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Impact of Obeticholic acid Exposure on 
Decompensation and Mortality in Primary 
Biliary Cholangitis and Cirrhosis
Binu V. John,1,2 Kaley Schwartz,1 Cynthia Levy,2 Bassam Dahman,3 Yangyang Deng,3 Paul Martin,2 Tamar H. Taddei,4,5* and  
David E. Kaplan6,7*

Obeticholic acid (OCA) is approved for the treatment of patients with primary biliary cholangitis (PBC) who are partial 
responders or intolerant to ursodeoxycholic acid. Reports of serious liver injury have raised concerns about its safety in 
cirrhosis. We investigated the effects of treatment with OCA on hepatic decompensation and liver- related mortality or 
transplantation in a cohort with compensated PBC cirrhosis. This was a retrospective cohort study using national data 
of US veterans with PBC and cirrhosis. We performed a propensity score model using variables associated with OCA 
prescription to control for baseline risk of decompensation. New OCA users were matched to nonusers. We identified 
509 subjects with compensated PBC cirrhosis. We developed a propensity score model using variables associated with 
OCA prescription; 21 OCA users were matched with 84 nonusers. Over 569 and 3,847 person- months, respectively, of 
follow- up, 5 (23.8%) OCA users and 22 (26.2%) OCA nonusers decompensated. The C- statistic of the propensity score 
model was 0.87. On multivariable analysis, after adjusting for potential confounders, OCA use was associated with an 
increased risk of hepatic decompensation (adjusted hazard ratio, 3.9; 95% confidence interval, 1.33- 11.57; P  =  0.01). 
There was no association between OCA use and liver- related mortality or transplantation (adjusted hazard ratio, 1.35; 
95% confidence interval, 0.35- 5.21; P  =  0.66). Conclusion: OCA use was associated with an increase in hepatic de-
compensation but not liver- related mortality or transplantation in patients with compensated PBC cirrhosis. Additional 
studies are recommended to prospectively investigate these findings. (Hepatology Communications 2021;5:1426-1436).

Primary biliary cholangitis (PBC) is a chronic 
autoimmune liver disease that is character-
ized by the destruction of small intrahepatic 

bile ducts.(1) Ursodeoxycholic acid (UDCA) has been 
shown to improve the overall transplant- free survival 
in PBC, but approximately 40% of subjects are partial 
responders to UDCA and have a less favorable out-
come.(1,2) Obeticholic acid (OCA) was approved in 
the United States in 2016 for the treatment of PBC 

partial responders or those intolerant to UDCA. The 
approval was based on demonstration of improvement 
in alkaline phosphatase (ALP); however, potential 
benefits on liver- related events have not been demon-
strated. Postmarketing reports of serious liver injury 
have raised concerns about its safety and risk- benefit 
assessment in patients with cirrhosis, leading to a 
boxed warning by the Food and Drug Administration 
(FDA).(3,4) The published experience of OCA in 
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patients with cirrhosis is limited. The initial studies on 
OCA were powered to demonstrate improvement in 
ALP rather than clinical events. The phase 3 POISE 
(PeriOperative ISchemic Evaluation) trial that led to 
the approval of OCA in the United States included 
only 20 subjects with cirrhosis, of whom 13 were ran-
domized to OCA and 7 to placebo, with an initially 
reported follow- up of 12 months.(5)

Bile acids have both pro- inflammatory and anti- 
inflammatory actions through farnesoid X- activated 
receptors (FXRs). Upon activation, FXRs regulate both 
bile acid synthesis and conjugation. In addition, FXRs 
regulate numerous genes that affect glucose, protein, 
and lipid metabolism such as peroxisome proliferator- 
activated receptor gamma, sterol regulatory binding 
protein, and cAMP regulatory element- binding pro-
moter.(6) Furthermore, the presence of both cholestasis 
and cirrhosis may alter the bioavailability of the drug.

Therefore, there is concern that OCA may be 
associated with an increased risk of hepatic decom-
pensation. Although recent reports have highlighted 
individual cases with severe drug- induced liver toxic-
ity, quantification of increased risk of decompensation 
related to OCA requires a comparator group of OCA 
unexposed patients with PBC at similar baseline risk. 
To address these limitations, we aimed to investigate 
the effect of OCA use on hepatic decompensation 
and liver- related death or transplantation, in a cohort 

of patients with PBC and well- compensated cirrhosis 
and compared outcomes with a propensity- matched 
cohort of patients without OCA exposure.

Patients and Methods
stuDy Design anD suBJeCt 
iDentiFiCation

This was a retrospective cohort study that first 
identified subjects using data from the Veterans 
Affairs (VA) Corporate Data Warehouse (CDW), a 
clinical data repository that contains patient demo-
graphics, International Classification of Diseases 
(ICD), Clinical Modification diagnosis codes, cur-
rent procedural terminology codes, laboratory results, 
imaging, pathology, and prescription records on all 
patients receiving care within the VA health care sys-
tem.(7) After charts were identified using ICD codes, 
manual chart review of each eligible subject was 
performed centrally at the Bruce W. Carter Miami 
Veterans Affairs Medical Center to confirm eligibil-
ity. Biopsy reports, imaging results, endoscopy reports, 
clinical details of decompensation, as well as mortal-
ity data (including the dates and cause of death) were 
obtained from direct review of the charts. Institutional 
review boards at all of the participating VA Medical 
centers approved the study.
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VaRiaBles
The data from the manual chart review were com-

bined with laboratory values obtained from the CDW. 
The following laboratory values were obtained at the 
time of PBC diagnosis and 2 years after initiation 
of treatment to evaluate for UDCA response: serum 
alanine aminotransferase (ALT), aspartate amino-
transferase (AST), ALP, and total bilirubin. UDCA 
response was defined based on Toronto criteria, as 
ALP less than 1.67 times the upper limit of normal 
24 months after initiation of UDCA.

In addition, the following laboratory values were 
obtained at the time of cirrhosis diagnosis and 
throughout follow- up, including the time closest to 
initiation of OCA: ALT, AST, ALP, albumin, total 
bilirubin, platelet count, hemoglobin, international 
normalized ratio (INR), and serum sodium.

Laboratory tests used for baseline values in the 
unmatched cohort were those obtained closest to the 
time of diagnosis of cirrhosis from 180 days before to 
30 days after. In the matched cohort, laboratory tests 
used were those obtained closest to the time of the 
first OCA fill or “matched OCA date” among controls 
(controls were matched with cases for time from cir-
rhosis diagnosis). Child Turcotte Pugh (CTP) scores 
and Model for End- Stage Liver Disease– Sodium 
(MELD- Na) scores were appropriately calculated for 
patients at baseline and during follow- up.

All liver biopsy results were obtained by chart review. 
Tobacco use was characterized as current use, former 
use, or lifetime nonuse. Alcohol use was defined using 
ICD codes and Alcohol Use Disorders Identification 
Test (AUDIT- C) scores; AUDIT- C scores ≥ 4 for 
males and ≥ 3 for females were considered alcohol mis-
use.(8) We identified comorbidities using the cirrhosis 
comorbidity (CirCom) score that was first described 
by Jepsen et al., and defined seven groups based on the 
presence of one or more of the following comorbid-
ities: acute myocardial infarction, chronic obstructive 
lung disease, peripheral arterial disease, epilepsy, sub-
stance abuse other than alcoholism, congestive heart 
failure, nonmetastatic or hematologic cancer, meta-
static cancer, and chronic kidney disease.(9)

inClusion CRiteRia
Unique patients with cirrhosis with PBC were ini-

tially identified by querying the CDW for one inpa-
tient or two outpatient ICD- CM Ninth Revision 

(ICD- 9- CM) or 10th Revision (ICD- 10- CM) primary 
or secondary diagnosis codes for PBC (ICD- 9- CM, 
571.6; ICD- 10- CM, K74.3) and cirrhosis (ICD- 
9- CM, 571.5; ICD- 10- CM, K70.3x) from January 
2008 to December 2016, with follow- up to March 31, 
2020. Once these subjects were identified, a manual 
chart review was performed to confirm the diagnosis 
of PBC and cirrhosis. Patients were included if they 
met the diagnostic criteria for both PBC and cirrhosis 
as described as follows: A: Diagnosis of PBC, which 
was established by confirming two of the three clinical 
features (ALP greater than 1.5 times the upper limit of 
normal, a positive antimitochondrial antibody [AMA] 
or PBC- specific antinuclear antibody, and a liver biopsy 
consistent with the diagnosis). Patients were included 
regardless of whether the diagnosis of PBC was 
antecedent or concomitant to cirrhosis. B: Diagnosis of 
cirrhosis, which was confirmed by one of the following: 
liver biopsy, vibration controlled transient elastography 
with liver stiffness >16.9  KPa,(5,10) nodular- appearing 
liver, or the presence of portal hypertension. C: Portal 
hypertension was defined as the presence of thrombo-
cytopenia (<150 × 109/mL) in the absence of alterna-
tive explanations, esophageal or gastric varices on upper 
endoscopy, or collaterals on abdominal imaging.

eXClusion CRiteRia
Patients were excluded if they did not meet the crite-

ria for PBC based on testing available in the VA, did not 
meet the criteria for diagnosis of cirrhosis, developed 
posttransplant PBC cirrhosis, had insufficient data, or 
had decompensation at the time of initial diagnosis of 
cirrhosis (documented by the presence of variceal bleed-
ing, ascites, hepatic hydrothorax, spontaneous bacterial 
peritonitis, or hepatic encephalopathy on chart review). 
Patients with CTP B or C and patients who were not 
treated with UDCA or OCA were also excluded.

pRopensity sCoRe matCHing
Propensity score (PS) matching was performed using 

the SAS PSMATCH procedure. Patients who received 
OCA were matched with controls on a 1:4 ratio, 
matching for gender, race, body mass index (BMI), 
tobacco use, AUDIT- C score, CirCom, AST, ALT, 
ALP, albumin, creatinine, serum sodium, total bilirubin, 
INR, platelet count, CTP score, MELD- Na, UDCA 
response, and untreated time (time from cirrhosis diag-
nosis to initiation of OCA as described previously). The 
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index date was defined as the date of the first OCA fill 
for OCA users; untreated time was calculated from the 
date of cirrhosis diagnosis to the date of OCA initi-
ation. For OCA nonusers, follow- up time was started 
from a matched period of untreated time after the diag-
nosis of cirrhosis, to avoid immortal time biases.

outComes
The primary outcome was the risk of hepatic 

decompensation. This was defined as the develop-
ment of variceal bleeding, ascites, hepatic hydrothorax, 
spontaneous bacterial peritonitis, or hepatic encepha-
lopathy on chart review. The secondary outcome was a 
composite of liver- related mortality or liver transplan-
tation. Chart review was used to identify the cause 
of death, which was considered liver- related if it was 
attributable to hepatic decompensation or progression 
of hepatocellular carcinoma (HCC).

statistiCal analysis
Time- to- event data were compared using the log- 

rank test and Kaplan- Meier methodology.
The associations of OCA use and risk of decom-

pensation (with death or transplantation as competing 
risk) and liver- related mortality or liver transplanta-
tion (with non- liver- related death as competing risk) 
were estimated using competing- risk Cox proportional 
hazards models (Fine and Gray method), adjusted for 
the following covariates that were defined a priori, 
based on previously published data: age,(11) gender,(12) 
diabetes,(13) UDCA response,(14) and CTP score.(15)

We performed a sensitivity analysis including 
patients with more liberal inclusion criteria who met 
criteria for PBC and had an ICD code for cirrho-
sis but did not meet the strict definition for cirrhosis. 
These patients were often diagnosed to have cirrho-
sis outside the VA health care system and had ICD 
code(s) for cirrhosis, and they were excluded from the 
primary analysis because the diagnosis could not be 
verified based on testing available within the VA.

Results
sample seleCtion

Out of a total of 1,499 subjects identified from the 
VA CDW, we excluded the following: those who had 

cirrhosis due to other causes or did not meet the cri-
teria for PBC based on testing available in the VA 
(n = 317); those who did not meet the criteria for cir-
rhosis (n = 324); those who developed posttransplant 
PBC cirrhosis (n = 15); those who did not meet the 
criteria for either PBC or cirrhosis (n  =  30); those 
with insufficient data (n = 70); those who had decom-
pensation at baseline (n  =  203); or those who were 
not treated with UDCA or OCA (n  =  31) (Fig.  1). 
Therefore, 509 patients with PBC and compensated 
cirrhosis were included in the primary analysis, of 
whom 21 received OCA with or without UDCA and 
488 received UDCA alone (Fig.  1). The initial and 
maintenance dose of OCA was 5  mg daily in 95%, 
and 10 mg daily in 5% of subjects.

pRopensity matCHing
We matched 21 OCA users to 84 non- OCA users. 

The baseline characteristics of the cohort before and 
after matching are given in Table  1. As expected in 
a veteran population, the cohort was predominantly 
White and male. The PSs of the two groups are 
shown in Fig. 2. After PS matching, the two groups 
were well balanced in terms of baseline characteris-
tics (Table 1 and Fig. 2). Although only 70% of OCA 
exposed patients and 88.0% of OCA unexposed 
patients who had an available AMA test available for 
review were AMA- positive; all subjects with negative 
or unknown AMA status had a liver biopsy confirm-
ing the diagnosis of PBC. The C- statistic of the pro-
pensity model was 0.87.

assoCiation oF oCa use anD 
HepatiC DeCompensation

Over 569 and 3,847 person- months, respectively, of 
follow- up, 5 (23.8%) OCA users and 22 (26.2%) OCA 
nonusers decompensated. The time to decompensation 
was not statistically different between the two groups 
(median 20.0 vs. 46.0  months; P  =  0.31).  On mul-
tivariable analysis, after adjusting for potential con-
founders, OCA use was associated with an increased 
risk of hepatic decompensation (adjusted hazard ratio 
[aHR], 3.9; 95% confidence interval [CI], 1.33- 11.57; 
P = 0.01) (Table 2 and Fig. 3A).

Hepatic decompensation was associated with 
CTP (A5 vs. A6; aHR, 0.03; 95% CI, 0.01- 0.14; 
P < 0.001), higher age (aHR, 1.11; 95% CI, 1.05- 1.18; 
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P  =  0.0002), and diabetes mellitus (aHR, 4.66; 95% 
CI, 1.19- 8.25; P  =  0.03), but not UDCA response 
(vs. partial responders: aHR, 1.27; 95% CI, 0.55- 2.96; 
P  =  0.58). The decompensating event in the OCA 
group was medically controlled ascites in 2 patients, 
refractory ascites in 1 patient, gastric variceal bleed 
in 1 patient, and hepatic encephalopathy in 1 patient. 
No other precipitating factor such as an infection or 
an alternative drug was identified in patients who 
decompensated. Two other patients in the OCA 

group developed HCC. None of the patients devel-
oped bilirubin >3  mg/dL or coagulopathy, and none 
received a liver transplant during the study period. 
Seven patients discontinued OCA during the study 
period, 3 for severe pruritus, 1 due to nonresponse to 
treatment, 1 because of gastrointestinal side effects 
and increased sweating, and 2 for unknown reasons.

Of the 21 exposed subjects with OCA, 20 received 
5  mg daily and 1 received 10  mg daily. There was 
no relationship between the dose of OCA and 

Fig. 1. Study flow diagram.

Total unique patients with PBC and 
cirrhosis from VA CDW (n=1499)

Included in analysis (N = 509)

Met exclusion criteria after chart review:
- Cirrhosis due to other causes (N = 317)
- PBC, not meeting criteria for cirrhosis 

(N = 324)
- Post-transplant cirrhosis (N = 15)
- No cirrhosis or PBC (N = 30)
- Insufficient data (N = 70)
- Decompensation at the time of cirrhosis 

or CTP  class B or C (N = 203)
- Not treated with UDCA (N = 31)

No exposure to OCA (N=488) Exposure to OCA (N=21)

No exposure to OCA (N=84)
- Decompensation (N=22)
- Liver-related death or 

transplantation (N=20)

Propensity Score Matching (1:4)

Exposure to OCA (N=21)
- Decompensation (N=5)
- Liver-related death or 

transplantation (N=3)
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taBle 1. Baseline CHaRaCteRistiCs oF unmatCHeD anD matCHeD CoHoRt

Variables

PS- Matched Sample

Nonuser OCA User

P Value(n = 84) (n = 21)

Age at cirrhosis, median (IQR) 59.0 (13.5) 60.0 (9.0) 0.3196

Gender, n (%) 0.7689

Male 45 (53.6%) 12 (57.1%)

Female 39 (46.3%) 9 (42.9%)

Race/ethnicity, n (%) 0.6299

Black 4 (4.8%) 2 (9.5%)

Other 7 (8.3%) 1 (4.8%)

White 73 (86.9%) 18 (85.7%)

BMI, median (IQR) 27.5 (7.3) 26.5 (7.9) 0.8460

BMI, n (%) 0.7407

Underweight (less than 18.5) 1 (1.2%) 1 (4.8%)

Normal weight (18.5 to 25) 18 (21.4%) 5 (23.8%)

Overweight (25 to 30) 34 (40.5%) 8 (38.1%)

Obese (more than 30) 31 (36.9%) 7 (33.3%)

Tobacco use, n (%) 0.1918

Current smoker 26 (30.9%) 3 (14.3%)

Former smoker 25 (29.8%) 10 (47.6%)

Never smoker 33 (39.3%) 8 (38.1%)

AUDIT score 1 year after cirrhosis, n (%) 0.9999

Low 76 (90.5%) 19 (90.5%)

High 8 (9.5%) 2 (9.5%)

Cirrhosis comorbidity index, n (%) 0.6511

0 20 (23.8%) 6 (28.6%)

1 + 0/3 + 1 64 (76.2%) 15 (71.4%)

UDCA responder, n (%) 0.3480

No 55 (65.5%) 16 (76.2%)

Yes 29 (34.5%) 5 (23.8%)

Portal hypertension at baseline, n (%) 0.2666

Yes 55 (65.5%) 12 (57.1%)

No 29 (34.5%) 9 (42.9%)

AMA, n (%) 0.0642

Positive 71 (84.5%) 14 (66.7%)

Negative 9 (10.7%) 6 (28.6%)

Unknown 4 (4.8%) 1 (4.8%)

Varices, n (%) 0.3312

Yes 22 (26.2%) 9 (42.9%)

No 58 (69.1%) 11 (52.4%)

Unknown 4 (4.8%) 1 (4.8%)

Cirrhosis diagnosis, n (%) 0.6798

Biopsy proven 27 (32.1%) 7 (33.3%)

FibroScan 3 (3.6%) - 

Abnormal liver imaging 54 (64.3%) 14 (66.7%)

AST (IU/mL), median (IQR) 38.0 (22.5) 48.0 (17.0) 0.1255

ALT (IU/mL), median (IQR) 37.5 (32.5) 49.0 (27.0) 0.1266

ALP (IU/mL), median (IQR) 226.5 (184.0) 281.0 (187.0) 0.2067
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decompensation. The median duration of OCA expo-
sure was 17 months (interquartile range: 19 months). 
On logistic regression analysis, duration of OCA 
exposure was not associated with decompensa-
tion (adjusted odds ratio, 0.92; 95% CI, 0.83- 1.03; 
P = 0.13).

assoCiation oF oCa use anD 
liVeR- RelateD DeatH oR 
tRansplantation

We also explored the association between OCA 
use and liver- related death or transplantation 
(Table 2 and Fig. 3B). Liver- related causes of death 
were documented in 3 (14.3%) of OCA users (during 
607 person- months of follow- up) and 20 (23.8%) 
of OCA nonusers (during 4,504 person- months of 
follow- up). The median time to liver- related death 
was not different between the two groups (18.0 vs. 
47.0 months; P = 0.19). Of the 3 patients who died 
of liver- related causes, 1 was related to HCC, 1 had 
decompensated cirrhosis, and the third patient had 
HCC and hepatic decompensation. All 3 patients 
were ineligible for liver transplantation due to psy-
chosocial reasons. Among the controls, 15 subjects 
developed liver- related death (including 2 from 
HCC), and 5 underwent liver transplantation. On 
multivariable analysis, OCA exposure was not asso-
ciated with liver- related death or transplantation 
(aHR, 1.35; 95% CI, 0.35- 5.21; P = 0.66).

sensitiVity analysis
We did a sensitivity analysis by including 833 

subjects (additional 324 above the main analysis) by 
including those who met the criteria for PBC and had 
an ICD diagnosis of cirrhosis but did not meet the 
criteria for cirrhosis based on tests available within 
the VA system. Of these, 29 received OCA with or 
without UDCA, and 804 received UDCA alone 
(Supporting Fig. S1).

We matched 29 OCA users to 116 non- OCA 
users using the same method as the primary analy-
sis. The two groups were well- balanced in terms of all 
baseline characteristics. Over 845 and 5,225 person- 
months, respectively, of follow- up, 5 (17.2%) OCA 
users and 27 (23.3%) OCA nonusers decompensated 
(Supporting Fig. S1).  After adjusting for potential 
confounders, OCA exposure was associated with an 
increase in the hazard of decompensation (aHR, 4.65; 
95% CI, 1.30- 16.57; P = 0.02) (Supporting Table S2).

Three subjects in the OCA group (10.3%) and 25 
(21.2%) controls had a liver- related death or trans-
plantation. After adjusting for potential confounders, 
OCA exposure was not associated with liver- related 
death or transplantation (aHR, 4.26; 95% CI, 0.75- 
24.36; P  =  0.10) (Supporting Table S2). On post hoc 
analysis, the power to detect differences in death or 
transplantation was only 14.6%. We calculated the 
sample size needed to detect statistical significances 
in death or transplantation with 80% power, on 424 
subjects, including 85 with OCA exposure.

Variables

PS- Matched Sample

Nonuser OCA User

P Value(n = 84) (n = 21)

Albumin (g/dL), median (IQR) 3.8 (0.5) 3.8 (0.7) 0.8353

Platelet count (x10E9/L), median (IQR) 196.0 (104.5) 166.0 (97.0) 0.0987

Serum sodium (mEq/L), median (IQR) 138.0 (4.0) 138.0 (3.0) 0.4766

Creatinine (mg/dL), median (IQR) 0.9 (0.3) 0.9 (0.4) 0.7708

Total bilirubin (mg/dL), median (IQR) 0.7 (0.4) 0.9 (0.3) 0.0505

International normalized ratio, median (IQR) 1.0 (0.2) 1.0 (0.1) 0.3492

CTP score, median (IQR) 5.0 (0.0) 5.0 (0.0) 0.6583

MELD score, median (IQR) 6.0 (0.0) 6.0 (0.0) 0.8925

Note: Laboratory tests in the unmatched cohort were those obtained closest to the time of diagnosis of cirrhosis. In the matched co-
hort, laboratory tests used were those obtained at the time of OCA initiation or “matched OCA date” (matched for time from cirrhosis 
diagnosis).
Abbreviation: IQR, interquartile range.

taBle 1. Continued
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Fig. 2. Standardized variable differences plot between subjects exposed to OCA and controls with PBC cirrhosis, before (o) and after 
(x) PS matching.

Fig. 3. (A) Cumulative incidence of decompensation by OCA exposure in subjects with PBC cirrhosis. (B) Cumulative incidence of liver 
related death or transplantation by OCA exposure in subjects with PBC cirrhosis.
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Discussion
We found that among patients with compensated 

PBC cirrhosis, OCA use was associated with an 
increased risk of hepatic decompensation compared 
with a propensity- matched group of subjects without 
OCA exposure.

Although Eaton et al. first reported OCA- 
associated hepatic decompensation, the data were 
descriptive, with a series of patients from multiple 
institutions, some of whom had PBC, while others had 
PSC.(3) Our data build on their hypothesis- generating 
work by demonstrating that OCA is associated with 
increased decompensation when compared to a cohort 
with similar baseline risk. Because not all subjects 
underwent a liver biopsy, it is possible that some sub-
jects with PBC may have portal hypertension second-
ary to nodular regenerative hyperplasia (likely to be 
equally distributed in the OCA exposed and unex-
posed groups). Decompensation that occurred in this 
subgroup of subjects is more likely to be medication- 
related rather than worsening portal hypertension due 
to PBC progression.

We also note that only 70% (14 of 20 with 
AMA results available) in the OCA group were 

AMA- positive. This is not completely surprising, 
because AMA- negative PBC has been described to 
have a worse outcome compared with AMA- positive 
disease.(16) This study only included subjects who pro-
gressed to cirrhosis, and the OCA- exposed group is 
further enriched with patients who are UDCA par-
tial responders. Therefore, the prevalence of AMA- 
negative disease is high in the overall study population 
and even higher in the OCA- exposed subjects with 
PBC cirrhosis, compared to a cohort of patients with 
PBC without cirrhosis. We adjusted for this variable 
in the PS matching.

We included consecutive patients with a diagnosis 
of PBC cirrhosis, a propensity- matched control group, 
and excluded patients with PSC and those with ele-
vated bilirubin or decompensation at baseline. Based 
on multiple reported cases of severe hepatic decom-
pensation, the FDA issued a warning in September 
2017 that patients with CTP B or C cirrhosis should 
be started on lower doses of OCA. This warning did 
not recommend dose adjustment in patients with 
well- compensated cirrhosis.

It is likely that our data demonstrated an associ-
ation when two prospective clinical trials did not, 
because of the sample size and duration of follow- up. 

taBle 2. uniVaRiaBle anD multiVaRiaBle aHRs FoR tHe RisK oF DeCompensation anD liVeR- 
RelateD DeatH oR tRansplantation

Variable

Decompensation Liver- Related Death or Transplantation

Univariable Multivariable Univariable Multivariable

aHR (95% CI) P Value aHR (95% CI) P Value aHR (95% CI) P Value aHR (95% CI) P Value

OCA exposure

No REF REF REF REF

Yes 2.52 (0.85, 7.44) 0.0946 3.92 (1.33, 11.57) 0.0135 1.29 (0.39,4.34) 0.6752 1.35 (0.35, 5.21) 0.6599

Age 1.07 (1.03, 1.11) 0.0004 1.11 (1.05, 1.18) 0.0002 1.04 (1.01,1.08) 0.0188 1.08 (1.04, 1.13) 0.0004

Gender

Male REF REF REF REF

Female 0.16 (0.05, 0.57) 0.0044 0.77 (0.18, 3.24) 0.7237 0.63 (0.33,1.17) 0.1439 0.39 (0.16, 0.95) 0.0391

Diabetes

No REF REF REF REF

Yes 1.72 (0.70, 4.21) 0.2379 4.66 (1.19, 8.25) 0.0273 1.27 (0.67,2.43) 0.4657 2.46 (1.04, 5.82) 0.0404

UDCA response

Yes REF REF REF REF

No 1.38 (0.52, 3.69) 0.5158 1.27 (0.55, 2.96) 0.5803 2.53 (1.20,5.36) 0.0152 4.11 (1.57, 10.77) 0.0040

CTP score

CTP A6 REF REF REF REF

CTP A5 0.10 (0.03, 0.34) 0.0002 0.03 (0.01, 0.14) <.0001 0.41 (0.15,1.10) 0.0759 0.30 (0.10, 0.89) 0.0302

Note: Bold- face values indicates P values <0.05.
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The phase 3 POISE trial included only 20 subjects 
with cirrhosis, of whom 13 were randomized to OCA 
and 7 to placebo, and were followed for 12  months 
for their initial publication. A subset of the initial 
population continued into an open- label extension 
study, and the 36- month interim results show that 
3 patients developed variceal bleed and 1 developed 
ascites.(17) Although these studies did not demon-
strate an increased risk of decompensation with OCA 
compared with placebo, the total follow- up of patients 
with cirrhosis of 240 and 720 person- months, respec-
tively, was likely underpowered to detect significant 
differences.

potential meCHanisms
The findings are not completely unexpected, con-

sidering the complex and pleiotropic role that FXR 
plays in the regulation of numerous hepatic path-
ways.(6) In a recent review, Hoofnagle discussed the 
role played by FXR on glucose, protein, and lipid 
metabolism that can have unpredictable effects on 
the liver.(6) Semmler et al. described the effects of sin-
gle nucleotide polymorphisms in the FXR gene that 
are associated with severe portal hypertension in a 
cohort of patients with cirrhosis and clinically signif-
icant portal hypertension.(18) We also found that 2 of 
21 OCA users developed HCC. This is interesting, 
because OCA is an inducer of fibroblast growth fac-
tor (FGF) 19, a growth factor that is associated with 
hepatocellular carcinogenesis.(19) Although the FGF 
expression of HCC in these 2 patients was unavail-
able, this association would be worth exploring in 
future studies.

limitations
We acknowledge several limitations. First, the 

requirement that every patient included meet strict 
documentation of criteria for both PBC and cirrhosis 
with tests done within the VA system eliminated many 
potentially eligible subjects. This reduced our sample 
size and may have decreased the power to detect dif-
ferences in liver- related mortality or transplantation. 
However, the benefit of the strict inclusion criteria is 
the greater reliability of our data and the enrichment 
of the cohort for the development of clinical events. 
Despite strict inclusion criteria, the total number of 
subjects with cirrhosis in our cohort was similar to 
the multicenter Global PBC study group. Second, 

consistent with a veteran population, our population 
had more males compared to traditional cohorts of 
patients with PBC. Although the propensity match-
ing helped to balance the gender distribution, our 
findings are generalizable only to a population that 
is male and White. Third, we acknowledge the lim-
itations of a retrospective study, and the potential for 
residual confounding despite adjustment for known 
confounders. We did not adjust for baseline pruritus, 
as this was not well- documented in charts. Fourth, we 
acknowledge that despite including over 500 subjects 
with PBC cirrhosis, the numbers of OCA- exposed 
patients and events in the OCA- exposed cohort are 
low (21 and 5, respectively).

It is possible that the FDA warnings of hepatotox-
icity may have tempered the use of OCA in patients 
with cirrhosis who are partial or nonresponders to 
UDCA. We believe that these limitations are out-
weighed by strengths, including a well- characterized 
cohort of patients with both PBC and compensated 
cirrhosis assembled in a real- world setting without 
a referral center bias. The data were obtained from 
patients receiving care from a national health care 
system with uniform practices across its facilities. 
We recognized and adjusted for bias by matching for 
UDCA partial response as well as for untreated time 
(to avoid immortal time biases).

In summary, our data suggest that exposure to 
OCA in patients with PBC cirrhosis is associated 
with a 3.9- fold higher risk of hepatic decompensa-
tion. Large, prospective studies are needed to con-
firm our findings, and these are currently underway 
(NCT02308111 and NCT04076527). As OCA is 
being evaluated for the treatment of nonalcoholic ste-
atohepatitis, our findings may have an impact beyond 
patients with PBC. Our findings raise concerns about 
OCA, and we recommend that clinicians be cautious 
about using this drug, even in patients with well- 
compensated cirrhosis, until we establish safety from 
ongoing trials.
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