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ABSTRACT. Background and aim: Granulomatous hepatitis (GH) is associated with various aetiologies, especially
inflammatory and infectious disorders. Sarcoidosis is a granulomatous disease in which the liver is the fourth
most affected organ. Since epithelioid cell granulomas are not specific to sarcoidosis and since most patients
with hepatic sarcoidosis are asymptomatic, valuable diagnostic biomarkers are needed to support the diagnosis of
sarcoidosis. This study proposes to assess the diagnostic value of serum angiotensin converting enzyme (sACE)
and lymphopenia in GH for sarcoidosis. Method: We retrospectively analyzed the records of 90 patients referred
to the internal medicine or hepatogastroenterology departments of the Lyon University Hospital (Lyon, France)
between March 2002 and January 2020 in a context of GH. Resuifs: In our tertiary center, 38 patients with
sarcoidosis were identified among 73 patients with GH. Lymphopenia had a high specificity (88.9%), which
increased when combined with elevated sACE (90.9%). Interestingly, specificity increased in patients under 50
years old (100%). Conclusions: Those results suggests that lymphopenia and sACE may be valuable biomarkers
for sarcoidosis diagnosis in GH when combined, especially in younger patients.

KEy worps: granulomatous hepatitis, sarcoidosis, angiotensin converting enzyme, lymphopenia

INTRODUCTION The etiologic spectrum mostly depends on the geo-
graphic area and on the characteristics of the source
Granulomatous hepatitis (GH) is a common population (2). In Western countries, the two main
finding in unselected liver biopsy specimens and is causes of GH are sarcoidosis and primary biliary cir-
associated with a broad spectrum of infectious and rhosis (PBC) (3-5).
non-infectious disorders. Based on clinical studies, Sarcoidosis is a systemic inflammatory disease
the prevalence of granulomatous liver disease ranges of unknown origin characterised by the presence of
from 2.4% to 15% of all liver biopsy specimens (1). non-caseating granulomas various organs, the most
frequently affected ones after the lung and intratho-
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patients are asymptomatic. In antemortem studies,
liver involvement in sarcoidosis is estimated to range
from 5 to 30% of the patients and up to 70% in an
autopsy study (8-13). Thus, asymptomatic sarcoido-
sis might be largely underestimated. Nevertheless,
establishing an accurate diagnosis of sarcoidosis in
those patients is important since it orientates thera-
peutic management.

Serum angiotensin-converting enzyme (sACE)
is one of the most commonly used biomarkers in
sarcoidosis. However, its sensitivity varies from 60%
to 80% and mainly depends on the organs involved
(14~18). Lymphopenia is also a classic feature of sar-
coidosis. It occurs in more than half of patients with
sarcoidosis and is associated with a chronic disease
course (19).

In patients with GH, the diagnosis of sarcoido-
sis is usually established by the combination of chest
imaging and laboratory tests and can be confirmed
by pathological analysis of an extra-hepatic tissue
sample (20). Since liver biopsy is an invasive proce-
dure and given the relatively high prevalence of gran-
ulomas on liver biopsies (from 2.4% to up to 15% of
all liver biopsy specimens), the search for diagnostic
biomarkers for hepatic sarcoidosis is a key issue (1).

We therefore undertook this retrospective study
to investigate the value of elevated sACE and lym-
phopenia, alone or in combination, as diagnostic bio-
markers of hepatic sarcoidosis in patients with GH.
A clear assessment of those tests’ metrics can provide
insights for the diagnostic management of suspected
liver sarcoidosis, especially to avoid unnecessary
investigations.

METHODS
Patients

We retrospectively analyzed the records of 90
consecutive adult patients referred for the etiological
workup of GH to the internal medicine or hepato-
gastroenterology departments of the Lyon Univer-
sity Hospital (Lyon, France) between March 2002
and January 2020. The study excluded cases of GH in
patients with an already-diagnosed disease.

Diagnosis and definition

Granulomatous hepatitis was defined as
the presence of granulomas on the histological

examination of a liver biopsy. We then analyzed the
pathology reports, which were generated by different
pathologists. Patients underwent a standard screen-
ing protocol that included a chest X-ray or CT scan,
standard blood tests (including a complete blood cell
count, CBC), a C-reactive protein assay, serologic
tests for autoimmune hepatitis and hepatitis virus,
measurement of SACE and a QuantiFERON®-TB
Gold Plus test or a tuberculin skin test. Diagnostic
screening for sarcoidosis included lymph node or skin
biopsies if there was any clinical evidence of skin in-
volvement. Some patients underwent minor salivary
gland biopsy (MSGB), transbronchial lung biopsy,
bronchoalveolar lavage fluid analysis, or 18F-FDG
Positron Emission Tomography (PET). Other inves-
tigations were guided by the clinical context.

Serum ACE was considered elevated if its level
exceeded the upper limit indicated by our laboratory
(52 TU/L) by one standard deviation (SD=16 IU/L).
Patients taking an ACE inhibitor, systemic corticos-
teroids, or immunosuppressive/immunomodulatory
therapies were excluded from the analysis.

Lymphopenia was considered significant if the
lymphocyte count was below our laboratory refer-
ence value (<1x10°/L). Because children often have
higher lymphocyte counts than adults, patients
younger than 18 years were excluded from the study.

Patients were diagnosed with sarcoidosis ac-
cording to the guidelines of the American Thoracic
Society/World Association of Sarcoidosis and Other
Granulomatous diseases (ATS1/WASOG) (21,22).

Data collection

Patients' demographic data, clinical presenta-
tion, biological and imaging findings at disease onset
and during follow-up were collected.

Statistical analysis

Data were analyzed with R software version
4.1.2. (R Foundation for Statistical Computing, Vi-
enna, Austria). Variables were excluded from the final
analysis if there were more than 20% of missing values.
Categorical variables were reported as n (%) and con-
tinuous variables as mean (¢standard deviation, SD)
in the case of a normal distribution, or median and
interquartile range (IQR) in the case of a skewed dis-
tribution. For categorical variables, comparisons be-
tween groups were performed using the Chi-squared
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test or Fisher’s exact test, as appropriate. Continu-
ous variables were compared using the Wilcoxon-
Mann-Whitney test in the case of a skewed distribu-
tion and with Student’s t-test in the case of a normal
distribution. Sensitivity (Se), specificity (Sp), posi-
tive predictive value (PPV) and negative predictive
value (NPV) were calculated for lymphopenia and
sACE, alone and in combination. Receiver operat-
ing characteristic (ROC) curves were plotted; areas
under the curve (AUC) with 95% confidence inter-
vals (95% CI) were reported. Optimal cut points for
lymphocyte count, sSACE and age were computed
with the Optimal.cutpoints package. A multivariable
analysis was conducted by creating nine different
generalized linear models (one for each combination
of those three variables) in order to better determine
what variable was contributing the most to the posi-
tive diagnosis. All the tests were two-tailed and a
p-value<0.05 was considered significant.

Ethics

The Lyon Granulomatous Hepatitis Study re-
ceived approval from the local ethics committee in
July, 2020 and was registered on www.clinicaltrials.

gov (NCT04459897).
REesuLts
Owerall population characteristics

Ninety adult patients with GH underwent
pre-specified screening for sarcoidosis. After the ex-
clusion of 12 subjects whose CBC and sACE meas-
urements were missing, plus five patients treated
with ACE inhibitors or systemic corticosteroids, 73
patients were finally analyzed (Figure 1).

The characteristics of the study population are
shown in Table 1.

The mean age of disease onset was 47.2 (+14.4)
years. Forty-two patients (58%) were female and 45
(61.6%) were of Caucasian descent. Thirty (41%)
patients were clinically asymptomatic. The most fre-
quent symptom was altered general status (34%), as-
sociated with fever in 13% of the cases. Two patients
had abdominal pain and two others had clinical evi-
dence of portal hypertension. Three other patients
were diagnosed through a systematic biopsy of the
liver during a cholecystectomy procedure. Forty-four

(60.3%) patients had cholestasis (y-glutamyl

90 patients identified with
granulomatous hepatitis who
underwent screening for sarcoidosis

12 patients with missing complete
blood count

5 patients with corticosteroids or
angiotensin converting enzyme
inhibitiors

73 patients included in the analysis

[
{ }

35 non-sarcoidosis patients

38 sarcoidosis patients

Figure 1. Flowchart depicting the selection process of patients in
the current study.

transferase greater than three times the upper limit
of normal and/or alkaline phosphatase greater than
once and a half the upper limit of normal) (23).
Cholestasis was associated with an elevation of ami-
notransferases (> fwice the upper limit of normal) in
18 patients (24.7%). Within the sarcoidosis popula-
tion, apart from liver involvement, the lymph nodes
(81.6%), the spleen, and the lung (both 34.2%) were
the most commonly affected organs.

A chest CT scan or a PET scan was performed
in 11 patients classified as having idiopathic GH and
did not show any abnormalities suggestive of an ex-
trahepatic disease. Table 2 depicts the distribution of
aetiologies across the population.

Comparison between sarcoidosis and non-sarcoidosis
patients

The characteristics of the 38 patients with sar-
coidosis are reported in Table 1. The mean age in
this group was 47.2 (14.4) years, 52.6% were female
and 60.5% were Caucasians. Seventeen (45.9%) sar-
coidosis patients were clinically asymptomatic, while
11 (29.7%) had an altered general status, among
whom three had fever (8.1%). One patient in the sar-
coidosis group had portal hypertension (without cir-
rhosis). The demographic and clinical characteristics
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Table 1. Summary table of patients with sarcoidosis compared with patients with other diagnoses.

Non-sarcoidosis Sarcoidosis
N=35 N=38 p-value
Age 49.3 (14.4) 47.2 (14.4) 0536
Sex: 0.518
Female 22 (62.9%) 20 (52.6%)
Male 13 (37.1%) 18 (47.4%)
Ethnicity: 0.901
Africa 3 (8.57%) 3 (7.89%)
Asia 1(2.86%) 0 (0.00%)
Europe 22 (62.9%) 23 (60.5%)
North Africa 9 (25.7%) 12 (31.6%)
Lymphopenia: 5 (14.3%) 13 (34.2%) 0.089
Lymphocytes (10°/L) 1.60 [1.20;2.20] 1.17 [0.71;1.46] 0.004
Increased sACE: 11 (36.7%) 21 (58.3%) 0.132
sACE (UI/L) 46.0 [27.8;79.5] 70.0 [52.0;104] 0.013
Clinical signs: 0.908
AGS alone 7 (19.4%) 8 (21.6%)
AGS + fever 5 (13.9%) 3 (8.11%)
Abdominal pain 1(2.78%) 1 (2.70%)
PH 1(2.78%) 1(2.70%)
pruritus 0 (0.00%) 1(2.70%)
asymptomatic 13 (36.1%) 17 (45.9%)
other 9 (25.0%) 6 (16.2%)
Sarcoidosis organ involvement
Liver - 38 (100%)
Lymph nodes - 31 (81.6%)
Spleen - 13 (34.2%)
Lung - 13 (34.2%)
Joints - 8(21.1%)
ENT - 3 (7.9%)
Eye - 3 (7.9%)
Skin - 2 (5.3%)
Bone - 1 (2.6%)
Neurological - 1 (2.6%)
Digestive tract - 1 (2.6%)
Kidney - 1(2.6%)
Bone marrow - 1(2.6%)
Heart - 0 (0%)

Abbreviations: AGS: altered general status; ENT: ear, nose, throat; PH: portal hypertension; sACE: serum angiotensin converting enzyme.
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Table 2. Summary table of aetiologies of granulomatous hepatitis
patients in the series.

Etiology N (%) (total = 73)
IHG 12 (16.4%)
Infections
Tuberculosis 5 (6.8%)
Coxiella burnetii 1 (1.4%)
Rickettsiosis 1 (1.4%)
HBV* 1(1.4%)
HCV* 1 (1.4%)
Immunological/inflammatory
Sarcoidosis 38 (52.0%)
Autoimmune hepatitis 2 (2.7%)
Behget disease 1 (1.4%)
Sclerosing cholangitis 1 (1.4%)
Primary biliary cirrhosis 1 (1.4%)
Miscellaneous
Steatohepatitis 2 (2.7%)
Cirrhosis 2 (2.7%)
Hepatocellular carcinoma 1 (1.4%)
Rendu Osler Weber disease 1 (1.4%)
Lymphocytic lymphoma 1 (1.4%)
Toxic 1 (1.4%)
Immune reconstitution after HSCT 1 (1.4%)

Abbreviations: HBV/HCV: hepatitis B/C virus; HSCT: hemat-
opoietic stem cell transplant; IGH: idiopathic granulomatous
hepatitis; * no serological testing before biopsy.

did not differ from the comparison with non-sarcoid
GH patients. However, cholestasis was significantly
more frequent in the group of patients with sar-
coidosis than in the non-sarcoid GH group (68.4%
versus 42.9%, p=0.03). Moreover, an elevation of
aminotransferases was present in eight (21.1%) pa-
tients of the sarcoidosis group versus 15 (43.0%) in

the other group (p=0.05).

Serum  angiotensin  converting enzyme level and

lymphocyte count

The median sACE level was 60.0 IU/L (IQR,
38.0-90.0). In patients with sarcoidosis, the median
sACE was 70.0 IU/L (IQR, 52.0-104.0) versus 46.0
IU/L (IQR, 27.8-79.5) in patients without sarcoido-
sis (p=0.013). sACE was elevated in 21 subjects with
sarcoidosis (58.3%) versus 11 (36.7%) subjects with

an alternate diagnosis (p=0.132). In the false posi-
tive group, the final diagnoses included: tuberculosis,
PBC, rickettsiosis and idiopathic GH.

In subjects with sarcoidosis, the median lym-
phocyte count was 1.17 x10°/L (IQR, 0.71-1.46),
whereas, in subjects without sarcoidosis, the median
lymphocyte count was 1.60 x 10%/L (IQR, 1.20-2.20)
(p=0.004). Overall, lymphopenia was observed in
18 subjects. It was observed in 13 (34.2%) subjects
with sarcoidosis and in five (14.3%) patients with an
alternate diagnosis (p=0.089). In patients with an
alternate diagnosis, the final diagnoses included: tu-
berculosis, idiopathic GH and viral B hepatitis.

Reliability of SACE and lymphopenia for the diagnosis

of sarcoidosis

To better determine which variable was contrib-
uting the most to the diagnosis of sarcoidosis between
age, lymphopenia, and elevated sACE, a multivari-
able analysis in which nine generalized linear models
were established was done. It appears that the model
that took into account the lymphocyte count and the
age was the best one for sarcoidosis prediction (AUC
= 0.771, Figure S1). This analysis also revealed that
sACE was associated with the less performant mod-
els for predicting sarcoidosis (Table S1).

By applying the pre-specified cut-off of 68
IU/L, the Se of sACE elevation for the diagnosis
of sarcoidosis in patients with GH was 46.9%, Sp
was 66.7%, PPV was 62.5% and NPV was 51.4%
(Table 3).

The AUC was 0.664 (95% CI, 0.524-0.816)
(Figure 2). Based on the ROC curve analysis, the
optimal sSACE cut-off to maximize both specificity
and sensitivity was found at 60 IU/L. This threshold
resulted in a Se of 59.4% and a Sp of 63.0% for the
diagnosis of sarcoidosis in patients with GH.

With the threshold of 1.0x10°/L, lymphopenia
had a Se of 37.5% for the diagnosis of sarcoidosis
in patients with GH, while Sp was 88.9%, PPV was
80.0% and NPV was 54.5%. The AUC was 0.766
(95% CI, 0.642-0.891) (Figure 3). Based on this
ROC curve, the optimal cut-off for lymphopenia
to maximize both specificity and sensitivity was
1.4x10%/L, resulting in a Se of 71.9%, a Sp of 70.4%,
with a PPV of 74.2% and a NPV of 67.9% for the

diagnosis of sarcoidosis in patients with GH.
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Table 3. Diagnostic performances of lymphopenia and sACE either isolated or in combination for sarcoidosis diagnosis in granulomatous

hepatitis patients.

Se Sp PPV NPV PLR NLR
All Elevated sACE 0.469 0.667 0.625 0.514 1.406 0.797
Lymphopenia 0.375 0.889 0.800 0.545 3.375 0.703

Lymphopenia + Elevated sACE

0.421 0.909 0.889 0.476 4.632 0.637

>=50 years Elevated sACE 0.400 0.714 0.600 0.526 1.400 0.840
Lymphopenia 0.333 0.786 0.625 0.524 1.556 0.848
Lymphopenia + Elevated sACE 0.222 0.833 0.667 0.417 1.333 0.933
<50 years Elevated sACE 0.529 0.615 0.643 0.500 1.376 0.765
Lymphopenia 0.412 1.000 1.000 0.565 Inf 0.588
Lymphopenia + Elevated sACE 0.600 1.000 1.000 0.556 Inf 0.400
With optimal cutpoint Elevated sACE 0.594 0.630 0.655 0.567 1.603 0.645
Lymphopenia 0.719 0.704 0.742 0.679 2.426 0.399

Lymphopenia + Elevated sACE

0.556 0.615 0.750 0.400 1.444 0.722

Abbreviations: sSACE: serum angiotensin converting enzyme, NPV: negative predictive value, PPV: positive predictive value. Values were

computed on 59 patients to take into account missing values.

ROC Curve. Criterion: MaxSpSe
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Figure 2. Receiver operating characteristics curve for serum an-
giotensin converting enzyme (optimal cutpoint according to the
maximization for both Sensitivity and Specificity is represented
with a dotted line). Abbreviations: AUC: area under curve, ROC:

receiver operating curve.

The combination of an elevated sACE and
lymphopenia (using standard cut-off values) re-
sulted in a Se of 42.1%, Sp of 90.9%, PPV of 88.9%
and NPV of 47.6% for the diagnosis of sarcoidosis

ROC Curve. Criterion: MaxSpSe

1.0

Sensitivity
0.6
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0.2

AUC: 0.766 (0.642, 0.891)

0.0
|

T T
0.0 0.2 0.4 0.6 0.8 1.0
1-Specificity

Figure 3. Receiver operating characteristics curve for lymphopenia
(optimal cutpoint according to the maximization for both Sensitiv-
ity and Specificity is represented with a dotted line) Abbreviations:
AUC: area under curve, ROC: receiver operating curve.

in such patients. When applying the optimal cut-
off values (i.e., 1.4x10°/L for lymphopenia and
60 IU/L for sACE), the Se for the combination
was 55.6%, Sp was 61.5%, PPV was 75.0% and
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NPV was 40.0% for the diagnosis of sarcoidosis in
patients with GH.

Comparison of reliability indices according to
patients’ age:

We then wondered whether the reliability of the
biomarkers could depend on patient age. patients
aged <50 years, Se for the combination of elevated
sACE and lymphopenia was 60.0%, Sp was 100%,
PPV was 100% and NPV was 55.6%. Lymphope-
nia and sACE had poorer diagnostic performance in
patients over the age of 50, whether alone or in com-
bination. Se and Sp for the two combined markers
were 22.2% and 83.3%, respectively. Again, sACE
sensitivity was lower when both markers were com-
bined. PPV and NPV were respectively 66.7% and
41.7%. The combination of sSACE and lymphopenia
increased the positive likelihood ratio (PLR) in the
overall population as well as in patient under 50.

Discussion

Here, lymphopenia had a strong specificity for
the diagnosis of sarcoid hepatitis and the combina-
tion of an elevated sACE with lymphopenia increases
their value as diagnostic biomarkers for sarcoid hepa-
titis. Patients who already had a known etiologic di-
agnosis at the time of the liver biopsy were excluded,
which could explain a different etiologic distribution
compared with the main series reported in Western
countries (1). Here, about one sixth of patients were
experiencing idiopathic GH and 52% were diagnosed
with sarcoidosis. Not having a diagnosis at the time
of the liver biopsy clearly modifies the source popu-
lation and thus the distribution of aetiologies. In-
deed, not all liver biopsies are taken into account, but
only those performed in patients without previously
known disease. This probably explains the greater
proportion of sarcoidosis and idiopathic granuloma-
tosis in patients for whom the pre-test probability
of having these pathologies is greater in the absence
of clinical elements of orientation. The monocentric
nature of the study, performed in a tertiary center,
may also have played a role in the modification of the
distribution of aetiologies. As seen in the studies by
Coash and colleagues and Geri and colleagues, sar-
coidosis was the most common cause of GH in our
cohort (1,4). Among sarcoidosis patients, 68.4% had

cholestasis, which is the most frequently reported

laboratory abnormality (70-90%) in sarcoidosis hep-
atitis (1,2,24,25). Only one sarcoidosis patient had
portal hypertension. In the literature, portal hyper-
tension has been reported in 3 to 20% of cases of
sarcoidosis hepatitis (2,26).

Bunting and colleagues first assessed the diag-
nostic value of elevated sSACE in a cohort of 70 pa-
tients with systemic sarcoidosis and reported a Se of
63% and a specificity of 93% (27). Ungprasert and
colleagues evaluated the diagnostic value of elevated
sACE in alarge cohort of 3277 patients with systemic
sarcoidosis and reported a Se of 41% and a Sp of
89.9% (28). In this study, sSACE had a slightly higher
Se (51.4%) along with a lower Sp (67.9%), which
is close to the most frequently described values for
sACE Se and Sp in sarcoidosis in the literature (29).
These differences are probably related to the compar-
ison of different populations across studies. Indeed,
in the study by Ungprasert and colleagues, the initial
population was larger than that of a tertiary center
such as ours, with a higher frequency of moderate
forms that are less likely to have high sACE levels.
In addition, our study focused on sarcoidosis hepati-
tis, which is the main limitation when comparing to
other studies that included systemic sarcoidosis.

Lymphopenia occurs in 26 to 50% of cases of
sarcoidosis (19,30) and has been reported as one
of the most frequent hematological abnormalities
(31,32). Therefore, lymphopenia is mostly observed
in patients with active sarcoidosis and in patients
who are more likely to evolve toward a chronic dis-
ease (33,34). A few studies evaluated the value of
the combination of elevated sACE and lymphopenia
as biomarkers for the diagnosis of sarcoidosis. In a
recent study of 996 patients with uveitis, Cotte and
colleagues showed that the combination of elevated
sACE and lymphopenia enhanced the specificity to
99%, the PPV to 74% and the NPV to 89.5% for the
diagnosis of sarcoid uveitis (35). The present study
showed that the combination of elevated sACE and
lymphopenia enhanced the specificity to 90.9%, the
PPV to 88.9% and the NPV to 47.6% for diagnos-
ing sarcoidosis in patients with GH. However, in this
cohort, around one fifth of patients with sarcoidosis
had both a normal sACE and no lymphopenia. Fi-
nally, this study also showed that if combining both
parameters (elevated sSACE and lymphopenia) in pa-
tients aged <50 years, Se increases to 60.0%, Sp and
PPV reach 100%, with the NPV being 55.6%. Con-

trarily, diagnostic performance at the pre-defined
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threshold (1000/mm3) was lower in patients over 50
years of age.

The high positive predictive value of the com-
bination of both sACE and lymphopenia is prob-
ably a valuable biomarker in younger patients with
granulomatous hepatitis. In a selected population
(especially patients under 50 years old) in which he-
patic sarcoidosis is suspected, the combination of a
lymphocyte count below 1000/mm3 and an elevated
sACE over 68 U/1 strongly suggests a sarcoidosis di-
agnosis. On the contrary, a normal lymphocyte count
and a normal sACE dosage are not sufficient to elim-
inate sarcoidosis.

The present study has several limitations. First,
its retrospective and monocentric design includes an
indication bias because not all diagnostic investiga-
tions were performed in all cases. Moreover, we had
to deal with missing data and thus exclude some var-
iables from the final analysis. Also, since our patients
were selected from a tertiary center, some already
had a long past medical history before being re-
ferred to our department and thus might differ from
daily-care patients. This can make an important dif-
ference since sACE is often elevated while lympho-
cyte count is usually low during the active phase of
the disease while being normal later in patients with
inactive sarcoidosis (34). We also excluded patients
who underwent corticosteroids or immunosuppres-
sive treatments to avoid inhomogeneity in a small
population and because corticosteroids could have
an impact on the lymphocyte count. Therefore, the
population in this study is probably less severe than a
population with non-treatment-naive patients. This
study focused only on sACE and lymphopenia since
those biomarkers are easily accessible in daily rou-
tine in most centers worldwide. More sensitive and
specific serum biomarkers, and in particular the solu-
ble interleukin-2 receptor (sIL-2R) is an alternative
that was not studied here (36). Indeed, this dosage is
not routinely available in many countries yet despite
its promising diagnostic metrics. The purpose of the
present study was to primarily focus on sACE and
lymphopenia metrics, and therefore no biomarker
selection was performed. Finally, our results are to
be interpreted in the context of GH with a preva-
lence of sarcoidosis of more than 50% in our source
population. This prevalence is much higher than in
other studies comprehensively identifying GH and
probably increased the PPV and decreased the actual
NPV of sACE and lymphopenia (3,37).

CONCLUSIONS

Serum angiotensin converting enzyme and lym-
phopenia are simple laboratory tests that appear to
be useful alone or in combination in diagnosing pa-
tients with sarcoidosis. The combination of both an
elevated sACE and lymphopenia strongly suggest a
diagnosis of sarcoidosis in granulomatous hepatitis
patients. Further studies should focus on the prog-
nostic value of such a combination in other organs
involved in sarcoidosis and in larger cohorts.
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Figure S1. Receiving operator characteristics curves for the tested multivariable models. AUC
values are displayed for each model. Abbreviations: sACE: serum angiotensin converting enzyme; AUC: area
under curve
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