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Birtamimab plus standard of care in light-chain
amyloidosis: the phase 3 randomized
placebo-controlled VITAL trial
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KEY PO INT S

• The VITAL study of
birtamimab in all stages
of newly diagnosed
AL amyloidosis was
discontinued early per
futility analysis.

• Birtamimab improved
post hoc ACM in
patients with Mayo
stage IV AL amyloidosis
with cardiac
involvement, who are
at high risk of early
death.
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Amyloid light-chain (AL) amyloidosis is a rare, typically fatal disease characterized by the
accumulation of misfolded immunoglobulin light chains (LCs). Birtamimab is an investigational
humanized monoclonal antibody designed to neutralize toxic LC aggregates and deplete
insoluble organ-deposited amyloid via macrophage-induced phagocytosis. VITAL was a
phase 3 randomized, double-blind, placebo-controlled clinical trial assessing the efficacy and
safety of birtamimab + standard of care (SOC) in 260 newly diagnosed, treatment-naive
patients with AL amyloidosis. Patients received 24 mg/kg IV birtamimab + SOC or pla-
cebo + SOC every 28 days. The primary composite end point was the time to all-cause
mortality (ACM) or centrally adjudicated cardiac hospitalization ≥91 days after the first
study drug infusion. The trial was terminated early after an interim futility analysis; there was
no significant difference in the primary composite end point (hazard ratio [HR], 0.826; 95%
confidence interval [CI], 0.574-1.189; log-rank P = .303). A post hoc analysis of patients with
Mayo stage IV AL amyloidosis, those at the highest risk of early mortality, showed significant
improvement in the time to ACM with birtamimab at month 9 (HR, 0.413; 95% CI, 0.191-
0.895; log-rank P = .021). At month 9, 74% of patients with Mayo stage IV AL amyloidosis
st on 08 M
ay 2024
treated with birtamimab and 49% of those given placebo survived. Overall, the rates of treatment-emergent adverse
events (TEAEs) and serious TEAEs were generally similar between treatment arms. A confirmatory phase 3 randomized,
double-blind, placebo-controlled clinical trial of birtamimab in patients with Mayo stage IV AL amyloidosis (AFFIRM-AL;
NCT04973137) is currently enrolling. The VITAL trial was registered at www.clinicaltrials.gov as #NCT02312206.
Introduction
Amyloid light-chain (AL) amyloidosis is the most common form
of systemic amyloidosis, with an estimated incidence between
8 and 14.4 cases per million person-years.1-4 This rare, typi-
cally fatal disease is caused by misfolded kappa (κ) or lambda
(λ) immunoglobulin light chains (LCs) from an underlying
plasma cell dyscrasia.5,6 Misfolded LC proteins form toxic
aggregates and amyloid fibrils that deposit in vital organs,
| VOLUME 142, NUMBER 14
leading to dysfunction,7 most commonly in the heart (80%)
and kidneys (66%).8 Cardiac impairment and multiorgan
damage are key predictors of reduced survival in AL
amyloidosis.1,2,9-11 The mortality risk for newly diagnosed,
treatment-naive patients can be categorized using the revised
2012 Mayo Clinic Staging System.12 Mayo stages range from I
to IV, with stage IV patients having the highest risk for early
mortality (median survival from diagnosis: 5.8 months; 5-year
survival rate: 14%).12

http://www.clinicaltrials.gov
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Current treatment options for patients with AL amyloidosis
target plasma cells in an effort to minimize the production of
new LCs.6,13-15 Subcutaneous daratumumab in combination
with bortezomib, cyclophosphamide, and dexamethasone is
the only US Food and Drug Administration (FDA)-approved
therapy for patients with newly diagnosed AL amyloidosis.13,15

However, daratumumab is not approved for the treatment of
patients with advanced cardiac AL amyloidosis outside of clin-
ical trials.13,15 Although existing antiplasma cell therapies may
provide hematologic responses and partial biomarker-based
organ responses, these agents have not demonstrated a sur-
vival benefit.6,16-19 There remains a significant unmet need for
therapies that can improve survival in patients with advanced AL
amyloidosis who are at high risk of early death.12,20

Birtamimab (formerly NEOD001), an investigational humanized
IgG1 monoclonal antibody that binds directly to a conserved
epitope in misfolded κ and λ LCs, was designed to neutralize
toxic soluble LC aggregates and deplete insoluble organ-
deposited amyloid via macrophage-induced phagocy-
tosis.21,22 Birtamimab was granted orphan drug status by the US
FDA and the European Medicines Agency and received FDA
Fast Track Designation.23,24 A phase 1/2 clinical trial in AL
amyloidosis patients with persistent organ dysfunction
demonstrated that birtamimab is generally safe and well
tolerated.25

The phase 3 VITAL clinical trial evaluated the efficacy and safety
of birtamimab + standard of care (SOC) vs placebo + SOC in
newly diagnosed, treatment-naive patients with AL amyloidosis
and cardiac involvement (including N-terminal pro–brain natri-
uretic peptide [NT-proBNP] ≥650 and ≤8500 pg/mL) by
assessing the time to all-cause mortality (ACM) or cardiac hos-
pitalization (CH). When a futility analysis of VITAL was con-
ducted, the independent data monitoring committee
recommended discontinuation of the clinical trial, prompting
early termination. A numerical trend favoring birtamimab in the
primary composite end point for the overall population was
observed and was hypothesized to be driven by a treatment
effect in the most advanced patients (Mayo stage IV). Thus,
further post hoc analyses were performed in patients with Mayo
stage IV AL amyloidosis. Here, we present results of the phase 3
VITAL clinical trial, including post hoc analyses conducted in
patients with Mayo stage IV AL amyloidosis. Data from these
patients served as the basis for the ongoing confirmatory phase
3 AFFIRM-AL study being conducted under a special protocol
assessment (SPA) agreement with the US FDA.
y 2024
Methods
Study design and patients
VITAL was a phase 3, multicenter, global, double-blind, pla-
cebo-controlled clinical trial (NCT02312206) conducted
between 2016 and 2018 in newly diagnosed, treatment-naive
patients with AL amyloidosis and cardiac involvement. The
clinical trial was approved by the institutional review boards or
ethics committees of all participating sites and was conducted
in compliance with the good clinical practice guidelines of the
International Council for Harmonization and the principles of
the Declaration of Helsinki. Written informed consent to
participate in the clinical trial was obtained from all patients.
VITAL STUDY: BIRTAMIMAB IN CARDIAC AL AMYLOIDOSIS
Adults aged ≥18 years with a biopsy specimen–proven diag-
nosis of AL amyloidosis were enrolled. Eligibility was deter-
mined using either polarizing light microscopy of green
birefringent material in Congo red-stained tissue specimens or
by characteristic appearance on electron microscopy and
confirmation of AL amyloidosis by immunohistochemistry or
mass spectroscopy. Additional eligibility criteria included car-
diac involvement, defined as follows: (1) past or present clinical
signs and symptoms supportive of a diagnosis of heart failure in
the absence of an explanation for heart failure other than AL
amyloidosis; (2) either an endomyocardial biopsy specimen
demonstrating AL amyloidosis or an echocardiogram demon-
strating a mean left ventricular wall thickness at diastole >12
mm in the absence of other causes that would adequately
explain the degree of wall thickening; (3) NT-proBNP ≥650 and
≤8500 pg/mL; and (4) estimated glomerular filtration rate ≥30
mL/min per 1.73 m2, as estimated using the Chronic Kidney
Disease Epidemiology Collaboration equation. Key exclusion
criteria were non-AL amyloidosis, meeting the diagnostic
criteria for multiple myeloma as per the International Myeloma
Working Group, eligibility for and plans to undergo autologous
stem cell transplant, or prior treatment with plasma cell–
directed chemotherapy. The full VITAL protocol is available
online (NCT02312206).

At the last screening visit (day −2 or day −1 before randomi-
zation), the severity of AL amyloidosis was determined using the
2012 Mayo Clinic revised staging criteria,12 and the level of
renal dysfunction was determined using renal staging criteria26

(supplemental Tables 1 and 2, available on the Blood website).
Blood samples were taken for the assessment of hematology
and chemistry parameters, including troponin T and NT-
proBNP, by the central laboratory. Other assessments
included serum free LCs (FLCs), urinalysis, a 6-minute walk test
(6MWT), and completion of the short form-36 questionnaire,
version 2 (SF-36v2).

Randomization and interventions
Patients were stratified based on the Mayo stage (I/II vs III/IV),
renal stage (I vs II/III), and 6WMT distance (<300 vs ≥300 m) and
were randomly assigned 1:1 to receive 24 mg/kg (up to a
maximum dose of 2500 mg) IV birtamimab + SOC or IV pla-
cebo + SOC every 28 days. All patients received concomitant
SOC chemotherapy, consisting of a first-line bortezomib-con-
taining regimen administered subcutaneously on a weekly
basis, with subsequent plasma cell–directed therapies pre-
scribed as per SOC at the investigator’s discretion. Antiviral
prophylaxis was required in patients receiving SOC chemo-
therapy. Patients who discontinued study drugs were to be
followed up until the last adjudicated event.

End points
The primary composite end point was the time to ACM or CH,
as centrally adjudicated by the Clinical Events Committee. For
ACM, all deaths occurring after the first infusion of study drug
until the clinical trial’s final subject’s last visit were included; for
CH, all events occurring ≥91 days after the first study drug
infusion were included.

Key secondary end points were the change from baseline to
month 9 in the SF-36v2 Physical Component Summary (PCS)
5 OCTOBER 2023 | VOLUME 142, NUMBER 14 1209
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score, 6MWT distance, and cardiac best response, assessed
based on NT-proBNP (supplemental Methods). Safety evalua-
tions included the frequency and severity/seriousness of
adverse events (AEs).

Post hoc analyses in patients with Mayo stage IV AL amyloidosis
were the time to ACM at month 9 and change from baseline to
month 9 in SF-36v2 PCS, 6MWT, and cardiac best response.
Hematologic responses better than or equal to a very good
partial response (VGPR) by month 3 were assessed in patients
with Mayo stage IV AL amyloidosis, defined as a reduction in
the difference between involved and uninvolved FLCs (dFLC) to
<4.0 mg/dL for patients with baseline dFLC >5 mg/dL. For the
post hoc analyses of ACM in patients with Mayo stage IV AL
amyloidosis, all adjudicated deaths occurring after the first
infusion of the study drug up to month 9 were included. Death
records were censored at month 9, given the observed median
survival of 8.3 months in the Mayo stage IV placebo group in
VITAL and to align with key secondary end points.
tp://ashpublications.net/blood/article-pdf/142/14/1208/2083232/blood_bld-2022-019406-m
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Statistical analysis
Efficacy results were analyzed in the intention-to-treat popula-
tion, which included all randomly assigned patients who
received any amount of the study drug and was equivalent to
the safety analysis population. For the primary composite end
point of time to ACM or CH, the assumed 18-month event rate
in the placebo arm was 60%, based on that reported by Kumar
et al12 and was assumed to be 42% in the birtamimab arm,
corresponding to a hazard ratio (HR) of 0.594. For a two-arm
clinical trial with 1:1 randomization and based on the use of a
two-sided test at an α = 0.05 level of significance, a total of 156
events (both arms combined) were required for 90% power. The
distribution of the primary end point in the 2 treatment groups
was summarized using the Kaplan-Meier method. The treat-
ment groups were compared using a two-sided stratified (based
on the randomization stratification factors) log-rank test at the
α = 0.05 level of significance. Each component of the primary
end point was also analyzed.

The SF-36v2 PCS score change from baseline to month 9 was
analyzed as prespecified, using a restricted maximum
likelihood-based mixed-effect model for repeated measures,
including fixed effects for randomization strata, treatment
group, categorical time point, and the treatment group × time
point interaction, with the baseline value included as a covari-
ate. The 6MWT distance (meters) change from baseline at
month 9 was analyzed as prespecified using a rank analysis of
covariance model, including fixed effects for randomization
strata and treatment group, with the ranked baseline value
included as a covariate to address missing data. See
supplemental Methods for the ranking of 6MWT distance
values. The 6MWT distance (meters) change from baseline to
month 9 was analyzed using the same mixed-effect model for
repeated measures applied to the SF-36v2 PCS score change
estimation.

For the post hoc analyses in patients with Mayo stage IV AL
amyloidosis, the same methods were applied as described
earlier but only included stratification factors of renal stage (I vs
II/III) and 6MWT distance (<300 vs ≥300 m). Sensitivity analyses
of ACM in patients with Mayo stage IV AL amyloidosis were also
1210 5 OCTOBER 2023 | VOLUME 142, NUMBER 14
performed, adjusting for key baseline variables. HRs and 90%
2-sided confidence intervals (CIs) were estimated from the
semiparametric Cox regression model stratified based on
randomization strata (ie, renal stage I vs II/III and 6MWT dis-
tance) and with baseline variables including age, sex, race,
ethnicity, age at diagnosis, duration since diagnosis, NT-
proBNP, dFLC, FLC, New York Heart Association class,
troponin T, and 6MWT distance added separately. All baseline
variables, except categorical variables (ie, sex, race, ethnicity,
and New York Heart Association class), were adjusted as
continuous variables. An effect modification analysis comparing
HRs of ACM at month 9 was performed to determine whether
the observed post hoc treatment effect in patients with Mayo
stage IV AL amyloidosis was due to chance. The Cox regression
model included treatment (birtamimab vs placebo), Mayo stage
(I-III vs IV), and the interaction between treatment and Mayo
stage, with stratification factors of renal stage and 6MWT dis-
tance. Effect modification of Mayo stage (I-III vs IV) was
considered present if the interaction term had a statistically
significant P value (P ≤ .05). Number and percentage, along
with 2-sided 95% CIs of patients in each category of hemato-
logic response ≥VGPR, are presented by treatment group. A
Cochran-Mantel-Haenszel test stratified based on the random-
ization stratification factors was used to compare the rates of
hematologic response ≥VGPR at month 3.

Treatment-emergent AEs (TEAEs) were summarized. The inci-
dence of TEAEs was tabulated based on the system organ class
and preferred term for each treatment group as well as severity/
seriousness and relationship to the treatment. TEAEs leading to
death or study drug discontinuation with grade ≥3 severity and
serious TEAEs were summarized and described. TEAEs occur-
ring at any dose that resulted in any of the following outcomes
were considered serious: death, life-threatening TEAE, inpa-
tient hospitalization or prolongation of existing hospitalization,
persistent or significant disability/incapacity, congenital anom-
aly/birth defect, or important medical events. The severity of
TEAEs was assessed using the National Cancer Institute-
Common Terminology Criteria for Adverse Events version 4.0.

Results
Patient disposition and baseline characteristics
A total of 260 patients were randomly assigned, 130 to birta-
mimab and 130 to placebo, from 70 study sites over ~2 years.
Randomly assigned patients received at least 1 infusion of the
study drug and were included in the efficacy and safety ana-
lyses. The primary reason for study discontinuation was study
termination by the sponsor (148 patients [57%]; supplemental
Figure 1).

The baseline demographic and clinical characteristics of all
patients in the VITAL clinical trial are summarized in Table 1
based on the treatment group. Patient demographics and
baseline disease characteristics were generally well balanced
between the birtamimab and placebo groups: the median
(quartile [Q] 1, Q3) age at AL amyloidosis diagnosis was 64.1
(57.5, 70.9) and 62.4 (56.8, 69.3) years, time since disease
diagnosis was 1.31 (0.92, 1.87) and 1.48 (0.95, 2.17) months,
and baseline NT-proBNP was 3146.2 (1650.0, 5173.0) and
3183.7 (1910.0, 5551.0) pg/mL, respectively. Approximately
30% of patients enrolled had Mayo stage IV AL amyloidosis (77
GERTZ et al



Table 1. Demographics and baseline disease characteristics

All patients (n = 260)
Patients with Mayo stage IV AL

amyloidosis (n = 77)

Birtamimab + SOC
(n = 130)

Placebo + SOC
(n = 130)

Birtamimab + SOC
(n = 38)

Placebo + SOC
(n = 39)

Age, y; median (Q1, Q3) 64.2 (57.6, 70.9) 62.6 (57.0, 69.3) 63.6 (55.7, 69.8) 63.7 (57.0, 68.4)

Gender, n (%)

Male 82 (63) 90 (69) 25 (66) 28 (72)

Female 48 (37) 40 (31) 13 (34) 11 (28)

Ethnicity, n (%)

Hispanic or Latino 2 (2) 2 (2) 0 0

Not Hispanic or Latino 116 (89) 122 (94) 34 (90) 36 (92)

Not provided or unknown 12 (9) 6 (5) 4 (11) 3 (8)

Race, n (%)

White 118 (91) 120 (92) 36 (95) 36 (92)

Black or African American 9 (7) 3 (2) 2 (5) 2 (5)

Asian 2 (2) 2 (2) 0 0

Other 1 (1) 5 (4) 0 1 (3)

Age at AL amyloidosis diagnosis, y; median
(Q1, Q3)

64.1 (57.5, 70.9) 62.4 (56.8, 69.3) 63.5 (55.6, 69.7) 63.8 (56.8, 68.5)

Duration since AL amyloidosis diagnosis, mo;
median (Q1, Q3)

1.31 (0.92, 1.87) 1.48 (0.95, 2.17) 1.15 (0.69, 1.58) 1.45 (0.89, 1.81)

Number of derived involved organs at
baseline; median (Q1, Q3)

2.0 (1.0, 2.0) 2.0 (1.0, 2.0) 1.5 (1.0, 2.0) 2.0 (1.0, 2.0)

Baseline NT-proBNP ≥1800 pg/mL, n (%) 95 (73) 100 (77) 38 (100) 39 (100)

Baseline NT-proBNP, pg/mL; median (Q1,
Q3)

3146.2 (1650.0, 5173.0) 3183.7 (1910.0,
5551.0)

5141.3 (3228.0, 5939.4) 5415.0 (4054.0,
8073.0)

Baseline troponin T, ng/mL*; median (Q1,
Q3)

0.03 (0.02, 0.06) 0.02 (0.02, 0.08) 0.05 (0.04, 0.09) 0.09 (0.06, 0.13)

Baseline FLC ratio, median (Q1, Q3) 0.10 (0.03, 0.32) 0.11 (0.04, 0.51) 0.05 (0.02, 0.08) 0.05 (0.03, 11.14)

Baseline dFLC,† mg/dL; median (Q1, Q3) 26.31 (13.83, 53.05) 38.18 (18.00, 63.06) 44.44 (25.13, 56.17) 57.42 (35.52,
106.28)

Mayo stage, n (%)

I 11 (8) 10 (8) NA NA

II 34 (26) 28 (22) NA NA

III 47 (36) 53 (41) NA NA

IV 38 (29) 39 (30) 38 (100) 39 (100)

Renal stage, n (%)

I 91 (70) 96 (74) 28 (74) 29 (74)

II 33 (25) 26 (20) 9 (24) 9 (23)

III 6 (5) 8 (6) 1 (3) 1 (3)

Baseline 6MWT distance, n (%)

<300 m 44 (34) 43 (33) 13 (34) 16 (41)

≥300 m 86 (66) 87 (67) 25 (66) 23 (59)

NA, not applicable.

*Mayo stage criteria for troponin T levels were modified from a value of 0.025 ng/mL, cited in the article by Kumar et al,12 to 0.03 ng/mL, the lowest validated determination for the
commercially available test.

†Baseline dFLC is calculated only for patients with an abnormal baseline FLC ratio (κ:λ <0.26 or >1.65).
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of 260); patient demographics and baseline disease character-
istics in this subset of patients were generally balanced between
the birtamimab (n = 38) and placebo (n = 39) arms (Table 1).

All patients received concomitant bortezomib-containing
chemotherapy regimens; 87.7% of patients received first-line
bortezomib, cyclophosphamide, and dexamethasone. SOC reg-
imens given in the second-line setting varied but most commonly
consisted of lenalidomide-containing regimens (12.7%). Overall,
patients in the birtamimab and placebo arms received a similar
median number of study drug infusions, 15.5 (range, 1-35) and
14.0 (range, 1-35) infusions, respectively. The mean (standard
deviation) duration of exposure was 389.4 (245.7) days for
patients treated with birtamimab and 352.7 (248.3) days for
patients administered with the placebo. In the overall population,
the median (Q1, Q3) follow-up was 15.7 (12.0, 22.1) months for
birtamimab and 14.5 (10.3, 19.8) months for placebo; in patients
with Mayo stage IV AL amyloidosis, the median follow-up was
15.2 (9.4, 21.4) and 11.3 (2.3, 17.7) months, respectively.

Efficacy
In the overall population, analysis of the primary composite end
point of time to ACM or CH favored birtamimab, but the dif-
ference between birtamimab + SOC and placebo + SOC was
not statistically significant (HR, 0.826; 95% CI, 0.574-1.189; log-
rank P = .303; supplemental Figure 2). Supplemental Table 3
shows results for individual components of the primary end
point in the overall population. There were no differences
between birtamimab and placebo in the 3 key secondary end
points in the overall population (supplemental Table 4).

Post hoc analyses of time to ACM in patients with Mayo stage IV
AL amyloidosis were subsequently performed to better under-
stand the treatment effect in patients at high risk of early mor-
tality, with survival censored at 9 months, as explained in the
methods. The post hoc analysis showed significant improve-
ment in ACM at month 9 for birtamimab + SOC compared with
placebo + SOC (HR, 0.413; 95% CI, 0.191-0.895; log-rank P =
.021; Figure 1A). The median survival in patients with Mayo
stage IV AL amyloidosis was not reached (>9 months) in the
birtamimab + SOC arm vs 8.3 months in the placebo + SOC
arm. At month 9, the proportion of patients with Mayo stage IV
AL amyloidosis surviving was 74% vs 49% in the birtamimab and
placebo arms, respectively. Separation of the birtamimab sur-
vival curve from the placebo curve occurred early (ie, starting at
~1 month) and was sustained throughout the study. Sensitivity
analyses based on the baseline characteristics helped confirm
the robustness of the ACM result in patients with Mayo stage IV
AL amyloidosis (Figure 1B). The effect modification analysis
comparing HRs for ACM at month 9 between patients with
Mayo stage I, II, or III and stage IV AL amyloidosis yielded a
statistically significant interaction P value for treatment and
Mayo stage (P = .040), suggesting that disease severity at
baseline modified the treatment effect of birtamimab.

The post hoc analysis of SF-36v2 PCS scores for patients with
Mayo stage IV AL amyloidosis showed significantly less wors-
ening at month 9 in the birtamimab arm vs that in the placebo
arm (least squares mean [standard error]: −0.75 [1.749] vs −5.40
[1.597]; between-group difference, +4.65 [2.325]; P = .046;
Table 2). In a post hoc analysis in patients with Mayo stage IV AL
1212 5 OCTOBER 2023 | VOLUME 142, NUMBER 14
amyloidosis, the least squares mean 6MWT distance increased
by 15.22 m at month 9 with birtamimab and decreased by 21.15
m with placebo (between-group difference, +36.37 [26.310];
P = .022 from rank analysis of covariance; Table 2). Rank analysis
scores for 6MWT distance at month 9 and change from baseline
for patients with Mayo stage IV AL amyloidosis are shown in
supplemental Table 5. There was no difference between bir-
tamimab and placebo for cardiac best response in these
patients as assessed based on the changes in NT-proBNP, a
biomarker that to date has not been established as a surrogate
end point for product registration (supplemental Table 6). This
analysis is limited by missing laboratory data because of early
termination of the study. There was no significant difference in
the proportion of patients who achieved a hematologic
response ≥VGPR by month 3 between treatment arms (relative
risk [95% CI], 1.08 [0.56-2.07]; P = .822). In the birtamimab and
placebo arms, 12 of 38 patients and 11 of 39 patients,
respectively, achieved a hematologic response ≥VGPR.

Safety
Multiple IV infusions of birtamimab were generally safe and well
tolerated overall and in patients with Mayo stage IV AL amyloid-
osis. The rates of TEAEs (all events and serious events) were
balanced between treatment groups in the overall population
(Table 3). Fatal TEAEs occurred in 15% of patients with birtamimab
and 22% of patients with placebo. Consistent with the underlying
disease, cardiac disorders were the most common class of fatal
TEAEs, occurring in 9 patients (7%) in the birtamimab arm and 18
patients (14%) in the placebo arm. The most common (≥10% of
patients in either treatment group) grade ≥3 TEAEs based on
preferred term are shown in Table 4, and grade ≥3 TEAEs in the
overall population included cardiac failure (birtamimab, 13%; pla-
cebo, 20%), pneumonia (birtamimab, 11%; placebo, 9%), and
congestive cardiac failure (birtamimab, 10%; placebo, 7%).

In patients with Mayo stage IV AL amyloidosis, all patients
reported at least 1 TEAE; serious TEAEs were reported in 27
patients (71%) in the birtamimab group and 29 patients (74%) in
the placebo group (Table 3). As with the overall population,
serious TEAEs in patients with Mayo stage IV AL amyloidosis
were generally assessed by the investigator as unrelated to the
study drug. Among patients with Mayo stage IV AL amyloidosis,
4 patients (11%) in the birtamimab group and 14 patients (36%)
in the placebo group experienced a TEAE resulting in death.
The percentages of patients with grade ≥3 TEAEs were 79% in
the birtamimab arm and 90% in the placebo arm, and they were
generally assessed by the investigator as unrelated to the study
drug (Table 3). The 3 most common grade ≥3 TEAEs in patients
with Mayo stage IV AL amyloidosis were syncope (birtamimab,
16%; placebo, 15%), cardiac failure (birtamimab, 13%; placebo,
28%), and congestive cardiac failure (birtamimab, 13%; pla-
cebo, 8%) (Table 4).

In the overall population, TEAEs associated with infusions were
reported in 5 patients (4%) with birtamimab and 3 patients (2%)
with placebo. All infusion-associated TEAEs were nonserious and
mild or moderate in severity, except for a grade 3 infusion-
related reaction that occurred in a patient who was
birtamimab-treated on day 226 and resolved on the same day.
All other infusion-associated TEAEs in the birtamimab group
occurred on day 1. In patients with Mayo stage IV AL amyloidosis,
GERTZ et al
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Figure 1. ACM at month 9 among patients with Mayo stage IV AL amyloidosis. (A) Kaplan-Meier estimate of ACM, with data censored at 9 months and (B) Forest plot of
ACM at month 9 adjusted for baseline characteristics in patients with Mayo stage IV AL amyloidosis. HR and 90% 2-sided CIs were estimated from the semiparametric Cox
regression model stratified by randomization strata (ie, renal stage I vs II/III, and 6MWT distance), and with baseline variables including age, sex, race, ethnicity, age at
diagnosis, duration since diagnosis, NT-proBNP, dFLC, FLC, New York Heart Association (NYHA) class, troponin T, and 6MWT distance added separately. All baseline
variables except for categorical variables (ie, sex, race, ethnicity, and NYHA class) are adjusted as continuous variables.
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infusion-associated TEAEs were reported in 3 patients in the
birtamimab group and included dyspnea (n = 1), chest discom-
fort (n = 1), and hypoxia concurrent with an infusion-related
reaction (n = 1).

In the overall study population, 41 patients (32%) in the birta-
mimab arm and 42 patients (32%) in the placebo arm died
during the study; except for 1 death in the placebo arm, all were
adjudicated by the Clinical Events Committee. Cardiac disorders
were the most common cause of death, occurring in 21 patients
VITAL STUDY: BIRTAMIMAB IN CARDIAC AL AMYLOIDOSIS
in the birtamimab arm and 28 patients in the placebo arm of the
overall study population, consistent with the underlying disease
and the known risk of cardiac complications in AL amyloidosis.
Among patients with Mayo stage IV AL amyloidosis, there were
14 (37%) deaths in the birtamimab arm and 22 (56%) in the
placebo arm, of which 8 and 15, respectively, were attributed to
cardiac events. The largest proportion of adjudicated deaths
among patients with Mayo stage IV AL amyloidosis occurred in
the first 3 months of the study: 2 patients (5%) in the birtamimab
arm and 12 patients (31%) in the placebo arm.
5 OCTOBER 2023 | VOLUME 142, NUMBER 14 1213



Table 2. Change from baseline in QoL and functional capacity at month 9 in patients with Mayo stage IV
AL amyloidosis

End points

Patients with Mayo stage IV AL amyloidosis (n = 77)

Birtamimab + SOC
(n = 38)

Placebo + SOC
(n = 39)

Group
difference P

SF-36v2 PCS

Baseline score, mean (SD) 33.61 (8.753) 33.75 (9.972) NA

Change from baseline at month 9, LS mean (SE)* −0.75 (1.749) −5.40 (1.597) +4.65 (2.325)† .046

6MWT distance

Baseline distance (meters), mean (SD) 336.10 (101.722) 322.63 (100.484) NA

Change from baseline at month 9 (meters), LS mean (SE)* 15.22 (20.010) −21.15 (20.632) +36.37 (26.310)† .022‡

ANCOVA, analysis of covariance; IWRS, interactive web response system; LS, least squares; MMRM, mixed-effect model for repeated measures; SD, standard deviation; SE, standard error.

*Estimates of the LS mean and SE for each treatment group were estimated using an MMRM methodology, including fixed effects for treatment group, categorical time point (all post-
baseline visits), treatment group by visit interaction, IWRS stratification factors (renal stage: I, II/III; baseline 6MWT distance: <300 m, ≥300 m), the associated baseline value as a covariate,
and a compound symmetry covariance structure to model the within-patient errors.

†Group difference favors birtamimab.

‡P value from rank ANCOVA; before analysis, patients were ranked from worst to best following the 7-step algorithm.

Table 3. Overall summary of TEAEs (safety population) and most commonly reported TEAEs using preferred term

All patients (n = 260), n (%)
Patients with Mayo stage IV AL

amyloidosis (n = 77), n (%)

Birtamimab + SOC
(n = 130)

Placebo + SOC
(n = 130)

Birtamimab + SOC
(n = 38)

Placebo + SOC
(n = 39)

Patients reporting ≥1 of the following:

TEAE* 127 (98) 130 (100) 38 (100) 39 (100)

Treatment-related TEAE 41 (32) 50 (38) 12 (32) 10 (26)

TEAE grade ≥3 96 (74) 102 (78) 30 (79) 35 (90)

Treatment-related TEAE grade ≥3 6 (5) 12 (9) 1 (3) 4 (10)

Serious TEAE 88 (68) 91 (70) 27 (71) 29 (74)

Treatment-related serious TEAE 4 (3) 5 (4) 1 (3) 1 (3)

TEAE leading to study drug withdrawal 6 (5) 14 (11) 3 (8) 2 (5)

TEAE leading to death 19 (15) 28 (22) 4 (11) 14 (36)

Treatment-related TEAE leading to death 0 0 0 0

Most commonly reported TEAE using
the preferred term†

Fatigue 57 (44) 52 (40) 15 (39) 16 (41)

Nausea 56 (43) 44 (34) 16 (42) 12 (31)

Peripheral edema 56 (43) 56 (43) 21 (55) 19 (49)

Constipation 54 (42) 55 (42) 16 (42) 13 (33)

Diarrhea 52 (40) 54 (42) 12 (32) 17 (44)

Dyspnea 40 (31) 41 (32) 16 (42) 12 (31)

Insomnia 39 (30) 30 (23) 12 (32) 8 (21)

Cough 31 (24) 27 (21) 11 (29) 5 (13)

Hypokalemia 26 (20) 27 (21) 12 (32) 10 (26)

Dizziness 25 (19) 39 (30) 3 (8) 11 (28)

Cardiac failure 24 (18) 30 (23) 8 (21) 12 (31)

Hypotension 19 (15) 33 (25) 4 (11) 12 (31)

*Patients reporting >1 TEAE are counted only once using the closest relationship to study drug, as assessed by the investigator.

†Occurring in ≥25% of patients in either treatment group (overall population or patients with Mayo stage IV AL amyloidosis) and ordered from highest to lowest percentage in the bir-
tamimab overall study population (all patients).
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Table 4. Most commonly reported grade ≥3 TEAEs using the preferred term

All patients (n = 260), n (%)
Patients with Mayo stage IV AL amyloidosis

(n = 77), n (%)

Birtamimab + SOC
(n = 130)

Placebo + SOC
(n = 130)

Birtamimab + SOC
(n = 38)

Placebo + SOC
(n = 39)

Cardiac failure 17 (13) 26 (20) 5 (13) 11 (28)

Pneumonia 14 (11) 12 (9) 4 (11) 1 (3)

Congestive cardiac failure 13 (10) 9 (7) 5 (13) 3 (8)

Syncope 13 (10) 17 (13) 6 (16) 6 (15)

Peripheral edema 8 (6) 10 (8) 1 (3) 5 (13)

Diarrhea 6 (5) 7 (5) 2 (5) 5 (13)

Hypokalemia 5 (4) 7 (5) 2 (5) 4 (10)

Lymphopenia 5 (4) 8 (6) 4 (11) 3 (8)

Hypotension 4 (3) 7 (5) 1 (3) 5 (13)

Occurring in ≥10% patients in either treatment group (overall population or patients with Mayo stage IV AL amyloidosis) and ordered from highest to lower percent in the birtamimab overall
study population (all patients). Patients reporting >1 TEAE are counted only once using the closest relationship to study drug, as assessed by the investigator.
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Discussion
To our knowledge, VITAL is the first randomized, placebo-
controlled phase 3 trial of an amyloid-depleter therapy com-
bined with SOC chemotherapy in patients with AL amyloidosis
with cardiac involvement (NT-proBNP ≥650 and ≤8500 pg/mL).
It is unlikely that this study would have been able to detect a
difference in survival between treatment groups in patients with
Mayo stages I-III AL amyloidosis without a considerably longer
duration of treatment, given the reported median survival for
patients with Mayo stage I, II, and III AL amyloidosis of ~94, 40,
and 14 months, respectively.12 The primary composite end point
of the time to ACM or CH favored birtamimab, although the
difference between treatment arms did not reach the pre-
specified significance. Post hoc analyses in patients with Mayo
stage IV AL amyloidosis showed a potential effect of birtamimab
on mortality in patients with the highest risk of early mortality.
Analyses in patients with Mayo stage IV AL amyloidosis were
conducted using the time to ACM at month 9 as the efficacy end
point based on median survival in the Mayo stage IV placebo
group of 8.3 months and to align with the key secondary end
points (change from baseline to 9 months). In patients with Mayo
stage IV AL amyloidosis, significant improvement in survival with
birtamimab + SOC was observed at month 9 (HR, 0.413; 95% CI,
0.191-0.895; log-rank P = .021). An effect modification analysis
confirmed that the severity of disease at baseline affeced the
observed treatment effect of birtamimab, which may be attrib-
utable to the paucity of events in patients with Mayo stage I-III
AL amyloidosis over the duration of the study.

Treatment with birtamimab in patients with Mayo stage IV AL
amyloidosis was associated with significantly less deterioration
in quality of life (QoL), as measured using SF-36v2 PCS, and
improved cardiac functioning, per 6MWT. In this subgroup,
treatment with placebo + SOC led to a substantial decline in
6MWT distance over 9 months (~21 m), whereas distance
increased by ~15 m with birtamimab + SOC during the same
VITAL STUDY: BIRTAMIMAB IN CARDIAC AL AMYLOIDOSIS
period. This suggests, in addition to potentially imparting a
survival benefit, birtamimab may also confer a clinically mean-
ingful impact on QoL and functional capacity in patients with
advanced disease.

Newly diagnosed patients with Mayo stage IV AL amyloidosis
are at high risk of early death, within 6 months of diagnosis
(median overall survival, 5.8 months), with cardiac failure being
the leading cause of death.6,12,18 Consistent with this previously
reported mortality risk, >50% (12 of 22) of the deaths in patients
with Mayo stage IV AL amyloidosis treated with placebo + SOC
during this clinical trial occurred within the first 3 months. Cur-
rent SOC in AL amyloidosis consists of repurposed multiple
myeloma therapies and is aimed at reducing or eliminating the
plasma cell dyscrasia rather than directly depleting existing AL
amyloid deposits or targeting toxic soluble LC aggre-
gates.6,13,20 In contrast, birtamimab is a humanized IgG1
monoclonal antibody that directly targets a shared cryptic
epitope on misfolded κ and λ immunoglobulin LCs and is
designed to neutralize toxic soluble aggregates of misfolded
LCs, prevent aggregation of newly produced LCs, and deplete
existing insoluble organ-deposited amyloid.21,22 SOC therapies
typically require ≥6 months to achieve organ responses, which
are evaluated using biomarkers.17 Notably, we observed no
difference in the hematologic response rates between treat-
ment arms, which suggests the observed potential survival
benefit with birtamimab was not due to a higher hematologic
response, consistent with birtamimab’s mechanism of action.

Because patients with Mayo stage IV AL amyloidosis are at the
highest risk for early mortality, novel, safe, and effective thera-
pies to rapidly deplete organ-deposited amyloid are urgently
needed.12,13,20 To our knowledge, no other investigational or
approved therapy has demonstrated a survival benefit in
patients with Mayo stage IV AL amyloidosis. Our post hoc
analysis was restricted to patients with NT-proBNP between
5 OCTOBER 2023 | VOLUME 142, NUMBER 14 1215
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1800 and 8500 pg/mL; nonetheless, mortality in the placebo
arm was generally consistent with historical survival rates in
patients with Mayo stage IV AL amyloidosis, who are at high risk
for early death.12,27 Furthermore, the post hoc result observed
here, with birtamimab + SOC in patients with Mayo stage IV AL
amyloidosis (median survival not reached, >9 months), suggests
that birtamimab could play a role in achieving an early survival
benefit in patients with advanced AL amyloidosis.

Patients with advanced AL amyloidosis are typically frail and
have numerous underlying comorbidities, making them less
tolerant of SOC.6,20,28 Many SOC therapies are associated with
AEs that can worsen patients’ clinical status.13,20 Poor tolerability
can lead to treatment discontinuation and detrimentally affect
the ability to achieve a robust hematologic response,26,28 high-
lighting the unmet need for novel therapeutics with a favorable
benefit-risk profile for advanced AL amyloidosis. In VITAL, once-
monthly IV infusions of birtamimab (median, 15.5 infusions) over
a median follow-up of ~15 months were generally safe and well
tolerated, and the safety profile in patients with Mayo stage IV
AL amyloidosis was generally consistent with that in the overall
study population. In addition, infusion-associated TEAEs
occurred with relatively low frequency in 5 patients with birta-
mimab and 3 patients with placebo; all were mild or moderate
with birtamimab and generally occurred early during treatment.

The limitations of post hoc analyses are well known; by nature,
they have a greater potential for type 1 error, meaning there is
an increased potential for a false-positive result. Thus, the find-
ings from these post hoc analyses should be interpreted with
caution. Because of early termination of the trial based on futility
analysis, post hoc efficacy analyses were limited to 9 months,
and long-term follow-up for survival was not possible. Immu-
nogenicity and pharmacokinetic data from VITAL were not
analyzed; however, previous data from the phase 1/2 clinical trial
of birtamimab demonstrated a well-behaved IgG1-like phar-
macokinetic profile that did not appear affected by underlying
renal, cardiac, or neurological involvement and showed no
antidrug antibodies among 27 patients who were treated with
birtamimab.25 These results are consistent with birtamimab
being a humanized monoclonal antibody, given that reducing
the amount of nonhuman sequence in monoclonal antibodies
has been associated with a decreased risk of immunogenicity.29

Because of the significant survival and clinical benefits observed
with birtamimab + SOC in the post hoc analyses of VITAL
reported here, a confirmatory global phase 3 randomized,
double-blind, placebo-controlled clinical trial of birtamimab in
patients with Mayo stage IV AL amyloidosis, AFFIRM-AL
(NCT04973137), is being conducted under an SPA agreement
with the US FDA.30

Conclusion
The phase 3 VITAL clinical trial was stopped early based on a
recommendation from the independent data monitoring com-
mittee after the results of a futility analysis that suggested the
primary end point was unlikely to be met. Post hoc analyses
demonstrated a significant survival benefit with birtamimab and
significant improvements in QoL and functional capacity in
patients at the highest risk for early mortality (Mayo stage IV).
Overall, the incidence, severity, and seriousness of AEs were
similar in each treatment group, indicating that birtamimab was
1216 5 OCTOBER 2023 | VOLUME 142, NUMBER 14
generally safe and well tolerated. Given the urgent unmet need
for treatments that improve survival in patients with advanced
AL amyloidosis, the confirmatory AFFIRM-AL study of birtami-
mab (NCT04973137) in this patient population is ongoing
under an SPA agreement with the US FDA.
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