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INTRODUCTION: Obeticholic acid (OCA) treatment for primary biliary cholangitis (PBC)was conditionally approved in the

phase 3 POISE trial. The COBALT confirmatory trial assessed whether clinical outcomes in patients

with PBC improve with OCA therapy.
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METHODS: Patients randomized to OCA (5–10 mg) were compared with placebo (randomized controlled trial

[RCT]) or external control (EC). The primary composite endpoint was time to death, liver transplant,

model for end-stage liver disease score ‡15, uncontrolled ascites, or hospitalization for hepatic

decompensation. A prespecified propensity score–weighted EC groupwas derived fromaUShealthcare

claims database.

RESULTS: In the RCT, the primary endpoint occurred in 28.6% of OCA (n5 168) and 28.9% of placebo patients

(n5 166; intent-to-treat analysis hazard ratio [HR] 5 1.01, 95% confidence interval 5 0.68–1.51),

but functional unblinding and crossover to commercial therapy occurred, especially in the placebo arm.

Correcting for these using inverse probability of censoring weighting and as-treated analyses shifted the

HR to favor OCA. In the EC (n5 1,051), the weighted primary endpoint occurred in 10.1% of OCA and

21.5% of non-OCA patients (HR5 0.39; 95% confidence interval5 0.22–0.69; P5 0.001). No new

safety signals were identified in the RCT.

DISCUSSION: Functional unblinding and treatment crossover, particularly in the placebo arm, confounded the intent-

to-treat estimate of outcomes associated with OCA in the RCT. Comparison with the real-world EC

showed that OCA treatment significantly reduced the risk of negative clinical outcomes. These analyses

demonstrate the value of EC data in confirmatory trials and suggest that treatment with OCA improves

clinical outcomes in patients with PBC.
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INTRODUCTION
Primary biliary cholangitis (PBC) is a progressive liver disease
characterized by destruction of intrahepatic bile ducts, which can
lead to cirrhosis and complications of end-stage liver disease (1).
The disease predominantly affects women and is typically di-
agnosed between 40 and 60 years of age (1). In the United States,
the prevalence of PBC ranges from 16.0 to 40.9 per 100,000
persons (2–6).

Randomized controlled trials (RCTs) of potential therapeutics
for PBC have long been challenging to perform because of its
rarity and slow rate of progression in some patients, whichmakes
it difficult to recruit an adequate number of patients and accrue
sufficient outcome events to detect statistically significant dif-
ferences between treatments (7). Early trials of ursodeoxycholic
acid (UDCA) were not powered to detect an effect of therapy on
survival, which was not demonstrated until after its regulatory
approval (7). In contrast to these early trials, which compared
UDCA vs placebo in treatment-naive patients, trials performed
after UDCA became first-line treatment for PBC also needed to
randomize patients who did not respond to or who could not
tolerate UDCA to both treatment arms, which further limited the
pool of eligible patients (7,8).

In 2016, obeticholic acid (OCA) received accelerated approval
from the United States Food andDrug Administration (US FDA)
and European Medicines Agency (EMA) for the treatment of
PBC based on reduction in alkaline phosphatase (ALP) as a sur-
rogate endpoint in the phase 3 POISE trial (9,10). A significantly
higher proportion of patients treated withOCA for 12months (at
a dose of 5mg/d titrated to 10mg/d or 10mg/dfixed) achieved the
primary endpoint of ALP,1.67 times the upper limit of normal
(ULN) and normal total bilirubin (TB) than those who received
placebo (approximately 46% vs 10%; P , 0.001) (9). In the sub-
sequent open-label extension (OLE), the reductions in ALP and

TB were sustained for an additional 5 years (11). At the time of
accelerated approval, the US FDA required that an adequate and
well-controlled trial be conducted to confirm the efficacy and
safety of OCA in patients with PBC. COBALT (NCT02308111)
was to be performed to assess the impact of OCA on a composite
endpoint of progression to death, liver transplant, or hospitali-
zation for hepatic decompensation in a predominantly cirrhotic
patient population. In May 2021, the US FDA contraindicated
OCA in patients with decompensated cirrhosis with evidence of
portal hypertension, which included approximately 55% of
patients enrolled in COBALT (12). This contraindication was
included in the Boxed Warning section of the US Prescribing
Information for OCA (13).

External control (EC) studies are potentially useful in clinical
trials of therapeutic agents for rare diseases such as PBC when
inclusion of a placebo control groupmay be considered unethical
and patient recruitment and retention can be difficult (14–16). A
previous study compared patients treated with OCA in the OLE
arm of the POISE trial with an external cohort of non-
OCA–treated individuals from 2 multicenter PBC registries
(Global PBC and UK-PBC) to assess the long-term efficacy of
OCA (16,17). This analysis showed that OCA treatment sub-
stantially reduced the likelihood of liver transplantation and
death in patients with PBC (POISE vs Global PBC, hazard ratio
[HR]5 0.29, 95% confidence interval [CI]5 0.10–0.83; POISE vs
UK-PBC, HR5 0.30, 95% CI 5 0.12–0.75) (16).

The phase 3b/4 COBALT study was designed to examine the
association of OCA with clinical outcomes in a high-risk pop-
ulation of patients with PBC, namely those with baseline bio-
marker levels that are associated with more advanced disease or
greater risk of progression, as described below. COBALT in-
cluded a randomized placebo control arm and an EC arm. In this
article, we describe the final results from COBALT and describe
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potential factors leading to confounding and bias because of
functional unblinding and treatment crossover to commercially
available therapy in the RCT. We demonstrate a novel approach
to address these sources of bias through use of an appropriately
matched real-world–based EC to provide evidence of clinical
benefit in rare, slowly progressing diseases such as PBC.

METHODS
Study design and oversight

COBALTwas a phase 3b/4 double-blind RCTwith supportive EC
analyses. The EC analysis was prespecified in October 2014 (be-
fore the start of COBALT in February 2015) to mitigate the risks
associated with inclusion of a long-term placebo arm in the study
and to assess the efficacy of OCA vs a real-world comparator. In
the RCT, patients received either once-daily oral placebo or OCA
5 mg/d, increased to 10 mg at 3 months if tolerated. Randomi-
zation was stratified by UDCA treatment (yes/no) and TB
(#ULN/.ULN) at baseline.

The study protocol was approved by appropriate local and
national ethics and regulatory agencies and was conducted in
accordance with Good Clinical Practice guidelines and the Dec-
laration of Helsinki (Seoul, South Korea, October 2008 amend-
ment). All study participants provided written informed consent.
Details regarding trial oversight and author contributions are
provided in the Supplementary Digital Content (see Supple-
mentary Appendix, http://links.lww.com/AJG/D380).

Trial participants

Patients aged$18 years diagnosed with PBC were enrolled at 137
sites in 27 countries starting in February 2015 (see Supplementary
Materials—Recruitment of study participants, http://links.lww.
com/AJG/D380 for details). The original entry criteria included
mean ALP .53 ULN and mean TB . ULN and #33 ULN.
Subsequently, these criteria were revised to ALP .33 ULN and
mean TB. ULN and#53ULN to increase patient recruitment.
Eligible patients included those who had either discontinued
UDCA.3months earlier or whowere takingUDCA.12months
with an approved, stable dose $3 months before enrollment.
Patients with concomitant liver disease, cirrhosis with complica-
tions in the previous 12 months, or other significant medical
conditions were excluded (see Supplementary Table S1, http://
links.lww.com/AJG/D380 for complete inclusion/exclusion crite-
ria). The intent-to-treat (ITT) and safety analysis populations in-
cluded all randomized patientswho received at least 1 dose ofOCA
or placebo.

Primary efficacy endpoint

The composite endpoint for the ITT analysis was time to first
occurrence of any of the following events: death (all-cause); liver
transplant; model for end-stage liver disease (MELD) score$15;
hospitalization$24 hours for new onset or recurrence of variceal
bleed, hepatic encephalopathy (West Haven score $2), or
spontaneous bacterial peritonitis (confirmed by diagnostic par-
acentesis); or uncontrolled ascites requiring therapeutic
paracentesis$2 times in a month. All events were adjudicated by
a blinded committee of experts with adjudication experience who
were not involved in the study as investigators, data monitoring
committee members, or consultants. Adjudication of suspected
events was based on available source documentation, including,
but not limited to, individual clinical study data, hospital records,
histology, and/or death certificates.

Safety and tolerability

Safety was assessed by the incidence of treatment-emergent ad-
verse events (TEAEs). Tolerability was assessed by comparing the
proportion of patients in the OCA vs placebo arms who dis-
continued treatment.

External controls

The prespecified EC analysis used Komodo Healthcare Map,
a large US healthcare claims database with approximately 330
million unique patients. Komodo was linked to other databases
using Datavant tokenization, which enabled deidentified patient
records to bematched across health plans in aUSHealth Insurance
Portability and Accountability Act–compliant manner (18). These
databases included laboratory data from LabCorp and Quest
Diagnostics; transplant data from the Organ Procurement and
Transplantation Network, a registry that contains US transplant
information, including donors, waitlisted candidates, and trans-
plant recipients; and vital statistics data including the US Social
Security Death Index combined with a national obituary search.
Eligible patients had 1 inpatient or 2 outpatient International
Classification of Diseases, 10th Revision codes for PBC between
January 1, 2014, and December 31, 2021 (n5 109,970); 1 year of
baseline data, including all laboratory tests (ALP, TB, alanine
aminotransferase [ALT], aspartate aminotransferase [AST], and
platelet count; n 5 7,693); and met modified COBALT study
inclusion/exclusion criteria (see Supplementary Table S2, http://
links.lww.com/AJG/D380; n5 1,233). Among all healthcare visits
at which a patient met eligibility criteria, a randomly selected visit
was defined as the index date.

The composite endpoint of the EC analysis was designed to be
as consistent as possible with the composite endpoint of the
COBALT RCT. Specifically, the composite endpoint for the EC
analysis was time to first occurrence of any of the following
events: death (all-cause); liver transplant; hospitalization for new
onset or recurrence of gastroesophageal variceal bleed or hepatic
encephalopathy; or uncontrolled ascites, including spontaneous
bacterial peritonitis, transjugular intrahepatic portosystemic
shunt procedure, or paracentesis $2 times per month for $2
months. MELD score was excluded from the primary composite
endpoint because not all component laboratory data were avail-
able in the Komodo database.

Statistical analyses

In the COBALT RCT, the ITT analysis was a log-rank test of the
randomized OCA and placebo cohorts with respect to the pri-
mary composite endpoint, stratified by the randomization strat-
ification factors. Assuming 1:1 randomization, exponential
survival curves, and a placebo survival estimate of 0.6 at 8 years
with an HR of 0.60, 428 patients with 127 events were required to
provide 80% power to detect an effect on a 2-sided test at a 5%
level of significance.

The EC analysis was a log-rank test of OCA patients in CO-
BALT and comparable non-OCA–treated EC individuals with
respect to the primary composite endpoint (excluding MELD
score). Comparability was achieved by using propensity scores
and standardizedmorbidity ratios toweight ECpatients to closely
resemble randomized OCA patients (see Supplementary Table
S3, http://links.lww.com/AJG/D380) (15,19). Propensity scores
were estimated using a logistic regression model with treatment
arm (OCAvs EC) as the dependent variable and covariates (age at
index; sex; presence/absence of portal hypertension, hepatic
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decompensation, or cirrhosis; laboratory values at index; use of
UDCA at index; and dichotomous calendar year [pre-/post-
COVID]) associatedwith the composite endpoint as independent
variables (see Supplementary Table S4, http://links.lww.com/
AJG/D380). The balance among covariates at baseline was
assessed using Wilcoxon rank-sum tests and the standardized
mean difference (SMD) between treatment and control (see
Supplementary Figure S1, http://links.lww.com/AJG/D380). The
potential for residual confounding was also assessed using SMDs
between the randomized control and EC groups.

In both ITT and EC analyses, HR and 95% CI were calculated
using stratified Cox regression models. In time-to-event analyses
of the EC arm, weighted control patients were censored at initi-
ation of commercial OCA or database disenrollment. Patients
treated with OCA were censored 90 days after discontinuation of
investigational product (IP), consistentwith outcomes analyses of
real-world claims data in recent trial emulation studies, such as
the RCT-DUPLICATE initiative (20). Censoring also occurred at
study discontinuation, when patients were lost to follow-up, or
when consent was withdrawn.

Safety assessments were conducted at baseline and each visit.
TEAEs were summarized using Medical Dictionary for Regula-
tory Activities (version 23.1) system organ class, preferred term,
and severity (as defined per protocol).

Sensitivity analyses

Sensitivity analyses were performed to assess whether differential
discontinuation and treatment crossover occurred, and if so,
whether they were due to treatment response and functional
unblinding. To examine this possibility, the mean ALP in the
OCA and placebo arms was compared over time among patients
who discontinued study visits or started commercial therapy. In
addition, the relationship between IP discontinuation and initi-
ation of commercial PBC therapies was evaluated by comparing
mean ALP by treatment arm up to 6 months before vs up to
12 months after initiation of commercial therapy. All patients
provided informed consent for the measurement and analysis of
ALP levels.

Because ALP measures were collected and observed during
follow-up in the blinded RCT, functional unblinding may also
have led to differential dropout in the placebo andOCAarms. The
impact of potential confounding from informative censoring was
assessed by inverse probability of censoring weighting (IPCW)
analysis. Weights were derived by estimating the probability of
remaining uncensored at the end of each of 10 intervals of follow-
up time adjusted for prespecified baseline variables and post-
baseline time-varying covariates using a pooled logistic regression
model. Prespecified baseline predictors of both censoring and
clinical outcomes included treatment arm (OCA/placebo); age at
screening; sex; treatment with UDCA at screening (yes/no); and
baseline levels of ALP, ALT, AST, TB, albumin, and platelet
count. Postbaseline time-varying covariates included ALP, ALT,
AST, and TB levels. The HR and 95% CI from the IPCW analysis
were estimated using aweighted Cox proportional hazardsmodel
with the treatment arm as an independent variable and a sand-
wich variance estimator.

IPCW sensitivity analysis was applied to a subset of the ITT
population (excluding data from .90 days after patients dis-
continued IP) to assess the impact of bias from IP discontinu-
ation. In addition, a subset that excluded data after the initiation
of commercial OCA, UDCA (if not treated with UDCA at

baseline), or fibrates (if not treated with fibrates at baseline) was
analyzed to determine the impact of bias from initiation
of second-line therapy (i.e., in addition to bias from IP
discontinuation).

Patient follow-up was also assessed in the randomized
cohorts by comparing the proportion of patients who had reg-
ularly scheduled on-site study visits vs those who had follow-up
through biannual telephone calls and medical record reviews
(patients provided informed consent for these activities). Be-
cause the latter precluded collection of information needed to
ascertain the primary efficacy endpoint (e.g., laboratory blood
tests to calculate MELD score) and functional unblinding and
treatment crossover compromised the ITT analysis of the RCT
(explained in the Results section), we performed a post-hoc as-
treated analysis by classifying placebo crossover patients as
“OCA-exposed.” An IPCW sensitivity analysis was also applied
to this as-treated subset to assess the impact of bias from in-
formative censoring.

RESULTS

Study populations and baseline characteristics in the

COBALT RCT

The COBALT trial was terminated in December 2021 as rec-
ommended by the data monitoring committee and in alignment
with health authorities because it did not seem feasible to con-
tinue the study as designed owing to the impossibility of con-
ducting a placebo-controlled randomized trial of long-term
outcomes in the setting of commercially available therapies. At
that time, 631 patients had been screened, with 334 patients
randomized (placebo, n 5 166; OCA, n 5 168; 78% of re-
cruitment target). Demographics (mean age ;53 years, ;90%
female, ;86% White) and clinical characteristics (;88% pre-
scribed UDCA at baseline, ;20% with a history of hepatic de-
compensation) were generally balanced in the placebo and OCA
arms (Table 1). The proportion of patients with a history of portal
hypertensionwas slightly higher in the placebo (n5 98; 59.0%) vs
OCA arms (n5 82; 48.8%).

Endpoint analyses in the COBALT RCT

In the ITT analysis of COBALT, there were 48 events each in the
OCA (28.6%) and placebo (28.9%) arms (HR, 1.01; 95% CI,
0.68–1.51; Figure 1a). Of the 48 patients in the OCA armwho had
an event, 31 (64.6%) discontinued IP a median of 9 months
(interquartile range [IQR], 2–17 months) before the event, and 1
initiated commercial OCA. Among the 48 patients in the placebo
armwho had an event, 29 (60.4%) discontinued placebo amedian
of 4 months (IQR, 1–10 months) before the event. Overall, in the
OCA arm, 22.6% initiated commercial treatments, namely, 7.7%
commercial OCA, 11.9% fibrates, and 3.0% UDCA. In the pla-
cebo arm, 32.5% initiated commercial treatments, namely, 15.7%
commercial OCA, 12.7% fibrates, and 4.2%UDCA. Details about
patient disposition in the ITT analysis are shown in Supple-
mentary Digital Content (see Supplementary Table S5, http://
links.lww.com/AJG/D380). Analyses of individual components
of the composite endpoint are shown in Supplementary Digital
Content (see Supplementary Tables S7 to S12 and Supplementary
Figures S2 and S3, http://links.lww.com/AJG/D380).

In the as-treated analysis, 194 patients were classified as OCA-
exposed, and 140 patients were classified as non-OCA–exposed.
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Therewere 55 events in theOCAarm (28.4%) and 41 events in the
placebo arm (29.3%) (HR, 0.92; 95% CI, 0.61–1.38).

External control analysis

A total of 1,051 non-OCA patients who met the eligibility criteria
were identified in the Komodo Healthcare Map database. After
weighting, theOCAandECarmswerewell balanced (Table 1). The
SMDs of all covariates except platelet count and clinical evidence of
portal hypertensionwere less than theprespecified60.10 threshold
(see Supplementary Figure S1, http://links.lww.com/AJG/D380).
Because the SMDs for the 2 exceptions were only slightly above the
threshold (0.15 and 0.12, respectively), all covariates were included
in the Cox regression model.

In the EC analysis, there were 17 events (10.1%) in the COBALT
OCA arm and 35.4 events (21.5%) among weighted non-OCA indi-
viduals (HR, 0.39; 95% CI, 0.22–0.69; P 5 0.0010; Figure 1b). The
proportion of events in the Komodo OCA arm was similar to that in

theCOBALTOCAarm (see SupplementaryMaterials—Comparison
of randomized vs KomodoOCA patients, http://links.lww.com/AJG/
D380).

Details about patient disposition in the EC analysis are shown
in Supplementary Digital Content (see Supplementary Table S6,
http://links.lww.com/AJG/D380). Analyses of individual com-
ponents of the composite endpoint are shown in Supplementary
Digital Content (see Supplementary Tables S13 to S16 and Sup-
plementary Figure S4, http://links.lww.com/AJG/D380).

Sensitivity analyses of potential sources of bias in the ITT

analysis of the COBALT RCT

Observable ALP levels. In the COBALT RCT, most placebo
patients who discontinued study visits or initiated commercial
therapy before an endpoint event did so before year 2 (Figure 2)
and tended to have higher ALP levels than patients continuing in
study visits.

Table 1. Baseline patient demographic and disease characteristics

COBALT Komodoa

Placebo (n5 166) OCA (n 5 168)

Untreated control (unweighted n 5 1,051)

(weighted n 5 165)

Age, y

Mean (SD) 53.9 (10.4) 53.4 (10.3) 53.8 (5.2)

Sex, n (%)

Female 149 (89.8) 151 (89.9) 146.5 (88.8)

Race, n (%)

American Indian or Alaska Native 2 (1.2) 1 (0.6) ND

Asian 9 (5.4) 11 (6.5) ND

Black or African American 2 (1.2) 2 (1.2) ND

White 143 (86.1) 146 (86.9) ND

Multiple races 1 (0.6) 4 (2.4) ND

Not reported 9 (5.4) 4 (2.4) ND

Baseline/index laboratory value, mean (SD)

ALP, U/L 499.3 (294.5) 481.3 (276.7) 463.8 (104.4)

TB, mg/dL 1.7 (0.8) 1.6 (0.8) 1.6 (0.5)

ALT, U/L 84.0 (50.2) 81.5 (51.9) 77.1 (35.9)

AST, U/L 81.9 (36.3) 81.1 (41.1) 79.1 (35.8)

ALB, g/dL 3.96 (0.40) 4.00 (0.41) 4.00 (0.20)

Platelets 31,000/mL 197.2 (102.6) 209.9 (101.8) 194.8 (37.3)

Disease history at baseline, n (%)

Decompensation 37 (22.3) 32 (19.0) 36.3 (22.0)

Portal hypertension 98 (59.0) 82 (48.8) 90.1 (54.6)

Use of UDCA, n (%)

At baseline/index 147 (88.6) 147 (87.5) 143.2 (86.8)

Ever used 163 (98.2) 161 (95.8) 165 (100)

Never 3 (1.8) 7 (4.2) 0

Percentages are based on the number of patients in the intent-to-treat population within each treatment arm.
ALB, albumin; ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate aminotransferase; ND, no data; OCA, obeticholic acid; TB, total bilirubin; UDCA,
ursodeoxycholic acid.
aN represents weighted populations.
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Initiation of commercial PBC therapies. In the placebo arm of
the COBALT RCT, treatment discontinuation before an
endpoint event was highest during months 12–24 (n 5 41
[24.7%]; Figure 3a). In the OCA arm, it peaked during the first
6 months (n 5 25 [14.9%]; Figure 3b). The proportion of
patients who initiated commercial treatment increased faster
in the placebo arm than in the OCA arm, reaching 25% of the
cohort in approximately 19 vs 48 months after randomization,
respectively (dashed lines in Figure 3a,b; red and blue dotted
lines in Figure 4). During the entire study, placebo patients
were significantly more likely to initiate non-IP therapy
compared with OCA patients (HR, 1.59; 95% CI, 1.02–2.50;
P 5 0.040). In addition, placebo patients who initiated com-
mercial PBC treatment had higher ALP before switching from
randomized therapy than OCA patients (568.8 vs 355.9 U/L)
and had a more substantial decrease in ALP after crossover
(106.3 vs 67.5 U/L; Figure 3c). Of note, placebo patients who
initiated commercial therapy, which lowered ALP, were not

censored and were included in the ITT analysis as per US FDA
requirement.
Remote patient follow-up. In the COBALT RCT, the proportion
of patients at risk of an endpoint event who had regularly
scheduled on-site (in-clinic) study visits was greater in the OCA
arm than in the placebo arm .12 months after randomization
(Figure 4, solid lines). From months 21–51, the proportion
remained approximately 90% in the OCA arm, whereas it de-
creased to approximately 70% in the placebo arm. Placebo
patients spent 12% of follow-up time outside of regular study
visits compared with 8.1% for OCA patients.
IPCW analyses. As shown in Figure 4, the number of patients in
the randomized ITT population of COBALT who discontinued
IP (dashed lines) or initiated second-line therapy (dotted lines)
increasedwith time, with a greater dropout in the placebo vsOCA
cohorts. Using IPCW to adjust for this differential dropout re-
duced theHR from the ITT analysis of the randomized cohorts in
favor of OCA and trended toward the HR from the EC analysis

Figure1.Kaplan–Meier survival curves for the COBALTprimary composite endpoint. This figure illustrates the survival probabilities andnumber of OCAand
non-OCApatientswith primary biliary cholangitis whoare at risk of death, liver transplant, or hepatic decompensation over time. (a) Intent-to-treat analysis of
OCAvs placebo in the COBALTRCT. (b) COBALTOCA arm vs external control from the KomodoHealthcareMap database. The endpoint of this analysis did
not include model for end-stage liver disease score$15 because not all component laboratory data were available in the Komodo database. Censoring is
indicated by1 symbols. HR, hazard ratio; OCA, obeticholic acid; RCT, randomized controlled trial.

Figure 2. ALP levels vs time after randomization for placebo and OCA patients who discontinued study visits or started commercial therapy before an
endpoint event. Each data point represents a patient’s ALP level at the last study visit before an endpoint event. ALP, alkaline phosphatase; OCA, obeticholic
acid; ULN, upper limit of normal.
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(Figure 5). Specifically, IPCW analysis of the ITT population
reduced the HR point estimate by 18.8% to 0.82% (95% CI,
0.53–1.27). Exclusion of data .90 days after IP discontinuation
or after initiation of second-line therapy reduced this by a further
6.1% to 0.77% (95% CI, 0.44–1.33), indicating a trend for benefit
in favor of OCA. IPCW analysis of the as-treated subset resulted
in a similar HR of 0.77 (95% CI, 0.50–1.19).
Safety and tolerability of OCA treatment in the COBALT RCT.
Treatment withOCAwas generally well tolerated in patients with
PBC. In theCOBALT trial, themost commonTEAEwas pruritus,
which was reported in 78.6% of OCA patients and 51.2% of placebo
patients (Table 2). Other TEAEs ($10% incidence) that were
reportedmore often in theOCAvsplacebo arms includedperipheral
edema (OCA, 18.5%; placebo, 10.8%), upper abdominal pain (OCA,
14.9%; placebo, 7.2%), abdominal pain (OCA, 12.5%; placebo,
10.8%), nausea (OCA, 14.9%; placebo, 12.7%), headache (OCA,
13.7%; placebo, 12.7%), constipation (OCA, 11.3%; placebo, 6.0%),
and nasopharyngitis (OCA, 10.7%; placebo, 8.4%).

Both treatment arms had similar rates of serious TEAEs
(OCA, 31.5%; placebo, 31.9%). Severe TEAEs occurred in,2%of
patients in both arms, except for pruritus (OCA, 30.4%; placebo,
9.0%) and esophageal variceal hemorrhage (OCA, 2.4%; placebo,
1.8%). In addition, hepatic TEAEs occurred less often in OCA vs

placebo patients overall (47.6% vs 58.4%), including increased
bilirubin (11.9% vs 15.1%), esophageal varices (11.9% vs 16.9%),
and ascites (10.7% vs 12.7%). Approximately one-third of all
patients, 62 (36.9%) in the OCA arm and 45 (27.1%) in the pla-
cebo arm discontinued IP because of a TEAE. Of these dis-
continuations, 19 of 62 patients (30.6%) in the OCA arm and 3 of
45 patients (6.7%) in the placebo arm were due to pruritus.

DISCUSSION
COBALT was designed as a randomized, placebo-controlled,
confirmatory clinical outcomes trial to assess the efficacy and
safety of OCA in patients with PBC. Despite extensive efforts to
recruit and retain study participants after the commercial avail-
ability of OCA as well as multiple consultations with the US FDA
andEMACommittee forMedicinal Products forHumanUse, the
data monitoring committee recommended against further pa-
tient enrollment in September 2020 and concluded that the study
was futile in October 2021. Shortly thereafter, in alignment with
the US FDA and EMA, the COBALT study was terminated early.

The ITT analysis of the RCT was largely compromised by
functional unblinding and treatment crossover, which prevented the
prespecified primary objective from being addressed adequately.
Because measurement of ALP levels is part of standard-of-care

Figure 3. Evidence of confounding in the ITTanalysis of the COBALTRCT. Panels (a) and (b) illustrate the number of patients whodiscontinued IP before an
endpoint event (bars) over time vs the proportion of patients who initiated commercial PBC treatments (curves) over time in the placebo arm (a) and OCA
treatment arm (b). Commercial PBC treatments included commercial OCA, fibrates, or UDCA (if the patients were not receiving UDCA at baseline). The
dotted lines show the time since randomization for 25% of patients to initiate commercial treatment in the placebo and OCA cohorts. Panel (c) showsmean
ALP levels before and after initiating commercial treatment by treatment arm. ALP, alkaline phosphatase; IP, investigational product; ITT, intent-to-treat;
OCA, obeticholic acid; PBC, primary biliary cholangitis; RCT, randomized controlled trial; UDCA, ursodeoxycholic acid.
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management for patients with PBC, we suspected that observable
ALP levels may have compromised the uncertainty principle of
double-blinded, randomized clinical trials (i.e., neither patients nor
their physicians can be certain about which trial arm is likely to
benefit most) (21,22). During the first 24 months, especially among
the placebo group, patientswho discontinued study visits had higher

levels ofALP, andmany initiated commercial PBC therapies, leading
to lower levels of ALP. Spontaneous reduction of ALP levels in the
absence of active treatment is counter to the natural history of PBC
and was not observed in the placebo arm of the POISE trial or other
trials of investigational therapeutics for PBC (e.g., seladelpar and
elafibranor) but was uncharacteristically observed in the RCT

Figure 4. Patients at risk of a primary composite endpoint event during the COBALT RCT. The proportion of placebo patients who had regularly scheduled
study visits (solid lines) steadily decreased .12 months after randomization and was less than that in OCA patients during the remainder of the study.
Patients who did not have follow-up study visits were followed by telephone calls and medical record review (i.e., proportion 5 1 2 proportion who had
study visits), as described in the main text. The proportion of patients who discontinued IP (dashed lines) and initiated second-line therapy (dotted lines)
steadily increased .12 months since randomization and was higher in placebo vs OCA patients during the remainder of the study. IP, investigational
product; OCA, obeticholic acid; RCT, randomized controlled trial.

Figure 5.Hazard analyses of the composite endpoint in COBALT data sets. Forest plot comparing hazard ratios for the composite endpoint among patients
treatedwithOCAvs placebo in the ITTanalysis of theRCT, IPCWanalyses to adjust for potential sources of bias in theRCT, the as-treated analysis of theRCT,
and the real-world EC analysis. 2L, second line; EC, external control; HR, hazard ratio; IP, investigational product; IPCW, inverse probability of censoring
weights; ITT, intent-to-treat;OCA, obeticholic acid;RCT, randomizedcontrolled trial; UDCA,ursodeoxycholic acid. aDefinedas initiation of commercialOCA,
UDCA for patients who were not receiving UDCA at baseline, or fibrates for patients who were not administered fibrates at baseline. bRatio of the hazard of
OCA treatment to the hazard of placebo treatment.
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(9,23–25). This suggested that differential dropout in the placebo
arm and treatment crossover to commercial OCA biased the study
results toward the null (because patients who discontinued study
visits or initiated commercial therapies were those with higher ob-
served ALP) and confounded the ITT estimate of effect (26). It is
plausible that these severe patients who were no longer eligible for
OCA per the May 2021 label update were at high risk of having
observable excursions of ALP. The ITT analysis may have also been
confounded by fact that placebo patients had nearly 50% more
follow-up time outside of regular study visits than OCA patients,
which may have reduced the amount of detailed information that
was captured.

The IPCW sensitivity analyses and as-treated analysis, which
were performed to address the confounding in the ITT analysis of
the RCT, were directionally consistent with the real-world–based
EC analysis to favor OCA over placebo. Specifically, the sensi-
tivity analyses progressively decreased the HR point estimate
from the ITT analysis by approximately 25% overall (1.01–0.77)
in favor of OCA. These analyses adjusted the effect estimate for
the primary composite endpoint in favor of OCA, similar to
observations from other real-world studies of the benefits of OCA
on clinical outcomes, and brought the effect estimate closer to the
statistically significant and clinically meaningful reduction ob-
served in the COBALT EC (HR, 0.39; 95% CI, 0.22–0.69; P 5
0.001) (16,27).

Externally controlled trials have been conducted for other rare
diseases and are recognized by the US FDA as adequate and well-
controlled clinical investigations for providing evidence of thera-
peutic effectiveness (15,28). The COBALT EC result is consistent
with findings from several real-world–based studies in different
populations, methodologies, and geographies. The long-term

safety extension of the POISE trial, which compared OCA
patients and ECs in the Global PBC registry, showed a reduction in
event-free survival (HR, 0.42; 95% CI, 0.21–0.85) (16). Similarly,
the RECAPITULATE study of OCA-treated patients and an EC in
the ItalianPBC registrydemonstrated a significant improvement in
both liver transplant-free survival (HR, 0.32; 95% CI, 0.15–0.66;
P, 0.0001) and event-free survival (HR, 0.33; 95% CI, 0.20–0.54;
P, 0.0001) (29).

The incidence of TEAEs in the COBALT study was consistent
with the known safety profile of OCA (9,13). Of note, hepatic
TEAEs occurred in a smaller proportion of OCA patients than in
placebo patients. Approximately 10% of patients in the OCA arm
discontinued IP because of pruritus during follow-up.

The COBALT study experience demonstrates the necessity of
prespecifying the inclusion of ECs in confirmatory trials when
traditional trial design may not be feasible, especially for rare,
slowly progressive diseases. Rigorous initiatives to replicate
clinical trial findings using observational data such as RCT-
DUPLICATE have demonstrated that well-designed and well-
executed real-world–based studies can produce valid results and
reach similar conclusions as RCTs (20,30).

Our study has several limitations that are common in real-
world data sources and EC studies (15,31). First, real-world
claims data reflect routine patient encounters with healthcare
professionals, which may differ from those of patients enrolled in
an RCT (32). We mitigated this limitation by matching patient
characteristics and markers of disease progression to minimize
potential baseline differences between the 2 arms. Second, event
rates in clinical trials and real-world data can differ owing to the
quality of data capture, although the observed consistency in
event rates between randomized OCA patients and real-world
patients treated with OCA in the Komodo database lends confi-
dence in the estimated treatment effect. Third, healthcare claims
datamay lack clinical details, such asMELD score components in
the Komodo Healthcare Map database. However, the large size
and broad geographic coverage of the Komodo database coupled
with nationwide laboratory data from LabCorp and Quest
Diagnostics increases the confidence that key biochemical
markers of disease progression and the objective clinical out-
comes in this study (e.g., death, liver transplantation, and hos-
pitalization for decompensation) were captured accurately and
that the study results can be generalized.

The ITT analysis of the COBALT RCT was compromised by
loss of equipoise because of functional unblinding, initiation of
commercial OCA in placebo patients, and differences in the
follow-up between treatment arms (notably, increased study
discontinuation in the placebo arm). As a result, the RCT ITT
analysis could not adequately assess the primary objective to
demonstrate a difference in clinical outcomes between OCA and
non-OCA patients. Adjusting for potential confounders with
IPCW and as-treated analyses demonstrated evidence for bias in
the RCT and shifted the HR in favor of OCA, in alignment with
the totality of evidence from real-world–based studies that have
shown improved clinical outcomes among patients with PBC
who are treated with OCA. The COBALT EC analysis showed
that OCA treatment is associated with a significant and clinically
meaningful reduction in the likelihood of serious and life-
threatening outcome events.

After receiving accelerated approval based on a surrogate
endpoint, the US FDA requires confirmation of clinical benefit
with an adequate and well-controlled trial (33). The use of real-

Table 2. Incidence of treatment-emergent adverse events

occurring in ‡10% of patients in the COBALT randomized

placebo-controlled trial

Preferred term

Placebo, n (%)

(n 5 166)

OCA, n (%)

(n5 168)

Pruritus 85 (51.2) 132 (78.6)

Edema, peripheral 18 (10.8) 31 (18.5)

Urinary tract infection 30 (18.1) 20 (11.9)

Arthralgia 29 (17.5) 23 (13.7)

Varices, esophageal 28 (16.9) 20 (11.9)

Diarrhea 26 (15.7) 21 (12.5)

Fatigue 25 (15.1) 18 (10.7)

Blood bilirubin increased 25 (15.1) 20 (11.9)

Nausea 21 (12.7) 25 (14.9)

Abdominal pain and upper 12 (7.2) 25 (14.9)

Headache 21 (12.7) 23 (13.7)

Ascites 21 (12.7) 18 (10.7)

Abdominal pain 18 (10.8) 21 (12.5)

Constipation 10 (6.0) 19 (11.3)

Nasopharyngitis 14 (8.4) 18 (10.7)

Serious adverse event 53 (31.9) 53 (31.5)

OCA, obeticholic acid.
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world evidence for confirmatory trials in PBC merits further
consideration because conducting randomized, placebo-
controlled trials to determine long-term clinical outcomes is
challenging and often not feasible (22). EC studies, such as the
COBALT EC analysis, POISE EC (16), and the fully real-world
HEROES study (27), are better alternatives to RCTs, replicating
the improved event-free and transplant-free survival among
patients treated with OCA. The value of real-world evidence in
confirming RCTs is not without precedent in the development of
treatments for PBC, as illustrated by the real-world confirmation
of the clinical benefits offirst-lineUDCA (22). The data presented
here have demonstrated that timely monitoring and intervention
with OCA for appropriate patients with PBC is critical to reduce
the risk of hepatic decompensation, liver transplant, and death.
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Study Highlights

WHAT IS KNOWN

3 Approximately 40%of patients with primary biliary cholangitis
are ursodeoxycholic acid–intolerant or inadequate
responders.

3 Obeticholic acid (OCA) received accelerated approval as
a second-line treatment of primary biliary cholangitis in 2016.

3 The COBALT trial compared outcomes of treatment vs
placebo or external control.

WHAT IS NEW HERE

3 In the randomized controlled trial, the primary endpoint was
not different between the OCA and placebo groups (intent-to-
treat analysis hazard ratio 5 1.01).

3 Functional unblinding and treatment crossover biased the
intent-to-treat analysis of the randomized controlled trial.

3 The real-world external control analysis showed that OCA
significantly reduced the risk of negative outcomes.
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