infancy and may even havwe
been present at birth. None of the three complaimed
of vertign attacks,

We recently saw three patients with Dandy syn
drome and normal hearing who had a family histe
ry of similar symptoms. The initial symptom in
each patient was brief episodes of vertigo, lasting e
minute or so, followed years later by progressive
bilateral vestibular loss. None was exposed b
known ototoxins. In each case, one parent had

bilaleral vestibular loss, sugpesling a dominantly |

inherited vestibulopathy svndrome.

Case reports. Patient 1. A 34-year-old man had exper-
enced recurrent brief episodes of vertigo followed by pri-
gressive imbalance and unsteadiness of gait, His attacks
of vertigo typically lasted about a minute and have
pecurred about three or four times @ month for the past b
vears, These attacks came on abraptly without warning
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Article abstract—Three patients who presented with episodic vertigo followed by gait imbalance and oscillopsia had il

profound hilateral vestibular loss despite normal hearing. All had a parent with similar findings. The patients, their T

affected parent, and multiple other family members had a history of migraine headaches, although several of the latte EF

had normal vestibular function. Acetazolamide stopped or markedly decreased the frequeney of vertigo attacks in they PT™
three patients treated but had little effect on the chronic vestibular loss. This is the first report of a dominantiy inher g low
ited hilateral vestibulopathy associated with normal hearing, } finar
NEUROLOGY 19944420550 "5
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Bilateral vestibular loss typically presents with  vestibulopathy associated with normal hearing) m

imbalance and head-movement-dependent oscillop-  Verhagen et al' described two brothers and a sis ‘ he

sia (Dandy syndrome).!? Ototoxic drugs are the  ter with bilateral vestibular loss and normal hear- Tk

most common cause, although many other inner  ing, presumably inherited on an autosomal :-eces-t i
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