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Kinetics of bilirubin and liver enzymes is useful for predicting of liver 
graft-versus-host disease
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Graft-versus-host disease (GVHD) is the most frequent complication after allogeneic hematopoietic cell transplantation. 
We analyzed the kinetics of bilirubin and liver enzymes in 47 cases with liver GVHD and in 47 cases without GVHD after
allogeneic transplantation for various hematological malignancies. 

The duration of an liver GVHD episode (LGVHD) was defined as the interval from the point when the criteria of LGVHD
were met to the decrease to < 2 upper normal limit (UNL) for aminotransferases or bilirubin < 34 μmol/l for bilirubin. The
imminent LGVHD episode was defined as the interval from the start of continuous increase (≥ 3 consecutive rising values)
of bilirubin and liver enzymes above UNL to the point of LGVHD diagnosis.

The number of imminent LGVHD episodes, and median length in days were as follows: bilirubin (39;5), ALT(28;12),
AST(9;12), GGTP(34;9), and ALP(13;14). Statisticallly significant associations between asymptomatic continuous increase
of bilirubin, ALT, and GGTP and later liver GVHD manifestation were found (p=0.004, p=0.008, p=0.005, respectively). 
The asymptomatic continuous increase in bilirubin, ALT, and GGTP occurred at a median of 5, 12, and 9 days before liver
GVHD episode, respectively. 

In the control group without GVHD, median levels of bilirubin and liver enzymes were within normal limits and no 
continuous increase was observed.

Kinetics of bilirubin and liver enzymes is useful for predicting of liver GVHD. A continuous increase of bilirubin and/or 
ALT, GGTP before the standard liver GVHD criteria are met can be a sign of coming liver GVHD. 
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Graft-versus-host disease (GVHD) is the most frequent
complication after allogeneic hematopoietic cell transplanta-
tion [1-3]. Acute GVHD is usually reported in stages or grades 
based on the extent of organ involvement; any organ can be 
affected alone or in combination [4,5]. For liver GVHD, the
classical parameter is bilirubin. 

The current classification of liver GVHD is based on a piv-
otal paper by Glucksberg et al [6]. In this article, the authors 
mention not only the elevation of bilirubin, but also raised 
levels of serum glutamic oxaloacetic acid transaminase. How-
ever, alterations in the level of transaminases and/or other liver 
enzymes have not become a part of the current classification
systems which only use bilirubin [4,7]. Liver enzyme measure-
ments are an important part of the diagnosis and monitoring 
of the hepatitic variant of liver GVHD [8,9].

The hepatitic variant of GVHD is characterized by elevations
of serum aminotransferase levels (alanine aminotransferase 
(ALT) or aspartate aminotransferase (AST) >10 of upper nor-
mal limit, UNL) [9]. However, liver GVHD has its onset well 
before the serum markers reach the diagnostic threshold and 
early changes in these parameters have not been studied in 
detail. Moreover, a crucial histological feature of liver GVHD 
is the damage to the small bile ducts [10], which may increase 
plasma levels of the other two easily measurable liver enzymes, 
alkaline phosphatase (ALP) and gamma glutamyl transpepti-
dase (GGTP). 

Our study was aimed at the detection of early abnormali-
ties of markers of liver GVHD, in particular on the dynamics 
and kinetics of liver enzymes and signs of imminent liver 
GVHD.
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Patients and Methods

Patients with liver GVHD. This study is a retrospective
analysis of 47 GVHD liver episodes in 26 patients (pts) (median 
age 40 years; range 20 -56 years) from our database of 112 pts 
after allogeneic transplantation (62 with GVHD, 50 without
GVHD). The underlying diseases were as follows: chronic
myeloid leukemia, n=9; acute myeloid leukemia, n=6; chronic 
lymphocytic leukemia, n=2; myelodysplastic syndrome, n=2; 
other hematological malignancies, n= 7. The two preparative
regimens most frequently used were a reduced intensity con-
ditioning (RIC) regimen containing busulfan + fludarabine
+ and antithymocyte globulin (ATG Fresenius) (n=10), and 
a myeloablative regimen that included busulfan + cyclophos-
phamide (n=12). Peripheral blood was the source of stem cells 
in all cases (human leukocyte antigen (HLA) identical sibling, 
n=12; matched unrelated donors (MUD), n=14). GVHD 
prophylaxis usually consisted of the cyclosporine A and 
methotrexate (for myeloablative conditioning), cyclosporine 
alone or cyclosporine and mycophenolate mofetil (for reduced 
intensity conditioning). Patient characteristics are shown in 
Table 1. Classic liver GVHD with elevation of bilirubin ≥ 34 
µmol/l was present in 77% of GVHD episodes (36/47), eleva-
tion of ALT >10 UNL in 62% of GVHD episodes (29/47), and 
elevation of AST >10 UNL in 23% of GVHD cases (11/47).

Control group without GVHD. It included 26 pts with 
hematological malignancies after SCT without GVHD. The
characteristics of the control group were similar to GVHD pa-
tients regarding age (median age 41 years; range 22-58 years), 
type of preparative regimens (RIC in 12 cases, myeloablative 
regimens in 14 cases), type of donors (identical sibling in 13 
cases, MUD in 13 pts). Kinetics of bilirubin and liver enzymes 
(ALT, AST, GGTP, ALP) were evaluated at 47 same time points 
after SCT as in patients with GVHD.

Methods. Retrospectively were identified pts with
liver GVHD diagnosed on the basis of bilirubin and/or ami-
notransferases levels. All pts had combined forms of GVHD 
(involvement of liver and/or skin and/or oral mucosa and/or 

gut) and had histopathologic confirmation of GVHD from
organ biopsy in the time of elevation of bilirubin and/or ami-
notransferases (liver biopsy was performed at 18 pts (69%), 
other organ biopsy at 8 pts (31%)). 

Excluded were cases with other possible etiologies of liver 
damage or elevation of bilirubin and/or aminotransferases, 
including viral infections (hepatitis B and C, CMV), hemolysis, 
secondary hemochromatosis. 

The GVHD liver episode was defined as the number of days
from the time of fulfilment the standard laboratory diagnostic
criteria for liver GVHD or for hepatitic liver GVHD (bilirubin  
≥ 34 μmol/l and/or ALT >10 of UNL and/or AST>10 of UNL) 

[4,9] to the decrease to <2 UNL for aminotransferases or to < 
34 μmol/l for bilirubin values. For every GVHD liver episode, 
we have assessed the duration of bilirubin and liver enzyme 
elevation in days. The increased levels of bilirubin and liver
enzymes were expressed as multiples of UNL. We have at-
tempted to detect a possible correlation between continuous 
asymptomatic increase of bilirubin or liver enzymes and later 
manifestation of liver GVHD.

For all laboratory tests (bilirubin, ALT, AST, GGTP or ALP), 
we have identified the day from which there was a continuous
increase (≥ 3 consecutive rising values) in that particular pa-
rameter, and we have determined the time interval from start 
of this increase (i.e. the point when the continuously increasing 
levels exceeded UNL) to the date of definite diagnosis of liver
GVHD according to the standard criteria. We have designated 
this interval as imminent liver GVHD episode. 

For hospitalized pts, the laboratory parameters were usually 
measured on a daily basis or every other day.

Statistics: Standard descriptive statistics were computed 
for all quantitative characteristics. Calculations for the sta-
tistical analysis were performed using the STATISTICA data 
analysis software system, version 9.0. Univariate analysis was
performed with differences analyzed using the long-rank test.
P-values < 0.050 were considered significant.

Results

GVHD liver episodes. There were 47 liver GVHD episodes 
in 26 pts. The minimal, maximal, and median length of liver 
GVHD episodes were in days as follows: 2, 415, 24; for bilirubin 
only: (0, 415, 10), for ALT: (0, 157, 13), and for AST: (0, 54, 0). 
Duration of GVHD liver episodes is shown in Table 2. 

The respective median values (expressed as multiples of
UNL) for bilirubin, ALT, AST, GGTP, and ALP during GVHD 

Table 1. Patient characteristics

Number of patients: 26

Age (years): median; range 40; 20-56
Conditioning: RIC/myeloablative 14/12
Number of evaluated GVHD liver episodes: 47
Elevation of bilirubin ≥ 34 μmol/l: 36 cases, 77%
Elevation of ALT (ALT >10 of UNL): 29 cases, 62%
Elevation of AST (AST >10 of UNL): 11 cases, 23%
Number of evaluated imminent GVHD liver episodes: 47
Elevation of bilirubin (range: > UNL to < 34 μmol/l): 39 cases, 83%
Elevation of ALT (range: > UNL-10 of UNL): 28 cases, 60%
Elevation of AST (range: > UNL-10 of UNL): 9 cases, 19%
Elevation of GGTP (> UNL) 34 cases, 72% 
Elevation of ALP (> UNL) 13 cases, 28%

Table 2. Duration of GVHD liver episodes in days

Total Bilirubin ALT AST

Number of episodes 47 47 47 47
Minimum 5 0 0 0
Maximum 151 151 117 54
Median 15 10 12 7
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liver episodes were as follows: 1.7, 4.4, 1.6, 8.0, and 1.1. This
shows that GGTP is probably the most sensitive marker of 
liver damage (Table 3 and Figure 1). 

Imminent liver GVHD episodes. The dynamics of
bilirubin and four liver enzymes (ALT, AST, GGTP, ALP) 
before their levels reached the diagnostic criteria for liver 
GVHD were evaluated. The number of imminent liver GVHD 
episodes, where a continuous increase (≥ 3 consecutive rising 
values) in the laboratory parameters was seen before reaching 
the diagnostic liver GVHD values (e.g. bilirubin ≥ 34 μmol/l 
and/or ALT >10 of UNL and/or AST>10 of UNL) was shown 
in Table 1. The minimum, maximum, and median length in
days of that increase were as follows: bilirubin (0, 70, 5), ALT 
(0, 71, 12), AST (0, 72, 12), GGTP (0, 70, 9), and ALP (0, 57, 
14 (Table 4.) In imminent LGVHD, median levels of bilirubin, 
ALT, AST, GGTP and ALP (in multiples of UNL) were 1.4, 3.8, 
1.5, 5.4, and 1.4, respectively.

There was a statistically significant association between
asymptomatic continuous increase of bilirubin (39/47) and 
later manifestation of liver GVHD (p = 0.004). 

We have also studied possible association between the 
continuous increase of AST (9/47) and ALP (13/47) and later 
development of liver GVHD but no statistically significant
correlations were observed (p = 0.478 and p = 0.518, respec-
tively). 

However, there were statistically significant associations
between continuous increase of ALT (28/47) and GGTP 
(34/47) and later liver GVHD (p = 0.008 and p = 0.005, re-
spectively). 

The asymptomatic continuous increase of bilirubin, ALT,
and GGTP occurred at a median of 5, 12, and 9 days before 
liver GVHD episode, respectively. The results of the univariate
analysis are summarised in Table 5.

Bilirubin            ALT                 AST                GMT                ALP

Table 3. Descriptive statistics of bilirubin and liver enzymes during GVHD 
liver episodes expressed as multiples of upper normal limits

Bilirubin ALT AST GGTP ALP

Number of episodes 47 47 47 47 47
Minimum 0.3 0.5 0.5 1.0 0.4
Maximum 10.8 15.5 4.5 41.4 3.5
Median 1.7 4.4 1.6 8.0 1.1

Table 4. Duration of bilirubin and liver enzyme elevation (in days) in the 
imminent liver GVHD 

Bilirubin ALT AST GGTP ALP

Number of episodes 47 47 47 47 47
Minimum 0 0 0 0 0
Maximum 70 71 72 70 57
Median 5 12 12 9 14

Figure 1. Kinetics of bilirubin and liver enzymes during liver GVHD 
episode: multiples of upper normal limits

Table 5. Associations between asymptomatic continuous increase of bilirubin and liver enzymes and later manifestation of liver GVHD: results of 
univariate analysis

Number of imminent GVHD episodes with continuous 
increase (≥ 3 consecutive rising values) 

Later manifestation of 
liver GVHD

Hazard ratio
 (95% CI) P-value

Bilirubin 39 47 1.6 (1.07-1.92) 0.004
ALT 28 47 1.3 (1.04 -1.63) 0.008
AST 9 47 0.75 (0.51 -1.01) 0.478
GGTP 34 47 1.4 (1.05 -1.82) 0.005
ALP 13 47 0.79 (0.49 -1.12) 0.518

Control group without GVHD. Dynamics of bilirubin 
and liver enzymes were evaluated in 26 pts at 47 time points 
that were identical to those used in pts with GVHD. Asympto-
matic elevations of bilirubin, ALT, AST, GGTP and ALP were 
present in 15%, 26%, 22%, 29% and 32% of the control group 
patients, respectively. None of the control group patients had 
a continuous increase of bilirubin and liver enzymes. Median 
levels of bilirubin and liver enzymes were within the normal 
limits in the control group. Elevations of bilirubin, ALT, AST, 
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GGT and ALP were mild and intermittent with the following 
median levels (in multiples of UNL): 1.2, 1.4, 1.3, 1.6, and 1.3, 
respectively.

Discussion

According to several studies, GVHD is considered a serious 
post-transplant or post-donor lymphocyte infusion complica-
tion [8,9,11,12] and is one of the major causes of allogeneic 
hematopoietic stem cell transplant-related morbidity and 
mortality. Elevation of liver enzymes in patients with clinical 
or histological evidence of cutaneous or intestinal GVHD 
is usually attributable to liver GVHD [13]. Liver biopsy is 
a useful method for the confirmation of liver GVHD [9], but
it carries a significant risk and the rate of serious complications
with the use of transjugular liver biopsy has ranged from 1.3 
to 20.2% [14]. 

Elevation of bilirubin has been established as a standard 
parameter for acute liver GVHD and is used in current GVHD 
classification systems [4,7]. In clinical differentiation of icterus
(bilirubin ≥ 40-50 μmol/l) it is necessary to take various types 
of icterus into consideration. A detection of unconjugated 
and conjugated bilirubin in icterus etiology is important 
factor for icterus differentiation (praemicrosomial type with
predominance of unconjugated bilirubin, microsomial type 
with similar levels of unconjugated and conjugated bilirubin 
and postmicrosomial icterus with predominance of conjugated 
bilirubin). It is important that in GVHD only total bilirubin 
will be used generally. In our cohort of patients, we evaluated 
only overall bilirubin, but detection of conjugated and uncon-
jugated bilirubin can be interesting method for exact type of 
hyperbilirubinaemia in GVHD patients. 

In differential diagnosis of icterus after allogeneic trans-
plant, veno-occlusive disease of liver (VOD) will be excluded. 
Veno-occlusive disease was diagnosed in the basis of Jones 
criteria [15]: hyperbilirubinaemia with bilirubin ≥ 34 μmol/l 
and any two of following symptoms: ascites, painful hepatome-
galy and unexplained weight gain ≥ 5% from baseline within 
20 days of allogeneic transplant. In our cohort of patients, no 
patient with VOD was observed.

The occurrence of liver enzyme abnormalities during the
course of liver GVHD is probably underestimated, and these 
parameters are considered a part of diagnostic criteria for 
GVHD. However, the usefulness of liver enzyme measure-
ment for the diagnosis of liver GVHD has been emphasized 
by some authors [16-18]. The serum ALP level was described
as a sensitive diagnostic marker for liver GVHD with a parallel 
rise in serum bilirubin level [16]. Serum levels of ALT and AST 
are frequently elevated, especially during the early stages of 
GVHD [17]. Hepatitic variant of liver GVHD with elevations 
of ALT and AST [9] or elevations of ALT, AST and ALP has 
been described previously [18].

Measurement of all liver tests (bilirubin, ALT, AST, ALP, 
GGTP) to characterize the dynamics of liver GVHD has been 
carried out by few research groups [19]. Chronic liver GVHD 

usually presents as a progressive cholestasis with elevations of 
bilirubin, ALP and GGTP along with other organ involvement 
[20], but chronic liver GVHD presenting as an acute hepatitis 
has been observed, too [8].

According to our findings, a combination of bilirubin
and/or liver enzyme elevations was observed in all cases of 
liver GVHD episodes. In some cases of liver GVHD, hyper-
bilirubinemia dominates, whereas in other episodes, extreme 
elevation of liver enzymes is a key clinical feature with bilirubin 
in the normal range or only marginally elevated. 

Statisticallly significant associations between asympto-
matic continuous increase of bilirubin, ALT, and GGTP and 
later liver GVHD manifestation were found in our study. The
asymptomatic continuous increase in bilirubin, ALT, and 
GGTP occurred at a median of 5, 12, and 9 days before liver 
GVHD episode, respectively. 

The rigorous and regular testing of all routine liver enzymes
is useful for early identification of cases with imminent liver
GVHD before the classical GVHD criteria are fulfilled.

Kinetics of bilirubin and liver enzymes is useful for predict-
ing of liver GVHD. A continuous increase of bilirubin, ALT 
and/or GGTP before the standard liver GVHD criteria are met 
can be a sign of imminent liver GVHD. Prospective studies 
are needed to confirm and extend our results.
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