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BACKGROUND
Alpha

1
-antitrypsin (AAT) deficiency results from carriage of a homozygous SERPINA1 

“Z” mutation (proteinase inhibitor [PI] ZZ). The Z allele produces a mutant AAT 
protein called Z-AAT, which accumulates in hepatocytes and can lead to progressive 
liver disease and fibrosis. This open-label, phase 2 trial investigated the safety and 
efficacy of fazirsiran, an RNA interference therapeutic, in patients with liver dis-
ease associated with AAT deficiency.

METHODS
We assigned adults with the PI ZZ genotype and liver fibrosis to receive fazirsiran 
at a dose of 200 mg (cohorts 1 [4 patients] and 2 [8 patients]) or 100 mg (cohort 
1b [4 patients]) subcutaneously on day 1 and week 4 and then every 12 weeks. The 
primary end point was the change from baseline to week 24 (cohorts 1 and 1b) or 
week 48 (cohort 2) in liver Z-AAT concentrations, which were measured by means 
of liquid chromatography–mass spectrometry.

RESULTS
All the patients had reduced accumulation of Z-AAT in the liver (median reduction, 
83% at week 24 or 48). The nadir in serum was a reduction of approximately 90%, 
and treatment was also associated with a reduction in histologic globule burden 
(from a mean score of 7.4 [scores range from 0 to 9, with higher scores indicating 
a greater globule burden] at baseline to 2.3 at week 24 or 48). All cohorts had 
reductions in liver enzyme concentrations. Fibrosis regression was observed in 7 of 
15 patients and fibrosis progression in 2 of 15 patients after 24 or 48 weeks. There 
were no adverse events leading to trial or drug discontinuation. Four serious ad-
verse events (viral myocarditis, diverticulitis, dyspnea, and vestibular neuronitis) 
resolved.

CONCLUSIONS
In this small trial, fazirsiran was associated with a strong reduction of Z-AAT con-
centrations in the serum and liver and concurrent improvements in liver enzyme 
concentrations. (Funded by Arrowhead Pharmaceuticals; AROAAT-2002 ClinicalTrials 
.gov number, NCT03946449.)
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The gene SERPINA1 encodes alpha1-
antitrypsin (AAT), which is primarily syn-
thesized in hepatocytes and secreted into 

the circulation, where it protects lung tissue 
through its antiprotease activity.1 AAT deficiency 
is caused by mutations in SERPINA1, leading to 
loss-of-function pulmonary disease and gain-
of-function liver disease. A total of 95% of severe 
cases of AAT deficiency are due to homozygous 
substitution of a single amino acid, Glu342Lys 
(proteinase inhibitor [PI] ZZ), which produces a 
misfolded and poorly secreted AAT protein called 
Z-AAT, leading to retention of Z-AAT in the liver 
and a deficiency of AAT in serum. Serum defi-
ciency predisposes patients to emphysema. In the 
liver, mutant proteins polymerize and persist in 
the endoplasmic reticulum of hepatocytes as in-
clusions that are positive on periodic acid–Schiff 
staining with diastase digestion (PAS-D), a his-
tologic hallmark of liver disease associated with 
AAT deficiency. Z-AAT accumulation triggers en-
doplasmic reticulum stress, hepatocellular injury, 
inflammation, and eventually fibrosis,2 which can 
progress to cirrhosis or portal hypertension and 
lead to hepatic decompensation or hepatocellu-
lar carcinoma.3,4 The lifetime risk of cirrhosis 
may be 20 to 40% among persons with liver 
disease associated with AAT deficiency.4-7 With-
out liver transplantation, the prognosis for pa-
tients with end-stage liver disease is poor.8

In adults, liver disease associated with AAT 
deficiency usually manifests in the fourth or 
fifth decade of life. A third of adults with the PI 
ZZ genotype may have clinically significant liver 
fibrosis, according to studies that used histologic 
assessments and measurements of liver stiff-
ness.2,9 Z-AAT accumulation has been correlated 
with liver fibrosis, a finding that suggests that 
reducing Z-AAT production may improve hepatic 
phenotypes.9 Moreover, elevated concentrations 
of liver enzymes (alanine aminotransferase [ALT] 
and γ-glutamyltransferase), portal inflammation, 
and hepatocellular degeneration have been asso-
ciated with fibrosis severity.9 There is currently 
no specific treatment for liver disease associated 
with AAT deficiency.

RNA interference (RNAi) is a naturally occur-
ring cellular mechanism that regulates gene ex-
pression. Fazirsiran (previously ARO-AAT) is an 
investigational RNAi therapeutic that contains a 
synthetic, double-stranded, small interfering RNA 
duplex conjugated to N-acetylgalactosamine, which 

binds to the hepatocyte asialoglycoprotein re-
ceptor to facilitate endosomal uptake and intra-
cellular delivery.10 (For the structure of fazirsiran, 
see the Methods section in the Supplementary 
Appendix, available with the full text of this ar-
ticle at NEJM.org.) Fazirsiran causes degradation 
of AAT and Z-AAT messenger RNA, thus reducing 
both AAT and Z-AAT protein synthesis in hepa-
tocytes.

Transgenic mice expressing human Z-AAT 
recapitulate human liver disease associated with 
AAT deficiency.11,12 In this mouse model, fazirsiran 
treatment effectively reduced serum Z-AAT con-
centrations, intrahepatic Z-AAT accumulation, 
inflammation, and endoplasmic reticulum and 
mitochondrial injury and prevented activation of 
fibrosis-associated genes.10 A phase 1 trial involv-
ing healthy volunteers showed an adequate safe-
ty profile10 and informed the dose for this phase 
2 trial (AROAAT-2002) that assessed the safety, 
pharmacodynamics, and efficacy of fazirsiran in 
patients with liver disease associated with homo-
zygous (PI ZZ) AAT deficiency.

Me thods

Trial Design and Patients

We conducted a multicenter, phase 2, open-label 
trial that enrolled adults (18 to 75 years of age) 
with the PI ZZ genotype and F1 to F3 liver fibro-
sis (Metavir staging or equivalent) on the basis of 
a local pathological reading at screening. Patients 
who were determined to have F4 fibrosis (cirrho-
sis) on the basis of a local pathological reading, 
who used alcohol regularly, or who smoked (daily 
cigarette use for >12 months) were excluded. Other 
key exclusion criteria were ALT and aspartate 
aminotransferase (AST) concentrations of more 
than 250 U per liter, an estimated glomerular 
filtration rate of less than 60 ml per minute, a 
postbronchodilation forced expiratory volume in 
1 second (FEV

1
) of less than 65% in patients not 

receiving AAT augmentation therapy, and a post-
bronchodilation FEV

1
 of less than 45% in patients 

receiving AAT augmentation therapy. Patients with 
nonalcoholic steatohepatitis or nonalcoholic fatty 
liver disease were permitted to participate in the 
trial if the disease was stable and did not pose a 
substantial threat to participation.

Patients were sequentially enrolled into three 
cohorts (Fig. S1 in the Supplementary Appendix), 
with cohort 1 (4 patients) and cohort 2 (8 pa-

A Quick Take 
is available at 
NEJM.org
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tients) receiving 200 mg of fazirsiran and co-
hort 1b (4 patients) receiving 100 mg. Cohort 1b 
was added during the course of the trial to 
evaluate dose response. Fazirsiran was adminis-
tered subcutaneously on day 1, week 4, and every 
12 weeks thereafter. Paired liver-biopsy samples 
were collected according to standardized meth-
ods at baseline and after baseline (week 24 for 
cohorts 1 and 1b and week 48 for cohort 2). Two 
core liver-biopsy samples were collected per pa-
tient per visit for assessments of liver Z-AAT 
concentration (snap frozen) and histopathologi-
cal characteristics (formalin fixed). Patients in 
cohorts 1 and 1b could continue into an exten-
sion period after completing the trial visit at 
week 24, and those in cohort 2 could enter the 
extension period after completing the trial visit 
at week 48.

End Points
The primary end point was the change from 
baseline over time in liver Z-AAT concentrations 
(total, soluble fraction, and insoluble fraction) as 
measured with the use of liquid chromatogra-
phy–tandem mass spectrometry that was sensi-
tive and specific for a unique signature peptide 
containing the Z allele amino acid mutation. 
(For details, see the Methods section in the 
Supplementary Appendix.)

Pharmacodynamics were evaluated by means 
of serum Z-AAT concentration (liquid chroma-
tography–tandem mass spectrometry). All histo-
logic assessments (hematoxylin and eosin, tri-
chrome, and PAS-D) were centrally read with the 
use of semiquantitative scales and adjudicated 
by three histopathologists who were not aware 
of the cohort assignments and the time point of 

Table 1. Characteristics of the Patients at Baseline.*

Characteristic Fazirsiran, 200 mg

Fazirsiran, 100 mg: 
Cohort 1b  

(N = 4)
Total  

(N = 16)

Cohort 1  
(N = 4)

Cohort 2  
(N = 8)

Age — yr

Mean 45±17 55±14 55±10 52±14

Range 20–56 24–66 41–65 20–66

Male sex — no. (%) 4 (100) 7 (88) 3 (75) 14 (88)

Weight — kg 87±14 77±14 83±17 81±14

Body-mass index† 26.3±3.2 24.1±4.7 27.5±4.1 25.5±4.2

Fibrosis stage — no. (%)‡

F0 0 0 1 (25) 1 (6)

F1 0 1 (12) 1 (25) 2 (12)

F2 1 (25) 4 (50) 1 (25) 6 (38)

F3 1 (25) 3 (38) 0 4 (25)

F4 2 (50) 0 0 2 (12)

Not evaluable 0 0 1 (25) 1 (6)

Receiving AAT augmentation therapy — no. (%) 1 (25) 4 (50) 1 (25) 6 (38)

Percentage of predicted FEV
1

54±NA 63.3±10.5 70±NA 62.8±9.6

Not receiving AAT augmentation therapy — no. (%) 3 (75) 4 (50) 3 (75) 10 (62)

Percentage of predicted FEV
1

98.7±14.5 89.0±12.8 111±9.8 98.5±14.7

*  Plus–minus values are means ±SD. Percentages may not add up to 100 because of rounding. AAT denotes alpha
1
-antitrypsin, FEV

1
 forced 

expiratory volume in 1 second, and NA not applicable.
†  The body-mass index is the weight in kilograms divided by the square of the height in meters.
‡  Fibrosis stage was determined by central reading. F0 denotes no fibrosis, F1 portal fibrosis without septa, F2 portal fibrosis with few septa, 

F3 numerous septa without cirrhosis, and F4 cirrhosis.

The New England Journal of Medicine 
Downloaded from nejm.org by JON-DURI SENN on August 27, 2022. For personal use only. No other uses without permission. 

 Copyright © 2022 Massachusetts Medical Society. All rights reserved. 



n engl j med 387;6 nejm.org August 11, 2022 517

Fazirsir an for Liver Disease with AAT Deficiency

biopsies. A PAS-D histologic scale was used to 
complement the liquid chromatography–tandem 
mass spectrometry method and to measure the 
degree of global portal-tract involvement, zone 1 
periportal hepatocyte involvement, and PAS-D 
zonal location, with higher scores indicating a 
higher globule burden (Table S1).

Liver fibrosis was assessed with the use of 
Metavir staging (F0, no fibrosis; F1, portal fibro-
sis without septa; F2, portal fibrosis with few 
septa; F3, numerous septa without cirrhosis; and 
F4, cirrhosis). We also assayed serum Pro-C3, a 
neoepitope of propeptide of type III collagen and 
a biomarker of fibrosis stage (see the Methods 
section in the Supplementary Appendix for de-
tails of the assay). Key histologic measures of 
liver disease associated with AAT deficiency in-
cluded portal inflammation, interface hepatitis, 
hepatocyte cell death, and lobular inflammation. 
Biomarkers of liver health included serum levels 
of liver enzymes (ALT, AST, and γ-glutamyl-
transferase) and findings on FibroScan (Echo-
sens), an ultrasound-based assessment of liver 
stiffness (measured in kPa) also known as vibra-
tion-controlled transient elastography.

Safety was evaluated on the basis of the inci-
dence and severity of adverse events that emerged 
or worsened after the first administration of 
fazirsiran and on the basis of changes in labora-
tory measurements and pulmonary function 
(FEV

1
 and diffusing capacity of the lungs for 

carbon monoxide adjusted for hemoglobin con-
centration [DLCO

hbg
]).

Trial Oversight

This trial was conducted at four centers in Austria, 
Germany, and the United Kingdom. The ethics 
committee at each participating center approved 
the protocol (available at NEJM.org), and the 
trial was conducted in accordance with the prin-
ciples of the Declaration of Helsinki, the Inter-
national Council for Harmonisation Good Clini-
cal Practice guidelines, and applicable regulatory 
requirements. All the patients provided written 
informed consent before enrollment.

Arrowhead Pharmaceuticals designed and con-
ducted the trial and collected and analyzed the 
data. All the authors had access to and were in-
volved in the interpretation of the data and col-
laborated in the preparation of the manuscript. 
The first author wrote the first draft and all revi-

sions of the manuscript, with assistance from all 
the coauthors. All the authors made the decision 
to submit the manuscript for publication, reviewed 
and approved the final version, and vouch for the 
accuracy and completeness of the data and for the 
fidelity of the trial to the protocol. The authors 
and their institutions had confidentiality agree-
ments with Arrowhead Pharmaceuticals.

Statistical Analysis

The sample size was not determined on the basis 
of statistical hypothesis testing. Analyses for ef-
ficacy, pharmacodynamics, and safety end points 
were based on findings in all enrolled patients who 
received at least one dose of fazirsiran. Missing 
data were not imputed.

Descriptive statistics were provided for all 
end points mentioned above. The change from 
baseline and percentage change from baseline in 
total liver Z-AAT concentration were quantified 
with medians and corresponding distribution-
free 95% confidence intervals. For details, see the 
Methods section in the Supplementary Appendix.

Figure 1. Effect of Fazirsiran Treatment on Liver Z-AAT Concentration at 
Week 24 or 48.

Shown are concentrations of alpha
1
-antitrypsin Z-mutant protein (Z-AAT) 

in the liver for individual patients at baseline and after baseline (at week 24 
in cohorts 1 and 1b and at week 48 in cohort 2). Two patients in cohort 2 
had insufficient liver-biopsy samples for analysis by means of liquid chro-
matography–tandem mass spectrometry; data from these two patients 
were excluded from this summary. One patient in cohort 2 had a post-
baseline value below the detection limit; a value of lower limit of detection 
divided by 2 was used for this summary. Confidence intervals for median 
changes are distribution-free 95% confidence intervals. The I bars repre-
sent standard deviations.
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R esult s

Patient Characteristics

A total of 18 patients were screened, and 16 were 
enrolled (Fig. S2). The first patient was enrolled 
on December 19, 2019, and the last patient was 
enrolled on October 28, 2020. All the patients 
completed the primary treatment period. Fifteen 
of 16 patients opted to continue in the extension 
period. All the patients had received all planned 
doses by the data-cutoff date (December 6, 2021). 
Data are presented for the time at which the last 
patient reached week 48 or 52.

Fourteen patients were evaluable for changes 
in liver Z-AAT concentration at week 24 or 48, 
and 15 patients could be assessed for fibrosis. 

Two patients (in cohort 2) had insufficient liver 
samples at week 48 for liquid chromatography–
tandem mass spectrometry, and 1 patient (cohort 
1b) had an insufficient sample for assessment of 
fibrosis at screening. All the patients were evalu-
able for PAS-D globule burden and other histo-
logic assessments.

Before trial enrollment, 15 of 16 patients had 
repeated elevations in liver enzyme concentrations 
associated with liver disease associated with AAT 
deficiency. Although F1 to F3 fibrosis (on the basis 
of a local pathological reading) was an inclusion 
criterion, 2 patients in cohort 1 had cirrhosis (F4) 
at screening, and 1 patient in cohort 1b had no 
fibrosis (F0) (Table 1). Six patients entered the 
trial while receiving AAT augmentation therapy.

Table 2. Summary of Safety and Adverse Events.*

Event
Fazirsiran, 200 mg 

(N = 12)
Fazirsiran, 100 mg 

(N = 4)
All 

(N = 16)

number (percent)

Any adverse event 11 (92) 4 (100) 15 (94)

Adverse events in 2 or more patients

Arthralgia 3 (25) 1 (25) 4 (25)

Blood creatine kinase increase 3 (25) 1 (25) 4 (25)

Blood glucose increase 2 (17) 0 2 (12)

Back pain 2 (17) 1 (25) 3 (19)

Chest pain 2 (17) 1 (25) 3 (19)

Diarrhea 3 (25) 0 3 (19)

Dizziness 1 (8) 2 (50) 3 (19)

Dyspnea 2 (17) 1 (25) 3 (19)

Fatigue 1 (8) 1 (25) 2 (12)

Headache 2 (17) 1 (25) 3 (19)

Injection-site reaction 1 (8) 1 (25) 2 (12)

Nasopharyngitis 2 (17) 1 (25) 3 (19)

Paresthesia 2 (17) 0 2 (12)

SARS-CoV-2 infection 2 (17) 0 2 (12)

Treatment-related adverse event† 6 (50) 3 (75) 9 (56)

Serious adverse event 4 (33) 0 4 (25)

Adverse event leading to drug discontinuation, dose in-
terruptions, or trial withdrawal

0 0 0

Adverse event causing death 0 0 0

*  Shown are adverse events that emerged or worsened after the first administration of fazirsiran through the end of the 
trial or early termination. SARS-CoV-2 denotes severe acute respiratory syndrome coronavirus 2.

†  The relatedness of adverse events to treatment was determined by the investigator.
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Table 3. Effect of Fazirsiran on Pulmonary Function.*

Variable
Fazirsiran, 100 mg 

(N = 4)
Fazirsiran, 200 mg 

(N = 12)
Total 

(N = 16)

FEV
1
 — liters

Baseline

No. of patients 4 12 16

Mean 3.28±0.87 3.04±1.08 3.10±1.01

Median 3.16 2.85 2.85

Range 2.48–4.31 1.59–5.30 1.59–5.30

Week 4

No. of patients 4 12 16

Mean 3.31±0.95 3.01±1.11 3.08±1.05

Median 3.12 2.78 2.81

Range 2.53–4.49 1.62–5.55 1.62–5.55

Week 16

No. of patients 4 12 16

Mean 3.21±1.01 3.04±1.14 3.08±1.08

Median 3.1 2.81 2.81

Range 2.33–4.30 1.59–5.58 1.59–5.58

Week 28

No. of patients 4 12 16

Mean 3.26±0.91 3.03±1.09 3.09±1.02

Median 3.15 2.80 2.84

Range 2.44–4.30 1.61–5.31 1.61–5.31

Week 40

No. of patients 4 12 16

Mean 3.14±1.02 3.01±1.09 3.04±1.04

Median 3.00 2.77 2.77

Range 2.23–4.31 1.64–5.11 1.64–5.11

Week 52

No. of patients 4 11 15

Mean 3.10±0.80 2.93±1.12 2.98±1.02

Median 3.07 2.89 2.89

Range 2.38–3.88 1.67–5.09 1.67–5.09

DLCO
hbg

 — ml/min/mm Hg

Baseline

No. of patients 4 12 16

Mean 22.52±11.40 18.21±8.49 19.28±9.09

Median 18.26 17.23 17.82

Range 14.67–38.89 6.48–35.04 6.48–38.89

Week 4

No. of patients 4 12 16

Mean 20.73±10.39 18.53±8.01 19.08±8.34

Median 16.92 17.59 16.92

Range 13.23–35.86 8.29–34.33 8.29–35.86
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Efficacy
Primary End Point
All the patients had reductions in accumulated 
total liver Z-AAT (median percentage change at 
week 24 or 48, −83.3%; 95% confidence interval 
[CI], −89.7 to −76.4) (Fig. 1). Reductions in liver 
Z-AAT concentrations were similar in the soluble 
and insoluble fractions (Table S2).

Secondary End Points
A pharmacodynamic response occurred in all 
the patients after treatment, with a substantial 
mean (±SD) reduction from baseline in serum 
Z-AAT concentration in all cohorts. A nadir of 
−90±5% in the 200-mg cohort and −87±6% in 
the 100-mg cohort was observed at week 6. The 
200-mg cohort had slightly greater sustained 
reductions in serum Z-AAT concentration than 
the 100-mg cohort over the 52-week period 
(Fig. 2A and 2B).

Most patients had a high histologic PAS-D 
globule burden at baseline (mean score, 7.4; scores 
range from 0 to 9, with higher scores indicating a 
greater globule burden) (Fig. S3). After treat-
ment, all the patients had a decreased globule 
burden, with the mean score decreasing to 2.3 at 
week 24 or 48 (69% reduction). Figure S4 shows 
the presence of intrahepatic Z-AAT globules at 
baseline and fazirsiran-mediated clearance of 
the globules at week 48.

Reductions in liver Z-AAT concentrations were 
associated with histologic improvements (reduc-
tions) in inflammation. Of the 13 patients with 
a baseline score of 1 or more (scores range from 
0 to 3 [or from 0 to 2 for hepatocyte cell death], 
with higher scores indicating higher disease ac-
tivity) who could be evaluated for improvement, 
approximately two thirds had an improvement 
of 1 or more points at week 24 or 48 in portal 
inflammation (8 of 13), interface hepatitis (9 of 

Variable
Fazirsiran, 100 mg 

(N = 4)
Fazirsiran, 200 mg 

(N = 12)
Total 

(N = 16)

Week 16

No. of patients 2 11 13

Mean 17.22±6.69 19.49±7.39 19.14±7.07

Median 17.22 20.50 20.50

Range 12.49–21.95 10.31–30.91 10.31–30.91

Week 28

No. of patients 4 11 15

Mean 19.50±10.03 19.66±9.62 19.61±9.37

Median 16.01 18.12 18.12

Range 12.19–33.79 6.66–34.41 6.66–34.41

Week 40

No. of patients 4 12 16

Mean 19.90±9.20 19.21±8.48 19.38±8.35

Median 16.97 18.04 16.97

Range 12.57–33.08 9.03–34.58 9.03–34.58

Week 52

No. of patients 4 10 14

Mean 20.98±11.78 18.90±8.22 19.49±8.93

Median 16.37 20.31 19.00

Range 13.10–38.09 7.12–30.56 7.12–38.09

*  Plus–minus values are means ±SD. DLCO
hbg

 denotes diffusing capacity of the lungs for carbon monoxide adjusted for 
hemoglobin concentration.

Table 3. (Continued.)
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13), and hepatocyte cell death (8 of 12), whereas 
23% of the patients (3 of 13) had improvements 
in measures of lobular inflammation by one or 
more points (Table S3). Meanwhile, 31% of the 
patients (5 of 16) had worsening in measures of 
lobular inflammation by 1 or more points.

Biomarkers of liver injury were also reduced. 
At baseline, mean ALT concentrations were above 
the upper limit of the normal range in all cohorts. 
After treatment, ALT concentrations decreased 
in all cohorts from week 16 through week 52 
(Fig. 2C). All 12 patients with ALT concentra-
tions above the upper limit of the normal range 
at baseline had reductions to normal concen-
trations at week 52. Mean AST concentrations 
were similarly reduced (data not shown). Mean 
γ-glutamyl transferase concentrations also de-
creased after treatment (Fig. 2D). Four of 8 pa-
tients (50%) with baseline γ-glutamyltransferase 
concentrations above the upper limit of the nor-
mal range had normal concentrations at week 52.

Regression of fibrosis (≥1 stage) occurred in 
7 of 12 patients receiving the 200-mg dose (co-
horts 1 and 2), including the 2 patients with cir-
rhosis, and in none of 3 patients with evaluable 
biopsies who received the 100-mg dose (cohort 
1b) (Fig. S5). Two patients in cohort 2 had pro-
gression of fibrosis from baseline to week 48 
(both from F2 to F3), although both had profound 
reductions in PAS-D globule burden (scores of 9 
and 4 at baseline and 0 for both at week 48) and 
reduced ALT and γ-glutamyltransferase concen-
trations with treatment.

Mean concentrations of serum Pro-C3 de-
creased in cohorts 1 and 2 but remained relatively 
unchanged from baseline in cohort 1b through 
the last observation at week 28. Serum Pro-C3 
concentrations decreased by 36% in cohort 1 at 
week 28 and remained low through week 52 (when 
the percentage by which the concentration had 
decreased was 39%). A sustained but less pro-
nounced decrease was observed in cohort 2 
(Fig. S6).

Exploratory End Point
Pre- and postdose assessments of liver stiffness 
are suggestive of moderate reductions in cohorts 
1 and 2 and show no change in cohort 1b. The 
mean (±SD) percentage change from baseline was 
−18±11% at week 24 in cohort 1, −15±35% at 
week 48 in cohort 2, and −2±16% in cohort 1b. 

Among all the patients, the change in liver stiff-
ness was −12% from baseline at week 24 or 48 
(Table S5).

Safety

Over a period of 1.5 years, there were no deaths, 
discontinuations of treatment with fazirsiran, or 
dose interruptions (Table 2). The most common 
adverse events that emerged or worsened after 
the first administration of fazirsiran were ar-
thralgia and increased concentrations of blood 
creatinine kinase (four patients [25%] each). Ad-
verse events involving increased blood creatinine 
kinase concentrations were mild and transient. 
There were no apparent dose-dependent increases 
in the frequency or severity of adverse events. 
Four serious adverse events, all moderate in se-
verity, were reported in cohorts 1 and 2: viral 
myocarditis, diverticulitis, dyspnea, and vestibu-
lar neuronitis. The case of myocarditis was as-
sociated with Epstein–Barr virus infection. The 
case of dyspnea occurred in a patient with non-
obstructive pulmonary emphysema and delayed 
pulmonary care, with no substantial changes in 
lung function during the trial. The case of vestibu-
lar neuronitis occurred after vaccination against 
coronavirus disease 2019 (Covid-19). Each serious 
event resolved, and each of the four patients con-
tinues to receive fazirsiran treatment in the ex-
tension period.

Patients with the PI ZZ genotype are severely 
deficient in serum AAT protein and that which 
is present is poorly functional. Because fazirsiran 
silences expression of AAT, there is a risk that 
depletion of already low concentrations of circu-
lating Z-AAT may impair pulmonary function or 
exacerbate preexisting emphysema. So far, there 
have been no major pulmonary adverse events 
resulting in drug or trial discontinuations. Four 
of the six patients who entered the trial while 
receiving AAT augmentation therapy had a his-
tory of emphysema, and none reported exacerba-
tions. Locally conducted pulmonary-function tests 
showed fluctuations in FEV

1
 (Table 3). Overall, 

mean FEV
1
 values were 3.1 liters at baseline, 3.1 

liters at week 28, and 3.0 liters at week 52. The 
median FEV

1
 remained stable over time: 2.85 li-

ters at baseline, 2.84 liters at week 28, and 2.89 
liters at week 52. The mean DLCO

hbg
 was also 

stable over time, ranging from 19.1 to 19.6 ml 
per minute per mm Hg (Table 3).
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Discussion

Liver injury in liver disease associated with AAT 
deficiency results from the accumulation of the 
Z-AAT protein in hepatocytes.1,5,13,14 Preclinical 
evidence suggests that Z-AAT accumulation in 
hepatocytes is counteracted with multiple intra-
cellular pathways (e.g., proteasome degradation 
and autophagy) in an attempt to reduce the inju-
rious consequences of the accumulation.5,10,13,15-17 
Patients with other chronic liver diseases, such 
as nonalcoholic fatty liver disease, undergo simi-
lar hepatocellular changes in response to the ac-
cumulation of the insult (e.g., excess fat), which 
can progressively lead to inflammation, tissue 
regeneration, and fibrogenesis.18 Through an 
RNAi mechanism, fazirsiran treatment reduced 
new Z-AAT synthesis, allowing these pathways 
to clear the toxic Z-AAT accumulation and 
thereby removing the insult and allowing native 
liver-restorative processes to function.

Z-AAT accumulation in the liver correlates 
with advanced liver fibrosis,9 and progression of 
fibrosis is often accompanied by elevations in 
liver enzyme concentrations and portal inflam-
mation.13,14 Because the liver is a regenerative 
organ, removal of the Z-AAT hepatic insult is 
expected to yield clinical benefit. This concept 
has been demonstrated in the treatment of other 
chronic liver diseases (e.g., hepatitis B and C) in 
which removal of the etiologic factor prevents 
progression of fibrosis and may reverse estab-
lished fibrosis and even cirrhosis.19 Improvements 
in fibrotic-tissue architecture are likely to prevent 
hepatic decompensation and reduce liver-related 
morbidity and mortality.20,21

Most end points in this trial were objective 
laboratory or imaging variables. Changes in his-
tologic measures were assessed and adjudicated 
by three independent hepatopathologists who were 
unaware of the cohort assignments. All the pa-
tients had marked reductions in total liver Z-AAT 
concentrations and PAS-D globule burden over a 
period of 24 or 48 weeks. Changes in liver Z-AAT 
concentrations appeared to be moderately asso-
ciated with changes in portal inflammation and 
liver enzyme concentrations. However, establish-
ing a correlation between liver Z-AAT concentra-
tions and these other biomarkers is not possible 
in this trial, given the small number of patients 
and the consistent association between receipt 

of fazirsiran and lower concentrations of liver 
Z-AAT. We observed a change in the stage of 
fibrosis in a subgroup of patients, the degree of 
which was independent of the magnitude of the 
reduction in liver Z-AAT concentrations. Never-
theless, of the 12 patients who received the 200-
mg dose, 7 had regression of fibrosis by one or 
more stages after 24 or 48 weeks. Two patients 
showed progression of fibrosis by one stage at 
week 48, and yet we observed in these same 
patients profound reductions in globule burden 
and liver enzyme concentrations. The apparent 
increase in fibrosis in these 2 patients may re-
flect variability due to sampling error or inter-
reader variability.

In this trial, a gradual decrease in mean FEV
1
 

was observed through week 52, although the me-
dian FEV

1
 and mean DLCO

hbg
 remained stable. 

There was no clear evidence to suggest that ob-
served changes in pulmonary-function measure-
ments were associated with fazirsiran treatment. 
These data have some limitations owing to the 
small sample, lack of control group, and fluc-
tuations in FEV

1
 across trial visits. The causes of 

changes in pulmonary-function measurements 
almost certainly include factors such as preexist-
ing respiratory medical conditions, intercurrent 
events that occurred before observed decreases 
in pulmonary function (e.g., infection or Covid-19), 
and natural disease progression in patients with 
lung disease associated with AAT deficiency. The 
fluctuations are probably due, in part, to the fact 
that pulmonary-function tests were conducted at 
sites without centralized interpretation or qual-
ity assessment, a known issue with FEV

1
 assess-

ments. FEV
1
 can vary by up to 20% in patients 

with chronic obstructive pulmonary disease with-
out central monitoring, and central monitoring 
improves the precision of sequential measure-
ments.22,23 So far, however, the decrease in serum 
Z-AAT concentrations after fazirsiran therapy 
has not been accompanied by exacerbation of pul-
monary disease in this small group of patients, 
even among those with preexisting emphysema. 
Long-term controlled studies with a larger sam-
ple and centralized monitoring will be needed to 
evaluate pulmonary function and determine 
whether the decrease differs from that in an 
untreated group.

RNAi therapeutics represent a growing class 
of approved or investigational drugs that have 
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the potential to silence specific genes in target-
ed cell types. Advancements in liver-targeted 
RNAi therapeutics for metabolic disorders such 
as hyperlipidemias or diseases originating in the 
liver (e.g., primary hyperoxaluria) represent break-
throughs.24 This trial shows that fazirsiran re-
duced production and accumulation of intrahe-
patic Z-AAT, the causal factor in liver disease 
associated with AAT deficiency, and was associ-
ated with concurrent improvements in biochem-
ical and histologic biomarkers of inflammation. 
Despite marked reductions in liver Z-AAT con-
centrations in all the patients, reductions in 
mutant protein concentrations did not uniformly 
translate into regression of fibrosis during the 
first 24 or 48 weeks of treatment. Ultimately, the 
final goal and clinical benefit of treatment for 
patients with liver disease associated with AAT 

deficiency will be the prevention or regression of 
fibrosis. Therefore, placebo-controlled clinical tri-
als with larger samples and longer treatment dura-
tion will be needed to confirm the effect of 
fazirsiran on fibrosis.
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