
Review

Problematic presentation and use
of efficacy measures in current trials
of CGRP monoclonal antibodies
for episodic migraine prevention:
A mini-review

Peer Tfelt-Hansen1, Hans-Christoph Diener2 and
Timothy J Steiner3,4

Abstract

Background: In trials of monoclonal antibodies against calcitonin gene-related peptide or its receptor for prevention of

episodic migraine, we observed two problematic aspects: a) The graphic presentations; b) the methods of calculating

‘‘response rates’’ (�50% decrease of monthly migraine days from baseline).

Observations: Decrease in monthly migraine days is presented, over time, in figures on a downward (negative) scale

from zero at baseline, with the ordinate stopped just beyond the maximum effect of the active drugs. In one trial,

decreases in monthly migraine days were �1.8 after placebo, �3.2 after erenumab 70 mg and �3.7 after erenumab

140 mg, with the ordinate stopped at �4.5. The reader can perceive only a relative 2-fold benefit of erenumab versus

placebo. If, however, treatment periods are compared with baseline in bar charts, MMDs persisting after treatment in the

same trial can be illustrated as follows, creating a different perception: 78% for placebo, 61% for erenumab 70 mg, and

55% for erenumab 140 mg.

In the nine trials, ‘‘response rates’’ defined as above were calculated in five different ways, taking different numbers of

treatment months into account in comparisons with the one-month baseline. This makes comparisons impossible.

Suggestions for improvements: Mean monthly migraine days before and after treatment should be presented in a

bar chart. Such figures, presenting persisting MMDs, are more clinically relevant and less misleading than decreases

from baseline.

The definition and methods of calculating and presenting ‘‘50% response rates’’ should be standardized by the Drug

Trial Committee of the International Headache Society.
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Introduction

After a long period with little progress in the drug-
prevention of migraine, the recent development of
monoclonal antibodies against CGRP or its receptor,
based on improved understanding of the pathophysi-
ology of migraine, offers a new treatment option (1,2).
Assuming at least equal efficacy, a likely advantage of
these specific treatments is better tolerability than is
experienced with the range of drugs currently used for
migraine prevention. For example, in randomized,
controlled trials (RCTs) of topiramate 100mg, 24%
(90/380) of patients discontinued active treatment
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because of adverse events (AEs), while 10% (40/381)
discontinued placebo (absolute difference 13% [95%
CI: 8–18%) (3–5). In contrast, in five large RCTs
(6–10) of antibodies against CGRP or its receptor, dis-
continuations due to AEs were 2% both for active
treatments (58/2376) and for placebo (34/1764).

However, in the various presentations and evalu-
ations of efficacy data in the recent antibody RCTs,
two problems emerge. These are reviewed in the next
paragraphs.

Review and comment

The first problem, well displayed in an RCT of erenu-
mab 70 (10), is in the presentation of decrease in
monthly migraine days (MMDs) over time on a down-
ward (negative) scale from zero at baseline. In Figure 1
from the publication in Cephalalgia 2018 (6)), the vis-
ual impression is of migraine largely disappearing after
3 months of active treatment, as the curves flatten at
MMD �2.7 to �2.9 while the ordinate is stopped
at �3.5 (Figure 1). With the placebo curve levelling at
MMD �1.8, and no anchors at either end of the scale,
the reader can only perceive a considerable relative
benefit. The reality is as shown in Table 1: Decreases
in MMDs are from 8.1 (mean baseline) to 5.2 with
erenumab 70mg (i.e. with 64% of MMDs still persist-
ing), and from 8.4 to 6.6 (79% persisting) with placebo.

Patients contemplating drugs for migraine preven-
tion need information that is both reliable and realistic.
The visual presentation may appear convincing (and,
presumably, is intended to be), but it is a manipulation
brought about by ordinate truncation. Numerical pres-
entation of MMDs persisting after treatment better
informs both clinicians and patients. In 12 treatments
with CGRP antibodies in seven phase-3 RCTs, the

median persisting MMDs were 55% (range: 45–64%),
whereas on placebo (n¼ 7) the median persisting
MMDs were 75% (69–78%) (Table 1). In summary,
CGRP antibodies reduce MMDs by about a half, and
placebo by about one quarter, which is a relative two-
fold benefit, as suggested by the visual presentation,
but, importantly, a much smaller absolute benefit. An
alternative visual presentation of the data in Figure 1
(10), simpler, realistic and therefore more informative,
is presented in Figure 2.

The second problem lies in the different ways of cal-
culating ‘‘response rates’’ in MMDs: �50% and �75%;
and, in some cases, in the directly erroneous way of
calculating (or reporting) 100% response rate (11).
The proportion of patients with MMD reductions of
�50% (the response rate) has been variously estimated/
calculated:

. as �50% mean decrease in MMDs in month 3 of
3 months’ treatment after baseline (in five RCTs
(9,12,13,15,16))

. as �50% decrease in MMDs calculated as the mean
of monthly estimates during months 4–6 of
6 months’ treatment after baseline (one RCT (8))

. as �50% decrease in MMDs calculated as the mean
of monthly estimates during all 3 of 3 months’ treat-
ment after baseline (one RCT (10))

. as �50% mean decrease in MMDs during weeks 5–8
of 3 months’ follow-up after a single intravenous
injection (one RCT (14))

. as �50% decrease in MMDs calculated as the mean
of monthly estimates during all 6 of 6 months’ treat-
ment after baseline (two RCTs (6,7)).

Despite these different methodologies, the �50%
response rate for placebo ranged relatively narrowly
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Figure 1. Changes in mean monthly migraine days after treatment with erenumab 70 mg and placebo (monthly subcutaneous

injection) (9). Reproduced from Dodick et al., Cephalalgia 2018; 38: 1026–1037, with permission from the publisher.
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(27–39%) in the seven phase-3 RCTs, with a median of
30% (6–10,15,16). It is perhaps noteworthy that the
two greatest placebo MMD reductions, 36% and
39%, were observed in the two galcanezumab RCTs
(6,7), with the very special methodology of calculating
response in each month over all 6 months of treatment
(see notes to Table 1). In the two smaller phase-2 RCTs,
the �50% placebo response rates were, for unknown
reasons, 54% (14) and 62% (15).

The only recent, previous trial programme of a pre-
ventative drug for episodic migraine was conducted
with topiramate (n¼ 1367), with similar methodology
in three RCTs (3–5). The optimum dose of topiramate
was 100mg, which was tested in 378 patients who were
compared with 378 treated with placebo. A 4-week
baseline period was followed by an 8-week titration
period and an 18-week maintenance period, with

Table 1. Preventative effects of CGRP antibodies in episodic migraine RCTs.

Drug and dose (ref.)

Mean MMD

at baseline

Mean decrease

in MMD during

treatment

Mean persisting

MMD during

treatment

(% of baseline)

Proportion with �50% decrease

in MMD (50% response rate)

Erenumab 70 mg (n¼ 282) (9) 8.1 �2.9 5.2 (64%) 40%; TG¼ 10% (95% CI: 2–18%)

Placebo (n¼ 288) 8.4 �1.8 6.6 (79%) 30%

Erenumab 70 mg (n¼ 318) (8) 8.3 �3.2 5.1 (61%) 43%; TG¼ 17% (95% CI: 9–24%)

Erenumab 140 mg (n¼ 318) 8.3 �3.7 4.6 (55%) 50%; TG¼ 23% (95% CI: 16–31%)

Placebo (n¼ 319) 8.2 �1.8 6.4 (78%) 27%

Erenumab 70 mg (n¼ 104) (12) 8.6 �3.4 5.2 (60%) 46%; TG¼ 17% (95% CI: 4–29%)

Placebo (n¼ 153) 8.8 �2.3 6.5 (74%) 30%

Fremazenumab 225 mg (n¼ 289) (10) 9.1 �3.7 5.4 (59%) 48%; TG¼ 20% (95% CI: 12–27%)

Fremazenumab 675 mg (n¼ 289) 9.3 �4.4 4.9 (53%) 44%; TG¼ 16% (95% CI: 9–24%)

Placebo (n¼ 294) 9.1 �2.2 6.9 (76%) 28%

Fremazenumab 225 mg/mo (n¼ 96) (13) 11.5 �6.3 5.2 (45%) 53%; TG¼ 25% (95% CI: 11–38%)

Fremazenumab 225 mg once (n¼ 97) 11.3 �6.1 5.2 (46%) 59%; TG¼ 32% (95% CI: 14–44%)

Placebo (n¼ 104) 11.5 �3.5 8.0 (70%) 28%

Eptinezumab 1000 mg (i.v.) (n¼ 81) (14) 8.1 �5.6 2.5 (31%) 75%; TG¼ 22% (95% CI: 7–35%)

Placebo (n¼ 82) 8.2 �4.6 3.6 (44%) 54%

Galcanezumab 120 mg (n¼ 210) (6) 9.2 �4.7 4.5 (49%) 62%; TG¼ 24% (95% CI: 15–32%)

Galcanezumab 240 mg (n¼ 210) 9.1 �4.6 4.5 (49%) 61%; TG¼ 22% (95% CI: 14–30%)

Placebo (n¼ 425) 9.1 �2.8 6.3 (69%) 39%

Galcanezumab 120 mg (n¼ 231) (7)a 9.1 �4.3 4.8 (53%) 59%; TG¼ 23% (95% CI: 15–31%)

Galcanezumab 240 mg (n¼ 223) 9.1 �4.2 4.9 (54%) 57%; TG¼ 20% (95% CI: 13–28%)

Placebo (n¼ 461) 9.2 �2.3 6.9 (75%) 36%

Galcanezumab 120 mg (n¼ 62) (15) 6.7 �4.8 1.9 (28%) 76%; TG¼ 14%

(95% CI: �0.5–26%)

Placebo (n¼ 126) 6.6 �3.7 2.9 (44%) 62%

Erenumab 140 mg (n¼ 119) (16) 9.2 �1.8 7.4 (80%) 30%; TG¼ 17% (95% CI: 6�27%)

Placebo (n¼ 124) 9.3 �0.2 9.1 (98%) 14%

aSecondary outcome measures in one large RCTwith galcanezumab (7): ‘‘The mean proportion of patients with reduction from baseline of 50%, 75%,

and 100% in monthly MHDs during the 6-month double-blind treatment phase. Specifically, response rate was defined as the percentages of patients

meeting predefined thresholds (i.e. 50%, 75%, and 100%) in the reduction from baseline in the number of MHDs for each month, and the overall

percentages of patients meeting these thresholds averaged over months 1 through 6 were analyzed’’.
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Figure 2. Mean migraine days per month before and after

treatment with placebo or erenumab 70 mg (monthly subcuta-

neous injection) for 3 months (9).
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�50% decrease in MMDs from baseline evaluated over
the whole treatment period. Response rates were 47.5%
on topiramate and 22.5% on placebo; the therapeutic
gain (TG) (active drug minus placebo) was 25% (95%
CI: 18–32%). Thus, the best results from treatment
with CGRP antibodies match the TG for topiramate,
an established drug for migraine prevention, but the
diverse calculations of �50% response rates in the
CGRP RCTs exclude fair comparison. There is there-
fore a need for comparative RCTs between the CGRP-
related antibodies and standard drug treatments.

Estimates and reporting of 75% response rate,
defined as the proportion of treated patients with
�75% decrease in MMDs (6,7,13,16), probably suffer
from the same problems, while 100% response rate,
defined as the proportion of treated patients with a
100% decrease of MMD (i.e. migraine-free), has been
reported in a peculiar way in two studies (6,7)
(see below).

In one large phase-3 galcanezumab RCT (6), 100%
response rates were 6.2% (26/425) for placebo, 15.6%
(33/210) for galcanezumab 120mg (odds ratio [OR]:
2.8 [95% CI: 2.0–4.0]) and 14.6% (30/210) for galcane-
zumab 240mg (OR: 2.6 [95% CI: 1.8–3.7]). In the other
phase-3 galcanezumab RCT (7), 100% response rates
were similar: 26/461 (5.7%) for placebo, 27/231
(11.5%) for galcanezumab 120mg, and 31/223
(13.8%) for galcanezumab 240mg (for how these sec-
ondary outcome parameters were evaluated, see note in
Table 1). Apparently, there were consistent findings of
a small but possibly relevant effect of the two galcane-
zumab doses. In a post hoc analysis of 100% response
rates on galcanezumab 120mg and 240mg and placebo
in these two phase-3 RCTS (17), the results were pre-
sented in an alternative way: As the number of months
with 100% response (17). At least 1 month migraine-
free during 6 months’ treatment was observed in 171/
875 (19.5%) of patients on placebo, 169/436 (38.8%)
on galcanezumab 120mg and 178/428 (41.6%) on
galcanezumab 240mg. Three months migraine-free
were observed in 48/875 (5.5%) on placebo, 46/436
(10.6%) on galcanezumab 120mg and 59/428 (13.8%)
on galcanezumab 240mg. Finally, 100% response
during all 6 months was observed in 2/827 (0.2%) on
placebo, 3/435 (0.7%) on galcanezumab 120mg and 6/
427 (1.4%) on galcanezumab 240mg (17). In our view,

‘‘100% response’’ describes freedom from migraine
attacks for a predefined period within or after the treat-
ment period, not random months of migraine freedom
dispersed among six months (11). The galcanezumab
RCTs demonstrate that 100% response over all 6
months occurs very seldom (in approximately 1% of
patients).

Conclusions

Changes in MMDs in RCTs of migraine preventative
drugs should be presented graphically, in an appropri-
ate way that provides realistic information to patients
and their doctors, not manipulated to emphasize differ-
ences from placebo. This is best done by presenting
baseline MMDs and MMDs persisting after a period
of treatment.

The 50% response rate (proportion with �50%
decrease in MMDs) is an important secondary outcome
measure, recommended by the International Headache
Society (IHS) since 2012 (18). When no RCTs directly
comparing two drugs for migraine prevention are avail-
able, their relative effects can, with some caution, be
estimated by comparing their TGs on this measure.
This outcome has also been used in meta-analyses of
propranolol (19) and topiramate (20). Generally, a pre-
requisite for using an outcome measure for comparisons
is, of course, that it is similarly calculated in all RCTs,
and this is not the case for CGRP antibody RCTs:
Investigators and manufacturers of these drugs have
used five different ways to calculate the 50% response
rate. The reason for this is obscure, but the consequence
is that it is very doubtful whether this measure can be
used to compare the CGRP antibodies with each other
or with other preventative drugs. Given the enormous
investment in these RCTs, this is regrettable (and, argu-
ably, unforgivable). An additional caveat is that in most
earlier RCTs, with other agents, 50% response rates
were estimated as �50% decrease in migraine attacks
per month (regardless of attack duration), not migraine
days (MMDs: All days affected by or during the course
of attacks) as used in the CGRP antibody RCTs.

We hope that the IHS Drug Trial Committee will
formulate new and more precise recommendations con-
cerning the definition and reporting of response rates in
RCTs investigating the prevention of (episodic) migraine.

Clinical implications

. Current illustrations of effect of CGRP antibodies in migraine can give an exaggerated impression of the effect.

. This is due to the presentation only of changes in monthly migraine days (MMDs) for placebo and active drugs.

. Presentation of mean MMDs during baseline and persisting MMDs after treatment will provide more
relevant information.

. In the trials with CGRP antibodies, �50% decrease in MMDs is calculated in five different ways, and a
consensus on how this should be done is needed.
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