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ABSTRACT

BACKGROUND

Giant-cell arteritis commonly relapses when glucocorticoids are tapered, and the
prolonged use of glucocorticoids is associated with side effects. The effect of the in-
terleukin-6 receptor alpha inhibitor tocilizumab on the rates of relapse during gluco-
corticoid tapering was studied in patients with giant-cell arteritis.

METHODS

In this 1-year trial, we randomly assigned 251 patients, in a 2:1:1:1 ratio, to receive
subcutaneous tocilizumab (at a dose of 162 mg) weekly or every other week, combined
with a 26-week prednisone taper, or placebo combined with a prednisone taper over
a period of either 26 weeks or 52 weeks. The primary outcome was the rate of sus-
tained glucocorticoid-free remission at week 52 in each tocilizumab group as com-
pared with the rate in the placebo group that underwent the 26-week prednisone
taper. The key secondary outcome was the rate of remission in each tocilizumab
group as compared with the placebo group that underwent the 52-week prednisone
taper. Dosing of prednisone and safety were also assessed.

RESULTS

Sustained remission at week 52 occurred in 56% of the patients treated with tocili-
zumab weekly and in 53% of those treated with tocilizumab every other week, as
compared with 14% of those in the placebo group that underwent the 26-week
prednisone taper and 18% of those in the placebo group that underwent the 52-week
prednisone taper (P<0.001 for the comparisons of either active treatment with pla-
cebo). The cumulative median prednisone dose over the 52-week period was 1862 mg
in each tocilizumab group, as compared with 3296 mg in the placebo group that
underwent the 26-week taper (P<0.001 for both comparisons) and 3818 mg in the
placebo group that underwent the 52-week taper (P<0.001 for both comparisons).
Serious adverse events occurred in 15% of the patients in the group that received to-
cilizumab weekly, 14% of those in the group that received tocilizumab every other
week, 22% of those in the placebo group that underwent the 26-week taper, and 25%
of those in the placebo group that underwent the 52-week taper. Anterior ischemic
optic neuropathy developed in one patient in the group that received tocilizumab
every other week.

CONCLUSIONS
Tocilizumab, received weekly or every other week, combined with a 26-week pred-
nisone taper was superior to either 26-week or 52-week prednisone tapering plus
placebo with regard to sustained glucocorticoid-free remission in patients with gi-
ant-cell arteritis. Longer follow-up is necessary to determine the durability of remis-
sion and safety of tocilizumab. (Funded by F. Hoffmann—-La Roche; ClinicalTrials.gov
number, NCT01791153.)
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IANT-CELL ARTERITIS CAUSES HEAD-

aches, ischemic visual symptoms, vision

loss, claudication of the jaw, claudication
of the arms and legs, polymyalgia rheumatica,
aortic aneurysm, myocardial infarction, and
stroke.? Giant-cell arteritis generally occurs in
adults older than 50 years of age and is 3 times
as likely to occur in women as in men.! Gluco-
corticoids are the mainstay of treatment because
they control headaches and systemic inflamma-
tion, normalize inflammatory markers, and pre-
vent vision loss.>® However, many patients receive
long or repeated glucocorticoid courses to pre-
vent disease flares.>*%° Long-term use of gluco-
corticoids is associated with side effects.?”#1°
Therefore, treatments that are capable of main-
taining the remission of giant-cell arteritis after
the discontinuation of glucocorticoids would be
valuable.

The concentrations of C-reactive protein (CRP)
and other acute-phase reactants that are increased
by elevated serum levels of interleukin-6 correlate
with disease activity.!'” Case series and a phase 2
trial have suggested that tocilizumab, an interleu-
kin-6 receptor alpha inhibitor, allows for reductions
in glucocorticoid doses that are used to control
giant-cell arteritis and to maintain remission.'®*

We conducted a randomized, double-blind,
placebo-controlled, phase 3 trial, the Giant-Cell
Arteritis Actemra (GiACTA) trial, to investigate
whether tocilizumab resulted in higher rates of
sustained glucocorticoid-free remission of giant-
cell arteritis than placebo through a period of 52
weeks.??® Results from the 1-year trial are pre-
sented.

METHODS

TRIAL DESIGN AND PATIENTS

The trial design has been published previously,*”
and the protocol, including the statistical analy-
sis plan, is available with the full text of this ar-
ticle at NEJM.org. We enrolled patients 50 years
of age or older who had active giant-cell arteritis
within 6 weeks before baseline and who had a
history of an elevated erythrocyte sedimentation
rate (ESR) attributable to giant-cell arteritis. Dis-
ease activity was defined as unequivocal evidence
of cranial symptoms of giant-cell arteritis or poly-
myalgia rheumatica and increased concentrations
of serum acute-phase reactants (Section S2 in the
Supplementary Appendix, available at NEJM.org).
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The diagnosis of giant-cell arteritis was based on
results of a temporal-artery biopsy showing fea-
tures of giant-cell arteritis or on evidence of large-
vessel vasculitis on angiography, computed tomo-
graphic or magnetic resonance angiography, or
positron-emission tomography. Patients with new-
ly diagnosed or relapsing disease were eligible.

In this 1-year trial, patients were randomly
assigned in a 2:1:1:1 ratio to one of four groups:
receipt of weekly subcutaneous tocilizumab, at a
dose of 162 mg, plus a 26-week prednisone taper
(referred to as the group receiving tocilizumab
weekly); receipt of subcutaneous tocilizumab, at
a dose of 162 mg, every other week, plus a 26-week
prednisone taper (referred to as the group receiv-
ing tocilizumab every other week); weekly subcu-
taneous placebo plus a 26-week prednisone taper
(referred to as the placebo group that underwent
the 26-week taper); or weekly subcutaneous pla-
cebo plus a 52-week prednisone taper (referred to
as the placebo group that underwent the 52-week
taper). Randomization was stratified according to
the baseline prednisone dose (£30 mg per day vs.
>30 mg per day).

Patients were required to adhere to the proto-
col-defined prednisone taper (Section S3 in the
Supplementary Appendix).”® Glucocorticoid treat-
ment for giant-cell arteritis was initiated or the
previously used dose was continued during
screening at the discretion of the site investiga-
tor, on the basis of the dose that was anticipated
to control the patient’s disease. The use of intra-
venous methylprednisolone at doses greater than
100 mg daily within 6 weeks before baseline was
not permitted. At baseline, the initial prednisone
dose taken orally had to be between 20 mg and
60 mg per day. The prednisone dose was tapered
weekly in all the trial groups as determined by
the protocol. Doses of 20 mg or more per day were
administered in an open-label manner, but when
the prednisone dose was less than 20 mg per day,
patients and all the trial personnel were unaware
of the dose.?® Once prednisone was tapered from
1 mg per day to 0 mg per day, placebo tablets were
used to maintain the blinding.

DISEASE ASSESSMENTS AND MAINTENANCE

OF BLINDING

To prevent unblinding that could occur because
of normalization of the CRP concentration after
interleukin-6-receptor blockade with tocilizumab,
all the trial personnel were unaware of the patients’
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CRP levels.” A laboratory assessor monitored all
other laboratory variables independently of the
efficacy assessor and notified the efficacy asses-
sor of any verified ESR of 30 mm or more per hour.
The efficacy assessor evaluated clinical activity of
giant-cell arteritis and managed the prednisone
taper. Both the laboratory assessor and the efficacy
assessor were unaware of the group assignments.

Disease assessment was performed at each visit
to determine whether the patient’s disease was in
remission and whether the patient could safely
continue the prednisone taper. Flare of the disease,
which was determined by the efficacy assessor,
was defined as the recurrence of signs or symp-
toms of giant-cell arteritis or as an elevation of
the ESR to 30 mm or more per hour that was
attributable to giant-cell arteritis. The definition of
disease flare included the necessity for an increase
in the prednisone dose. Remission was defined
as the absence of flare and the normalization of
the CRP concentration to less than 1 mg per deci-
liter. Sustained remission was defined as remis-
sion from week 12 through week 52 and adher-
ence to the prednisone taper. Patients who had a
flare or could not adhere to the prednisone taper
switched to open-label escape therapy with pred-
nisone but continued to receive the assigned trial
regimen (tocilizumab or placebo). Such patients
were considered to have treatment failure with re-
gard to the primary outcome.

TRIAL OVERSIGHT

The trial was conducted in accordance with Good
Clinical Practice guidelines and the Declaration
of Helsinki. All the patients provided written in-
formed consent. The investigators and sponsor
designed the trial and gathered and analyzed the
data. The sponsor provided tocilizumab and pla-
cebo and participated in the writing and editing
of the drafts of the manuscript. All the authors
vouch for the fidelity of the trial to the protocol
and for the accuracy and completeness of the data
and analyses reported. All the authors partici-
pated in the writing of every draft of the manu-
script, with the assistance of medical writers paid
by the sponsor.

END POINTS

The primary efficacy analysis compared the
percentages of patients with sustained predni-
sone-free remission at week 52 between each
tocilizumab group and the placebo group that

underwent the 26-week taper. The key secondary
analysis compared the percentages of patients
with sustained remission at week 52 between
each tocilizumab group and the placebo group
that underwent the 52-week taper. Other second-
ary efficacy analyses included the cumulative
prednisone dose over the 52-week trial period,
the incidence of the first flare after remission in
a time-to-event analysis, quality-of-life changes
from baseline to week 52 (according to the
physical and mental component summary scores
of the Medical Outcomes Study 36-Item Short-
Form Health Survey [SF-36]; on each of these
assessments, scores range from 0 to 100, with
higher scores representing better function), and
a patient’s global assessment of disease activity
on the basis of a visual-analogue scale (VAS;
scores range from O to 100 mm, with higher
scores indicating greater disease activity).
Safety was assessed as the incidence, nature,
and severity of adverse events and laboratory ab-
normalities in the safety population, which in-
cluded patients who had received at least one
dose of tocilizumab or placebo. Adverse events
of giant-cell arteritis that were considered not to
be serious by the investigators were reported as
efficacy outcomes, not as adverse events.

STATISTICAL ANALYSIS

We calculated that a sample of 100 patients in
the group that received tocilizumab weekly and
50 patients in both the group that received tocili-
zumab every other week and the placebo group
that underwent the 26-week taper would provide
the trial with more than 90% power to detect a
difference in the percentage of patients with sus-
tained remission at week 52 in each tocilizumab
group versus the placebo group that underwent
the 26-week taper, assuming an effect size of 40
percentage points (i.e., a difference of 40 per-
centage points in the percentage of patients with
the primary outcome). Efficacy was assessed in
the intention-to-treat population.

The primary and key secondary efficacy out-
comes were tested at a 1% overall significance
level (alpha level of 0.01) against two-sided alterna-
tives. Two independent dose hierarchies (for sepa-
rate comparisons of the two tocilizumab groups
vs. placebo) were applied in a fixed sequential or-
der of outcomes to control the type I error for
multiple comparisons. Each hierarchy tested the
primary outcome for the superiority of tocilizumab
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over placebo plus the 26-week taper, followed by
the key secondary outcome for the assessment of
the noninferiority of tocilizumab versus placebo
plus the 52-week taper. The statistical signifi-
cance for superiority was determined as a P value
of less than 0.005 for both the primary outcome
and the key secondary outcome and as a P value
of less than 0.01 for all other outcomes. No sec-
ondary-outcome tests other than for the key sec-
ondary outcome were corrected for multiple com-
parisons.

The comparison of the tocilizumab groups
with the placebo group that underwent the 26-week
taper for the primary outcome was performed
with the use of a Cochran—Mantel-Haenszel test,
with adjustment for the baseline prednisone dose
(£30 mg per day vs. >30 mg per day). The tocili-
zumab groups were also compared for noninfe-
riority with the placebo group that underwent the
52-week taper on the basis of a noninferiority
margin of —22.5 percentage points (Section S4 in
the Supplementary Appendix). A two-sided 99.5%
confidence interval for the difference between
the trial groups was used for this comparison, as
calculated on the basis of the normal approxima-
tion and adjusted for the baseline prednisone
dose. A test for superiority was planned if the
noninferiority criteria were met. P values were
then calculated for the comparisons of superiority.

The time until the first flare was summarized
by means of Kaplan—Meier curves. Trial groups
were compared with the use of Cox proportional-
hazards models, with adjustment for the baseline
prednisone dose. Data censoring was used for
patients who withdrew from the trial. Between-
group differences in the expected cumulative
prednisone dose were analyzed with the use of
the nonparametric van Elteren test, stratified
according to the baseline prednisone dose.
Quality-of-life end points were analyzed with
the use of repeated-measures analysis, with ad-
justment for baseline stratification factors, in
which data obtained after the use of escape
therapy were considered to be missing. No impu-
tation was used for missing prednisone doses,
missing mental or physical component summary
scores, or missing data on the patient’s global
assessment of disease activity.

Patients who had a flare, received glucocorti-
coid treatment beyond that permitted by the proto-
col, withdrew from the trial, or did not have remis-

sion by week 12 were considered not to have had
a response. In addition, patients who had two
consecutive elevations in the CRP concentration
above 1 mg per deciliter or one elevation in the
CRP concentration followed by a missing value
from week 12 (this last criterion was applied in
the analysis phase in order to maintain blinding
during the trial) were considered not to have had
a response. To minimize bias from the effect of
tocilizumab on the CRP concentration, a sensitiv-
ity analysis that excluded the requirement for a
normalized CRP concentration from the defini-
tion of sustained remission was performed on the
primary outcome and the key secondary outcome.

RESULTS

PATIENTS

We enrolled 251 patients from July 2013 through
April 2015. A total of 100 patients were randomly
assigned to the group that received tocilizumab
weekly, 50 to the group that received tocilizu-
mab every other week, 50 to the placebo group
that underwent the 26-week taper, and 51 to the
placebo group that underwent the 52-week taper.
The intention-to-treat and safety populations in-
cluded 250 patients because 1 patient who had
been assigned to receive tocilizumab every other
week did not receive the trial drug. A total of 216
patients (86%) completed the trial through week
52 (Fig. 1). The demographic characteristics and
clinical features of the patients were similar
among the four groups (Table 1).

PRIMARY AND KEY SECONDARY OUTCOMES

A total of 56% of the patients in the group that
received tocilizumab weekly and 53% of those in
the group that received tocilizumab every other
week had sustained remission at 52 weeks (the
primary outcome), as compared with 14% of the
patients in the placebo group that underwent the
26-week taper (P<0.001 for the comparison of each
tocilizumab group with placebo) and 18% of those
in the placebo group that underwent the 52-week
taper (key secondary outcome; P<0.001 for the
comparison of each tocilizumab group with pla-
cebo) (Table 2). The results of the sensitivity analy-
sis supported those of the primary analysis and the
key secondary analysis, except that the comparison
of the group that received tocilizumab every other
week with the placebo group that underwent the
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353 Patients were screened

251 Were enrolled

100 Were assigned to receive
tocilizumab weekly plus
a 26-wk prednisone taper

50 Were assigned to receive
tocilizumab every other
week plus a 26-wk
prednisone taper

50 Were assigned to receive
placebo plus a 26-wk
prednisone taper

51 Were assig
placebo pl
prednisone taper

ned to receive
us a 52-wk

18 Withdrew from <] | 9 Withdrew from - 9 Withdrew from || 5 Withdrew from
blinded treatment blinded treatment blinded treatment blinded treatment
1 Did not receive tocili-
zumab
15 Withdrew from trial 9 Withdrew from trial 6 Withdrew from trial 5 Withdrew from trial
6 Had an adverse event 3 Had an adverse event 2 Had an adverse event 2 Had lack of efficacy
6 Chose not to 3 Had lack of efficacy 2 Had lack of efficacy ~ |-— 1 Had protocol violation
participate 2 Chose not to =] 2 Chose not to 1 Chose not to
1 Had lack of efficacy participate participate participate
<]
1 Was withdrawn by 1 Had other reason 1 Was withdrawn by
physician physician
1 Was withdrawn be-
cause of nonadher-
ence to trial regimen

85 Completed wk 52

41 Completed wk 52

44 Completed wk 52

46 Completed wk 52

Figure 1. Screening, Randomization, and Follow-up of the Patients.
Not all the patients who withdrew from treatment withdrew from the trial.

52-week taper met the criteria for noninferiority
but not for superiority (Table 2).

SECONDARY EFFICACY OUTCOMES

The percentages of patients who had a flare were
23% in the group that received tocilizumab weekly,
26% in the group that received tocilizumab every
other week, 68% in the placebo group that un-
derwent the 26-week taper, and 49% in the pla-
cebo group that underwent the 52-week taper.
As compared with the placebo group that under-
went the 26-week taper, the hazard ratios for flare
were 0.23 (99% confidence interval [CI], 0.11 to
0.46) in the group that received tocilizumab
weekly and 0.28 (99% CI, 0.12 to 0.66) in the
group that received tocilizumab every other week
(P<0.001 for both comparisons). The median val-
ue was not reached in the two tocilizumab groups
(Fig. 2).

CUMULATIVE PREDNISONE DOSE

The total median cumulative prednisone dose over
the 52-week period was 1862 mg (95% CI, 1582 to
1942) in the group that received tocilizumab
weekly and 1862 mg (95% CI, 1568 to 2240) in the
group that received tocilizumab every other week,
as compared with 3296 mg (95% CI, 2730 to 4024)
in the placebo group that underwent the 26-week
taper and 3818 mg (95% CI, 2818 to 4426) in the
placebo group that underwent the 52-week taper
(P<0.001 for all comparisons of tocilizumab with
placebo) (Table 2). In post hoc analyses, the per-
centages of patients who received open-label pred-
nisone as escape therapy were 23% in the group
that received tocilizumab weekly, 33% in the group
that received tocilizumab every other week, 74% in
the placebo group that underwent the 26-week
taper, and 55% in the placebo group that under-
went the 52-week taper.
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Table 1. Demographic and Disease Characteristics of the Patients at Baseline.*
Tocilizumab Tocilizumab Placebo Placebo
Weekly Every Other Week +26-Wk Taper +52-Wk Taper

Characteristic (N=100) (N=50) (N=50) (N=51)
Age —yr 69.5+8.5 69.4+8.2 69.3+8.1 67.8+7.7
Female sex — no. (%) 78 (78) 35 (70) 38 (76) 37 (73)
Race — no. (%)

Asian 0 1(2) 0 0

Black 1(1) 0 0 2 (4)

Other 1Q) 1Q2) 0 0

White 97 (97) 47 (94) 50 (100) 49 (96)

Unknown 1(1) 1(2) 0 0
Weight — kg 69.8+13.8 70.8+16.1 70.1+15.8 73.1+15.3
Body-mass indexi 26.0+4.4 26.0+6.2 25.7+4.5 25.8+4.1
Giant-cell arteritis — no. (%)

Newly diagnosed 47 (47) 26 (52) 23 (46) 23 (45)

Relapsing 53 (53) 24 (48) 27 (54) 28 (55)
Prednisone dose — no. (%)

<30 mg/day 52 (52) 25 (50) 27 (54) 26 (51)

>30 mg/day 48 (48) 25 (50) 23 (46) 25 (49)
Disease duration — days 307+564 258+501 365+570 255+436
Cranial signs or symptoms — no. (%)§ 78 (78) 41 (82) 40 (80) 40 (78)
Symptoms of polymyalgia rheumatica — no. (%) 59 (59) 32 (64) 30 (60) 35 (69)
Erythrocyte sedimentation rate — mm/hr 24.6+18.7 20.8+18.1 28.8+25.4 24.2+18.2
Diagnosis — no. (%) |

By means of positive temporal-artery biopsy 57 (57) 34 (68) 36 (72) 29 (57)

By means of positive imaging 50 (50) 23 (46) 19 (38) 23 (45)

* Plus—minus values are means +SD. There were no significant differences among the four trial groups.

T Race was reported by the patients and confirmed by the investigators during screening.

1 The body-mass index is the weight in kilograms divided by the square of the height in meters.

§ Cranial signs and symptoms were new-onset localized headache, scalp tenderness, temporal-artery tenderness, decreased pulsation, or jaw
or mouth claudication.

9 Symptoms of polymyalgia rheumatica were morning stiffness or pain in the shoulder or hip girdles.

| The diagnosis could have been based on either or both types of assessment.

322

RELAPSING DISEASE VS. NEWLY DIAGNOSED
GIANT-CELL ARTERITIS

Prespecified subgroup analyses showed that
among 131 patients who had relapsing disease at
baseline (1 patient with relapsing disease at base-
line was not included in the intention-to-treat popu-
lation), the risk of flare was lower in the group
that received weekly tocilizumab than in the pla-
cebo group that underwent the 26-week taper
(hazard ratio, 0.23; 99% CI, 0.09 to 0.61; P<0.001)
and than in the placebo group that underwent
the 52-week taper (hazard ratio, 0.36; 99% CI,
0.13 to 1.00; P = 0.01) (Fig. S1 in the Supplemen-
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tary Appendix). In this same subgroup of patients
with relapsing disease, the patients who were
treated with tocilizumab every other week did not
have a significantly different risk than those in
either placebo group (hazard ratio vs. placebo
group with 26-week taper, 0.42; 99% CI, 0.14 to
1.28; P=0.05; hazard ratio vs. placebo group
with 52-week taper, 0.67; 99% CI, 0.21 to 2.10;
P=0.37). This differential outcome between the
tocilizumab dose regimens was not seen in pa-
tients who had newly diagnosed disease at base-
line (Fig. S1A and S1B in the Supplementary Ap-
pendix).

JuLy 27, 2017

The New England Journal of Medicine
Downloaded from ngim.org at TEXAS HEALTH RESOURCES on August 7, 2017. For personal use only. No other uses without permission.
Copyright © 2017 Massachusetts Medical Society. All rights reserved.



TRIAL OF TOCILIZUMAB IN GIANT-CELL ARTERITIS

"pajuswiajdwr sem ejep 3uissiw jo uoneindwi oN ‘dnoid juswures paudisse Ajjeuiduo J1ays ul papnpul aiam Adelayy adedss paiajus Aay) asnedaq auosiupaid Jo asop pasealdul

UB PaAIadaJ oym Sualied oed 1ey) WoJj 9|qe|IBAR S19|qB} 9SOP-WUNWIUILL 3y} 9 0} PALLNSSE 3J9M S19|qe) Passiw ay) ‘suosiupald jo Jade) paulyap-|od0joid ay3 Wolj $19|qe} PassiW JO SpIod

-1 Aue 1o *(Kep 1ad Sw g¢< sa Aep sad 3w g¢s) asop auosiupaid auljaseq ay) 03 Suipiodde PalyiIellS SeM TRy 153) UaIa]|] UeA e Aq paje|ndjed alam sanjea d ‘ssadoid Suuade) ayy ul pasn
suosiupaid ay se ||am se suosiupald |eiawiwod Jo asn pue Adesayy adedss ||e papnpoul pue uael auosiupaid Jo spiodal [BNIOE UO PISEQ S49M 3SOP SAIIB|NLUND [en]de ay) Joj sanjeA ay] §
"10.43 INOYHM panuiuod sem sadey ays 1eys Suiwinsse ‘4ade) ay3 ul asop auosiupaid Suiiels s jusiied e U paseq aiam ISOP dAITBINLIND Pa1dadXxa au) J0j SaN|eA ay] i
“(Kep 4ad 3w gg< sa Aep Jad 3w g¢s) asop auosiupaid auljaseq ay 1oy Juawiisnipe yum ‘Aiioadns Joj 153) [9zSuUR H—|9UB|\—UBIYD0D) B Aq pale|nd[ed a1am sanjea d L

‘uoIssIWal paulesns o} padsal yum asuodsal e pey Suiney

Jou SB PaljIsSe|d a1am (papn|dxa asam sjualied 9sayl Yolym WOy ‘SasAjeue A)IAIISUSS ay) Joj 1daDX3) JUSLUSSISSE 1XaU B} 1B UOIIRIIUIDUOD dyD 3uISSIW 4o pajeas|a ue Aq pamo||o) (d¥D)

u19104d 9A112B24-D) JO UOIIBIIUIIUOD PIIBAS|D U PBY JO ‘ZT 99M AqQ UoISSIWaL dAeY 10U pIp ‘4ade] suosiupaid pauljap-|02010.4d ay3 01 243Ype 10U PIP ‘|Bl1] 9yl WO} Malpylim ‘Adesayy
adedsa paAladal ‘ale|) B peY OYMm Sjudlled ‘pajou se 1dadxa ‘ZG 39am 1e asop auosiupaid paulyap-|odooid ayi 03 Sulaype 3|IyM UOISSILIDL PauleISNS pey oym sjusiied ayy Joj ale SaNjBA

100°0> 100°0> dnoig ogade|d yoea ‘sa anjea ¢
869°0T 01 Z¢8 8.6 01C¢6 166 01 §6C 2099 01 0¢9 a3uey
818¢ 96¢¢ 7981 7981 UBIp3N
§8w — asop anne|nWNd |enPY
706€ 01728 7€97 01756 [43TA N A% €92 03 0S¢ a3uey
8097 LEET 14441 LEET uelpay
18w — asop aAne|nwnND pajadxy
asop auosiupaid aAne|nwin)
€0°0 €000 Sn[eA d
Lsiuiod a3ejuadiad — (1D 9%5°66) 19del ym-zG +0qgade|d ‘sa
— — (6% 019-) 7z (677 01 ¢) 92 UOISSILUDJ PAUIBISNS JO 91U Ul 9dUJYIp paisn(peun Jo aLwo0d1no AIiepuodas oy 104
100°0> 100°0> SNn[eA d
Lsiuiod a8ejuaniad — (1D 9%5°66) 1odel ym-9z + oqade|d
— — (z9 01 8) 5¢ (g9 036T) 6¢ "SA UOISSILUD] PaUIBISNS JO 91BJ Ul 9DUIaIp paish(peun Jo awodino Atewid Jo4
sasA|eue AjAiisuas
(9%) "ou — uoiresyudUOD
(g€) 1 (02) o1 (s9) 22 (69) 65 d¥D §0 uoiezijewou BUIPN|IX3 ‘ZG M 1B UOISSILLUI PAUIBISNS YIM SIUdlied
7S )M 1€ 3sop auosiupaid pauysp-|od0304d 03
9DUBIBYPE Y1M ‘UOIIBIJUIDIUOD dYD JO uoijezijewwiou Suipn[doxa ‘uoissiwal pauleisng
100°0> 100°0> anjeAd
Lsjuiod a3ejusniad — (1D 9%5°66) 4odel ym-zg +o0qgadeld "sa
— — (09 01 01) S¢ (65 01 81) 8¢ UOISSILLIAJ PaUleISNS JO d]BJ Ul 92UJdyIp palshipeun :awod3no Alepuodas Aay|
100°0> 100°0> SN|EAd
Lsiuiod a8ejuaniad — (1D 9%5°66) 19del1 ym-9z
— — (99 03 Z1) 6¢ (99 01 81) Z¥ +0qade|d "SA UOISSILIAJ PaUIBISNS JO 31kJ Ul 9DUI3YIP Paisn(peun :aLwod3no Alewlid
(81) 6 1) £ (£9) 92 (99) 95 (96) "OU — 75 IM B UOISSIWIB] PAUIBISNS YHIM SIUBlIEd
26 )M e 3sop auosiupaid paulyap-|030104d 01 92UBIBYPE YUM UOISSIWDI pauleIsns
(1s=N) (os=N) (67=N) (oot=N) awodIno
Jade] yM-z§+ Jade] yM-9Z+ J}99M 18Y10 A1ong Apeam
ogade|d ogade|d qewnz||ido} qewnzi|ido}

z'uone|ndod 1eai-01-uonuaju| sy} ul zg YoM 1. Aoediy3 “z 3jqel

323

N ENGLJ MED 377;4 NEJM.ORG JULY 27, 2017

The New England Journal of Medicine

Downloaded from ngim.org at TEXAS HEALTH RESOURCES on August 7, 2017. For personal use only. No other uses without permission.

Copyright © 2017 Massachusetts Medical Society. All rights reserved.



324

The NEW ENGLAND JOURNAL of MEDICINE

QUALITY-OF-LIFE ASSESSMENTS

The mean increase (indicating clinical improve-
ment) from baseline to week 52 in the SF-36
physical component summary score was 4.10 in
the group that received tocilizumab weekly and
2.76 in the group that received tocilizumab every
other week, whereas scores decreased (indicat-
ing a worse condition) in the two placebo groups
(-0.28 in the placebo group with the 26-week
taper and —1.49 in the placebo group with the
52-week taper). The difference between the group
that received tocilizumab weekly and the place-
bo group that underwent the 52-week taper was
5.59 points (99% CI, 0.86 to 10.32; P=0.002).
However, the differences between the group that
received tocilizumab every other week and each
placebo group with respect to the SF-36 physical
component summary score did not reach statis-
tical significance. The mean change from baseline
in the mental component summary score did not
differ significantly between the group that re-
ceived tocilizumab weekly (score change, 7.28) or
the group that received tocilizumab every other
week (6.12) and the placebo group that underwent
the 26-week taper (6.67) or the placebo group that
underwent the 52-week taper (2.84) (Section 5 in
the Supplementary Appendix).

The mean decreases (indicating improvement)
from baseline to week 52 in the patients’ global
assessment of disease activity VAS score of —19.0
in the group that received tocilizumab weekly
and -25.3 in the group that received tocilizumab
every other week were greater than the decrease
in either placebo group (3.4 in the placebo group
with the 26-week taper and —7.2 in the placebo
group with the 52-week taper; P<0.05 for all com-
parisons of tocilizumab weekly with placebo;
P<0.01 for all comparisons of tocilizumab every
other week with placebo) (Section S5 in the Sup-
plementary Appendix).

SAFETY

The percentages of patients with adverse events
were similar in all the trial groups (Table 3), but
fewer patients reported serious adverse events in
the group that received tocilizumab weekly (15%)
or every other week (14%) than in the placebo
group that underwent the 26-week taper (22%) or
the placebo group that underwent the 52-week
taper (25%). Infection was the most frequently
reported adverse event and serious adverse event
(Table 3, and Section S6 in the Supplementary

Appendix). Serious infections occurred in 7% of
the patients in the group that received tocilizumab
weekly, 4% of those in the group that received to-
cilizumab every other week, 4% of those in the
placebo group that underwent the 26-week taper,
and 12% in the placebo group that underwent the
52-week taper (Table 3).

Withdrawal from the trial due to an adverse
event occurred in 6% of the patients in each to-
cilizumab group, in 4% of those in the placebo
group that underwent the 26-week taper, and in
no patients in the placebo group that underwent
the 52-week taper (Table 3 and Fig. 1). Common
reasons for withdrawal from the trial were ad-
verse events (in 11 of 251 patients [4%]), pa-
tient’s decision (in 11 [4%]), and lack of efficacy
(in 8 [3%]). No patients died during year 1. Injec-
tion-site reaction occurred in 7% of the patients
in the group that received tocilizumab weekly, in
14% of those in the group that received tocili-
zumab every other week, in 10% of those in the
placebo group that underwent the 26-week taper,
and in 2% of those in the placebo group that
underwent the 52-week taper (Table 3). No gas-
trointestinal perforations, myocardial infarctions,
demyelinating disorders, or anaphylaxis were re-
ported.

One patient in the group that received tocili-
zumab every other week had a thrombotic stroke
on day 254 of the trial. The treating investigator
attributed this event to the discontinuation of war-
farin for a surgery unrelated to giant-cell arteritis;
the stroke was considered by the investigators to
be unrelated to the trial drug or to giant-cell
arteritis. One episode of anterior ischemic optic
neuropathy occurred in the context of a disease
flare in one patient in the group that received
tocilizumab every other week. The visual loss
resolved with glucocorticoid treatment, and the
patient was considered to have treatment failure
with regard to the primary outcome. Data on vision
symptoms at the time of disease flares are shown
in Section 8 in the Supplementary Appendix.

Four patients (4%) in the group that received
tocilizumab weekly and two (4%) in the group
that received tocilizumab every other week had
grade 3 neutropenia. A grade 3 elevation of the ala-
nine aminotransferase level occurred in two pa-
tients (2%) in the group that received tocilizumab
weekly, in one (2%) in the group that received to-
cilizumab every other week, and in one (2%) in the
placebo group that underwent the 52-week taper.
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Placebo + 52-wk taper 51 48 44 41 38 35
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Figure 2. Time to First Flare after Clinical Remission of Giant-Cell Arteritis in All Patients.

Patients who never had remission were considered to have had a flare at week 0 (data were censored [tick marks] at
that time point). Patients who withdrew from the trial before week 52 had their data censored at the time of with-
drawal. The values at week 52 represent patients without flare whose week 52 visit was on day 364 of the trial only
for the purpose of plotting time points; the analysis captured all the trial days associated with a week 52 visit, and
appropriate censoring was applied. In a comparison with the placebo group that underwent the 26-week taper, the
hazard ratio in the group that received tocilizumab weekly was 0.23 (99% Cl, 0.11 to 0.46) and the hazard ratio in
the group that received tocilizumab every other week was 0.28 (99% Cl, 0.12 to 0.66; P<0.001 for both compari-
sons). Absolute values for the two tocilizumab groups could not be evaluated because the median was not reached.

DISCUSSION

This trial of tocilizumab for the treatment of
giant-cell arteritis showed that the two regimens
of tocilizumab weekly and of tocilizumab every
other week, in combination with a prednisone ta-
per over a period of 26 weeks, were superior to
placebo plus a prednisone taper of 26 weeks and
to placebo plus a prednisone taper of 52 weeks
with regard to sustained remission. The rates of
adverse events did not differ across the trial groups,
except that neutropenia occurred in 4% of the pa-
tients treated with tocilizumab, a rate similar to
rates observed in previous trials of tocilizumab.>
However, one patient who had been assigned to
receive tocilizumab every other week had ante-
rior ischemic optic neuropathy and vision loss
that resolved after treatment with glucocorticoids.
It is important that clinicians treating patients with
giant-cell arteritis maintain vigilance for vision
complications and other disease-related events,
even in patients receiving active therapy.

Patients with giant-cell arteritis are at greater
risk for adverse events than the general popula-
tion, especially in the first year after diagnosis.”*!
This situation may reflect the receipt of high cu-
mulative glucocorticoid doses. Patients who were
assigned to the placebo groups received approxi-
mately twice the cumulative glucocorticoid dose
as patients assigned to the tocilizumab groups.
The numerically higher rates of serious adverse
events in the placebo groups might have been the
result of the effects of glucocorticoids. In addition,
the improvement in the SF-36 physical compo-
nent summary score in the tocilizumab groups
might have reflected disease control and lower
cumulative glucocorticoid doses.

There were a number of challenges in design-
ing this trial. First, no validated outcome mea-
sures are available to assess giant-cell arteritis in
clinical trials. To address this situation, we used
stringent definitions of flare and remission. Fur-
thermore, the requirement for escape therapy with
prednisone was part of the definition of flare.
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Table 3. Safety over the 52-Week Trial Period.*

Tocilizumab
Weekly

Variable (N=100)
Duration in trial — patient-yr 92.9
Patients with =1 adverse event — no. (%) 98 (98)
Adverse events

No. of events 810

Rate per 100 patient-yr (95% Cl) 872.0

(813.0-934.2)

Patients with =1 infection — no. (%)

Any 75 (75)
Serious 7(7)
Patients who withdrew from the trial because of adverse 6 (6)
events — no. (%)
Patients with injection-site reaction — no. (%) 7(7)
Flare of giant-cell arteritis reported as serious adverse 1(1)

event — no. (%)

Patients with =1 serious adverse event — no. (%)

Any 15 (15)

According to system organ class€
Infection or infestation 7(7)
Vascular disorder 4 (4)
Respiratory, thoracic, or mediastinal disorder 2(2)
Injury, poisoning, or procedural complication 3(3)
Nervous system disorder 1(1)
Cardiac disorder 2(2)
Musculoskeletal or connective-tissue disorder 1(1)
Gastrointestinal disorder 1(1)
Cancer 0

Tocilizumab Placebo Placebo
Every Other Week +26-Wk Taper +52-Wk Taper
(N=49) (N=50) (N=51)
45.6 47.4 48.1
47 (96) 48 (96) 47 (92)
432 470 486
948.0 990.8 1011.2
(860.7-1041.7) (903.2-1084.5) (923.3-1105.3)
36 (73) 38 (76) 33 (65)
2 (4) 2 (4) 6 (12)
3 (6) 2(4) 0
7 (14) 5 (10) 1(2)
1 (2)§ 1(2) 1(2)
7 (14) 11 (22) 13 (25)
2(4) 2(4) 6 (12)
2(4) 2(4) 1(2)
1(2) 2(4) 2(4)
1(2) 1(2) 0
1(2) 2(4) 1(2)
0 0 2 (4)
0 1(2) 2 (4)
0 2 (4) 0
o 1(2) 1(2)

* No gastrointestinal perforations were reported, and no patients died.

T Values are reported for the entire trial population; that is, values were included for 50 patients in the group that received tocilizumab every

other week (i.e., including the patient who did not receive tocilizumab).

I Values are for flares of giant-cell arteritis that met the protocol-defined criteria for being reported as a serious adverse event.

§ This patient had anterior ischemic optic neuropathy after randomization.

9§ Values were those reported in at least 1% of the patients overall. Patients may have had more than one class of serious adverse event.
| One patient in the group that received tocilizumab every other week had a benign ovarian adenoma.

This strategy ensured that symptoms were suffi-
ciently severe to justify an increase in the predni-
sone dose and created consistency in instituting
changes in medications across trial sites. Second,
tocilizumab lowers serum CRP concentrations,
which poses a risk of unblinding. Consequently,
all the investigators and patients were not aware
of the CRP concentrations. To address safety con-
cerns, a dual-assessor approach was used in which
the laboratory assessor was required to notify the
efficacy assessor of clinically significant eleva-

tions in the ESR. Only seven flares (all in the
placebo groups) were associated with elevations
in the ESR without signs or symptoms of giant-
cell arteritis. The exclusion of these flares from
the analyses did not alter the trial conclusions.
In conclusion, tocilizumab combined with a
26-week prednisone taper was superior to either
a 26-week or 52-week prednisone taper plus pla-
cebo with regard to the sustained remission of
giant-cell arteritis. Tocilizumab treatment was as-
sociated with a reduction in the cumulative pred-
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nisone dose over the 52-week trial period. Al-
though both the regimen of weekly tocilizumab
and the regimen of every-other-week tocilizum-
ab were superior to the 26-week and 52-week
prednisone-plus-placebo regimens with regard to

the safety and efficacy of tocilizumab beyond 52
weeks. Further studies are required in order to
determine the longer-term efficacy and safety of

tocilizumab.
Supported by F. Hoffmann-La Roche.

ined .. Kl ith ili Disclosure forms provided by the authors are available with
sustained remission, weekly treatment with tocili- e i1 rext of this article at NE}M.org.

zumab resulted in greater disease control than We thank the teams of trial investigators and subinvestiga-
did treatment with tocilizumab every other week. tors, the Roche trial team, and the patients who participated in

. . the trial; and Maxwell Chang, B.Sc., and Sara Duggan, Ph.D., for
A 2-year, open-label, follow-up phase of this trial medical writing and editing assistance with an earlier version of

may provide additional information pertaining to the manuscript.

APPENDIX

The authors’ full names and academic degrees are as follows: John H. Stone, M.D., M.P.H., Katie Tuckwell, Ph.D., Sophie Dimonaco,
M.Sc., Micki Klearman, M.D., Martin Aringer, M.D., Daniel Blockmans, M.D., Ph.D., Elisabeth Brouwer, M.D., Ph.D., Maria C. Cid,
M.D., Bhaskar Dasgupta, M.B., B.S., M.D., Juergen Rech, M.D., Carlo Salvarani, M.D., Georg Schett, M.D., Hendrik Schulze-Koops,
M.D., Ph.D., Robert Spiera, M.D., Sebastian H. Unizony, M.D., and Neil Collinson, Ph.D.

The authors’ affiliations are as follows: the Massachusetts General Hospital Rheumatology Unit, Harvard Medical School, Boston
(.H.S., S.H.U.); Roche Products, Welwyn Garden City (K.T., S.D., N.C.), and Southend University Hospital NHS Foundation Trust,
Westcliff-on-Sea (B.D.) — both in the United Kingdom; Genentech, South San Francisco, CA (M.K.); the Department of Rheumatology,
Medicine III, University Medical Center and Faculty of Medicine Technische Universitit Dresden, Dresden (M.A.), Friedrich-Alexander—
University Erlangen—Niirnberg, Department of Internal Medicine 3-Rheumatology and Immunology (J.R.), and Institute of Clinical
Immunology (G.S.), Universititsklinikum Erlangen, Erlangen, and the Division of Rheumatology and Clinical Immunology, Depart-
ment of Medicine IV, University of Munich, Munich (H.S.-K.) — all in Germany; the Department of General Internal Medicine, Univer-
sity Hospitals Gasthuisberg, Leuven, Belgium (D.B.); the Department of Rheumatology and Clinical Immunology, University of Gron-
ingen, University Medical Center, Groningen, the Netherlands (E.B.); the Department of Autoimmune Diseases, Hospital Clinic, Uni-
versity of Barcelona, Institut d’Investigacions Biomediques August Pi i Sunyer, Barcelona (M.C.C.); the Division of Internal Medicine,
Azienda Ospedaliera—Istituto di Ricovero e Cura a Carattere Scientifico di Reggio Emilia and Universita di Modena e Reggio Emilia,

Reggio Emilia, Italy (C.S.); and Hospital fo

r Special Surgery, New York (R.S.).

REFERENCES

1. Salvarani C, Pipitone N, Versari A,
Hunder GG. Clinical features of polymy-
algia rheumatica and giant cell arteritis.
Nat Rev Rheumatol 2012;8:509-21.

2. Dejaco C, Duftner C, Buttgereit F,
Matteson EL, Dasgupta B. The spectrum
of giant cell arteritis and polymyalgia
rheumatica: revisiting the concept of the
disease. Rheumatology (Oxford) 2017;56:
506-15.

3. Proven A, Gabriel SE, Orces C,
O’Fallon WM, Hunder GG. Glucocorti-
coid therapy in giant cell arteritis: dura-
tion and adverse outcomes. Arthritis
Rheum 2003;49:703-8.

4. Gonzalez-Gay MA, Martinez-Dubois
C, Agudo M, Pompei O, Blanco R, Llorca
J. Giant cell arteritis: epidemiology, diag-
nosis, and management. Curr Rheumatol
Rep 2010;12:436-42.

5. Hayreh SS, Zimmerman B. Visual de-
terioration in giant cell arteritis patients
while on high doses of corticosteroid ther-
apy. Ophthalmology 2003;110:1204-15.

6. Andersson R, Malmvall BE, Bengts-
son BA. Long-term corticosteroid treat-
ment in giant cell arteritis. Acta Med
Scand 1986;220:465-9.

7. Petri H, Nevitt A, Sarsour K, Napalkov
P, Collinson N. Incidence of giant cell ar-
teritis and characteristics of patients: data-
driven analysis of comorbidities. Arthritis
Care Res (Hoboken) 2015;67:390-5.

Downloaded from ngim.org at TEXAS HEALTH RESOURCES on August 7, 2017. For personal use only. No other uses without permission.

8. Salvarani C, Cantini F, Boiardi L,
Hunder GG. Polymyalgia rheumatica and
giant-cell arteritis. N Engl J Med 2002;
347:261-71.

9. Kermani TA, Warrington KJ, Cuthb-
ertson D, et al. Disease relapses among
patients with giant cell arteritis: a pro-
spective, longitudinal cohort study.
J Rheumatol 2015;42:1213-7.

10. Fraser JA, Weyand CM, Newman NJ,
Biousse V. The treatment of giant cell ar-
teritis. Rev Neurol Dis 2008;5:140-52.

11. Hunder GG, Bloch DA, Michel BA, et
al. The American College of Rheumatol-
ogy 1990 criteria for the classification of
giant cell arteritis. Arthritis Rheum 1990;
33:1122-8.

12. Dasgupta B, Panayi GS. Interleukin-6
in serum of patients with polymyalgia
rheumatica and giant cell arteritis. Br J
Rheumatol 1990;29:456-8.

13. Weyand CM, Fulbright JW, Hunder
GG, Evans JM, Goronzy JJ. Treatment of
giant cell arteritis: interleukin-6 as a bio-
logic marker of disease activity. Arthritis
Rheum 2000;43:1041-8.

14. Roche NE, Fulbright JW, Wagner AD,
Hunder GG, Goronzy JJ, Weyand CM.
Correlation of interleukin-6 production
and disease activity in polymyalgia rheu-
matica and giant cell arteritis. Arthritis
Rheum 1993;36:1286-94.

15. Herndndez-Rodriguez J, Garcia-Mar-

tinez A, Casademont J, et al. A strong ini-
tial systemic inflammatory response is
associated with higher corticosteroid re-
quirements and longer duration of thera-
py in patients with giant-cell arteritis.
Arthritis Rheum 2002;47:29-35.

16. Herndndez-Rodriguez J, Segarra M,
Vilardell C, et al. Tissue production of
pro-inflammatory cytokines (IL-1beta,
TNFalpha and IL-6) correlates with the
intensity of the systemic inflammatory
response and with corticosteroid require-
ments in giant-cell arteritis. Rheumatol-
ogy (Oxford) 2004;43:294-301.

17. Garcia-Martinez A, Herndndez-Rodri-
guez J, Espigol-Frigolé G, et al. Clinical
relevance of persistently elevated circulat-
ing cytokines (tumor necrosis factor al-
pha and interleukin-6) in the long-term
followup of patients with giant cell arteri-
tis. Arthritis Care Res (Hoboken) 2010;62:
835-41.

18. Seitz M, Reichenbach S, Bonel HM,
Adler S, Wermelinger F, Villiger PM. Rap-
id induction of remission in large vessel
vasculitis by IL-6 blockade: a case series.
Swiss Med Wkly 2011;141:w13156.

19. Unizony S, Arias-Urdaneta L, Milo-
slavsky E, et al. Tocilizumab for the treat-
ment of large-vessel vasculitis (giant cell
arteritis, Takayasu arteritis) and polymyal-
gia rheumatica. Arthritis Care Res (Hobo-
ken) 2012;64:1720-9.

N ENGLJ MED 377;4 NEJM.ORG JULY 27, 2017

The New England Journal of Medicine

Copyright © 2017 Massachusetts Medical Society. All rights reserved.

327



328

TRIAL OF TOCILIZUMAB IN GIANT-CELL ARTERITIS

20. Oliveira F, Butendieck RR, Ginsburg
WW, Parikh K, Abril A. Tocilizumab, an
effective treatment for relapsing giant cell
arteritis. Clin Exp Rheumatol 2014;32:
Suppl 82:576-S78.

21. Loricera J, Blanco R, Herndndez JL, et
al. Tocilizumab in giant cell arteritis:
multicenter open-label study of 22 pa-
tients. Semin Arthritis Rheum 2015;44:
717-23.

22. Evans J, Steel L, Borg F, Dasgupta B.
Long-term efficacy and safety of tocili-
zumab in giant cell arteritis and large ves-
sel vasculitis. RMD Open 2016;2(1):
€000137.

23. Vinicki JP, Garcia-Vicuiia R, Arredon-
do M, et al. Sustained remission after
long-term biological therapy in patients
with large vessel vasculitis: an analysis of
ten cases. Reumatol Clin 2016 August 4
(Epub ahead of print).

24. Régent A, Redeker S, Deroux A, et al.

Tocilizumab in giant cell arteritis: a mul-
ticenter retrospective study of 34 patients.
J Rheumatol 2016;43:1547-52.

25. Koster MJ, Matteson EL, Warrington
KJ. Recent advances in the clinical man-
agement of giant cell arteritis and
Takayasu arteritis. Curr Opin Rheumatol
2016;28:211-7.

26. Villiger PM, Adler S, Kuchen S, et al.
Tocilizumab for induction and mainte-
nance of remission in giant cell arteritis:
a phase 2, randomised, double-blind,
placebo-controlled trial. Lancet 2016;387:
1921-7.

27. Unizony SH, Dasgupta B, Fisheleva E,
et al. Design of the Tocilizumab in Giant
Cell Arteritis trial. Int J Rheumatol 2013;
2013:912562.

28. Collinson N, Tuckwell K, Habeck F,
Chapman M, Klearman M, Stone JH. De-
velopment and implementation of a dou-
ble-blind corticosteroid-tapering regimen

for a clinical trial. Int J Rheumatol 2015;
2015:589841.

29. Tuckwell K, Collinson N, Dimonaco
S, et al. Newly diagnosed vs. relapsing gi-
ant cell arteritis: baseline data from the
GiACTA trial. Semin Arthritis Rheum
2017;46:657-64.

30. Genovese MC, Rubbert-Roth A, Smo-
len JS, et al. Longterm safety and efficacy
of tocilizumab in patients with rheuma-
toid arthritis: a cumulative analysis of up
to 4.6 years of exposure. ] Rheumatol
2013;40:768-80.

31. Schmidt J, Smail A, Roche B, et al.
Incidence of severe infections and infec-
tion-related mortality during the course
of giant cell arteritis: a multicenter, pro-
spective, double-cohort study. Arthritis
Rheumatol 2016;68:1477-82.

Copyright © 2017 Massachusetts Medical Society.

JOURNAL ARCHIVE AT NEJM.ORG

Every article published by the Journal is now available at NEJM.org, beginning
with the first article published in January 1812. The entire archive is fully searchable,
and browsing of titles and tables of contents is easy and available to all.
Individual subscribers are entitled to free 24-hour access to 50 archive articles per year.
Access to content in the archive is available on a per-article basis and is also
being provided through many institutional subscriptions.

N ENGLJ MED 377;4 NEJM.ORG JULY 27, 2017

The New England Journal of Medicine
Downloaded from ngim.org at TEXAS HEALTH RESOURCES on August 7, 2017. For personal use only. No other uses without permission.
Copyright © 2017 Massachusetts Medical Society. All rights reserved.



