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Abstract

Background Primary biliary cholangitis (PBC) is a chronic cholestatic liver disease in which anti-mitochondrial antibod-
ies (AMA) are the diagnostic hallmark. Whether AMA-negative PBC patients represent a different phenotype of disease is
highly debated.

Aims The purpose of our study was to compare AMA-positive and AMA-negative PBC patients in a large non-white admixed
Brazilian cohort.

Methods The Brazilian Cholestasis Study Group multicentre database was reviewed to assess demographics, clinical features
and treatment outcomes of Brazilian PBC patients, stratifying data according to AMA status.

Results A total of 464 subjects (95.4% females, mean age 56 + 5 years) with PBC were included. Three hundred and eighty-
four (83%) subjects were AMA-positive, whereas 80 (17%) had AMA-negative PBC. Subjects with AMA-negative PBC
were significantly younger (52.2 + 14 vs. 59.6 + 11 years, p=0.001) and had their first symptom at an earlier age (43.2+ 13
vs. 49.5 + 12 years, p=0.005). Frequency of type 2 diabetes was significantly increased in subjects with AMA-negative
PBC (22.5% vs. 12.2%, p=0.03). Lower IgM (272.2 + 183 vs. 383.2 +378 mg/dL, p=0.01) and triglycerides (107.6 +59.8
vs.129.3 +75.7 mg/dL, p=0.025) and higher bilirubin (3.8 +13.5 vs. 1.8 +3.4 mg/dL, p=0.02) levels were also observed
in this subgroup. Response to ursodeoxycholic acid varied from 40.5 to 63.3% in AMA-positive and 34 to 62.3% in AMA-
negative individuals, according to different response criteria. Outcomes such as development of liver-related complications,
death and requirement for liver transplantation were similar in both groups.

Conclusions AMA-negative PBC patients are similar to their AMA-positive counterparts with subtle differences observed
in clinical and laboratory features.
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MAFLD Metabolic dysfunction-associated fatty liver
disease
Introduction

Primary biliary cholangitis (PBC) is an immune-mediated
inflammatory liver disorder that affects interlobular bile
ducts leading to bile duct injury, ductopenia and cirrhosis
[1, 2]. It is much more common in Caucasian middle-aged
women and is usually progressive without treatment toward
end-stage liver disease requiring liver transplantation [1-3].
Anti-mitochondrial antibodies (AMA) are the serological
hallmarks of PBC [4]. In subjects with cholestasis, their
presence either by indirect immunofluorescence (IIF) or by
other immunoassays such as ELISA or immunoblotting (IB)
is regarded as sufficient for the diagnosis of PBC without
requirement of further histological evaluation [3]. AMAs
are found in 78-90% of patients when tested by IIF, and in
90-95% when more accurate immunoassays are used [4-8].
On the other hand, AMA can be detected in 0.1-0.5% of
apparently healthy subjects [9—11] or in patients with other
autoimmune liver diseases, mainly autoimmune hepatitis
(AIH) [11, 12]. They are also considered as early markers
of PBC even in the absence of cholestasis and predictors
of disease development [13]. In fact, 10.2-16% of healthy
AMA-positive patients have been shown to evolve to full-
blown PBC during follow-up, while up to 83% of the indi-
viduals with baseline histological findings compatible with
PBC developed clinical and biochemical features of PBC
after the initial positive antibody test [14—17].

It is however well acknowledged that 5-15% of patients
with PBC worldwide lack AMA [3, 8, 18]. This is chal-
lenging since immune-mediated damage to biliary epithelial
cells in PBC is directed against the same E2 subunits of
2-oxo0-acid dehydrogenase complex epitopes recognized by
AMA [2]. It is also not entirely known whether the presence
of AMA defines different subgroups of patients with AMA-
positive and AMA-negative PBC, implying varying natural
history [7, 19-28]. In the past, several authors have consid-
ered AMA-negative PBC as part of the spectrum of PBC
and AIH overlap syndrome [29, 30]. Those authors coined
the term autoimmune cholangitis to define AMA-negative
PBC by the presence of high-titer antinuclear (ANA) and/
or anti-smooth muscle (SMA) antibodies, prominent lobu-
lar and portal inflammation on liver biopsy and biochemi-
cal response to corticosteroids [31-33]. More recently, the
term AMA-negative PBC has been used to define a sub-
set of patients who lack AMA but have typical histologi-
cal changes of PBC. More than half of these patients have
detectable ANAs and 40-50% of these are PBC-specific
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(multiple nuclear dots and rim-like membrane pattern), fur-
ther supporting the diagnosis [34]. In spite of those findings,
it is still unclear in the literature whether the presence of
AMA could influence clinical expression and outcomes in
subjects with PBC. In this respect, some [26, 27] but not all
reports [19-25, 28] have described distinct clinical features
in AMA-negative PBC patients including higher frequency
of ANA and SMA and lower levels of serum immunoglobu-
lin M (IgM) [20-23], reduced response to ursodeoxycholic
acid (UDCA) and transplantation-free survival when com-
pared to their AMA-positive counterparts [26, 27].

The purpose of this study was to compare clinical, labora-
tory and histological features of AMA-positive and AMA-
negative PBC patients in a large non-white admixed Brazil-
ian cohort.

Methods
Study Population

The study population included adult (> 18 years old) patients
who were diagnosed with PBC between January 1st, 1992
and December 31st, 2019 in 28 different hepatology centers
from all regions of the country. The diagnosis of PBC was
considered if patient fulfilled at least two of the following
diagnostic criteria as recommended by the American Asso-
ciation for the Study of Liver Disease guidelines: (i) posi-
tive serology for anti-mitochondrial antibodies (AMA); (ii)
persistent increase in the serum alkaline phosphatase (ALP)
levels; and (iii) liver histology compatible with PBC (3).
Patients in whom the diagnosis could not be confirmed or
who had another etiology of liver disease, including overlap
syndrome with autoimmune hepatitis, were excluded.

Data Collection

Each investigator was asked to identify all PBC patients
that have been followed in their Liver Center at the time
of the survey, without any selection or exclusion whatso-
ever, and to fill-in a standardized database provided by the
Brazilian Cholestasis Study Group to assess retrospectively
demographics, real-life clinical, laboratory and histological
features of PBC, as well as response to treatment with either
UDCA and/or fibrates. Briefly, data obtained from medical
records included sex; age at diagnosis; year of diagnosis;
year of first symptoms or first biochemical changes; last date
of follow-up; baseline clinical presentation, concurrent auto-
immune diseases, dyslipidemia and type 2 diabetes; baseline
liver enzymes including alanine aminotransferase (ALT),
aspartate aminotransferase (AST), alkaline phosphatase
(ALP) and gamma-glutamyltransferase (GGT), bilirubin,
albumin, IgM, immunoglobulin G, glucose, triglycerides
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and cholesterol levels; autoantibody profile including ANA,
SMA and AMA; liver histology staged according to the Lud-
wig system; presence of osteopenia or osteoporosis; devel-
opment of liver-related complications; response to treatment
with UDCA and/or fibrates; liver transplantation and death.
The response to treatment either to UDCA or fibrates was
analyzed according to international validated criteria includ-
ing Barcelona, Paris I and II, Toronto, Rotterdam and POISE
trial criteria [34—38]. The duration of follow-up was defined
as the interval between the diagnosis and the last visit or the
date of liver transplantation or death.

All demographics, clinical and laboratory data includ-
ing response to treatment and outcomes were compared
according to AMA status assessed by IIF in two groups of
patients: AMA-positive and AMA-negative PBC. All AMA-
positive patients had titers > 1:40. Liver histology specimens
were available for all patients with AMA-negative and 256
AMA-positive PBC patients. Cirrhosis was diagnosed both
histologically (when available) or clinically according to
several parameters, such as (a) presence of esophagogas-
tric varices on endoscopy; (b) suggestive imaging studies
(abdominal ultrasound, computed tomography or magnetic
resonance); (c) platelet count < 150,000/mm?> without other
possible explanations, (d) liver-related biochemical altera-
tions, such as serum albumin < 3.5 g/dL and enlarged INR,
(e) signs of liver failure on physical exam. This study was
conducted in accordance with the ethical standards of the
Helsinki Declaration and was approved by the Federal Uni-
versity of Minas Gerais Ethics Committee Board (CAAE
98627218.6.1001.5149).

Statistical Analysis

Statistical analysis was performed using SPSS 25.0 software
(IBM, USA). Continuous variables distribution was assessed
by Shapiro—Wilk test, and those with Gaussian distribution
were expressed as mean and standard deviation (SD), or as
median and interquartile range (IQR) if skewed distribution.
Categorical variables were expressed as absolute number
and percentage. Univariate analysis was performed using
chi-square or Fisher exact test, as appropriate, for categori-
cal variables. Continuous variables were analyzed by the
Student t test or Mann—Whitney U test, according to the
distribution. Pairwise deletion was applied to missing data.
P values < 0.05 were considered statistically significant.

Results
Patient Characteristics

Four hundred sixty-four subjects (95.4% female, mean age
56 +5 years) with well-defined diagnosis of PBC were

included in this study. Three hundred eighty-four (83%) sub-
jects were AMA-positive PBC patients, whereas 80 (17.2%)
had AMA-negative PBC. Demographic, clinical and labo-
ratory features are summarized in Table 1. Subjects with
AMA-negative PBC were significantly younger (52.2 + 14
vs. 59.6 + 11 years in AMA-positive patients, p=0.001)
and had their first symptom at an earlier age (43.2+ 13 vs.
49.5 + 12 years in AMA-positive patients, p=0.005) when
compared to their counterparts with AMA-positive PBC.
Age at diagnosis was also lower and time to diagnosis was
longer in AMA-negative patients, but the difference was
not statistically significant for either variable. With respect
to AMA status, no other differences in demographics and
baseline clinical features were observed, with the excep-
tion of the frequency of type 2 diabetes mellitus, that was
significantly increased in those subjects with AMA-nega-
tive PBC (22.5% vs. 12.2% in patients with AMA-positive
PBC, p=0.03). Comparison of baseline laboratory features
revealed that AMA-negative patients when compared to
their AMA-positive counterparts have baseline lower IgM
(272.2+183 vs. 383.2+378 mg/dL, p=0.01) and triglyc-
erides (107.6 +£59.8 vs. 129.3 +75.7 mg/dL, p=0.025) and
higher bilirubin (3.8 +13.5 vs. 1.8 +3.4 mg/dL, p=0.02)
levels. No differences were observed in ANA prevalence
(Table 1). Mean dose of UDCA was 12.86+2.7 and
13.3+2.2 mg/Kg in AMA- positive and negative groups,
respectively (p =0.39). Any patient was using fibrate at the
baseline. Response to UDCA varied from 40.5 to 63.3% in
AMA-positive and 34 to 62.3% in AMA-negative subjects,
according to different response criteria. (Table 2). No differ-
ence was observed in the frequency of treatment response in
those groups of patients using different available criteria. On
the contrary, paired analysis of ALP and GGT levels over
5 years of UDCA treatment showed slower decline of both
ALP and GGT in those AMA-negative patients when com-
pared to their AMA-positive counterparts, but the difference
was not statistically significant (Fig. 1), with the exception
of 2 years follow-up time. Outcomes such as development
of liver-related complications and death and requirement for
liver transplantation were similar in both groups of patients.

Discussion

The present study analyzed 464 subjects with well-defined
PBC. Eighty (17%) of them lacked AMA when tested by IIF
in local reference laboratories in Brazil, one of the largest
cohorts of AMA-negative patients with PBC in real-world
setting published thus far. Our findings support the concept
that AMA-negative PBC subjects have subtle differences
in baseline clinical and laboratory features but similar out-
comes when compared to their AMA-positive counterparts.
AMA-negative PBC subjects were shown to be significantly
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Table 1 Baseline Clinical

. Variables AMA-negative (n=80) AMA-positive (n=384) p values

and Laboratory Features in

Patients with AMA-positive and Demographics

éﬁﬁ;“g‘“‘é‘;ﬁv" Primary Biliary s o0 (yrs.) 522+ 14.1 50.6+11.3 0.001
Age at first symptoms (yrs.) 43.2+133 49.5+11.9 0.005
Mean time to diagnosis (yrs.) 2.7+4.5 1.9+4.7 0.076
Age at diagnosis (yrs.) 47.8+13.5 51.7+10.9 0.056
Female sex 92.50% 96.35% 0.132
Clinical features
Pruritus 46.7% 49.5% 0.75
Fatigue 36.4% 38.3% 0.80
Jaundice 23.1% 20.8% 0.77
Splenomegaly 7.5% 4.95% 0.41
Hepatomegaly 14.1% 14.8% 1.0
Xanthoma 5.0% 4.2% 0.76
Xanthelasma 6.33% 7.0% 1.0
Type 2 Diabetes Mellitus 22.5% 12.2% 0.026
Dyslipidemia 19% 22% 0.39
Concurrent autoimmune diseases
Hashimoto’s thyroiditis 13.8% 19.8% 0.27
Sjogren syndrome 8.9% 7.8% 0.93
Rheumatoid arthritis 8.9% 3.7% 0.06
Scleroderma 2.5% 6.5% 0.28
Laboratory features
ANA 56.6% 66.3% 0.1
SMA 4.4% 3.88% 0.74
IgG (mg/dL) 1553.9+515 1483.7+£519 0.39
IgM (mg/dL) 272.2+183 383.2+378 0.01
AST (x ULN) 2.6+1.95 25+19 0.66
ALT (x ULN) 3.1+25 27+25 0.09
ALP (x ULN) 3.842.9 3.70+3.0 0.27
GGT (x ULN) 13.3+13.7 114+11.6 0.16
Bilirubin (mg/dL) 3.8+13.5 1.8+3.4 0.02
Albumin (g/dL) 39+0.5 3.9+0.5 1.0
Platelets (mm®) 216,640+97,296 221,158 £90,536 0.74
Triglycerides (mg/dL) 107.6 +£59.8 129.3+75.7 0.025
Total Cholesterol (mg/dL) 230.4+75.7 232.5+76 0.57
Bone disease by densitometry
Absent (n=64) 29% 33% 0.46
Osteopenia (n=82) 51.6% 40%
Osteoporosis (n=51) 19.4% 27%
Cirrhosis at baseline 36.6% 32% 0.53

AMA anti-mitochondrial antibody; ANA antinuclear antibody; ALT alanine aminotransferase; ALP alkaline
phosphatase; AST aspartate aminotransferase; GGT gammaglutamyl transferase; /gG immunoglobulin G;
IgM immunoglobulin M; SMA anti-smooth muscle antibody; ULN upper limit of normality; Yrs. years

younger at disease onset, and to have a longer time from
symptoms onset to diagnosis, probably due to requirement
of histological evaluation for definite diagnosis. As reported
by other authors [22, 23, 29, 30], IgM levels were lower in
AMA-negative patients with PBC when compared to their
AMA-positive counterparts, but in contrast to other reports
[21, 23, 29, 30], no increase in the frequency of either ANA
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or SMA was found in the former group of patients. Baseline
higher bilirubin levels, usually associated with advanced dis-
ease [1-3], were more often encountered in subjects with
AMA-negative PBC, indicating that those patients could
have a more advanced liver disease at the time of diagno-
sis, possibly due to a delay in diagnosis. It is worth men-
tioning that a higher frequency of type 2 diabetes was also
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Table2 Outcomes and Response to Treatment in Patients with
AMA-positive and AMA-negative PBC

Variables AMA- AMA- p value
negative positive
(n=80) (n=384)
Mean follow-up time (years) 53+4.8 6.4+5.3 0.101
Liver-related complications patients during follow-up
Variceal bleeding 5.6% 8.8% 0.36
Hepatic encephalopathy 5.7% 7.1% 1.0
Ascites 13.5% 15.2% 0.91
Spontaneous bacterial perito- 2.5% 4.0% 1.0
nitis
Hepatocellular carcinoma 0% 2.3% 0.6
Response to UDCA at 12 months
Toronto criteria (n=316) 151 (57.6) 28 (51.9) 0.435
Barcelona criteria (n=312) 164 (63.3) 29 (54.7) 0.240
Paris-1 criteria (n=315) 158 (60.3) 30 (56.6) 0.616
Paris-2 criteria (n=315) 106 (40.5) 18 (34.0) 0.377
POISE trial criteria (n=315) 179 (68.3) 33 (62.3) 0.391
Rotterdam criteria (n=272) 150 (65.2) 23 (54.8) 0.195
Liver transplantation 5% 6.8% 0.74
Liver-related deaths 1.5% 3.6% 0.39

AMA anti-mitochondrial antibody; PBC primary biliary cholangitis;
UDCA ursodeoxycholic acid

identified in those AMA-negative patients. Interestingly,
Hindi et al. [40] have reported more advanced PBC in sub-
jects with risk factors for metabolic syndrome and meta-
bolic dysfunction-associated fatty liver disease (MAFLD)
that is closely associated with type 2 diabetes mellitus. It
is, thus, possible that those AMA-negative patients could
have competing risks for advanced or progressive disease
such as younger age at disease onset, higher bilirubin levels
and associated MAFLD. On the other hand, lower levels of
triglycerides were observed in this subgroup, a finding that
might be linked to the use of hypoglycemic medications and/
or insulin and reflect satisfactory glycemic control.
Differently from Sakauchi et al. [22], who reported a sig-
nificantly higher prevalence of Sjogren’s syndrome, rheu-
matoid arthritis, autoimmune thyroiditis, and scleroderma in
AMA-negative patients, a similar distribution of concurrent
autoimmune diseases was observed in AMA-positive and
negative subjects in the present study. Furthermore, although
ANA has been reported with extremely high proportions

in AMA-negative PBC, in our study, we observed a rela-
tively lower prevalence, but still very significant levels [21,
23]. This may be ascribed to differences in genetics and/or
environmental factors related to each population or even to
diverse methodology employed in each study [41, 42].

Several investigators have reported similar outcomes
[21, 28] and treatment responses to UDCA [19, 24, 25] in
patients with PBC irrespective of AMA status, whereas oth-
ers reported conflicting results [26, 27]. Koulentani et al.
[27] evaluated a very small cohort of patients with AMA-
positive and AMA-negative PBC and suggested a lower
effect of UDCA treatment in subjects with advanced dis-
ease and AMA-negative PBC. Juliusson et al. [26], on the
other hand, reviewed 71 AMA-negative PBC matching them
on year of diagnosis to the same number of AMA-positive
counterparts. The authors reported reduced survival free of
liver-related complications in the former group of patients.
In the present study, the response to UDCA treatment was
assessed using various internationally validated criteria with
similar rates of response observed in AMA-negative PBC
patients when compared to their AMA-positive counter-
parts. However, a slower decline in ALP and GGT levels was
observed in AMA-negative PBC patients over 5-years, indi-
cating that normalization or near normalization of ALP and
GGT may take longer to achieve in AMA-negative patients.
No difference in other outcomes such as liver-related com-
plications, liver-related mortality or liver transplantation was
noticed.

Our study has some limitations, including its retrospec-
tive design and lack of data regarding variable methods to
test AMA (IB, beads and/or ELISA). It also important to
highlight that our cohort presented a high prevalence of cir-
rhotic patients at baseline. This might reflect a referral bias
to specialized hepatology centers or late diagnosis of PBC
in Brazil. On the other hand, it has to be recognized that it
reflects real-life practices of AMA detection that is currently
based in IIF in large parts of the world.

In conclusion, our data show that AMA-negative PBC
patients are remarkably similar to AMA-positive subjects
in clinical and laboratory features, as well as in treatment
responses and outcomes with very subtle differences. Even
though treatment responses to UDCA are similar irrespec-
tive of AMA status, subjects with AMA-negative PBC may
have a slower decline in ALP and GGT levels over time.
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Fig. 1 ALP and GGT levels in (a)
subjects with PBC according

to AMA status. Shown are the

mean values of ALP and GGT

at each time point of the follow- 41

up. Bars indicate the standard
deviation. ?p=0.02; bp =0.03;
ALP alkaline phosphatase; AMA

Slope AMA negative = -0.364
Slope AMA positive = -0.381
P-value = 0.840

anti-mitochondrial antibody; z

GGT gammaglutamyl trans- = - AMA negative
ferase; PBC primary biliary ; - AMA positive
cholangitis 2
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