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ABSTRACT

BACKGROUND
More effective and safer treatments are needed for antineutrophil cytoplasmic antibody
(ANCA)-associated vasculitis.

METHODS

We conducted a randomized trial with a 2-by-2 factorial design to evaluate the use
of plasma exchange and two regimens of oral glucocorticoids in patients with se-
vere ANCA-associated vasculitis (defined by an estimated glomerular filtration rate
of <50 ml per minute per 1.73 m? of body-surface area or diffuse pulmonary hemor-
rhage). Patients were randomly assigned to undergo plasma exchange (seven plasma
exchanges within 14 days after randomization) or no plasma exchange (control
group). Patients were also randomly assigned to follow either a standard-dose regi-
men or a reduced-dose regimen of oral glucocorticoids. Patients were followed for up
to 7 years for the primary composite outcome of death from any cause or end-stage
kidney disease (ESKD).

RESULTS

Death from any cause or ESKD occurred in 100 of 352 patients (28.4%) in the plasma-
exchange group and in 109 of 352 patients (31.0%) in the control group (hazard ratio,
0.86; 95% confidence interval [CI], 0.65 to 1.13; P=0.27). The results were similar in
subgroup analyses and in analyses of secondary outcomes. We also assessed the
noninferiority of a reduced-dose regimen of glucocorticoids to a standard-dose regi-
men, using a noninferiority margin of 11 percentage points. Death from any cause or
ESKD occurred in 92 of 330 patients (27.9%) in the reduced-dose group and in 83 of
325 patients (25.5%) in the standard-dose group (absolute risk difference, 2.3 percent-
age points; 90% CI, —3.4 to 8.0), which met the criterion for noninferiority. Serious
infections at 1 year were less common in the reduced-dose group than in the stan-
dard-dose group (incidence rate ratio, 0.69; 95% CI, 0.52 to 0.93), but other secondary
outcomes were similar in the two groups.

CONCLUSIONS
Among patients with severe ANCA-associated vasculitis, the use of plasma exchange did
not reduce the incidence of death or ESKD. A reduced-dose regimen of glucocorticoids
was noninferior to a standard-dose regimen with respect to death or ESKD. (Funded
by the U.K. National Institute for Health Research and others; PEXIVAS Current Con-
trolled Trials number, ISRCTN07757494; ClinicalTrials.gov number, NCT00987389.)
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ND-STAGE KIDNEY DISEASE (ESKD) AND

premature death remain common among

patients with antineutrophil cytoplasmic
antibody (ANCA)-associated vasculitis who pre-
sent with reduced kidney function or pulmonary
hemorrhage.! Poor outcomes are attributed to a
delay in diagnosis and to the use of treatments
that have a slow onset of action, incomplete ef-
ficacy, and toxic effects.? More effective, safer
therapies are needed.

The rapid removal of ANCAs by means of
plasma exchange may reduce organ damage
from ANCA-associated vasculitis.>® However,
the effect of plasma exchange added to immu-
nosuppressive therapy as compared with immu-
nosuppressive therapy alone on clinically im-
portant outcomes, such as death and ESKD, is
uncertain.’

High-dose glucocorticoids were the first
treatments found to be effective in ANCA-asso-
ciated vasculitis, and they remain a cornerstone
of disease management.®® However, glucocorti-
coids have numerous dose-dependent adverse
effects, and high-quality data are lacking re-
garding an effective and relatively safe rate at
which glucocorticoid doses can be tapered in
patients with ANCA-associated vasculitis.!

We conducted the PEXIVAS trial in patients
with severe ANCA-associated vasculitis to com-
pare the efficacy of plasma exchange with no
plasma exchange with respect to death or ESKD.
The trial also compared a reduced-dose regimen
of glucocorticoids with a standard-dose regimen
over the first 6 months of the treatment period
to determine whether the reduced dose was non-
inferior to the standard dose with respect to
death or ESKD.

METHODS

TRIAL DESIGN

This randomized, controlled trial involving pa-
tients with severe, active ANCA-associated vas-
culitis had a 2-by-2 factorial design, which al-
lowed separate evaluations of initial treatment
with plasma exchange as compared with no
plasma exchange (with either cyclophosphamide
or rituximab administered to all patients) and of
two different regimens of oral glucocorticoids.
Details of the objectives, design, and methods of
the trial have been published previously,! and
the final protocol, amended in 2014, is available
with the full text of this article at NEJM.org.

TRIAL OVERSIGHT

The Cambridge University Hospitals NHS Foun-
dation Trust oversaw the trial. No agreements
concerning confidentiality of the data were in
place between the investigators and the spon-
sors or the Cambridge University Hospitals NHS
Foundation Trust. The Birmingham Clinical Trials
Unit was responsible for randomization, main-
taining the databases, managing the data, and
performing the analyses. The trial was jointly
coordinated by the Birmingham Clinical Trials
Unit and the Lupus and Vasculitis Clinic, Adden-
brooke’s Hospital. Terumo BCT, Fresenius Medi-
cal Care Australia, and Baxter Healthcare (Aus-
tralia) provided in-kind supplies in some countries
but had no role in the design or conduct of the
trial, the collection or analysis of the data, or the
writing of the manuscript. The trial manage-
ment committee (the first, second, and last au-
thors) designed the trial with assistance from
the investigators, prepared the prespecified sta-
tistical analysis plan, and vouch for the accuracy
and completeness of the data and for the fidelity
of the trial to the protocol. A data and safety
monitoring board reviewed unblinded trial data
annually.

PATIENTS

We recruited patients from June 2010 through
September 2016. A detailed list of the eligibility
criteria is provided in Section S2 in the Supple-
mentary Appendix, available at NEJM.org. In
brief, eligible patients were 15 years of age or
older, had new or relapsing granulomatosis with
polyangiitis or microscopic polyangiitis, a his-
tory of a positive test for myeloperoxidase or
proteinase 3 antibodies, and kidney involvement
(with an estimated glomerular filtration rate of
<50 ml per minute per 1.73 m? of body-surface
area) or pulmonary involvement (with diffuse
alveolar hemorrhage). Ethics approval was ob-
tained at each site, and patients or their surro-
gate decision makers provided written informed
consent.

TREATMENTS

Patients were randomly assigned with the use of
a centralized Internet-based system in a 1:1:1:1
ratio to undergo plasma exchange and follow a
standard-dose oral glucocorticoid regimen, to
undergo plasma exchange and follow a reduced-
dose oral glucocorticoid regimen, to undergo no
plasma exchange and follow a standard-dose
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oral glucocorticoid regimen, or to undergo no
plasma exchange and follow a reduced-dose oral
glucocorticoid regimen. All patients received in-
duction immunosuppressive therapy with either
cyclophosphamide or rituximab. Randomization
was performed with the use of a minimization
algorithm, with stratification according to age
(<60 years vs. >60 years), kidney function (serum
creatinine level <5.6 mg per deciliter [500 pwmol
per liter] vs. 5.6 mg per deciliter or use of dialy-
sis), ANCA subtype (proteinase 3 vs. myeloper-
oxidase), severity of pulmonary hemorrhage (no
hemorrhage vs. nonsevere hemorrhage vs. severe
hemorrhage [defined as an oxygen saturation of
<85% while the patient was breathing ambient
air or the use of mechanical ventilation]), and
planned type of induction immunosuppressive
therapy (intravenous cyclophosphamide vs. oral
cyclophosphamide vs. rituximab). All patients
and investigators were aware of the trial-group
assignments.

Before randomization, the choice of cyclo-
phosphamide (intravenous or oral) or rituximab
was made by the local investigator. With regard
to the glucocorticoid regimens, all patients were
treated with daily intravenous methylpredniso-
lone for 1 to 3 days, for a maximum cumulative
dose of 1 to 3 g, with the dosing decided by the
local investigators. All patients then received oral
prednisone or prednisolone, with the dose deter-
mined on the basis of the patient’s weight (<50 kg,
50 to 75 kg, or >75 kg). The standard-dose regi-
men was based on modifications of a regimen
used in a contemporary international trial and
was determined by consensus at a meeting of
the investigators.!? Patients in the reduced-dose
and standard-dose groups received identical treat-
ments for the first week; at the start of the sec-
ond week, the dose in the reduced-dose group
was reduced by approximately 50%. The dose in
the standard-dose group was tapered more grad-
ually, starting in week 3. At 6 months, the cumu-
lative dose of oral glucocorticoids in the reduced-
dose group was less than 60% of that in the
standard-dose group. After 22 weeks, both
groups received 5 mg per day of prednisone or
prednisolone until week 52, when local investi-
gators determined subsequent oral glucocorticoid
dosing. (All regimens and dosing procedures are
described in Sections S3 through S5 and Tables
S1 through S3.)

Patients assigned to undergo plasma exchange

received 60 ml of albumin replacement per kilo-
gram of body weight by means of centrifugation
or filter separation; patients underwent seven
treatments within 14 days after randomization.
Plasma was allowed as replacement in patients
at high risk for bleeding. (Details of the plasma-
exchange regimen are provided in Section S6.)

Patients in whom refractory or early relapsing
disease developed after randomization were
treated with additional pulse glucocorticoids
without plasma exchange. After 3 to 6 months of
cyclophosphamide treatment, patients received
azathioprine to maintain remission until at least
week 52, after which time the maintenance
therapy was chosen by the local investigator.

Patients were followed from randomization
to a common closeout period that ended on July
30, 2017. The protocol originally stipulated a
minimum follow-up of 2 years, but this was
shortened to the common closeout after inspec-
tion of the aggregate data showed that most
events occurred less than 12 months after ran-
domization.

OUTCOMES
The primary outcome was a composite of death
from any cause or ESKD, which was defined by
12 or more continuous weeks of renal-replace-
ment therapy (hemodialysis or peritoneal dialy-
sis) or by kidney transplantation. The secondary
outcomes were death from any cause, ESKD,
sustained remission, serious adverse events, seri-
ous infections within 1 year, and health-related
quality of life. (Definitions of secondary out-
comes are provided in Section S7.) To evaluate
sustained remission, we used the Birmingham
Vasculitis Activity Score for Granulomatosis with
Polyangiitis (BVAS/GPA) to assess disease activ-
ity (scores range from 0 to 68, with a score of 0
indicating the absence of disease activity and
higher scores indicating increasingly active dis-
ease).’* Quality of life was assessed with the use
of the 36-Item Short-Form Health Survey (SF-36),
version 2 (physical-component and mental-com-
ponent summary scores), and with the EuroQol-5
Dimensions (EQ-5D) index score and health
thermometer score.'#1®

STATISTICAL ANALYSIS

For the comparison of plasma exchange with no
plasma exchange, we calculated that 164 primary
outcome events would provide the trial with
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80% power to detect a hazard ratio with plasma
exchange of 0.64, at a two-sided alpha level of
0.05. On the basis of data from previous trials,
we estimated that 500 patients would need to be
enrolled, with a follow-up of 2 to 7 years. In
2014, a review of the rate of death or ESKD
among patients enrolled up to that time sug-
gested that a larger sample size of 675 to 725
patients would be needed to obtain 164 events.
We therefore planned to enroll 700 patients with
a minimum follow-up of 1 year. These calcula-
tions assumed no interaction between plasma
exchange and no plasma exchange.

The two glucocorticoid regimens were com-
pared with the use of a noninferiority hypothesis
for the primary outcome. The noninferiority mar-
gin was calculated on the basis of the sample
size estimated for the comparison of plasma
exchange with no plasma exchange. We calcu-
lated that with a sample size of 700 patients, the
trial would have more than 80% power to show
that the incidence of ESKD or death was no
more than 11 percentage points higher with the
reduced-dose regimen than with the standard-
dose regimen, at a one-sided alpha level of 0.05.

Statistical analyses were performed with SAS
software, version 9.3 and higher (SAS Institute),
and Stata software, version 14 and higher (Stata-
Corp). Analyses for each intervention were ad-
justed for the other assigned intervention and for
each minimization variable. The reference groups
for all analyses were the control group (no
plasma exchange) and the standard-dose gluco-
corticoid regimen. Data for patients who were
lost to follow-up or who were withdrawn were
censored on the last day that the status with
respect to the primary outcome was known.
Because the statistical analysis plan did not in-
clude a provision for correcting for multiplicity,
secondary and other outcomes are reported as
point estimates and 95% confidence intervals.
The widths of the confidence intervals have not
been adjusted for multiplicity, so the intervals
should not be used to infer definitive treatment
effects for secondary outcomes.

For the analysis of plasma exchange, all pa-
tients were evaluated according to the assigned
group, on the basis of the intention-to-treat prin-
ciple. The primary composite outcome of death
from any cause or ESKD was analyzed with the
use of a Cox proportional-hazards model to ob-
tain a hazard ratio and 95% confidence interval.

For the evaluation of the glucocorticoid regi-
mens, our primary objective was to determine
whether a reduced-dose regimen was noninferior
to the standard-dose regimen with respect to the
primary composite outcome. We used the per-
protocol population for the primary analysis be-
cause an intention-to-treat analysis can increase
the risk of falsely showing noninferiority.’® We
defined the per-protocol population as patients
assigned to the standard-dose group who took at
least 70% of the protocol-specified dose in the
first 6 months and patients in the reduced-dose
group who took no more than 130% of the
protocol-specified dose in the first 6 months.
The absolute between-group difference in the
risk of the primary composite outcome and the
corresponding 90% confidence interval were
calculated with the use of a binomial model with
an identity-link function to compare the absolute
risk difference with the noninferiority margin of
11 percentage points. The primary outcome was
also analyzed in the two glucocorticoid groups
with the use of Cox proportional-hazards models
to obtain hazard ratios and 95% confidence in-
tervals for the per-protocol and intention-to-treat
populations; analyses for all other outcomes were
performed according to the intention-to-treat
principle.

For secondary outcomes, death from any
cause and ESKD were analyzed separately with
the use of Cox proportional-hazards models. The
number of patients who had sustained remission
and the number of patients with at least one
serious adverse event were each compared be-
tween groups with the use of a log-binomial
regression model to obtain the relative risk. The
rates of serious infections in the first year and at
the end of the trial were analyzed with the use
of negative binomial regression, with an offset
for the length of time patients were in the trial
included in the model, to obtain incidence rate
ratios. Differences in health-related quality of
life outcome measures at 1 year were estimated
with the use of linear mixed-effects models for
repeated measures that included the interaction
of time by treatment group, when appropriate.

We performed prespecified subgroup analy-
ses of the primary outcome according to the
minimization groups. We conducted the follow-
ing three prespecified sensitivity analyses of the
primary outcome: we limited the analysis to 1 year
of follow-up; we assessed the effect of plasma
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Table 1. Characteristics of the Patients at Baseline.*

Characteristic

Age —yr

Female sex — no. (%)

History of vasculitis — no. (%)

ANCA subtype — no. (%)
Proteinase 3
Myeloperoxidase

Median C-reactive protein level (IQR)
— mg/liter

Median hemoglobin level (IQR) — g/liter
Kidney function

Median serum creatinine level (IQR)
— pmol/liter

Serum creatinine level =500 ymol/liter
or undergoing dialysis — no. (%)

Undergoing dialysis — no. (%)
Severity of pulmonary hemorrhage — no. (%)
No hemorrhage
Not severe
Severe
Organ involvement — no. (%)
Cutaneous
Mucous membranes or eyes
Ear, nose, and throat
Cardiovascular
Gastrointestinal
Pulmonary
Kidney
Nervous system
Other
Median BVAS/GPA (IQR)}

Planned immunosuppressive treatment
—no. (%)

Intravenous cyclophosphamide
Oral cyclophosphamide

Rituximab

Plasma
Exchange
(N=352)

62.8+14.4
149 (42.3)
35 (9.9)

143 (40.6)
209 (59.4)
50.9 (13.8-122.8)

4 (83-105)

327 (206-491)
101 (28.7)

66 (18.8)

257 (73.0)
64 (18.2)
31 (8.8)

177 (50.3)
120 (34.1)
5 (15.6)

No Plasma
Exchange
(N=352)

63.5+13.7
158 (44.9)
28 (8.0)

143 (40.6)
209 (59.4)
42.1 (14.0-97.2)

5 (85-105)

336 (209-495)
104 (29.5)

74 (21)

256 (72.7)
66 (18.8)
30 (8.5)

14

95 (
6(

(

4 (L
2(0.6)
9(

349 (
5(

9(

177 (50.3)
121 (34.4)
4(15.3)

Reduced-Dose
Glucocorticoid
Regimen
(N=353)

63.3+14.2
156 (44.2)
34 (9.6)

143 (40.5)
210 (59.5)
44.6 (13.0-117.0)

5 (84-105)

320 (190-480)

102 (28.9)

67 (19.0)

257 (72.8)

179 (50.7)
120 (34.0)
4 (15.3)

Standard-Dose
Glucocorticoid
Regimen
(N=351)

63.1£13.9
151 (43.0)
29 (8.3)

143 (40.7)
208 (59.3)
45.5 (14.0-98.0)

95 (84.5-105)

335 (219-502)
103 (29.3)

73 (20.8)

256 (72.9)
65 (18.5)
30 (8.5)

12.0)
10.3)
28.5)

9)
9)
8.3)

3)
17.4)
9 (7-11)

4)
L.

42 (
36 (

100 (
5(1

3 (0.

147 (4
5(9
29 (8.
61 (

175 (49.9)
121 (34.5)
55 (15.7)

* Plus—minus values are means +SD. To convert the values for creatinine to milligrams per deciliter, divide by 88.4. Percentages may not total

100 because of rounding. ANCA denotes antineutrophil cytoplasm antibody, and IQR interquartile range.

T Severe pulmonary hemorrhage was defined by an oxygen saturation of 85% or less while the patient was breathing ambient air or the use of

mechanical ventilation.

I The Birmingham Vasculitis Activity Score for Granulomatosis with Polyangiitis (BVAS/GPA) is assessed on a scale of 0 to 68, with a score of

0 indicating the absence of disease activity and higher scores indicating increasingly active disease.
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Table 2. Primary Composite Outcome with Plasma Exchange as Compared with No Plasma Exchange.*

Analysis Plasma Exchange

Primary analysis{ 100/352 (28.4)

Partially adjusted analysisi 100/352 (28.4)
Per-protocol analysis 95/338 (28.1)
Analysis at 1-year follow-up 70/352 (19.9)

no. with outcome /total no. (%)

No Plasma Exchange Hazard Ratio (95% Cl)
109/352 (31.0

(31.0) 0.86 (0.65-1.13
109/352 (31.0)

(30.7)

(24.1)

)

0.89 (0.68-1.17)

99/322 (30.7 )
85/352 (24.1 )

0.85 (0.64-1.13
0.77 (0.56-1.06

* The primary composite outcome was death or end-stage kidney disease in patients with severe ANCA-associated vascu-

litis. CI denotes confidence interval.

7 The primary analysis was adjusted with the use of a model fitted with trial-group assignments and minimization strata

as covariates.

i The partially adjusted analysis used a model fitted only with trial-group assignments as covariates.

exchange in a per-protocol population that in-
cluded patients who died within 14 days after
randomization, patients assigned to the plasma-
exchange group who underwent at least one
plasma exchange within 14 days, and patients
assigned to the control group who did not un-
dergo plasma exchange within 14 days; and we
assessed the two glucocorticoid regimens in the
intention-to-treat population. We also performed
a post hoc sensitivity analysis to calculate the
absolute risk difference in the intention-to-treat
population in the comparison of glucocorticoid
regimens.

RESULTS

PATIENTS

Our trial included 704 patients at 95 centers in
16 countries; 352 were assigned to undergo
plasma exchange and 352 to undergo no plasma
exchange; 353 patients were assigned to a reduced-
dose glucocorticoid regimen, and 351 were as-
signed to a standard-dose glucocorticoid regi-
men (Figs. S1 and S2). The median duration of
follow-up was 2.9 years. The baseline character-
istics are shown in Table 1. A total of 338 pa-
tients (96.0%) in the plasma-exchange group and
322 (91.5%) in the control group were included
in the per-protocol population; 330 patients
(93.5%) in the reduced-dose group and 325 (92.6%)
in the standard-dose group were included in the
per-protocol population.

OUTCOMES ACCORDING TO PLASMA EXCHANGE
No interaction was detected between the gluco-
corticoid regimen and plasma-exchange assign-

ments in the analysis of the primary outcome
(P=0.72). The effects of plasma exchange on the
primary composite outcome are shown in Ta-
ble 2 and Figure 1A. Death or ESKD occurred in
100 of 352 patients (28.4%) in the plasma-ex-
change group and in 109 of 352 (31.0%) in the
control group (hazard ratio with plasma exchange,
0.86; 95% confidence interval [CI], 0.65 to 1.13;
P=0.27). The results of sensitivity analyses, in-
cluding an analysis in which data were censored
at 1 year, did not differ substantially from those
of the primary analyses (Table 2). There was no
evidence of interactions according to subgroup.
(Subgroup analyses of the primary outcome are
shown in Fig. S3.)

Secondary outcomes are summarized in Ta-
ble 3 and Table S4. There were no significant
differences between the plasma-exchange group
and the control group in secondary outcomes,
including serious adverse events.

OUTCOMES ACCORDING TO GLUCOCORTICOID
REGIMENS

The effect of a reduced-dose regimen on the
primary outcome is shown in Figure 1B. In the
per-protocol population, death or ESKD oc-
curred in 92 of 330 patients (27.9%) in the re-
duced-dose group and in 83 of 325 (25.5%) in
the standard-dose group. The reduced-dose regi-
men was noninferior to the standard-dose regimen
with respect to the primary outcome (absolute
risk difference, 2.3 percentage points; 90% CI,
—3.4 to 8.0; 95% CI, —4.5 to 9.1). The results
were similar in the sensitivity analysis in the
intention-to-treat population: death or ESKD oc-
curred in 107 of 353 patients (30.3%) in the re-
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A Primary Outcome According to Plasma Exchange

100+
0
<
]
s 754
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G
S
X
a 504
e~ No plasma exchange
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w
5
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=
3 Plasma exchange
[a]
0 T T T T T 1
0 1 2 3 4 5 6
Years
No. at Risk
No plasma 352 244 183 136 82 44 10
exchange
Plasma exchange 352 252 186 135 82 43 10

Death or ESKD (% of patients)

No. at Risk
Reduced dose
Standard dose

B Primary Outcome According to Glucocorticoid Regimen
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754
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353 256 185 133 80 48 9
351 240 184 138 84 39 11

Figure 1. Kaplan—Meier Curves for the Primary Outcome.

The primary composite outcome was death from any cause or end-stage
kidney disease (ESKD). In a trial with a 2-by-2 factorial design, patients with
severe antineutrophil cytoplasm antibody—associated vasculitis were assigned
to undergo plasma exchange or no plasma exchange (Panel A) and to follow
either a reduced-dose regimen or a standard-dose regimen of oral gluco-
corticoids (Panel B).

628

duced-dose group and in 102 of 351 (29.1%) in
the standard-dose group (absolute risk differ-
ence, taking into account differential follow-up
time, 0.01 percentage points; 95% CI, —5.1 to 5.1).
An analysis of the primary outcome with the use
of survival methods yielded a hazard ratio of
1.04 (95% CI, 0.81 to 1.33) in the per-protocol
population, a hazard ratio of 1.00 (95% CI, 0.76
to 1.31) in the intention-to-treat population with

N ENGL ) MED 382;7

NEJM.ORG

the use of all follow-up data, and a hazard ratio
0f 0.80 (95% CI, 0.58 to 1.10) with data censored
at 1 year. There was no evidence of interactions
according to subgroup (Fig. S4).

During the period between randomization
and 1 year, 142 serious infections occurred in 96
patients (27.2%) in the reduced-dose group and
180 occurred in 116 patients (33.0%) in the
standard-dose group (incidence rate ratio, 0.69;
95% CI, 0.52 to 0.93). No other secondary out-
comes differed significantly between the two
groups (Table 3).

The types and frequencies of serious adverse
events were similar in the reduced-dose group
and the standard-dose group. (The most com-
mon types of serious adverse events are shown
in Table S5.) Serious adverse kidney-related events
were more common in the reduced-dose group
(unadjusted risk ratio, 1.84; 95% CI, 1.18 to
2.87), although the incidence of ESKD did not
differ between the groups (hazard ratio, 0.96;
95% CI, 0.68 to 1.34).

DISCUSSION

Our trial in patients with severe ANCA-associat-
ed vasculitis showed that plasma exchange did
not result in a lower incidence of death or ESKD
than no plasma exchange. Reduced exposure to
oral glucocorticoids was noninferior to a standard-
dose regimen with respect to the risk of death or
ESKD and resulted in a lower risk of serious
infections in the first year of treatment.
Previous trials have suggested a substantial
benefit of plasma exchange in patients with se-
vere kidney disease with respect to reducing the
need for dialysis at 12 months.”*”® In contrast,
our trial did not show large effects. Several fac-
tors may have contributed to the difference be-
tween our results and those of previous trials.
Effect estimates in previous studies may have
been confounded by the small number of events®
or by systematic errors from bias resulting from
unclear assignment methods.” Alternatively, im-
provements in diagnosis, immunosuppression,
and supportive care may have reduced the bene-
fits of adjuvant plasma exchange in our trial.
Previous studies have also suggested an effect of
plasma exchange on ESKD without a benefit with
respect to survival, despite the strong association
of ESKD with mortality,” whereas the effects of
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Table 3. Secondary Outcomes.*
Plasma Exchange vs. No Plasma Reduced-Dose vs. Standard-Dose
Secondary Outcome Exchange Glucocorticoid Regimen
effect size (95% Cl)

Death from any cause 0.87 (0.58-1.29) 0.78 (0.53-1.17)
End-stage kidney disease 0.81 (0.57-1.13) 0.96 (0.68-1.34)
Sustained remission 1.01 (0.89-1.15) 1.04 (0.92-1.19)

Serious adverse events 1.21 (0.96-1.52) 0.95 (0.75-1.20)

Serious infections at 1 year 1.16 (0.87-1.56) 0.69 (0.52-0.93)

* The effect sizes for death from any cause and end-stage kidney disease are reported as hazard ratios, for sustained re-
mission as relative risk, and for serious adverse events and serious infections at 1 year as incidence rate ratios. All anal-

yses were performed in the intention-to-treat population.

plasma exchange on ESKD and death were con-
cordant in our trial. This difference among the
findings highlights the possibility of chance
findings in small trials and the importance of
larger trials with longer follow-up.

International guidelines recommend the use
of plasma exchange for the treatment of ANCA-
associated vasculitis with pulmonary hemor-
rhage on the basis of observational studies that
included fewer than 70 patients.?*?* Our trial
targeted the inclusion of patients with pulmo-
nary hemorrhage and enrolled 191 such patients,
of whom 61 had severe pulmonary hemorrhage,
and the results do not support a treatment effect
in patients with pulmonary hemorrhage that dif-
fers from that in patients without pulmonary
hemorrhage.

Our trial compared two regimens of oral
glucocorticoids in ANCA-associated vasculitis.
Variations of the two regimens are frequently
used.!>*?% Previous trials that reduced exposure
to cyclophosphamide did not show that the re-
duced exposure lowered infection rates, and some
trials showed a higher long-term risk of re-
lapse.'>?”?° Therefore, showing, within the limits
of precision that we could estimate, that the re-
duced-dose regimen decreased the risk of seri-
ous infections without increasing the risk of
other adverse events represents an important
step toward standardizing care.

Our trial had several strengths. It was a large
trial involving patients with ANCA-associated
vasculitis, and we used an objective, easily ascer-
tained patient-focused outcome. Adherence to the
assigned treatments was good, and there were

few losses to follow-up. The consistency of the
treatment effects across sensitivity analyses and
subgroups was also reassuring. In addition, the
international enrollment and broad eligibility
criteria of the trial enhance the generalizability
of the results.

Our trial had several limitations. First, it was
an open-label trial, which exposed it to potential
bias resulting from crossover, differential use of
other therapies, and differential outcome ascer-
tainment.>° However, crossover was infrequent,
no other therapies are known to reduce the risk
of death or ESKD, and our outcome ascertain-
ment was unlikely to be biased. Second, although
the trial was large for a study of a rare disease,
some estimates had wide confidence intervals,
and differences in outcomes with respect to
plasma exchange or the reduced-dose glucocor-
ticoid regimen remain possible. The probability
of an undetected benefit must be weighed
against the probabilities of additional expenses
and inconveniences, as well as harms (such as
serious infections) and complications (such as
transfusion-related acute lung injury).

In conclusion, the current trial did not show
that the addition of plasma exchange to stan-
dard therapy conferred benefits in patients with
severe ANCA-associated vasculitis, but it did
show that a reduced-dose regimen of oral gluco-
corticoids was noninferior to a standard-dose
regimen.

A data sharing statement provided by the authors is available
with the full text of this article at NEJM.org.
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