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BACKGROUND
In early-onset severe hemolytic disease of the fetus and newborn (HDFN), trans-
placental transfer of maternal antierythrocyte IgG alloantibodies causes fetal 
anemia that leads to the use of high-risk intrauterine transfusions in order to avoid 
fetal hydrops and fetal death. Nipocalimab, an anti–neonatal Fc receptor blocker, 
inhibits transplacental IgG transfer and lowers maternal IgG levels.

METHODS
In an international, open-label, single-group, phase 2 study, we assessed treatment 
with intravenous nipocalimab (30 or 45 mg per kilogram of body weight per week) 
administered from 14 to 35 weeks’ gestation in participants with pregnancies at 
high risk for recurrent early-onset severe HDFN. The primary end point was live 
birth at 32 weeks’ gestation or later without intrauterine transfusions as assessed 
against a historical benchmark (0%; clinically meaningful difference, 10%).

RESULTS
Live birth at 32 weeks’ gestation or later without intrauterine transfusions oc-
curred in 7 of 13 pregnancies (54%; 95% confidence interval, 25 to 81) in the 
study. No cases of fetal hydrops occurred, and 6 participants (46%) did not receive 
any antenatal or neonatal transfusions. Six fetuses received an intrauterine trans-
fusion: five fetuses at 24 weeks’ gestation or later and one fetus before fetal loss 
at 22 weeks and 5 days’ gestation. Live birth occurred in 12 pregnancies. The 
median gestational age at delivery was 36 weeks and 4 days. Of the 12 live-born 
infants, 1 received one exchange transfusion and one simple transfusion and 5 
received only simple transfusions. Treatment-related decreases in the alloantibody 
titer and IgG level were observed in maternal samples and cord blood. No un-
usual maternal or pediatric infections were observed. Serious adverse events were 
consistent with HDFN, pregnancy, or prematurity.

CONCLUSIONS
Nipocalimab treatment delayed or prevented fetal anemia or intrauterine transfu-
sions, as compared with the historical benchmark, in pregnancies at high risk for 
early-onset severe HDFN. (Funded by Janssen Research and Development; UNITY 
ClinicalTrials.gov number, NCT03842189.)
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Severe hemolytic disease of the fetus 
and newborn (HDFN) results from mater-
nal–fetal erythrocyte antigen incompatibility 

and transplacental transfer of maternal antieryth-
rocyte antigen IgG alloantibodies, which cause fe-
tal hemolytic anemia. Early-onset severe HDFN, 
defined as severe HDFN occurring at 24 weeks’ 
gestation or earlier, is associated with substantial 
fetal and neonatal morbidity and mortality.1-3 Rou-
tine anti-RhD prophylaxis has substantially re-
duced RhD alloimmunization, but early-onset se-
vere HDFN persists owing to missed administration 
and a lack of prophylaxis for non-RhD antigens.2,4-9

The standard care for these high-risk preg-
nancies is to monitor for fetal anemia by means 
of middle cerebral artery (MCA) Doppler ultraso-
nography and fetal blood sampling, followed by 
timely intrauterine transfusions to avoid fetal 
hydrops and pregnancy loss.10 However, compli-
cations of intrauterine transfusion include fetal 
death, preterm (<37 weeks’ gestation) prelabor 
rupture of membranes, and preterm birth.2,11,12 
Early intrauterine transfusions are associated 
with a particularly high risk of perinatal loss 
(17% per procedure at <20 weeks’ gestation).11

Antenatal treatment with intravenous im-
mune globulin (IVIG) with or without plasma-
pheresis has been reported in case series to de-
lay intrauterine transfusions,13-15 but it is still 
associated with poor pregnancy outcomes. Two 
retrospective studies compared outcomes of 
standard care alone with those of IVIG treatment 
added to standard care in pregnant women at 
high risk for recurrence owing to a previous 
pregnancy affected by early-onset severe HDFN. 
With standard care alone, intrauterine transfu-
sions were initiated in all pregnancies at a me-
dian of 22 weeks’ gestation, 15 to 20% of the 
pregnancies resulted in fetal loss, and fetal hy-
drops occurred in 24 to 38% of the pregnan-
cies.16,17 In another retrospective study comparing 
pregnancy outcomes between a standard-care–
treated and a subsequent IVIG-treated pregnancy 
in the same women, intrauterine transfusions 
were administered in 57% of the pregnancies 
that received standard care alone, starting at a 
mean of 20 weeks’ gestation, with the remaining 
pregnancies resulting in fetal loss and with fetal 
hydrops occurring in 50%.18 With IVIG, 88 to 
100% of the participants across these studies 
received an intrauterine transfusion at a median 
of 22 weeks’ gestation16,17 or at a mean of 23 

weeks’ gestation,18 6 to 20% had fetal loss, and 
fetal hydrops occurred in up to 16%.16-18 Alto-
gether, only 7% of the IVIG-treated pregnant 
participants (4 of 54) had a live birth without in-
trauterine transfusions.16-18

Nipocalimab, a neonatal Fc receptor (FcRn) 
blocker, is under development for the treatment of 
multiple IgG autoantibody- or alloantibody-driven 
diseases. FcRn is the sole placental IgG trans-
porter and salvage receptor that maintains circu-
lating maternal serum IgG concentrations. FcRn 
blockade aims to inhibit alloantibody transfer to 
the fetus and to lower maternal IgG alloantibody 
titers (Fig. S1 in the Supplementary Appendix, 
available with the full text of this article at NEJM.
org).19-21 In this phase 2, international, open-label, 
single-group study, we evaluated the safety and 
efficacy of nipocalimab in delaying or reducing 
the use of intrauterine transfusions in pregnant 
persons with previous early-onset severe HDFN.

Me thods

Study Oversight

We conducted this study in accordance with 
Good Clinical Practice guidelines, the principles 
of the Declaration of Helsinki, and applicable 
local regulations. Participants provided written 
informed consent before enrollment. The trial 
protocol, available at NEJM.org, was approved by 
the institutional review board or independent 
ethics committee at each site. A data and safety 
monitoring board provided oversight and regu-
larly reviewed available data. The sponsor, Jans-
sen Research and Development, designed the 
trial in collaboration with key investigators; 
compiled, maintained, and analyzed the data; 
and engaged the first author for the develop-
ment of the first draft of the manuscript and all 
the authors for critical reviews, with the assis-
tance of a medical writing agency. An author 
who is an employee of the sponsor vouches for 
the completeness and accuracy of the data and 
for the fidelity of the study to the protocol.

Eligibility Criteria

Eligible participants were 18 years of age or older, 
pregnant with a singleton fetus, and had all three 
of the following characteristics. First, participants 
had to have had a previous qualifying pregnancy 
during which they presented at 24 weeks’ gesta-
tion or earlier with documented severe fetal ane-
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mia (hemoglobin level, <0.55 multiples of the 
median10) as assessed by means of cordocentesis, 
fetal hydrops with an MCA peak systolic velocity 
of at least 1.5 multiples of the median, or a previ-
ous stillbirth with fetal or placental pathologic 
features indicative of HDFN.22 (A multiple of the 
median was used to indicate how far an individ-
ual test result deviated from the median normal 
hemoglobin value for gestational age.) Second, 
participants had to have a critical alloantibody 
titer in the current pregnancy for anti-D (i.e., ≥32) 
or anti-K (i.e., ≥4), and third, they had to have a 
cell-free fetal DNA level that was consistent with 
a D-positive or K-positive fetus.23,24 Persons who 
had received IVIG or plasmapheresis in the cur-
rent pregnancy were excluded (Table S1).

Study Design and Treatment

Screening occurred between 8 weeks’ gestation 
and enrollment at 14 weeks’ gestation (with a 
window of ±6 days; baseline). Weekly intravenous 
infusions of nipocalimab were administered to 
the maternal participants from baseline until the 
planned last dose at 35 weeks’ gestation. This 
study was originally designed to evaluate nipocal-
imab at a dose of 30 mg per kilogram of baseline 
body weight. Subsequently, according to a proto-
col amendment, the dose regimen was increased 
to 45 mg per kilogram of baseline body weight in 
all current and future participants to ensure cov-
erage of receptor occupancy (i.e., the binding of a 
monoclonal antibody to a target) to account for a 
1-day delay in administration. A further modifica-
tion in which the total dose calculation was based 
on the current body weight (determined every 2 
weeks) in order to optimize receptor occupancy 
coverage to account for pregnancy weight gain 
was applied to all current and future participants. 
Thus, the dose regimens that we evaluated in-
cluded 30 mg per kilogram of baseline body 
weight, 30 mg followed by a switch to 45 mg per 
kilogram of baseline body weight (i.e., in those 
treated during a per-protocol dose increase), 45 mg 
per kilogram of baseline body weight, and 45 mg 
per kilogram of current body weight (as assessed 
by measurement every 2 weeks).

Treatment was discontinued in accordance 
with safety stopping rules or with stopping cri-
teria related to the initiation of intrauterine 
transfusion. Planned delivery was at 37 weeks’ 
gestation, or earlier if indicated. IVIG (500 mg 
per kilogram, administered as a single bolus) 

was given 48 to 72 hours before delivery to ma-
ternal participants who had completed nipocal-
imab treatment and at birth to neonates who 
had an IgG level below specified thresholds.

The primary analysis was conducted when 
the last maternal participant–infant pair reached 
postpartum week 4. Study completion was at post-
partum week 24 for maternal participants and 
at week 96 of life for infants.

Fetal anemia was monitored by means of week-
ly Doppler ultrasonography of the MCA. An intra-
uterine transfusion was performed after the occur-
rence of cordocentesis-confirmed fetal anemia, 
which was defined as an MCA peak systolic veloc-
ity of at least 1.5 multiples of the median.10 Ultra-
sonographic monitoring of fetal growth was per-
formed every 2 weeks. Neonates (<28 days of age) 
and infants (≤1 year of age) received standard care. 
Details of the nipocalimab doses, stopping rules, 
and treatment criteria are provided in Table S2.

End Points

The primary efficacy end point was live birth at 
32 weeks’ gestation or later without an intrauter-
ine transfusion. Secondary efficacy end points 
included the antenatal and postnatal outcomes of 
live birth, gestational age at the time of the first 
intrauterine transfusion, live birth without intra-
uterine transfusion at 24 weeks’ gestation or 
earlier, the number of intrauterine transfusions 
received, gestational age at delivery, fetal hydrops, 
and among neonates or infants, receipt of photo-
therapy, receipt of an exchange transfusion, and 
receipt of a simple erythrocyte transfusion in the 
first 12 weeks of life (Table S3). Additional sec-
ondary pharmacodynamic or pharmacokinetic 
end points included maternal or infant serum IgG 
concentrations and alloantibody titers, as well as 
maternal monocyte FcRn–receptor occupancy and 
serum nipocalimab pharmacokinetics.

Safety end points included the incidence, se-
verity, and treatment relatedness of adverse 
events; electrocardiographic data and vital signs; 
laboratory values; and physical examinations. 
Adverse events of special interest included infec-
tions that led to anti-infective treatment, unex-
pected or unusual illnesses in the neonate or 
infant, decreases of the IgG level in the neonate 
or infant below age-specified thresholds, and 
maternal hypoalbuminemia of grade 3 or higher 
(albumin level, <20 g per liter). Safety outcomes 
in fetuses and infants included fetal-growth re-
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striction, placental insufficiency, fetal heart-rate 
abnormalities during nipocalimab infusions, 
birth weight, and Apgar scores. Pharmacody-
namic analyses included maternal and neonatal 
total IgG levels and the maternal alloantibody ti-
ter at prespecified and available time points.

Statistical Analysis

Assuming that the underlying percentage of 
pregnant participants treated with nipocalimab 
who met the primary end point would be at least 
40%, we estimated that a planned sample of ap-
proximately 15 pregnant participants would pro-
vide the study with 78% power to rule out a 10% 
or lower possibility of success regarding the 
primary end point, at a two-sided alpha level of 
0.05. The value of 10% was determined as a 
clinically meaningful difference (i.e., margin) 
from the historical data set we used in which no 
persons (0%) met the primary end point, accord-
ing to the published literature and to unpub-
lished data obtained with permission before the 
initiation of the study (Fig. S2).13,15,16 A primary 
end point outside the 10% clinically meaningful 
margin as determined on the basis of a 95% 
confidence interval (Clopper–Pearson) would be 
identical to a two-sided exact test for binomial 
proportions at the 0.05 level of significance.

For qualitative comparisons, we used descrip-
tive statistics or counts with percentages prespeci-
fied for selected secondary end points in the study 
pregnancies and the same end points in the most 
recent qualifying pregnancies. The same identi-
fication numbers are used to describe maternal 
participants and their infants reported in this 
study. Additional details are provided in the statis-
tical analysis plan (available with the protocol).

R esult s

Participants

From April 23, 2019, to November 1, 2022, a 
total of 19 national or regional HDFN referral 
centers screened 23 women with singleton preg-
nancies. Among these women, 13 were enrolled 
in the study, with 14 pregnancies, at 8 centers in 
seven countries (Fig.  1). One participant was 
enrolled twice, with the first pregnancy excluded 
from the efficacy analysis owing to early elective 
termination because of hyperoxaluria type I. Ac-
cording to sequential dose adjustments, nipocal-
imab was administered at a dose of 30 mg per 

Figure 1. Study Participants.

As of the data-cutoff date for the primary analysis (No‑
vember 1, 2022), 11 of 13 maternal participants had 
completed the study and 2 maternal participants and 6 
infants remained in the follow-up period. Ten women 
did not pass screening owing to the absence of cell-
free fetal DNA consistent with an antigen-positive fe‑
tus (in 5); to the absence of evidence for mumps, mea‑
sles, rubella, or varicella immunization (in 2); to not 
meeting the inclusion criteria for a previous pregnancy 
involving early-onset severe hemolytic disease of the 
fetus and newborn (in 1); and to meeting the exclusion 
criteria for a clinically significant medical condition (in 
2; 1 with a history of genital herpes and 1 with a histo‑
ry or presence of a clinically significant medical condi‑
tion). In 1 participant, the pregnancy was terminated 
at 17 weeks’ gestation (after the receipt of three weekly 
doses of nipocalimab) owing to a familial genetic dis‑
order unrelated to hemolytic disease of the fetus and 
newborn or to treatment; this participant was included 
only in the summaries of exposure, adverse events, 
and clinical abnormalities. The participant enrolled 
again for the next pregnancy, and data from that preg‑
nancy were summarized for the safety, efficacy, phar‑
macokinetic, pharmacodynamic, and immunogenicity 
analyses.

13 Were enrolled

23 Women were assessed for eligibility

14 Had pregnancy treated

10 Were not eligible

13 Had pregnancy treated and were
included in the analysis

1 Had elective termination
at 17 wk of gestation

for hyperoxaluria type I

12 Had live birth

12 Live infants were included in study

1 Had fetal loss owing to
complication resulting from

intrauterine transfusion
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kilogram of baseline body weight in three par-
ticipants; at a dose of 30 mg per kilogram ini-
tially but switched to 45 mg per kilogram of 
baseline body weight in the next 2 participants; 
at a dose of 45 mg per kilogram of baseline body 
weight in the following 5 participants (including 
the participant with an early termination of 
pregnancy); and at a dose of 45 mg per kilogram 
of current body weight in the last 4 participants.

At the time of this primary analysis, 11 ma-
ternal participants (85%) had completed all study 

visits, and all 13 (100%) had completed the week 
4 postpartum visit. Of 12 live-born infants, 5 (42%) 
completed all the study visits, 6 (50%) completed 
the week 48 visit, and 10 (83%) completed the 
week 24 visit. Two maternal participants and 
6 infants were continuing in the study for safety 
monitoring (Table S4).

The baseline characteristics of the maternal 
participants and neonates are shown in Table 1 
and Tables S5 and S6. A total of 11 participants 
(85%) had anti-D alloantibodies, and 2 (15%) had 
anti-K alloantibodies. Three participants had anti-
D alloantibodies alone, 7 participants also had 
anti-C alloantibodies, and 1 had additional anti-C, 
anti-Fya, and anti-Jka alloantibodies. The 2 par-
ticipants with anti-K alloantibodies had no other 
alloantibodies. These alloantibody characteris-
tics indicate a high risk of fetal anemia.25

The median gestational age at the start of nipo-
calimab treatment was 14 weeks and 1 day (range, 
13 weeks and 1 day to 15 weeks and 3 days). The 
median number of nipocalimab administrations 
was 21 (range, 6 to 23), and the median duration 
of treatment was 20 weeks (range, 5 to 22).

Primary End Point

Live birth at 32 weeks’ gestation or later without 
an intrauterine transfusion (the primary efficacy 
end point) occurred in 7 of 13 study pregnancies 
(54%; 95% confidence interval, 25 to 81), which 
was significantly higher than the 10% clini-
cally meaningful difference from the historical 
benchmark (P<0.001) (Table 2). All 7 pregnant 
women who met the primary end point had been 
treated until 35 weeks’ gestation; 5 of these par-
ticipants (71%) had received 45 mg per kilogram 
of baseline or current weight (Fig. 2).

One participant (Participant 8) discontinued 
treatment at 35 weeks’ gestation (at the week 34 
visit) and delivered at 36 weeks’ gestation because 
of anxiety that was due to a transitory decrease in 
fetal movements. Among the six study pregnancies 
(46%) in which the primary end point was not met, 
fetal anemia leading to intrauterine transfusion oc-
curred in five. Three participants discontinued be-
cause of stopping criteria related to intrauterine 
transfusion. Two participants met stopping criteria 
owing to adverse events (one adverse event of grade 
3 fetal anemia resulting in emergency delivery 2 
weeks after the only intrauterine transfusion and 
one adverse event of fetal demise within 1 day after 
the only intrauterine transfusion). The remaining 

Table 1. Demographic and Baseline Clinical Characteristics of the Participants 
and Their Qualifying Pregnancies.*

Characteristic
Participants 

(N = 13)

Demographic characteristics at enrollment

Age — yr 35.8±4.8

White race — no. (%)† 12 (92)

Body-mass index‡ 26.4±6.2

Median gravidity, excluding study pregnancy (range) 3 (2–11)

Median time between study pregnancy and last 
qualifying pregnancy (range) — yr§

3.9 (0.3–10.9)

Median time between study pregnancy and last 
HDFN-affected pregnancy (range) — yr¶

1.3 (0.1–7.5)

Most recent qualifying pregnancy

Live birth — no. (%) 5 (38)

Median gestational age at delivery (range) 23 wk 6 days 
(18 wk 3 days–36 wk 6 days)

Vaginal delivery — no. (%) 7 (54)

Fetal hydrops — no. (%) 7 (54)

Median gestational age at first intrauterine  
transfusion (range)

20 wk 4 days 
(17 wk 1 day–23 wk 5 days)

Median no. of intrauterine transfusions (range) 3 (1–11)

D alloantibody type — no. (%) 11 (85)

Intravenous immune globulin — no. (%) 5 (38)

*	�Plus–minus values are means ±SD. HDFN denotes hemolytic disease of the 
fetus and newborn.

†	�Race was reported by the participant.
‡	�The body-mass index is the weight in kilograms divided by the square of the 

height in meters.
§	� The time between the study pregnancy and the last qualifying pregnancy was 

defined as the elapsed time in years between delivery in the last qualifying 
pregnancy and the date of conception of the study pregnancy. The date of 
conception of the study pregnancy was defined as the date of informed con‑
sent minus the gestational age at informed consent.

¶	�The time between the study pregnancy and the last HDFN-affected pregnancy 
was defined as the elapsed time in years between delivery in the last HDFN-
affected pregnancy (if the last qualifying pregnancy was not the last HDFN-
affected pregnancy) or the last qualifying pregnancy (if the last qualifying 
pregnancy was the last HDFN-affected pregnancy) and the date of conception 
of the study pregnancy. An HDFN-affected pregnancy was defined as pregnancy 
with an antigen-positive fetus.
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participant discontinued owing to a subchorionic 
hematoma and fetal-growth restriction but received 
intrauterine transfusions 4 weeks later (Fig. 2B).

Secondary End Points

Results for secondary end points in the study 
pregnancies and in the most recent qualifying 
pregnancies are shown in Figure 2 and Table 2. 
Intrauterine transfusions occurred less often 
and at a later gestational age in the study preg-
nancies than in the most recent qualifying preg-
nancies. More live births occurred in the study 
pregnancies than in the qualifying pregnancies.

Exchange transfusion was performed in 1 of 12 
neonates from the study pregnancies (who also 
received one simple transfusion) and in none of the 
5 from qualifying pregnancies. As compared with 
the 4 infants from the 13 qualifying pregnancies, 
a smaller proportion of infants in the study had 
simple transfusions, and all the simple transfu-
sions during the study occurred at more than 2 
weeks of age. Among the 7 study pregnancies in 
which the primary end point was met, 6 maternal–

infant pairs (i.e., 46% of the 13 pregnancies) 
received no antenatal or postnatal transfusions; 
1 neonate received one simple transfusion.

Delivery Outcomes for Live Births in Study 
Pregnancies

The median birth weight was 2.8 kg (range, 0.9 
to 4.0). Ten of 12 participants (83%) delivered at 34 
weeks’ gestation or later. Apgar scores at 5 minutes 
and 10 minutes ranged from 8 to 10, except for 
one newborn who had scores of 5 and 7, respec-
tively (Table S7). The median duration of neonatal 
intensive care was 5 days (range, 2 to 64).

Pharmacodynamics

At 18 weeks’ gestation, maternal IgG levels had 
decreased by 85% from baseline; the levels re-
mained low during treatment and began returning 
to baseline levels at 1 to 2 weeks after receipt of the 
last dose of nipocalimab. The IgG level had re-
turned to the normal range by postpartum week 4 
among participants who received IVIG and by post-
partum week 24 among those who did not receive 

Table 2. Antenatal and Postnatal End Points in the Most Recent Qualifying Pregnancy and the Study Pregnancy.*

End Point

Most Recent Qualifying 
Pregnancy 

(N = 13)
Study Pregnancy 

(N = 13)

Primary efficacy end point

Live birth at ≥32 wk of gestation without intrauterine 
transfusion — no. (%)

0 7 (54)

Antenatal outcomes

Live birth — no. (%)† 5 (38) 12 (92)

Median gestational age at delivery (IQR) 33 wk 0 days 
(32 wk 0 days–35 wk 0 days)

36 wk 5 days 
(36 wk 0 days–37 wk 1 day)

Median no. of intrauterine transfusions per  
participant (IQR)

5 (5–5)   0 (0–3)

≥1 Intrauterine transfusion — no. (%) 11 (85) 6 (46)

Median gestational age at first intrauterine  
transfusion (IQR)

20 wk 4 days 
(18 wk 2 days–22 wk 1 day)

27 wk 1 day 
(24 wk 1 day–29 wk 4 days)

Median gestational age at delivery (IQR) 23 wk 6 days 
(21 wk 0 days–32 wk 0 days)

36 wk 4 days 
(35 wk 6 days–37 wk 1 day)

Fetal hydrops — no. (%)† 7 (54) 0

Postnatal outcomes in neonates and infants

Phototherapy in neonates — no./total no. (%) 4/5 (80) 11/12 (92)

Exchange transfusion in neonates — no./total no. (%) 0/5 1/12 (8)

Simple erythrocyte transfusion in neonates and  
infants — no./total no. (%)

4/5 (80) 6/12 (50)

*	�IQR denotes interquartile range.
†	�Fetal loss (stillbirth) and fetal hydrops related to HDFN in the qualifying pregnancy were options for inclusion.
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IVIG (Table S8). During treatment, maternal allo-
antibody titers decreased by 4 to 32 times from 
baseline; titers returned to near baseline or above 
by postpartum week 4 in 6 participants who had 
not received an intrauterine transfusion and for 
whom titer measurements at week 4 were available. 
Titers in the third trimester of pregnancy increased 
from their lowest levels by at least 4 times during 
treatment in two participants who did not receive 
an intrauterine transfusion and by at least 128 
times after a first intrauterine transfusion in three 
participants — findings consistent with increased 
risks of fetomaternal hemorrhage in the third tri-

mester and after intrauterine transfusion, respec-
tively.12,26,27 Details are provided in Figure S3.

In a result consistent with the inhibition of trans-
placental IgG transfer by nipocalimab, 6 of 10 neo-
nates (60%) had an IgG level of less than 200 mg 
per deciliter at birth, after nipocalimab treatment 
was completed to 35 weeks’ gestation, despite the 
use of maternal IVIG supplementation before de-
livery. In six pregnancies in which alloantibody ti-
ters in cord blood were measured at delivery (2 to 
3 weeks after the completion of nipocalimab treat-
ment), titers were low and were below maternal 
titers (Table S9). In three pregnancies in which 
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treatment was discontinued more than 7 weeks 
before delivery, the titers at birth were substan-
tially higher in both cord and maternal blood than 
those in the six pregnancies in which treatment 
was discontinued 2 to 3 weeks before delivery.

Safety
Serious and Severe Adverse Events

Serious adverse events occurred in 5 of 13 mater-
nal participants (38%), and severe adverse events 
(of grade ≥3) occurred in 6 (46%); combined, a 
serious or severe adverse event occurred in 6 ma-
ternal participants (46%) (Table 3 and Table S10). 
A subchorionic hematoma with fetal-growth re-
striction at 20 weeks’ gestation occurred in Par-
ticipant 2, who had had fetal-growth restriction 

in the previous pregnancy; this participant dis-
continued nipocalimab therapy. At 27 weeks’ 
gestation, periodic fetal heart-rate decelerations 
that were associated with mild, irregular preterm 
contractions led to hospitalization and delivery at 
29 weeks’ gestation in this participant.

Participant 7, who had mild polyhydramnios 
starting at 34 weeks’ gestation, received an am-
niotomy for induction of labor; placental abrup-
tion developed, which led to cesarean delivery 
with postpartum abdominal pain. Participant 13 
had complications from an intrauterine transfu-
sion at 22 weeks’ gestation, with stillbirth and 
retained placenta at 23 weeks. Participants 3, 6, 
and 11 had at least one serious adverse event or 
severe adverse event of fetal anemia related to 
HDFN (Table 3). Nipocalimab resulted in mild 
infusion reactions in 1% of the infusions (3 of 
234). All the postinfusion adverse events were 
mild (Table S11).

Among the 12 neonates and infants, a serious 
adverse event occurred in 5 (42%) and a severe 
adverse event in 4 (33%); combined, 8 neonates 
or infants (67%) had a serious or severe adverse 
event (Table  3). These events were related to 
HDFN (jaundice, hyperbilirubinemia, or anemia), 
prematurity (respiratory distress), and a grade 3 
low IgG level at birth in 1 neonate (Table 3 and 
Table S12). The additional 4 neonates or infants 
who were born with a grade 1 low IgG level were 
not reported as having a serious or severe ad-
verse event.

Adverse Events of Special Interest
Maternal adverse events of special interest oc-
curred in 5 of 13 participants (31%) as single 
instances, except in Participant 4, who had two 
such events (Table  3). In 4 of these 5 partici-
pants, grade 1 or 2 urinary tract infection or 
bacteriuria occurred, including in Participant 4, 
who had two urinary tract infections of grade 2. 
Three of these participants had a urinary tract 
infection or bacteriuria at 20 to 32 weeks’ gesta-
tion, when the serum IgG level was 1.6 to 1.9 g 
per liter. Two additional participants had one 
adverse event of special interest when the serum 
IgG level was normal (urinary tract infection at 
baseline and mastitis at 7 weeks post partum, in 
1 participant each).

No cases of hypoalbuminemia as an adverse 
event of special interest (defined as an albumin 
level of <20 g per liter) occurred. Expected asymp-

Figure 2 (facing page). Antenatal Outcomes in the Most 
Recent Qualifying Pregnancy and the Study Pregnancy.

Panel A shows antenatal outcomes in the most recent 
qualifying pregnancies, and Panel B antenatal outcomes 
in the study pregnancies, among the 13 participants in 
the study. In each panel, the length of bars corresponds 
to the gestational age at delivery. A qualifying pregnancy 
was one in which the participant presented at 24 weeks’ 
gestation or earlier with documented severe fetal ane‑
mia, fetal hydrops with an MCA peak systolic velocity of 
at least 1.5 multiples of the median, or a previous still‑
birth with fetal or placental pathologic features indicative 
of HDFN. In the current study, Participants 4 and 5 ini‑
tially received 30 mg per kilogram of baseline weight 
(with the total dose calculated on the basis of baseline 
weight), and the dose was escalated to 45 mg per kilo‑
gram of baseline weight later in gestation in accordance 
with a protocol amendment. Participants 11 and 13 had 
the nipocalimab dose switched from 45 mg per kilogram 
of body weight at baseline to 45 mg per kilogram of cur‑
rent weight (as assessed every 2 weeks); these two par‑
ticipants were counted in the group that received 45 mg 
per kilogram of current body weight. The median num‑
ber of administrations of nipocalimab was 11 (range, 6 
to 22) among the three participants who received 30 mg 
per kilogram of body weight at baseline, 20 (range, 17 to 
23) among the two participants who received 30 mg fol‑
lowed by a switch to 45 mg per kilogram of body weight 
at baseline, 22 (range, 19 to 22) among the four partici‑
pants who received 45 mg per kilogram of body weight 
at baseline, and 21 (range, 10 to 22) among the four par‑
ticipants who received 45 mg per kilogram of current 
body weight. The median duration of weekly treatment 
was 10 weeks (range, 5 to 21), 19 weeks (range, 16 to 
22), 21 weeks (range, 17 to 21), and 20 weeks (range, 9 
to 21), respectively. Among participants who discontin‑
ued nipocalimab treatment in association with the initia‑
tion of intrauterine transfusions, the last dose of nipocal‑
imab was administered between 7 days before and 10 
days after the first intrauterine transfusion.
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Table 3. Safety Analyses, According to Nipocalimab Dose Group.*

Event

30 mg/kg 
of Baseline 

Weight

30 and 45 mg/kg 
of Baseline 

Weight†

45 mg/kg 
of Baseline 

Weight

45 mg/kg 
of Current 

Weight Total

In maternal participants

No. of maternal participants 3 2 4 4 13

Serious adverse event — no. (%) 2 (67) 0 1 (25) 2 (50) 5 (38)

Severe adverse event — no. (%) 2 (67) 0 2 (50) 2 (50) 6 (46)

Serious adverse event or severe adverse event — 
no. (%)

2 (67) 0 2 (50) 2 (50) 6 (46)

Any pregnancy, puerperium, or perinatal 
condition

1 (33) 0 1 (25) 1 (25) 3 (23)

Fetal death 0 0 0 1 (25) 1 (8)

Retained placenta or membranes 0 0 0 1 (25)‡ 1 (8)

Premature separation of placenta 0 0 1 (25) 0 1 (8)

Fetal-growth restriction 1 (33) 0 0 0 1 (8)

Subchorionic hematoma 1 (33) 0 0 0 1 (8)

Fetal heart-rate deceleration abnormality 1 (33) 0 0 0 1 (8)

Abdominal pain 0 0 1 (25)§ 0 1 (8)

Fetal anemia 1 (33) 0 1 (25)§ 1 (25) 3 (23)

Adverse event of special interest — no. (%) 1 (33) 1 (50) 1 (25) 2 (50) 5 (38)

Any infection leading to treatment with oral or 
intravenous anti-infective agent

1 (33) 1 (50) 1 (25) 2 (50) 5 (38)

Urinary tract infection 1 (33) 1 (50) 0 0 2 (15)

Bacteriuria 0 0 0 1 (25) 1 (8)

Mastitis 0 0 1 (25) 0 1 (8)

Streptococcal urinary tract infection 0 0 0 1 (25) 1 (8)

Hypoalbuminemia¶ 0 0 0 0 0

In infants

No. of infants 3 2 4 3 12

Serious adverse event — no. (%) 2 (67) 1 (50) 1 (25) 1 (33) 5 (42)

Severe adverse event — no. (%) 1 (33) 1 (50) 1 (25) 1 (33) 4 (33)

Serious adverse event or severe adverse event — 
no. (%)

3 (100) 2 (100) 2 (50) 1 (33) 8 (67)

Neonatal respiratory distress syndrome 1 (33)‡ 0 0 1 (33) 2 (17)

Jaundice, hyperbilirubinemia, or neonatal  
hyperbilirubinemia

2 (67) 1 (50) 1 (25) 1 (33)§ 5 (42)

Anemia or neonatal anemia 1 (33)§ 2 (100)‖ 1 (25)§ 1 (33) 5 (42)

Upper respiratory tract infection 0 0 0 1 (33)‡** 1 (8)

Blood IgG decreased 0 0 1 (25)§ 0 1 (8)

Adverse event of special interest — no. (%) 1 (33) 2 (100) 0 1 (33) 4 (33)

Infection resulting in treatment with oral or 
intravenous anti-infective agent

1 (33) 1 (50) 0 0 2 (17)

Oral candida infection 0 0 0 1 (33) 1 (8)

Ear infection†† 0 1 (50) 0 0 1 (8)

Otorrhea†† 0 1 (50) 0 0 1 (8)

IgG decreased‡‡ 1 (33) 2 (100) 0 0 3 (25)

Unusual childhood illness 0 0 0 0 0
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tomatic, clinically nonsignificant hypoalbumin-
emia that was related to nipocalimab treatment 
was observed, and the albumin level trended 
toward baseline after receipt of the last dose of 
nipocalimab (Fig. S4).

Adverse events of special interest occurred in 
4 of 12 neonates or infants (33%). These events 
primarily were single infections that resolved 
after treatment or were events of decreased IgG 
levels (Table 3). In Infant 10, a grade 2 adverse 
event of special interest of oral candida occurred 
at 1 to 2 weeks of life along with an adverse 
event of a grade 1 decrease in the IgG level (1.3 
to 1.8 g per liter). Infant 5, who had a decreased 
IgG level (1.6 g per liter) at birth before IVIG 
supplementation, later had three grade 1 ear 
infections. The onset of the first ear infection 
occurred at 53 weeks of life, when the IgG level 
was 3 g per liter (near the lower limit of the 
normal range [3.45 g per liter]). The resolution 
of the last ear infection was at 85 weeks of life 
(with no available IgG values). Two additional 
infants with low IgG levels at 25 weeks of life 
(Infant 3 [IgG level, 1.8 g per liter] and Infant 4 
[IgG level, 1.9 g per liter]; lower limit of the 
normal range, 1.7 g per liter) had no concurrent 
or previous infections. No unusual childhood 
illnesses were observed.

Discussion

The results of the primary analysis of this study 
support the efficacy of nipocalimab therapy in 
pregnancies at high risk for recurrent early-onset 
severe HDFN. Live birth at 32 weeks’ gestation 
or later without intrauterine transfusion (the 

primary end point) occurred in 54% of the preg-
nancies, which exceeded the 10% margin for the 
historical benchmark. Almost half the maternal–
infant pairs received no antenatal or neonatal 
transfusions.

In qualitative comparisons, outcomes in nipo-
calimab-treated pregnancies appeared to be sub-
stantially better than those of the most recent 
qualifying pregnancies or those reported in 
publications regarding the current management 
of early-onset severe HDFN.16-18 In previous stud-
ies of similarly high-risk pregnancies with simi-
lar live-birth rates, the median gestational age at 
the first intrauterine transfusion was 20 to 22 
weeks (with or without IVIG), as compared with 
27 weeks for nipocalimab-treated pregnancies.16-18 
The delayed onset of severe fetal anemia or 
avoidance of intrauterine transfusions with ni-
pocalimab, if confirmed, may substantially im-
prove outcomes in this at-risk population.

IVIG is used in some cases of early-onset se-
vere HDFN on the basis, in part, of its competi-
tive FcRn inhibition, which is similar to nipocal-
imab,28 but intrauterine transfusions are still 
used in the large majority of cases, despite the 
use of IVIG.16-18 The favorable outcomes that we 
observed with nipocalimab therapy are probably 
due to its FcRn-binding affinity, which is more 
than 1000 times that of IVIG and thus poten-
tially affords greater inhibition of transplacental 
alloantibody transfer and lowering of the mater-
nal alloantibody titer.19,29 The decrease in the 
maternal alloantibody titer of 4 to 32 times that 
was observed with nipocalimab, as compared with 
the decrease of 35 to 43% that was reported with 
IVIG,17,30,31 supports this hypothesis.

*	� For participants whose dose was based on baseline weight, the total dose was calculated on the basis of the body weight at baseline. For 
those whose dose was based on time-adjusted weight, the total dose was calculated on the basis of the current body weight (assessed 
every 2 weeks). The number of participants was counted only once for any given event, regardless of the number of times the participant 
actually had the event. Adverse events were classified on the basis of the Common Terminology Criteria for Adverse Events, version 5.0, 
of the National Cancer Institute and were coded with the use of the Medical Dictionary for Regulatory Activities, version 26.0.

†	� Participants 4 and 5 initially received 30 mg per kilogram of baseline weight, and the dose was escalated to 45 mg per kilogram of baseline 
weight later in gestation in accordance with a protocol amendment.

‡	� The event was classified only as a serious adverse event.
§	� The event was classified only as a severe adverse event of grade 3 or higher.
¶	� Hypoalbuminemia was defined as an albumin level of less than 20 g per liter.
‖	� One participant had a serious adverse event only, and one participant had a severe adverse event only.
**	� This event of upper respiratory infection was a grade 2 adverse event and thus was not assessed as severe. However, the event was considered 

to be serious because the infant was hospitalized in accordance with the mother’s request. No pharmacologic intervention was administered.
††	� A decrease in the IgG level (defined below) and infections (adverse events of special interest) developed in the infant, but the infections 

occurred more than 1 year after the IgG level decreased.
‡‡	� A decreased IgG level as an adverse event of special interest was defined as a level of less than 200 mg per deciliter at weeks 24 to 47 of 

age or as a level of less than 300 mg per deciliter at weeks 48 to 96 of age.

Table 3. (Continued.)
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In a finding consistent with the anticipated 
mechanisms of nipocalimab, we observed sub-
stantial decreases in the maternal IgG level (85% 
below baseline) and low cord-blood IgG levels. 
However, nipocalimab treatment is not expected 
to affect non-IgG immunoglobulins, key immune-
cell functions, or IgG production, nor is it ex-
pected to result in pharmacologically significant 
transplacental transfer of nipocalimab.19-21,32 In 
general, immune and vaccine responses are re-
tained with FcRn blockers.21,33 Such responses 
are being evaluated in an ongoing phase 3 trial 
(ClinicalTrials.gov number, NCT05912517).

Potential blunting of passive immunity may be 
mitigated by breast-feeding and other strategies.34,35 
Infections that led to the use of antibiotic agents 
(adverse events of special interest) were low-grade 
and typical for perinatal and neonatal periods, 
with an incidence in the study population similar 
to that previously reported in a general pregnancy 
population (38% vs. 37%36) or in a pediatric 
population (17% vs. 14%37), respectively. Overall, 
no unusual or serious infections were observed in 
our study. However, given the small sample size, 
further data are needed to better inform the 
risks of infection associated with this agent.

Limitations of this study other than the small 
sample size include the lack of blinding, ran-
domization, placebo comparator, and represen-
tation of non-White patients (Table S13). The 

historical cohort and qualifying pregnancies 
were managed outside a study protocol, possibly 
under different standards of care and with care 
obtained not at experienced referral centers. The 
incidence of fetal death or hydrops in qualifying 
pregnancies was high. However, outcomes are 
commonly similar or worse in pregnancies that 
occur after antecedent early-onset severe HDFN.30

In this single-group study, the use of nipocal-
imab in pregnancies at high risk for early-onset 
severe HDFN resulted in a substantially higher 
percentage of pregnancies with live birth at 32 
weeks’ gestation or later without intrauterine 
transfusions than the historical benchmark. These 
preliminary efficacy results, together with the pre-
liminary safety data and evidence of the antici-
pated drug mechanisms, support the further 
evaluation of nipocalimab in severe HDFN.
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