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Abstract

Objectives—Data on clinical manifestations and outcome of hepatic sarcoidosis are scarce. This
study aimed to use a population-based cohort of patients with incident sarcoidosis to better
describe the characteristics of hepatic sarcoidosis.

Methods—A cohort of incident cases of sarcoidosis in Olmsted County, Minnesota, United
States from 1976 to 2013 was identified from the database. Diagnosis was verified by individual
medical record review. Confirmed cases of sarcoidosis were then reviewed for liver involvement.
Data on clinical manifestations, imaging study, liver biochemical tests, treatment and outcome
were collected. Cumulative incidence of cirrhosis adjusted for the competing risk of death was
estimated.

Results—A total of 345 cases of incident sarcoidosis were identified. Of these, 19 cases (6%)
had liver involvement (mean age 46.1 years, 53% female and 79% Caucasian). Most patients had
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asymptomatic liver disease and were discovered in pursuit of abnormal biochemical tests and
imaging studies. Alkaline phosphatase (ALP) and gamma-glutamyl transpeptidase (GGT) were
elevated in the majority of patients (88% and 90%, respectively). Elevated transaminases were less
common and less severe. About half of patients had abnormal imaging study with hypodense
nodular lesions being the most common abnormality (6 patients) followed by hepatomegaly (3
patients). Liver biopsy revealed non-caseating granuloma in 88% (14 of 16 patients). A total of 4
patients developed cirrhosis.

Conclusions—Involvement of the liver by sarcoidosis was seen in 6% of patients with
sarcoidosis. The majority of patients were asymptomatic. Elevated ALP and GGT were the most
common abnormal biochemical tests. Liver biopsy revealed non-caseating granuloma in almost all
cases. Cirrhosis was seen in a significant number of patients. Generalizability of the observations
to other populations may be limited as the studied population was predominantly Caucasian. The
prevalence of liver disease may be higher in more diverse populations.
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Introduction

Sarcoidosis is a chronic granulomatous inflammatory disease of unclear etiology. The
characteristic histological finding of sarcoid granuloma consists of epithelioid cells and
multinucleated cells without area of necrosis, unlike caseating granuloma of tuberculosis (1).
It has been estimated that 70,000 — 80,000 new cases of sarcoidosis are diagnosed in the
United States annually with a significant variation across regions and ethnic groups (2, 3).

Sarcoidosis can virtually affect any organ, with lung and mediastinal lymph node being the
most frequently affected sites (4). Liver involvement by sarcoidosis is relatively common
with prevalence ranging from 5% to 30% in antemortem cohort studies (5-9) and as high as
70% in an autopsy study (10). However, clinical characteristics and outcome of hepatic
sarcoidosis are not well-defined as most available studies used referral-based cohorts which
may not reflect the disease as it occurs in the community. This study aimed to use the data
from a previously identified cohort of patients with incident sarcoidosis in Olmsted County,
Minnesota (MN), United States (11) to better characterize the epidemiology, clinical
findings and course of hepatic sarcoidosis.

Methods

Participants and study design

This is a retrospective cohort study that utilized the medical record-linkage system of the
Rochester Epidemiology Project (REP) to identify potential cases of sarcoidosis from 1976
to 2013 using diagnosis codes related to sarcoid, sarcoidosis and non-caseating granuloma.
The REP medical record-linkage system provides comprehensive access to medical records
of all residents of Olmsted County, MN from all local health care providers which include
the Mayo Clinic, the Olmsted Medical Center and their affiliated hospitals, local nursing
homes and the few private practitioners. This approach allows identification of virtually all
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clinically recognized cases of sarcoidosis in the community. Detailed methodology and
clinical application of the REP medical record-linkage system has previously been described
(12).

Medical records of those potential cases with sarcoidosis related diagnostic codes were
individually reviewed. The diagnosis of sarcoidosis required a diagnosis made by physicians
who evaluated the patient supported by presence of non-caseating granuloma on
histopathology, radiologic features of intrathoracic sarcoidosis, compatible clinical
presentation and exclusion of other granulomatous diseases such as tuberculosis and fungal
infection. The only exception to the requirement of histopathological confirmation was stage
I pulmonary sarcoidosis that required only the presence of symmetric bilateral hilar
adenopathy on chest x-ray or computerized tomography without any other identifiable
causes. Isolated granulomatous disease of a specific organ without intra-thoracic sarcoidosis
was also included if other possible causes of granulomatous inflammation were excluded.
Prevalent cases (i.e., cases with sarcoidosis prior to residency in Olmsted County) were not
included.

Confirmed cases of sarcoidosis were then reviewed for liver involvement. If the patient had
systemic sarcoidosis (pulmonary sarcoidosis with or without involvement of other organs),
liver involvement by sarcoidosis was defined as presence of hypodense nodular lesions on
liver imaging study or presence of abnormal liver biochemical tests without other
identifiable causes (such as drugs, viral hepatitis, autoimmune liver diseases, fatty liver and
significant alcohol consumption). Histopathological confirmation was not necessary in this
situation. However, if the patient did not have systemic sarcoidosis, diagnosis of isolated
hepatic sarcoidosis required the presence of non-caseating granuloma on biopsy and
exclusion of other causes of granulomatous hepatitis (such as tuberculosis, brucellosis, drugs
and primary biliary cirrhosis).

Data on demographic characteristics, clinical manifestations related to hepatic sarcoidosis,
imaging study of the liver, liver biochemical tests at baseline as well as at last follow-up
visit, treatment and outcome were collected. Follow-up was continued until death, migration
out of system or February 1, 2017. This study was approved by the Mayo Clinic and the
Olmsted Medical Center Institutional Review Boards. The study protocol conforms to the
ethical guidelines of the 1975 Declaration of Helsinki as reflected in a priori approval by the
institution’s human research committee. The need for inform consent was waived.

Statistical analysis

Descriptive statistics (percentages, means, etc.) were used to summarize the characteristics
of the cohort. The cumulative incidence of cirrhosis adjusted for the competing risk of death
was estimated (13). These methods are similar to the Kaplan-Meier method with censoring
of patients who are still alive at last follow-up. However, patients who died before
experiencing cirrhosis are appropriately accounted for to avoid overestimation of the rate of
occurrence of the events of interest, which can occur if such subjects are simply censored at
death. Mortality rates were estimated using the Kaplan-Meier method and compared to
expected mortality for persons of the same age, sex and calendar year estimated using
Minnesota population life tables. The standardized mortality rate (SMR) was estimated as
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the ratio of the observed and expected number of deaths. SMR 95 % confidence intervals
were calculated assuming that the expected rates are fixed and the observed rates followed a
Poisson distribution. A Cox model including the entire sarcoidosis cohort with liver
involvement modeled as a time-dependent covariate was used to examine whether liver
involvement was a prognostic factor for death among patients with sarcoidosis after
adjustment for age, sex and calendar year of sarcoidosis diagnosis. A P-value of less than
0.05 was considered statistically significant for all analyses. Analyses were performed using
SAS version 9.4 (SAS Institute, Cary, NC, USA) and R 3.1.1 (R Foundation for Statistical
Computing, Vienna, Austria).

Baseline characteristics

Out of 345 incidental cases of sarcoidosis, 19 cases (6%) had liver involvement (mean age
46.1 years, 53% female and 79% Caucasian). Median time from sarcoidosis diagnosis to
hepatic involvement was 0.0 months (range: —3.3, 78.5 months). Median length of follow-up
from diagnosis of hepatic sarcoidosis to last follow-up was 10.1 years (range: 0.0, 20.9
years). Most patients were asymptomatic from liver disease. Liver involvement was
discovered in evaluation of abnormal biochemical tests/imaging study (12 cases; 63%) or at
autopsy (3 cases; 16%). Most patients were diagnosed on the basis of positive liver biopsy
and cholestatic biochemical liver tests (7 cases) followed by positive imaging study and
cholestatic biochemical liver tests (4 cases); positive imaging study, liver biopsy and
cholestatic biochemical liver tests (4 cases); positive liver biopsy alone (3 cases) and positive
imaging study alone (1 case). Most cases of hepatic sarcoidosis occurred in conjunction with
pulmonary sarcoidosis (16 cases). Only 3 cases had hepatic sarcoidosis in isolation without
intra-thoracic disease.

At diagnosis of liver disease, alkaline phosphatase (ALP) and gamma-glutamyl transferase
(GGT) were elevated in the majority of patients (15 of 17 tested patients (88%) and 9 of 10
tested patients (90%), respectively). The mean of ALP was 394.6 international units (1U)/L
(upper normal limit 118 IU/L JUNL]; 3.3 times UNL) and the mean of GGT was 175.1 IU/L
(UNL 29 IU/L; 6.0 times UNL). Alanine aminotransferase (ALT) and aspartate
aminotransferase (AST) were elevated in 10 patients (71% of tested patients) and 9 patients
(53% of tested patients), respectively. The mean of ALT was 68.3 IU/L (UNL 45 IU/L; 1.5
times UNL) and the mean of AST was 50.9 IU/L (UNL 43 IU/L; 1.2 times UNL).
Hyperbilirubinemia was seen in only 2 patients (10%). Mean albumin was 4.0 g/dL. No
prolongation of prothrombin time test was observed.

Imaging studies (ultrasonography or computerized tomography of the liver) were obtained at
diagnosis of hepatic sarcoidosis in 16 patients. It was normal in nearly half (9) of the cases.
The most common radiographic abnormality was hypodense nodular lesions (6 patients)
followed by hepatomegaly (3 patients). Liver biopsy was performed in 16 patients; non-
caseating granulomas were identified in 14 cases (88%).

Anti-mitochondrial antibody, anti-smooth muscle antibody, anti-liver kidney microsome
type 1 and anti-neutrophil cytoplasmic antibody were obtained in 10, 7, 3 and 5 patients,
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respectively. None of these tests were positive. Anti-nuclear antibody was tested in 10
patients and was present in 4 cases (40 %). Angiotensin converting enzyme (ACE) was
tested in 15 patients and was elevated in 9 of them (60%). Baseline characteristics, liver
biochemical tests, pathology and imaging study of patients in this cohort are summarized in
table 1.

Oral glucocorticoids were the most commonly used medications in management of the
hepatic disease. A total of 11 patients with hepatic sarcoidosis were exposed to oral
glucocorticoids at some point during follow-up which corresponded to estimated 30 year
cumulative incidence of ever using this medication of 66.5% (95% confidence interval [CI],
32.5-83.4). A small portion of patients were exposed to hon-biologic immunosuppressive
agents. Two patients received methotrexate, corresponding to an estimated 30 year
cumulative incidence of 12.5% [95% ClI, 0.0 — 27.3]. One patient was treated with
hydroxychloroquine (estimated 30 year cumulative incidence 6.2% [95% CI, 0.0 — 17.4]),
and one patient was treated with a tumor necrosis factor alpha inhibitor (estimated 30 year
cumulative incidence 6.7% [0.0 — 18.5]).

A total of 4 patients in this cohort developed liver cirrhosis. Cirrhosis was found at diagnosis
of hepatic sarcoidosis in 2 patients, while the other 2 patients developed cirrhosis during
follow-up (1 at 1 year and 1 at 12 years after diagnosis of hepatic sarcoidosis). All patients
with cirrhosis had radiographic evidence of cirrhosis. Histopathological confirmation was
performed in 2 patients. Signs and symptoms of portal hypertension (including ascites and
esophageal varices) were observed in 3 of these 4 patients with cirrhosis. No case of portal
hypertension without cirrhosis was observed. None of the patients in this cohort developed
hepatocellular carcinoma or underwent liver transplantation.

Improvement of liver biochemical tests was observed. Mean of ALT, AST and ALP at the
last test were lower compared to the values at diagnosis with the mean of 49.9 IU/L (1.1
times UNL), 36.8 IU/L (0.86 times UNL) and 148.6 1U/L (1.26 times UNL), respectively
(data on GGT is not available as only 1 patient had GGT after the initial diagnosis). Of those
10 patients who had elevated ALT at diagnosis, 6 patients had normalized ALT at the last
follow-up, 2 had lower ALT but not to the normal range and 2 did not have any follow-up
ALT. Of those 9 patients who had elevated AST at diagnosis, 4 patients had normalized AST
at the last follow-up, 4 had lower AST at the last follow-up but not to the normal range and 1
did not have any follow-up AST. Normalization of ALP occurred in 8 of 15 patients with
elevated ALP at diagnosis, 5 had lower ALP at the last follow-up but not to the normal
range, 1 had slightly higher ALP and 1 did not have any follow-up ALP.

Oral glucocorticoids were used to treat 11 of the 16 patients whose hepatic sarcoidosis was
not found at autopsy, and several were also treated with antimetabolite immunosuppressive
agents. The ALP was elevated at diagnosis in 10 of the glucocorticoids-treated patients. At
the last follow-up, 6 patients had normalized ALP while 3 patients had lower ALP but not to
the normal range. Follow-up ALP was not available for 1 patient. All of the 5 patients who
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did not receive treatment with oral glucocorticoids or immunosuppressive agents, 5 had
elevated ALP at diagnosis. At last follow-up, 2 of these patients had normalized ALP, 2
patients had lower ALP but not to the normal range and 1 patient had a higher ALP.
Decisions regarding treatment with oral glucocorticoids and immunosuppressive agents were
primarily guided by the severity and activity of non-hepatic sarcoidosis in more than half of
patients (7 of 11). Clinical characteristics, laboratory investigations and clinical outcomes of
individual patients are provided in table 2.

Follow-up imaging was obtained in all 6 patients with hypodense nodular lesions in the liver,
and resolution of the hepatic nodules was observed in all but 1 patient.

Of 17 patients whose diagnosis of hepatic sarcoidosis were not made at autopsy, 3 died
during follow-up (standardized mortality ratio of 2.05 [95% ClI, 0.42 — 6.00, p=0.20]). Liver
involvement was a significant prognostic factor for death among patients with sarcoidosis in
this cohort, with hazard ratio of 5.79 (95% ClI, 2.05 —16.36, p<0.001 adjusted for age, sex
and calendar year of sarcoidosis diagnosis)

Discussion

This is the first population-based study using comprehensive individual medical record
review to describe the epidemiology, clinical characteristics and outcome of hepatic
sarcoidosis. Compared to previous referral-based cohort studies (5-9) that reported a
prevalence of hepatic involvement by sarcoidosis between 5% and 30%, the prevalence in
this cohort was at the lower range. The lower frequency probably reflects the population-
based nature of the study that may capture a more complete spectrum of sarcoidosis,
including those with milder disease without extensive extra-thoracic involvement, unlike
referral-based cohorts that may overestimate the prevalence of patients with more severe
disease as a result of referral bias. Nonetheless, a post-mortem study from Japan found that
70% of patients with sarcoidosis had evidence of hepatic involvement at autopsy (10) which
is considerably higher than the prevalence from ante-mortem cohorts, suggesting that liver
involvement by sarcoidosis is generally under-recognized in clinical practice.

The relatively symptomless nature of hepatic sarcoidosis could be responsible for this
discrepancy in prevalence estimates of hepatic involvement. The majority of patients in the
current study cohort did not have any symptoms from their liver disease, similar to other
studies that observed symptoms in only 25% to 40% of patients (15, 16). Only 4 patients in
this study (20%) had abdominal pain and only 2 patients (10%) were found to have
hepatomegaly on physical examination. No patient presented with cholestatic symptoms
(pruritus and/or jaundice). Thus, most cases of hepatic sarcoidosis are identified based upon
evaluation of liver biochemical tests and imaging studies, which are generally the crucial
first step in recognizing and diagnosing hepatic sarcoidosis. Whether routine screening for
hepatic involvement in patients with sarcoidosis using liver biochemical tests and/or imaging
study should be recommended requires further investigation for cost-effectiveness analysis.

Ethnic background may also play a significant role in the lower prevalence of hepatic
involvement identified in this predominantly Caucasian cohort. Clinical manifestations of
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sarcoidosis vary across ethnic groups (2, 3, 14). In fact, a study that prospectively recruited
patients with newly-diagnosed sarcoidosis from 10 centers across the United States found
that hepatic involvement was approximately 3 times more common among African-
Americans than Caucasians (17).

The most commonly abnormal biochemical liver tests were elevated ALP and GGT, likely
reflecting the infiltrative nature of sarcoidosis. On average, these tests were elevated more
than 3 times the UNL. Elevated AST and ALT were also found, but are less frequent and less
severe than ALP/GGT elevations, with means of less than 2 times of UNL. These findings
suggest that other causes of hepatic injury should be explored among patients with
sarcoidosis who have significantly elevated serum aminotransferase with normal or
minimally elevated ALP/GGT. Hyperbilirubinemia was uncommon and liver synthetic
function was preserved in all patients. These observations are in line with data from previous
cohort (16, 18-20). ACE was elevated in only 60% of tested patients which suggest its poor
sensitivity for diagnosis of hepatic sarcoidosis, similar to its poor performance for diagnosis
of systemic sarcoidosis (21, 22).

Only approximately half of patients had an abnormal imaging study. The most common
abnormality in this cohort was hypodense nodular lesions (35%) followed by hepatomegaly
(18%). The frequency of hepatic nodules varies considerably among studies, ranging from
5% to 38%, depending on the underlying population and methodology (19, 20, 23, 24). On
the other hand, liver biopsy findings of non-caseating granuloma, detected in 14 out of 16
biopsies (88%) have higher sensitivity for the diagnosis of hepatic sarcoidosis. The high
sensitivity of liver biopsy has been consistently demonstrated in several cohorts (15, 16, 18).
Therefore, negative imaging study does not exclude hepatic sarcoidosis, and liver biopsy
should be performed if the clinical suspicion remains high.

At diagnosis of hepatic sarcoidosis, 2 patients (10%) were also found to have cirrhosis. This
frequency is similar to previous studies that reported the prevalence of cirrhosis at diagnosis
of hepatic sarcoidosis of 6% to 24% (9, 15, 16, 20). This observation underscores the
relatively symptomless nature of hepatic sarcoidosis and that the disease may not be
recognized until organ failure or death occur.

Medical treatment is generally reserved for patients with more severe disease and
observation is usually recommended for patients with only mildly elevated liver enzymes
(25, 26). This approach is partially based on the fact that there is no randomized controlled
study to confirm the efficacy and long-term benefit of glucocorticoids and/or other
immunosuppressive agents for treatment of hepatic sarcoidosis. Glucocorticoids are
generally considered as the first line therapy (and were the most commonly used
medications in this cohort) based on low quality data from retrospective studies which were
at risk of selection bias (9, 26, 27). Interestingly, more than half of patients in this cohort
received glucocorticoid therapy, reflecting the practice pattern of healthcare-providers in this
community.

The major strength of this study is the population-based design that reflects the true
spectrum of the disease in the community with minimal selection bias, unlike hospital-based
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cohorts. The diagnosis of both sarcoidosis and cirrhosis was verified by individual medical
record review which minimized the likelihood of disease misclassification. The long
duration of follow-up allows capture of events of interest occurring during long-term follow
up. This is of particular importance for study of hepatic sarcoidosis as the outcome of
interest (cirrhosis) could happen years after the diagnosis.

The major study limitations are inherent to the retrospective design. Clinical information
was not obtained and recorded according to a defined protocol. Thus, some of the pertinent
data were not available. Liver imaging study and biochemical tests were obtained at
physician discretion without a standard protocol which could introduce elements of
surveillance and selection bias. Generalizability of the observations to other populations may
be limited as clinical manifestation of sarcoidosis varies among ethnic groups (2, 3) and the
population of Olmsted County as well is predominately of Northern European ancestry. In
addition, Olmsted County has a higher proportion of workers in the healthcare industry
which may result in a different pattern of hepatic sarcoidosis detection, as patients may have
better access to healthcare service.

Conclusion

Involvement of the liver by sarcoidosis was seen in 6% of patients with sarcoidosis in this
cohort. The majority of them were asymptomatic. Elevated ALP and GGT were the most
common abnormal biochemical tests. Liver biopsy revealed non-caseating granuloma in
almost all cases.
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Study Highlights
1. WHAT IS CURRENT KNOWLEDGE

. Data on characteristics and outcome hepatic sarcoidosis varied considerably
among previous studies.

. All of the previously published studies are referral-based studies which may
have selection bias.

2. WHAT IS NEW HERE

. Prevalence of hepatic involvement by sarcoidosis in this population-based
cohort is 6%.

. Alkaline phosphatase and gamma-glutamy| transpeptidase were elevated in
the majority of patients.

. About half of patients had abnormal imaging studies, with hypodense nodular
lesions being the most common abnormality.
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Demographics, clinical characteristics and laboratory investigations of patients with hepatic sarcoidosis

Demographics

Length of follow-up (years), median (range)

Age at diagnosis (years), mean + SD | 46.1+18.0
Female sex (No. [%]) | 10 (53)
Ethnicity (No. [%])
White 15 (79)
African-American 1(5)
Native American 1(5)
Other 2(11)
Months from sarcoidosis diagnosis to hepatic involvement, median (range) | 0.0 (-3.3,78.5)

10.1 (0.0, 20.9)

Clinical characteristics

Clinical presentations (No. [%])

No sign and symptom 15 (79)

Abdominal pain 4(21)

Hepatomegaly 2(11)

Jaundice 0(0)

Pruritus 0(0)
Imaging study at diagnosis of liver involvement (No. [%])

Number of tested patients 16

No abnormality 7 (44)

Hypodense nodular lesions 6 (38)

Hepatomegaly 3(19)

Splenomegaly 2 (13)

Cirrhosis 2 (13)

Ascites 0(0)
Liver biopsy (No. [%])

Number of tested patients 16

Presence of non-caseating granuloma 14 (88)
ACE at diagnosis of liver involvement (No. [%])

Number of tested patients 15

Number of patients with elevated ACE level 9 (60%)

Liver biochemical tests at diagnosis of liver involvement

AST
ALT

Number elevated / Number of tested
patients (%)

9/17 (53)
10/14 (71)
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ALP 15/17 (88) 394.6 +390.9 IU/L
GGT 9/10 (90) 175.1+101.2 IU/L
Total bilirubin 2/16 (13) 0.8 + 0.5 mg/dL
Direct bilirubin 2/15 (13) 0.2 + 0.1 mg/dL
Albumin* 0/16 (0) 4.0+ 0.8 gldL
INR** 0/14 (0) 1.0+0.1

Serology at diagnosis of liver involvement Number positive / Number of tested patients (%)
ANA 4/10 (40)
AMA 0/10 (0)
ASMA 0/7 (0)
MPO-ANCA 0/5 (0)
PR3-ANCA 0/5 (0)
Anti-LKM-1 0/3 (0)

*
Number of patients below lower normal limit

HA
Elevated of more than or equal to 1.4

SD, standard deviation; IQR, interquartile range; ACE, angiotensin converting enzyme; No., number; ALP, alkaline phosphatase; GGT, gamma-
glutamyl transpeptidase; ALT, alanine aminotransferase; AST, aspartate aminotransferase; AMA, anti-mitochondrial antibody, ASMA, anti-smooth
muscle antibody; anti-LKM-1, anti-liver kidney microsome type 1; ANCA, anti-neutrophil cytoplasmic antibody; MPO, myeloperoxidase; PR3,

proteinase 3; U, international unit, L, litre; dL, deciliter; mg, milligram; g, gram

Am J Gastroenterol. Author manuscript; available in PMC 2018 October 01.
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