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cant independent prognostic value. Because IGF-I andInsulinlike growth factor I (IGF-I) is a single-polypep-
IGFBP-3 were closely correlated, they contained almosttide chain with important anabolic and endocrine activi-
the same prognostic information. Inclusion of IGF-I gaveties. The liver is the major source of IGF-I and its binding
these results: IGF-I (P õ .03), alcohol intake (P õ .02),protein, IGFBP-3. Circulating concentrations of IGF-I
coagulation factors 2, 7, and 10 (P õ .01), creatinine (Pand IGFBP-3 are decreased in patients with chronic
õ .001), and IgM (P õ .01) contained independent prog-liver disease and correlate with the severity. The aim of
nostic information. Inclusion of IGFBP-3 gave these re-this study was to assess the additional prognostic value
sults: IGFBP-3 (Põ .02), alcohol intake (Põ .05), coagula-of IGF-I and IGFBP-3 in patients entered in a large
tion factors 2, 7, 10 (P õ .01), creatinine (P õ .001), andmulticenter study (EMALD). Three hundred thirty-
IgM (P õ .02) were independent predictors of survival.seven patients with alcohol-induced liver disease were
In conclusion, IGF-I or IGFBP-3 provide important addi-studied in a randomized placebo-controlled trial of ma-
tional information on survival in patients with alcohol-lotilate with a mean follow-up period of 569 days (range,
induced liver disease. (HEPATOLOGY 1996;23:1073-1078.)7-1,544). A multivariate Cox regression analysis of perti-

nent clinical and biochemical variables showed a signifi-
cant independent prognostic value of years of alcohol Insulinlike growth factor I (IGF-I) is a single-chained
intake, coagulation factors 2, 7, and 10, alkaline phospha- polypeptide with important anabolic actions on protein,tases, serum creatinine, and immunoglobulin (Ig) M. carbohydrate, and lipid metabolism.1-3 IGF-I is boundWhen IGF-I or IGFBP-3 were added into this model, a

in the circulation to a complex system of at least sixCox regression analysis showed that either had a signifi-
binding proteins; IGF-binding protein-3 (IGFBP-3) is
the most abundant, playing a major role in determining

Abbreviations: IGF-I, insulinlike growth factor I; IGFBP-3, insulinlike the total concentration of IGF-I in the circulation.3,4

growth factor–binding protein 3; B/B0, bound/free ratio; Ig, immunoglobulin. Circulating IGF-I is mainly produced in the liver,
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TABLE 1. Clinical and Biochemical Characteristics 0.7), respectively (n Å 45). The day-to-day variation of IGF-
I measurements was 8%.of 354 Patients With Alcohol-Induced Liver Disease

Serum concentrations of IGFBP-3 were measured by radio-Variable Median (Range)
immunoassay as described by Blum et al.21 Reagents for the
IGFBP-3 radioimmunoassay were obtained from MediagnostAge (yr) 50 (27-85)
G.m.b.H., Tübingen, Germany. Briefly, 100 mL of unpro-Sex (male/female) 266/88
cessed serum (diluted 1:651) was added to 100 mL of poly-Cirrhosis (present/absent) 204/148
clonal rabbit antiserum and 100 mL of 123I-labeled IGFBP-Encephalopathy (present/absent) 30/323
3 tracer obtained from a 30.5-kd stable IGFBP-3 fragmentAscites (present/absent) 110/243
isolated from Cohn fraction IV. The sensitivity of the assay,Alanine aminotransferases (U/L, 10-40) 42 (5-460)
defined as 3 SD from the mean of the zero standard wasAlbumin (mmol/L, 540-800) 526 (214-831)
0.291 mg/L, and half maximal displacement occurred at 47 mg/Bilirubin (mmol/L, 2-17) 16 (2-530)
L. In cross-reactivity studies, dilution curves obtained withAlkaline phosphatases (U/L, 50-275) 292 (87-1,933)
glycosylated recombinant human IGFBP-3 as well as serumCoagulation factors 2, 7, and 10 (Arb. units,
from healthy individuals paralleled the standard curve.0.70-1.30) 0.8 (0.1-1.3)
Cross-reactivity with IGFBP-1 and IGFBP-2 was undetect-IgG (mmol/L, 36-89) 14.4 (1.9-44.3)
able in the range of 0.6 to 80 mg/L. The intraassay coefficientIgA (mmol/L, 3.8-21.0) 5.1 (1.0-28.9)
of variation (n Å 17) was 2% (at B/B0 of 0.30), 2% (at B/B0 ofIgM (mmol/L, 0.3-3.7) 1.9 (0.3-14.2)
0.4), and 6% (at B/B0 of 0.80), respectively. The interassayCreatinine (mmol/L, 0.05-0.12) 0.08 (0.03-0.26)
coefficient of variation (n Å 144) was 11% (at B/B0 of 0.48)IGF-I (mg/L) 93 (9-440)
and 8% (at B/B0 of 0.78) over a period of 2.5 years. The normalIGF-Iz score 02.19 (06.03-3.25)
range for healthy adults has previously been published.22 In-IGFBP-3 (mg/L) 2,003 (399-6,665)
traassay and interassay variations were less than 6% andIGFBP-3z score 02.87 (06.27-5.79)
10%, respectively.

NOTE. Values are shown in numbers, percentages, or medians Statistical Analysis. Variables are summarized as per-
and ranges. Units and reference intervals in parentheses. centages, medians, and total ranges. Correlation analyses

were performed by the Spearman rank correlation test.
Survival Analysis. The prognostic significance of IGF-I

and IGFBP-3 was studied using the log rank test to compare
750 mg/day than in patients receiving placebo or patients the Kaplan-Meier survival curves of the patients stratified
receiving a malotilate dose of 1,500 mg/d. Of the 407 patients into four groups of equal size according to the IGF-I and
enrolled in the multicenter trial, 354 patients with complete IGFBP-3 values.23 The additional prognostic influence of
follow-up data and values of IGF-1 and IGFBP-3 were en- IGF-I and IGFBP-3 to the previously identified prognostic
tered. Diagnosis of alcohol-induced liver disease was histolog- variables was studied by including IGF-I or IGFBP-3 in the
ically verified in 352 patients and based on accepted biochem- Cox regression analysis,24,25 together with the variables pre-
ical and clinical criteria in the remaining patients, because viously found to have independent prognostic information in
liver biopsy was contraindicated. The study population com- these patients, i.e., years of high alcohol intake, coagulation
prised 266 men and 88 women with a median age of 49.0 factors 2, 7, and 10, alkaline phosphatases, creatinine, and
years (range, 23-85). Clinical and biochemical characteristics immunoglobulin (Ig) M [x2 Å 77.8; degrees of freedom: 5; P
of the patients are summarized in Table 1. All patients had õ .001].18 To adjust for the influence of malotilate therapy
a daily alcohol intake of 80 g or more for the preceding 4 in this purely prognostic study, the Cox regression analyses
years. Patients were randomized to three treatment groups were performed stratified according to therapy (placebo, ma-
with daily doses of malotilate of 1,500 mg, 750 mg, or placebo. lotilate 750 mg, or malotilate 1,500 mg daily).18

Ascites, encephalopathy, and gastrointestinal bleeding were Because IGF-I and IGFBP-3 covary with age and have
treated, and disulfiram (Antabuse) was administered in ac- markedly skewed distributions, we used age-adjusted nor-
cordance with local practice. The patients mainly receive di- malizing z score transformations derived from a study of a
sulfiram, B vitamin complex, and diuretics, which have not normal population.20 Thus, in the Cox regression analyses,
been reported to interact with the circulating concentrations IGF-I was scored as ZIGF-I Å (ÎIGF-Imeasured value 0 IGF-Iestimated
IGF-I and IGFBP-3. The patients participated after giving

value for age)/1.779, where IGF-Iestimated value for age Å 00.1144rage
their informed consent according to the Helsinki II declara- / 19.1966. IGFBP-3 was scored as ZIGFBP-3 Å (IGFBP-3measured
tion, and the study was approved by the local ethics commit-

value 0 IGFBP-3estimated value for age)/513.7, where IGFBP-3estimated
tees of the hospitals involved.

value for age Å 010.1423rage / 4,014.
IGF-I and IGFBP-3 Assays. IGF-I was determined in all After inclusion in the Cox regression analysis, insignificant

subjects with a radioimmunoassay using truncated IGF-I variables were removed stepwise, until all remaining vari-
(des[1-3]-IGF-I) as radioligand, as originally described by ables were significant (P õ .05) (backward elimination). The
Bang et al.,19 modified by the use of a monoiodinated isomer assumptions of the Cox model were assessed as described
as tracer (Tyr31-des[1-3]-IGF-I).20 Serum was extracted by elsewhere24 and were not found to be violated. It turned out
acid-ethanol and cryoprecipitated (AEC) before analysis to that the z scores of IGF-I and of IGFBP-3 fitted better in the
remove interfering IGFBPs. A monoiodinated IGF-I isomer models than did the raw and logarithmic values.
(125I-Tyr-31-des[1-3]IGF-I) was used as radioligand. The in- A prognostic index can be derived from the prognostic
traassay coefficients of variation were 5% (bound/free ratio model as the sum of the patient’s variable scorings each
[B/B0] of 0.2), 4% (B/B0 of 0.4), and 10% (B/B0 of 0.7), respec- multiplied by its regression coefficient as previously de-
tively (n Å 15; not corrected for recovery). The interassay scribed.24,26 Plots of the estimated survival probability corre-
coefficients of variation for the extraction procedure were sponding to different values of the prognostic index was ob-

tained as previously described.2410% (at B/B0 of 0.2), 9% (at B/B0 of 0.4) and 14% (at B/B0 of
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TABLE 2. Spearman Rank Correlation Coefficients of
Selected Patient Characteristics and IGF-I

and IGFBP-3 in 354 Patients

Variable IGF-I R (S) IGFBP-3 R (S)

Age 00.36 00.33
Albumin 0.62 0.59
Bilirubin 00.46 00.47
Alkaline phosphatase 00.34 00.26
Coagulation factors 2, 7, & 10 0.57 0.64
IgG 00.49 00.48
IgA 00.57 00.55
IgM 00.25 00.22
Creatinine* 00.04 00.07
IGF-I — 0.87

* P ú .05. Other P õ .001.

FIG. 2. Survival in patients with alcohol-induced liver disease
stratified according to IGFBP-3. (1) IGFBP-3 ° 1,355 mg/L, n Å 88.
(2) 1,355 õ IGFBP-3 ° 2,003, n Å 89. (3) 2,003 õ IGFBP-3 ° 2,903,RESULTS
n Å 90. (4) IGFBP-3 ú 2,903 mg/L, n Å 87. P õ .001.

The patient’s characteristics are given in Table 1.
The mean follow-up period was 569 days (range, 7-
1,544 days); 84 patients died. Table 2 shows the results (x2Å 77.8; degrees of freedom: 5; Põ .001), but alkaline
of correlation analysis of IGF-I and IGFBP-3 and of phosphatases was no longer significant and therefore
pertinent variables. The association between IGF-I and was eliminated from the model. Because IGF-I and
survival is shown in Fig. 1. Low IGF-I values were IGFBP-3 were closely correlated, they provided almost
significantly associated with poor prognosis (Põ .001). the same prognostic information (Tables 3 and 4). The
The association between IGFBP-3 and survival shown model containing IGF-I (x2 Å 73.1; degrees of freedom:
in Fig. 2 was also highly significant (P õ .001). Almost 5; P õ .0001) was not significantly different from that
the same results were obtained from log rank analyses containing IGFBP-3 (x2 Å 74.4; degrees of freedom: 5;
when stratification was performed according to the z P õ .0001).
scores of IGF-I and IGFBP-3 (P õ .001, figures not Because the presence of alcohol-induced hepatitis in
shown). combination with cirrhosis may be associated with the

Both IGF-I and IGFBP-3 showed significant inde- worst prognosis, we studied a possible differential prog-
pendent prognostic value when they were added sepa- nostic value of IGF-I and IGFBP-3 in patients having
rately to the model comprising the significant vari- alcohol-induced hepatitis combined with cirrhosis (n
ables: years of high alcohol intake, coagulation factors Å 102), alcohol-induced hepatitis alone (n Å 41), or
2, 7, and 10, alkaline phosphatases, creatinine and IgM cirrhosis alone (n Å 85). Although there was a trend of

a stronger prognostic value of IGF-I in patients with
cirrhosis and alcohol-induced hepatitis, no statistical
significance occurred. This also held true with respect
to IGFBP-3.

A prognostic index for a patient with specified pa-
tient characteristics can be deduced from the regres-
sion models in Tables 3 and 4, and the survival proba-
bility can be estimated from Fig. 3. For example, a
patient aged 39 years with a 15-year consumption of

TABLE 3. Time-Dependent Cox Regression
Model, Including IGF-I

Regression
Variable Scoring Coefficient SE P

Alcohol intake Years 0.03 0.01 õ.02
Coagulation Log (value in Arb.

factors 2, 7, 10 units) 01.11 0.35 õ.01
FIG. 1. Survival curves (Kaplan-Meier plots) in groups of pa- Creatinine mmol/L 15.26 2.91 õ.001

tients with alcohol-induced liver disease defined according to IGF-I. IgM mmol/L 0.17 0.06 õ.01
(1) IGF-I ° 56 mg/L, n Å 89. (2) 56 õ IGF-I ° 93, n Å 91. (3) 83 IGF-I z score 00.24 0.10 õ.03
õ IGF-I ° 145, n Å 88. (4) IGF-I ú 145 mg/L, n Å 86. P õ .001.
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TABLE 4. Time-Dependent Cox Regression additional important information on the mortality of
Model Including IGFBP-3 patients with alcohol-induced liver disease.

The prognosis of patients with cirrhosis has re-Regression
Variable Scoring Coefficient SE P mained poor, despite treatment of complications such

as ascites and hepatic nephropathy, hepatic encepha-Alcohol intake Years 0.03 0.01 õ.05
lopathy, and bleeding from esophageal varices. The ul-Coagulation factors Log (value in Arb.
timate treatment of cirrhosis is liver transplantation,27

2, 7, 10 units) 00.99 0.37 õ.01
and for this an accurate estimate of the prognosis isCreatinine mmol/L 14.19 2.82 õ.001

IgM mmol/L 0.16 0.06 õ.02 essential. Several studies have tried to identify pre-
IGFBP-3 z score 00.26 0.11 õ.02 dictors of survival, but until now the prognostic infor-

mation has been relatively imprecise.16,17 Thus, there
is a need for better prognostic variables. The liver is the
major source of circulating IGF-I, whereas the major
production site of IGFBP-3 is uncertain.28,29 Recent ani-alcohol, coagulation factors 2, 7, and 10 of 1.24 arbi-

trary units, serum creatinine of 71 mmol/L, serum IgM mal studies have suggested that IGFBP-3 is mainly
of 1.80 mmol/L, IGF-I of 373 mg/L, and IGFBP-3 of 2,803 synthesized by the Kupffer cells and IGF-I mainly by
mg/L would have a prognostic index for the two models parenchymal liver cells.30,31 Low concentrations of both
of 1.00 and 1.34, respectively. Figure 3 shows that the IGF-I and IGFBP-3 have previously been found in pa-
estimated 4-year survival is approximately 95% for tients with chronic liver disease,7,8,11,12,14,32 and the sur-
prognostic indices at these levels. In another patient vival of patients with very low IGF-I levels has been
aged 37 years with a 5-year consumption of alcohol, reported to be poor.14 Apart from hepatic dysfunction,
coagulation factors 2, 7, and 10 of 0.22 arbitrary units, a concomitant state of malnutrition may further sup-
serum creatinine of 150 mmol/L, serum IgM of 3.10 press the circulating concentrations of IGF-I and
mmol/L, IGF-I of 119 mg/L, and IGFBP-3 of 1,615 mg/L, IGFBP-3 in patients with alcohol-induced liver dis-
the prognostic indices for the two models are 5.18 and ease.4 In the current study, IGF-I and IGFBP-3 proved
5.25, respectively. For these higher values of the prog- to have an independent prognostic value as determined
nostic indices, the 4-year survival of this patient, with by the two regression models. This may reflect a com-
markedly lower values of IGF-I and IGFBP-3 in addi- bined effect of the liver disease and malnutrition, but
tion to more abnormal values of other variables in the the design of the current study does not allow one to
prognostic model, is only approximately 10% to 15% draw conclusions as to differential effects on prognosis
(Fig. 3). of diverse conditions. Despite different production

sites, IGF-I and IGFBP-3 were closely correlated and
DISCUSSION contained almost the same prognostic information.

Both probably reflect the synthetic capacity or the dys-The main finding of this study is that circulating
plasma concentrations of IGF-I and IGFBP-3 provide function of the liver, and measurement of one of the

FIG. 3. Estimated survival
curves for different values of the
prognostic index (PI) for any of
the two regression models.
Higher values of PI mean a
higher hazard or shorter sur-
vival; lower values mean lower
hazard or longer survival.
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