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syndrome (VBDS) have yet to be elucidated. The study aims 
to investigate these features and identify factors associated 
with poor prognosis. Methods: This multicenter retrospec-
tive study recruited patients with liver biopsy-proven VBDS 
who were followed up at five hospitals in northern China from 
January 2003 to April 2022. Clinical and pathological data 
at time of biopsy were reviewed. Clinical outcomes includ-
ing cirrhosis, decompensation events, liver transplantation 
(LT), and liver-related death were recorded. Cox regression 
analysis was used to identify the risk factors associated with 
poor outcomes. Results: A total of 183 patients were in-
cluded. The median age was 47 years, with 77.6% being 
women. During a median follow-up of 4.8 years, 88 patients 
developed compensated or decompensated cirrhosis, 27 
died, and 15 received LT. Multivariate Cox regression analysis 
showed that hepatocellular cholestasis (HR 2.953, 95% CI: 
1.437–6.069), foam cells (HR 2.349, 95% CI: 1.092–5.053), 
and advanced fibrosis (HR 2.524, 95% CI: 1.313–4.851) 
were independent predictors of LT or liver-related deaths. A 
nomogram formulated with the above factors showed good 
consistency with a concordance index of 0.746 (95% CI: 
0.706–0.785). Conclusions: Nearly half of VBDS patients 

studied progressed to end-stage liver disease and 23% of 
them had LT or liver-related death within two years of diag-
nosis. Hepatocellular cholestasis, foam cells and advanced 
fibrosis rather than the degree of bile duct loss or underlying 
etiologies were independently associated with poor prognosis 
in VBDS patients.
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Introduction
Vanishing bile duct syndrome (VBDS), also known as duc-
topenia, is a pathological diagnosis defined by loss of inter-
lobular bile ducts in 50% or more portal tracts in a liver bi-
opsy containing at least 11 portal tracts.1 It can be caused 
by many cholestatic disorders including autoimmune, drug/
toxin, genetic, infection, or ischemia.2 Primary biliary chol-
angitis (PBC) and primary sclerosing cholangitis are two well 
recognized disorders which can eventually develop VBDS in 
their later stages.3,4 Limited studies, including case reports 
or small case series of neoplastic diseases (particularly lym-
phoma) or drug-induced liver injury (DILI) has also associat-
ed these etiologies with VBDS.1,5,6 In 2017, the DILI Network 
published a 10-year prospective study on drug or supple-
ment induced bile duct loss and at least 12 cases of VBDS 
were identified in the 363 patients studied.7 However, the 
study was only based on DILI data, which would not include 
many other potential VBDS etiologies. Therefore, insufficient 
information exists on VBDS and its associated histology, clini-
cal course, and long-term prognosis.

The degree of bile duct paucity has been shown to be 
a good predictor for poor prognosis in patients with either 
DILI or PBC.7–9 VBDS, as a higher extent of bile duct loss 
(≥50%), has been associated with advanced disease and 
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poor prognosis.10 However, VBDS has also been observed in 
early stages of the disease, and disease severity and clinical 
prognosis can be variable.11 Some patients regain normal 
liver function, but others may experience persistent, severe, 
with unremitting jaundice and high levels of cholestatic en-
zymes, finally leading to liver transplantation (LT) or death.

Risks factors associated with VBDS prognosis remain un-
clear, but are in part determined by the balance of bile duct 
destruction and regeneration.12 Considering the heterogene-
ity of VBDS, the specific precipitating cause may influence 
a patient’s overall outcome. In the present study, the hy-
pothesis was that VBDS etiology and/or baseline histological 
features could help predict long-term outcomes. Therefore, 
this retrospective study investigated various etiologies, clini-
cal and histological features, and long-term outcomes in pa-
tients with VBDS and identified several potential risk factors 
for predicting poor prognosis.

Methods

Study population
In this multicenter retrospective cohort study, medical re-
cords and liver biopsy slides were reviewed for patients with 
VBDS who underwent biopsy either at Beijing Friendship 
Hospital, China-Japan Friendship Hospital, Peking University 
First Hospital, Heilongjiang Province Hospital or Tianjin Sec-
ond People’s Hospital between January 2003 and April 2022. 
The study was conducted in accordance with the Declara-
tion of Helsinki and all research was approved by the ethical 
standards for clinical studies by the ethics committee. All pa-
tients gave verbal consent to participate in the study.

All included patients were diagnosed based on histological 
evidence that more than 50% of portal tracts lacked a bile 
duct in liver biopsies with 11 or more portal tracts.2,13 Partial 
portal areas were not counted. Patients were excluded if they 
had ever experienced chronic rejection or graft versus host 
reaction after LT or bone marrow transplantation, or if they 
were lost to follow-up.

Baseline data collection
Clinical characteristics at the time of liver biopsy, includ-
ing age, sex, biochemical indices [alanine aminotransferase 
(ALT), aspartate aminotransferase (AST), alkaline phos-
phatase (ALP), gamma-glutamyl transpeptidase (GGT), al-
bumin (ALB), total bilirubin (TBIL), direct bilirubin (DBIL), 
indirect bilirubin (IBIL)], treatment strategies and etiology 
of VBDS were collected. The starting date was defined as 
the date of VBDS diagnosis. The duration of follow-up was 
defined as the interval between the date of diagnosis and the 
date of either the last visit, or LT, or death.

Enrolled patients were divided into three groups by their 
etiology, DILI-VBDS, PBC-VBDS, or mixed liver-related dis-
eases (miscellaneous-VBDS). PBC was diagnosed when 
patients met at two or more of the following criteria: (1) 
Biochemical evidence of cholestasis, such as the elevation of 
ALP and GGT; (2) Presence of antimitochondrial antibodies or 
PBC-specific antinuclear antibodies, like anti-sp100 or anti-
gp210; (3) Histologic evidence of nonsuppurative destructive 
cholangitis.14 DILI was diagnosed when (1) ALT level ≥5 × 
the upper limit of normal (ULN) or ALP level ≥2 × ULN or ALT 
level ≥3 × ULN and TB >2 × ULN; (2) Roussel Uclaf Causality 
Assessment Method score ≥3. A final diagnosis of DILI was 
confirmed by three hepatologists (XYZ, TTL, and HTY).

Histological assessment of liver biopsy
Formalin-fixed, paraffin-embedded liver samples were rou-

tinely sectioned and stained with hematoxylin and eosin, 
Masson trichrome, reticulin, and cytokeratin 7, and 19. They 
received the same structured histological evaluation by a pa-
thologist (TLW) and a clinical hepatologist and liver patholo-
gist (XYZ), who were blinded to all clinical information. Dis-
crepancies in interpretation were discussed until consensus 
was achieved. Histological features included interlobular bile 
duct injury or loss, cholestasis, cholate stasis, foam cells, 
portal inflammation, interface hepatitis, and stage of fibrosis. 
All these features were scored according to the published 
standard descriptions for DILI15,16 and PBC17,18 (Supplemen-
tary Table 1).

Information on clinical outcomes
Follow-up data and clinical outcomes (decompensated cir-
rhosis, LT, or death) were obtained through interviews and 
review of electronic medical records. Cirrhosis was diagnosed 
histologically or clinically based on modified diagnostic crite-
ria proposed by the Chinese Society of Hepatology.19 Decom-
pensated cirrhosis was defined as the occurrence of either 
ascites, variceal bleeding, or hepatic encephalopathy.19

Statistical analysis
Descriptive statistics were used to detail the baseline char-
acteristics. Continuous data were presented as median and 
interquartile range. The Mann-Whitney U test was used 
to compare age, liver biochemistries, follow-up time, and 
the period from onset to biopsy. The chi-square test was 
used to compare the categorical variables of etiology, sex, 
and pathological features. A multivariate Cox proportional 
hazards model was used to identify prognostic factors as-
sociated with long-term survival. Forward stepwise proce-
dures were applied for the final model selection. Addition-
ally, nomograms were developed based on the optimized 
Cox regression model to facilitate point-of-care risk assess-
ment and calculate the predicted survival probability.20,21 
The statistical analysis was performed with SPSS version 
20 (IBM Corp., Chicago, IL, USA) and R software version 
3.6.1 (R Foundation for Statistical Computing, Vienna, Aus-
tria; http://www.r-project.org/). For all analyses, p-values 
<0.05 were considered significant.

Results

Demographic characteristics of VBDS patients
Over a 20 year period, 242 subjects with biopsy-proven 
VBDS from routine consultant cases (to minimize selection 
bias) were retrospectively reviewed. A total of 59 patients 
were excluded from the final analysis, three due to chronic 
allograft rejection after LT and 56 due to loss of follow-up 
(Fig. 1). A final total of 183 patients were included, the de-
mographics and laboratory data of whom are shown in Ta-
ble 1. Eighty-two patients were from China-Japan Friendship 
Hospital, 68 from Beijing Friendship Hospital, 22 from Peking 
University First Hospital, seven from Tianjin Second People’s 
Hospital, and four from Heilongjiang Province Hospital. Sup-
plementary Table 2 shows that similar clinical characteristics 
were observed among the included and excluded VBDS pa-
tients.

The median age at diagnosis was 47 (38, 55) years of 
age, 142 (77.6%) patients were women, 167 had been 
treated with ursodeoxycholic acid, and usage proportion 
was similar in patients with or without death/LT. The me-
dian time from onset to biopsy was one year and no signifi-
cant difference was observed in the onset-to-biopsy dura-
tion among groups.

http://www.r-project.org/
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Clinical and histological features of VBDS patients
Biochemical indices at time of liver biopsy are shown in Ta-
ble 1. Median ALP was 340.5 (218.3, 538.5) U/L and GGT 
was 366 (209.0, 632.0) U/L. Median ALT was 93.5 (48.0, 
148.0) U/ L, AST was 87.3 (57.9, 127.0) U/L, and TBIL was 
28.8 (17.1,75.3) µmol/L. Histopathological changes are 

summarized in Table 2. The mean length and number of 
portal tracts in each liver biopsy was 1.4 (1.2, 1.8) centim-
eters and 13 (11,15), respectively. Overall, 43% of patients 
had ≥75% bile duct loss and 51.3% had bile duct loss with 
ductular reaction, and 25% had hepatocellular cholestasis. 
Other cholestatic features included canalicular cholestasis 
(22.4%), cholestasis within Kupffer cells (18.0%), cholate 
stasis (34.4%), and foam cells (19.7%). Advanced fibrosis 
(≥F3, Metavir stage) was detected in only 30.6% of patients. 
Additionally, two distinctive forms of VBDS were observed: 
35.5% of patients lacked obvious inflammation and fibrosis 
and the other 64.5% showed obvious portal inflammation 
(Ludwig score ≥2) or advanced fibrosis (Supplementary Fig. 
1). The correlations between onset-to-biopsy time and histo-
logical features are shown in Supplementary Table 3. Time to 
liver biopsy was not associated with either fibrosis stage or 
duct loss. However, cholate stasis, a histopathological feature 
of chronic cholestasis, was positively associated with this 
time period. Lobular inflammation was negatively associated 
with the clinical course of VBDS.

Comparison of VBDS patients with different etiolo-
gies
Among all VBDS cases, 118 were caused by PBC, 29 were as-
sociated with DILI, and the remaining 36 had miscellaneous 
etiologies: idiopathic adult VBDS (n=20), primary sclerosing 
cholangitis (n=9), Alagille syndrome (n=4), and progres-
sive familial intrahepatic cholestasis (n=3). For biochemical 
measures, ALP, and GGT levels were similar among groups, 
whereas ALT and bilirubin levels were significantly higher in 

Table 1.  Demographic and laboratory features of patients with vanishing bile duct syndrome

Characteristics DILI-VBDS (n=29) PBC-VBDS (n=118) Miscellaneous-VBDS (n=36) p-value

Age in years, median (IQR) 47.5 (38.2–56.0) 49.0 (39.0–54.0) 46.5 (38.0–57.8) 0.940

Sex, n (%) 0.002

    Male 10 (34.5%) 17 (14.4%) 14 (38.9%)

    Female 19 (65.5%) 101 (85.6%) 22 (61.1%)

ALT in U/L 141 (99.8–179.5) 76.8 (45–132.5) 81.55 (48–134.5) 0.011

AST in U/L 97 (75–137) 84.65 (63–116.8) 86 (51.25–127.8) 0.548

ALP in U/L 354.1 (265.8–481.3) 341 (201–546) 330 (226.5–488) 0.917

GGT in U/L 456 (209–645) 322 (212–625) 415 (199–579) 0.720

ALB in g/L 40.35 (33.3–43.0) 38.2 (34.6–41.8) 37.1 (33.5–40.4) 0.666

TBIL in µmol/L 54.4 (19.5–163.6) 26.76 (16.1–64.9) 30.85 (18.8–99.7) 0.084

DBIL in µmol/L 32.3 (8.3–107.8) 10.33 (5.42–33.7) 16 (8–82.3) 0.042

Clinical outcomes, n (%) 0.004

    No cirrhosis 22 (75.9%) 59 (50%) 14 (38.9%)

    Compensated cirrhosis 2 (6.9%) 22 (18.6%) 3 (8.3%)

    Decompensated cirrhosis 0 (0%) 16 (13.6%) 3 (8.3%)

    Liver transplantation 3 (10.3%) 6 (5.1%) 6 (16.7%)

    Liver-related death 2 (6.9%) 15 (12.7%) 10 (27.8%)

UDCA administration 21 (72.4%) 115 (97.5%) 31 (86.1%) 0.001

Period from onset to 
biopsy in months

4.5 (1–14.25) 13 (1–42.5) 12 (3–60) 0.093

Follow-up duration in years 4.93 (2.79–8.30) 5.01 (2.38–7.15) 3.16 (1.54–6.06) 0.139

Italic font indicates statistical significance. ALB, albumin; ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate aminotransferase; DBIL, direct 
bilirubin; GGT, gamma-glutamyl transpeptidase; LT, liver transplantation; TBIL, total bilirubin; VBDS, vanishing bile duct syndrome.

Fig. 1.  Flowchart of the retrospective multicenter cohort of patients 
diagnosed with VBDS on liver biopsy. A final total of 183 patients were 
included, of which 42 succumbed to liver-related deaths or required liver trans-
plantation. VBDS, vanishing bile duct syndrome.
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DILI-VBDS patients (ALT: 141.0 vs. 76.8 vs. 81.5 U/L; DBIL: 
32.3 vs. 10.3 vs. 16 µmol/L, DILI vs. PBC vs. miscellaneous, 
respectively; p<0.05, Table 1).

Histological features are shown in Table 2. DILI-VBDS 
patients had a significantly higher degree of histological 
cholestasis, followed by miscellaneous etiologies, than 
PBC-VBDS patients: hepatocellular cholestasis 41.4% vs. 
33.3% vs. 18.6%, cholestasis in Kupffer cells 27.6% vs. 
22.2% vs. 14.4%, canalicular cholestasis 37.9% vs. 33.3% 
vs. 15.3% (DILI vs. miscellaneous vs. PBC, respectively, all 
p<0.05). Miscellaneous etiologies and PBC-VBDS patients 
exhibited a significantly higher degree of cholate stasis 
than DILI-VBDS patients: miscellaneous 50%, PBC 37.6%, 
DILI 3.4% (p<0.05). Portal inflammation and interface 
hepatitis were significantly higher in DILI-VBDS patients 
than in the other two groups: portal inflammation 24.1% 
vs. 3.4% vs. 2.8%, interface hepatitis 48.3% vs. 15.3% 
vs. 30.6% (DILI vs. PBC vs. miscellaneous, respectively; 
all p<0.05). Advanced fibrosis was significantly more com-
mon in patients with miscellaneous etiologies and PBC-
VBDS than in those with DILI-VBDS: 47.2% vs. 32.2% vs. 
3.4%, respectively (p<0.05). Other histological features, 
such as degree of bile duct loss, lobular necroinflamma-
tion, foam cells, and periportal CK7+ staining, were similar 
across groups.

Follow-up and clinical outcomes of VBDS patients
The median follow-up period was 4.8 (2.0, 7.3) years and 
nearly half the patients (48.1%) developed compensated 
or decompensated cirrhosis during that time. Forty-two 
patients (23.0%) succumbed to an end-point event, 15 
to LT and 27 to liver-related death (Table 1). There was 
a higher proportion of males in the LT/death group than 
in the no-endpoint group (36% vs. 18%, respectively; 
p<0.05). The overall 1-, 3-, 5-, and 10-year transplant-
free survival rates were 91.0%, 83.0%, 78.0% and 67.2%, 
respectively.

Risk factors of poor VBDS prognosis
Univariate Cox regression analysis demonstrated that lower 
serum ALB and higher serum bilirubin at biopsy, but not un-
derlying etiology were associated with higher risk of LT or 
liver-related death (Supplementary Table 4). After adjusting 
the multivariate Cox regression, only TBIL (HR 1.017, 95% 
CI: 1.010–1.023, p<0.05) was significantly associated with 
LT or death of VBDS patients (Fig. 2A).

Histologically, cholestasis within hepatocytes, canaliculi 
and Kupffer cells, cholate stasis, foam cells and advanced 
fibrosis rather than underlying etiology were associated with 
poor outcome (Table 3). Multivariate analysis showed that 

Fig. 2.  Kaplan-Meier plots of transplant-free survival in VBDS patients. Stratification by (A) total bilirubin (TBIL) levels, (B) hepatocellular cholestasis, (C) foam 
cells and (D) fibrosis stage. Significant differences were observed in all the parameters analyzed (p<0.05). VBDS, vanishing bile duct syndrome.
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hepatocellular cholestasis (HR 2.953, 95% CI: 1.437–6.069; 
Fig. 3A–C), foam cells (HR 2.349, 95% CI: 1.092–5.053; Fig. 
3D–F), and advanced fibrosis (HR 2.524, 95% CI: 1.313–
4.851) were independent predictors of poor prognosis. Ka-
plan-Meier plots of these features are shown in Figure 2B–D.

Correlations were calculated among the key histological 

features to avoid multivariable interference (Supplemen-
tary Table 5). Fibrosis was positively correlated with portal 
inflammation (r=0.38, p<0.01), interface hepatitis (r=0.36, 
p<0.01), cholate stasis (r=0.49, p<0.01), and ductular reac-
tion (r=0.32, p<0.01), and negatively correlated with foam 
cells (r=−0.15, p<0.05). Hepatocellular cholestasis corre-

Fig. 3.  Prominent histopathological findings in the liver biopsies of VBDS patients with clinical outcomes of liver transplantation or death. (A–C) VBDS 
accompanied by cholestasis but without obvious inflammation or significant fibrosis. (D–F) VBDS accompanied by clusters of foam cells but without obvious inflamma-
tion or fibrosis. CK7+ intermediate hepatocytes are prominent. (A, D: hematoxylin and eosin; B, E: Masson trichrome; C, F: CK7). VBDS, vanishing bile duct syndrome.

Table 3.  Univariate and multivariate Cox regression analysis of histological features associated with liver transplantation or liver-related deaths in 
patients with vanishing bile duct syndrome

Histological features
Univariate analysis Multivariate analysis

Hazard ratio (95% CI) p-value Hazard ratio (95% CI) p-value

Degree of VBDS 1.155 (0.623–2.139) 0.824

Periportal CK7+ staining 0.939 (0.405–2.178) 0.964

Ductular reaction 1.427 (0.764–2.662) 0.264

Hepatocellular cholestasis 4.570 (2.445–8.542) <0.001 2.953 (1.437–6.069) 0.003

Canalicular cholestasis 4.434 (2.367–8.303) <0.001

Cholestasis in Kupffer cells cells 4.348 (2.281–8.286) <0.001

Cholate stasis 2.514 (1.366–4.627) 0.003

Portal inflammation 1.298 (0.314–5.375) 0.719

Interface hepatitis 1.216 (0.563–2.627) 0.619

Lobular inflammation 20.742 (0.001–Inf) 0.539

Fibrosis degree 2.137 (1.157–3.945) 0.015 2.524 (1.313–4.851) 0.005

Foam cells 2.626 (1.396–4.942) 0.003 2.349 (1.092–5.053) 0.029

Italic font indicates statistical significance. VBDS, vanishing bile duct syndrome.
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lated negatively with portal inflammation (r=−0.26, p<0.01) 
and positively with foam cells (r=0.40, p<0.01). The degree 
of VBDS correlated positively with hepatocellular cholesta-
sis (r=0.24, p<0.01) and negatively with fibrosis stage 
(r=−0.15, p<0.05). Fibrosis stage correlated weakly with 
cholestasis, and collinearity diagnostics demonstrated that 
there was no collinearity among the three key histological 
risk factors (all variance inflation factors, p<3).

Nomogram construction and validation
Based on the three independent histological prognostic fac-
tors, a nomogram was developed for the prediction of trans-
plant-free survival in VBDS patients (Supplementary Fig. 
2A). Hepatocellular cholestasis was the factor that contrib-
uted most to prognosis, followed by advanced fibrosis and 
foam cells. The 3-, 5-, and 10-year transplant-free survival 
for VBDS patient was predicted by the cumulative score (Ta-
ble 4). The predictive performance of the nomogram was 
measured by concordance index and calibrated with 1,000 
bootstrap samples to decrease the overfit bias. The nom-
ogram demonstrated good accuracy in estimating the risk 
of death or LT, with an unadjusted concordance index of 
0.746 (95% CI: 0.706–0.785; Supplementary Fig. 2B). Fur-
thermore, calibration plots showed good agreement of the 
above-mentioned risk factors.

Discussion
VBDS does not often accompany with poorer outcomes 
and seeking for the potential risk factors associated with 
death or LT is interested. Of the 183 patients studied, half 
recovered or maintained their present disease course and 
the other half progressed to cirrhosis or cirrhosis-related 
complications; Moreover, 23% died of end-stage liver dis-
ease or required LT. Etiology was not associated with out-
come. Clinically, serum bilirubin level was most associated 
with transplant-free survival. Histologically, hepatocellular 
cholestasis, foam cells, and advanced fibrosis were predic-
tive of poor prognosis.

In this study, high TBIL was associated with poor VBDS 
outcomes. This result was compatible with two recent studies 
of VBDS associated with DILI.7,22 Hyperbilirubinemia has also 
been identified as an independent risk factor for poor prog-
nosis in PBC.14 This phenomenon was also in accordance with 
the histological presence of hepatocellular cholestasis as an 
independent predictor of the survival of VBDS patients, sug-
gesting that cholestasis is a hallmark of decompensated bile 
drainage. Although more than 50% portal tracts lacked a bile 
duct, only one-third of VBDS patients had clinical jaundice 

or histological hepatocellular cholestasis. Collective compen-
satory drainage by a reserve interconnected biliary network 
can partially explain the extended period of jaundice-sparing 
despite extensive duct loss.2,23 Furthermore, whether altera-
tion of hepatobiliary transporter expression was associated 
with disease progression needs to be studied further.24 Fi-
nally, it was not intermediate hepatocytes (CK7-positive), 
an early histological sign of cholate stasis, but foam cells, a 
typical feature of late-stage cholate stasis, that were associ-
ated with poor outcomes. Thus, chronic cholestatic features 
(hepatocellular cholestasis and foam cells) were associated 
with adverse outcomes in VBDS patients.

Advanced fibrosis rather than portal inflammation was in-
dependently associated with poor prognosis in VBDS. The 
present cohort suggested that there were two distinctive 
forms of VBDS: one associated with obvious portal inflam-
mation and advanced fibrosis, and the other being “bland” 
duct loss without obvious portal inflammation or fibrosis 
(Supplementary Fig. 1). Inflammation seemed to be less 
predictive of prognosis in patients with bile duct loss. Previ-
ous research reported that the necroinflammatory index was 
not associated with clinical outcomes in patients with DILI-
related bile duct loss.7 Advanced fibrosis has been well rec-
ognized as a hallmark of poor prognosis in a variety of liver 
diseases,25 such as chronic hepatitis B and C26 and nonalco-
holic fatty liver disease.27 Portal and periportal fibrosis have 
been shown to be correlated with poor prognosis in PBC.28,29 
Fibrosis stage has also been associated with poor outcome in 
children with bile duct paucity.25 The present data suggested 
that advanced fibrosis together with bile duct loss was as-
sociated with an even worse clinical outcome in patients with 
VBDS regardless of the underlying etiology; therefore, timely 
evaluation for LT may be warranted. VBDS can occur even in 
early stages of disease, and not all patients with advanced 
stages experience VBDS. In this study, 69.3% of VBDS pa-
tients were in the early stage of fibrosis (DILI 96.5%, PBC 
67.8% and miscellaneous 52.8%).

Bile duct loss, especially at the 50% cut off, has been re-
garded as a histological hallmark of poor prognosis.7,30,31 Our 
previous data showed that a loss of only 25% of bile ducts 
was independently associated with liver disease chronicity.32 
In the current study, a loss of 75% or more did not seem 
to be associated with a worse outcome when compared to 
patients with 50% or more duct loss; thus, implying that 
a greater degree of bile duct loss may not have an addi-
tive effect on the prognosis of VBDS patients. However, this 
hypothesis requires evidence from further studies and the 
underlying mechanism must be probed. Homeostasis of bile 
ducts is maintained by a balance between cell death and cell 
renewal or regeneration,33 and ductular proliferation often 

Table 4.  Estimated survival up to 10 years according to risk factor

Hepatocellular 
cholestasis Foam cells Fibrosis degree 3-year survival, % 5-year survival, % 10-year survival, %

− + I–II 83.97 80.04 65.25

− − I–II 91.33 89.09 80.13

− + III–IV 71.41 65.12 43.93

− − III–IV 83.97 80.04 65.25

+ + I–II 52.26 43.75 20.49

+ − I–II 71.41 65.12 43.93

+ + III–IV 28.63 20.03 4.71

+ − III–IV 52.26 43.75 20.49
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coexists with interlobular bile duct loss.23 Previous studies 
have demonstrated that the regenerative ability of inter-
lobular bile ducts was an important factor determining the 
prognosis of DILI-VBDS.34 In this study, no significant dif-
ference in ductular reaction (or ductular proliferation, 48.2% 
vs. 61.9%) or extent of CK7-positive hepatocytes (a kind 
of bipotent hepatic progenitor cell, 27.5% vs. 21.9%), was 
observed between the two groups. Although etiology was not 
independently related with VBDS prognosis in this study, the 
clinical outcome was influenced by the cause of the initiating 
insult and the degree of injury.33 DILI-VBDS generally had 
a better prognosis than those with PBC-VBDS.35 VBDS as-
sociated with COVID-19 is usually transient and resolve with 
disease resolution, but some COVID-19 related ductopenia 
is severe.36

The study has limitations. First, a minority of patients had 
an undetermined etiology, and the sample sizes of DILI- and 
miscellaneous-VBDS were small. That might have been PBC 
patients have a higher incidence of VBDS than other etiolo-
gies. Second, although the study was retrospective in nature, 
to our knowledge, this is the largest cohort from different 
providences of China with long-term follow-up outcome data 
worldwide. The identified risk factors need to be further veri-
fied in a prospective cohort study.

Conclusions
In conclusion, of the 183 VBDS patients studied, half pro-
gressed to cirrhosis and 23% experienced LT or liver-related 
death within 2 years of diagnosis. Histological factors such 
as hepatocellular cholestasis, foam cells, and advanced fi-
brosis rather than the underlying etiologies of VBDS were 
independently associated with poor prognosis. The present 
study provides new evidence to support early liver histo-
logical evaluation, as a critical modality for better stratifying 
high-risk patients with VBDS.
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