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The time change of laboratory variables in cirrhosis was studied by analysis of data from 488 
patients with cirrhosis included in a controlled clinical trial of long-term prednieone vs. placebo. 

In the placebo group, a marked regression towards normal was seen within 3 months of entry 
into the trial (increase in serum albumin, acetylcholinesterase, cholesterol, hemoglobin and de- 
crease in erythrocyte sedimentation rate). The subsequent course did not show a clear pattern, 
except for a slight increase in serum bilirubin and decrease in albumin. When studied in relation 
to the time of death in patients dying from a “hepatic” cause, marked increase in bilirubin and 
decrease in prothrombin index, albumin and cholesterol were seen in the year prior to death with 
little change before that time. 

In the prednisone group, a more marked decrease in bilirubin, SGOT, alkaline phosphatase, 7- 
globulin, sulfobromophthalein retention, erythrocyte sedimentation rate and increase in leuko- 
cytes, prothrombin index and cholesterol were seen during the first 3 months. In  relation to time 
of death from a “hepatic” cause, similar changes were seen as in the placebo group except that 
alkaline phosphatase increased and cholesterol did not decrease. 

A beneficial effect of prednisone on survival, as expressed by a previously developed therapeutic 
index, was associated with decrease in SGOT, alkaline phosphatame and 7-globulin within the first 
3 months. An increase in SGOT during prednisone seemed to be associated with harmful effects of 
therapy. 

In patients with cirrhosis, laboratory tests taken at the 
time of diagnosis may give an indication of prognosis or 
therapeutic effect of prednisone or both (1-3). The 
change in the level of laboratory tests with time has 
rarely been studied, but nevertheless, it is assumed that 
certain changes are indicators of poor prognosis (e.g., 
decrease in albumin, prothrombin index, increase in bil- 
irubin) or of beneficial effect of treatment with cortico- 
steroid hormones (decrease in SGOT and y-globulin) (4- 
7). 
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Corticosteroid hormones, which are effective in se- 
lected cases of chronic liver disease (3-9), have numerous 
metabolic effects (9, lo), and many laboratory tests com- 
monly used in cirrhosis are affected by corticosteroids 
also in healthy persons (9-11). 

The purpose of this work was to evaluate the changes 
with time in laboratory tests, the influence of steroid 
treatment and the correlations to previously developed 
indices for prediction of prognosis (2) and therapeutic 
effect (3) based on prospectively collected data from a 
multicenter controlled clinical trial with a long follow- 
UP. 

PATIENTS AND METHODS 
During the period 1962 to 1969, patients with histolog- 

ically verified liver cirrhosis were included in a controlled 
clinical trial evaluating the effect of prednisone vs. pla- 
cebo on survival (12). This report analyzes the data of 
488 patients whose initial biopsy permitted histologic 
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reevaluation using updated, more restrictive criteria ( 13). 
With these criteria, cirrhosis was confirmed in 287 pa- 
tients (59%), probable in 101 (21%), compatible in 89 
(18%) and unlikely in 11 (2%) (13). The mean age of the 
patients was 59 years, and 40% were females. The allo- 
cation was based on date of birth, 251 receiving predni- 
sone and 237 placebo. Of the 488 patients, 208 (predni- 
sone 114, placebo 94) were alcoholics. The dosage of 
prednisone was initially 40 mg per day being reduced 
during 1 to 2 months to a dose of 10 to 15 mg per day. 
During the trial period (up to September, 1974), 292 of 
the 488 patients died, 142 in the prednisone group [“he- 
patic main cause” (hepatic failure, GI bleeding and pri- 
mary liver carcinoma) in 94, “nonhepatic” main cause 
(mainly cardiovascular disease, extrahepatic malignancy 
and infection) in 481 and 150 in the placebo group 
(“hepatic” cause in 91, “nonhepatic” in 59) (14). Death 
from surgery for bleeding varices and death from bleeding 
peptic ulcers were considered hepatic (1, 14). The cu- 
mulative survival curves of the two groups are shown in 
Figure 1. 

Laboratory tests were scheduled to be made at  entry 
into the trial, a t  3, 6, 12 months and yearly thereafter. 
Accordingly, the observation period was divided into the 
following intervals: 0-1.4 months; 1.5-4.4 months; 4.5- 
8.9 months; 9.0 months-1.4 years; 1.5-2.4 years; 2.5-3.4 
years, and so on. 

In each interval, data were summarized by estimation 
of the mean, standard deviation (S.D.) or coefficient of 
variation in percent (CV = 100 x mean/S.D.). In case of 
a skewed distribution of values, the estimations and the 
statistical tests (see below) were performed after appro- 
priate (logarithmic) transformation of the data. If a 
patient had 2 or more values in an interval, these were 

CUMULATIVE SURVIVAL PROBABILITY 

O L . . .  

replaced by their mean value. The distribution in time 
of values within each interval was also summarized by 
estimation of the mean and S.D. Since we wanted to 
study the response of the laboratory tests to the phar- 
macologic action of prednisone, we only studied data 
obtained during active treatment. Thus, data after drop- 
out or withdrawal were not used. 

To avoid the bias caused by the decrease in the number 
of patients observed with time, courses were analyzed in 
groups of patients having values in all intervals of the 
period studied. Thus, patients with missing data in the 
period were excluded. Since each patient can contribute 
only while being observed, patients with the shortest 
observation can contribute only to the first interval 
whereas patients with the longest observation can con- 
tribute to all intervals. Thus, the studied patient groups 
overlap. The first group includes all patients having data 
in the first interval, the last group only those with data 
in all intervals studied. By comparison of corresponding 
values in adjacent groups, this method enables estima- 
tion of the magnitude and direction of the effect of 
selection due to the loss of patient data with time from 
any cause including death. An example of this will be 
given in the results. 

Since the onset of disease is poorly defined by the time 
of entry into the study and since the greatest changes 
occurred in the year prior to death, the course was also 
studied in relation to time of death summarizing data in 
the following intervals: 0-0.4 years; 0.5-1.4 years; 1.5- 
2.4 years, and so on before death. 

Comparison of values at two different times in the 
same patients were made using Student’s t test for paired 
data, t being the ratio of the mean change to its standard 
error. Comparison of changes in different patients were 
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FIG. 1. Cumulative survival curves for the prednisone and placebo groups. The difference was not significant. The number of patients observed 
and the cumulative number of deaths are also shown. 
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made using Student's t test tor unpaired data using 0.5-0.7; 1 year, 1.0-1.2; 2 years, 0.7-2.0; 3 years, 1.3-2.2; 
Satterthwaites' approximation in case of unequal vari- 
ances (15). P values ( 2 t r )  < 0.01 were considered signifi- 
cant. 

The relation of change of 1aborat.ory values within the 
first 3 months to the prognostic and therapeutic dispo- 
sition was studied by estimating the product-moment 
correlation coefficient with a prognostic index (2) and a 
therapeutic index (3) defined previously. With a decreas- 
ing value of the prognostic index, prognosis improves (2).  
With increasing value of the therapeutic index, defined 
as the difference between the prognostic index calculated 
for placebo and prednisone treatment, respectively, the 
therapeutic effect of prednisone increases (3). 

RESULTS 

Changes of laboratory data in relation to time of entry 
into the trial are shown in Table 1 and Figures 2 to 7. 
Table 1 summarizes the changes seen within the first 3 
months in both treatment groups. (To facilitate compar- 
ison with units usually used in Hepatology, equivalent 
values if available are given in Table 2.) Significant 
increases in hemoglobin, albumin and acetylcholinester- 
ase are seen irrespective of the treatment. During pred- 
nisone treatment, highly significant decreases in biliru- 
bin, SGOT, alkaline phosphatase, y-globulin and sulfo- 
bromophthalein retention, and significant increases in 
leukocytes and prothrombin index (decrease in pro- 
thrombin time) are found, in addition to a more marked 
increase in cholesterol and decrease in erythrocyte sedi- 
mentation rate than during placebo treatment. 

The more detailed course of important laboratory vari- 
ables are shown in Figures 2 to 7 in groups defined by 
the minimum duration of follow-up. In these figures, the 
standard deviations of times (in months) SD,,,, after 
time zero are as follows: 3 months, 0.3-0.5; 6 months, 

4 years, 1.3-2.3; 5 years, 1.2-1.7; 6 years, 1.1-1.9, and 7 
years, 1.6-2.2. In many figures, a marked change within 
the first 3 months is seen. Furthermore, some of the 
curves show that the subsequent course is far from being 
linear. 

Bilirubin (Figure 2) (17 pmoles = 1.0 mg per dl) after 
the first 3 months shows little change until the last year 
of follow-up in each particular group when an increase 
is often seen. 

Alkaline phosphatase (Figure 3) (10 KA units = 85 IU 
per liter) in the prednisone group shows a marked in- 
crease after the initial drop. During placebo treatment, 
a weak decrease is seen with time. 

SGOT (Figure 4) (1.7 mmoles per liter per hr = 40 IU 
per liter) shows relatively little change during prednisone 
treatment after the initial drop within 3 months. During 
placebo treatment, the decrease is slower, but ultimately 
the levels reach those seen in the prednisone group. 

Prothrombin index (Figure 5) in the prednisone group 
shows slight decrease at least up to year 3 within each 
group after the initial marked increase. In the placebo 
group, levels increase up to year 1, drop slightly from 
year 1 to year 2, then increase slightly again. (Note: 
decreasing prothrombin index corresponds to increasing 
prothrombin time and vice versa.) 

Albumin (Figure 6) (30 gm per liter = 3 gm per dl) 
shows some increase up to year 1 in the groups with long 
observation periods, but the last part of the course tends 
to decrease in each group especially during prednisone 
treatment. 

y-Globulin (Figure 7) (15 gm per liter = 1.5 gm per dl) 
in the prednisone group is rather constant for the first 3 
years after the marked initial drop, thereafter levels tend 
to increase. During placebo treatment, levels tend to 
decrease slowly but in the last year, in patients being 
followed for 3 years or more, weak increases are found. 

TABLE 1 .  (:HANCE IN LABORATORY VARIABLES DURING THE FIRST :3 MONTHS AFTER ENTRY INTO THE T R I A L  

Variable 
(normal values) 

Prednisone Placebo 
p for 

n t n t difference Mean 
change 

Mean 
change 

Hemoglobin (7.0-1 1.0 mmoles/liter) 
Erythrocyte sedimentation rate (< lo  

Leukocytes" (3.0-9.0 x lOY/literl 
Thrombocytes" (150-350 x lOS/liter) 
Bilirubin" (4-22 pmoleslliter) 
SGOT" ( 4 . 7  mmoles/liter/hr) 
Alkaline phosphatase" ((10 KA units) 
Acetylcholinesterase (2.0-6.1 pmoles/ 

Prothrombin index (>70% of normal) 
Albumin (>44 gm/liter) 
7-globulin" ( 4 1  gm/liter) 
Cholesterol" (3.4-7.8 mmoles/liter) 
Sulfobromophthalein retention (<5"; 

mm/hr) 

ml/min) 

after 45 min) 

188 
183 

0.50 
- 18.2 

5.89' 
8.89' 

175 
176 

~ ~~ 

-10.4 

~ ~~ 

4.72' 
5.08' 

0.29 
0.007 

167 
166 
177 
193 
192 
146 

189 
181 
179 
143 
88 

1.12 
-1.72 
-6.03 
- 1 . 1 3  
-2.41 

0.38 

14.4 
3.89 

-4.14 

-7.51 
I .on 

4.32' 
0.25 
4.92* 
5.73* 
4.66' 
4.84' 

8.37' 
6.60* 
9.39* 
7.03* 
5.23' 

157 
161 
171 
178 
1 82 
137 

182 
178 
175 
137 
68 

0.06 
-0.45 

0.09 
-0.21 
-0.21 

0.35 

-0.27 
3.30 

-0.32 
0.43 

-2.60 

0.32 
0.06 
0.11 
1 .00 
0.36 
3.90' 

0.19 
5.28* 
0.75 
2.85'* 
1.9A 

0.003 
0.89 

<0.001 
<0.001 

0.002 
0.80 

0.50 

0.006 
0.01 

The statistical tests were performed on transformed values (logarithmic transformation); the mean change given is the difference between 
antilogs of means of logarithmic values. 

* p c 0.001. 
** p < 0.01. 
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FIG. 2. Course of bilirubin in relation to time of entry into the trial in overlapping groups with complete data in each period of observation. 
Antilogs of means of logarithmic values are presented. N, number of patients; CV, coefficient of variation of logarithmic values. Note: levels are 
expressed in pmoles per liter (17 pmoles per liter = 1.0 mg per dl). 
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FIG. 3. Course of alkaline phosphatase in relation to time of entry into the trial in overlapping groups with complete data in each period of 
observation. Antilogs of means of logarithmic values are presented. N, number of patients. CV, coefficient of variation of logarithmic values. 
Note: levels are expressed in KA units (10 KA units = 85 IU per liter). 

The effect of selection caused by loss of patients (from 
any cause including death) with time can be read from 
the figures by comparing corresponding levels in adjacent 
groups. The selection effect is most clearly seen in the 
curves for bilirubin (Figure 2), prothrombin index (Fig- 
ure 5) and albumin (Figure 6), where the level of each 
subsequent group (with longer observation) is less ab- 
normal than that of the preceding group at the same 
time of observation. 

up to that time [mean = 40.6 gm per liter (=4.06 gm per 
dl)] and in the 124 patients with data up to year 1 [mean 
= 42.1 gm per liter (=4.21 gm per dl)], the mean value 
at 6 months in the 25 lost patients (149-124) can be 
estimated to 33.16 gm per liter (=3.316 gm per dl) [(149 
x 40.6 - 124 x 42.1)/25], suggesting that these lost 25 
were among the more severely ill patients. 

ALCOHOLIC Vs. NONALCOHOLIC PATIENTS 
Example. Considering albumin in the prednisone group 

(Figure 6, left) at 6 months in the 149 patients with data 
During placebo treatment, the initial regression to- 

wards normal in erythrocyte sedimentation rate and 
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acetylcholinesterase was significantly more pronounced 
in the alcoholic than in the nonalcoholic patients. 

During prednisone treatment, the initial decrease in 
SGOT, alkaline phosphatase and increase in leukocytes 
and cholesterol were significantly more pronounced in 
the nonalcoholic than in the alcoholic patients. Other- 
wise, courses were similar in alcoholic and nonalcoholic 
patients. 
COURSE IN RELATION TO TIME OF DEATH 

Analysis of the course in relation to time of death 
revealed that the major changes occurred in the year 
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prior to death of hepatic cause. The change of variables 
in the last year before death studied by comparing values 
in the adjacent intervals 1.4-0.5 years and 0.4-0 years 
before death in patients with values in both intervals are 
shown in Table 3 and Figures 8 to 10, which also show 
the levels in earlier intervals. In these figures, the stan- 
dard deviations of times (in months) within the defined 
intervals, SDtimcr were as follows: 0 years, 1.3-1.7; 1 year, 
2.0-3.4; 2 years, 2.5-2.8, and 3 years, 2.4-2.7. The sig- 
nificant changes were confined to patients who died from 
a hepatic cause (Table 3). Significant increase in biliru- 
bin (Figure 8) and decrease in albumin (Figure 9) were 
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(significantly in the prednisone group) (Table 3). During 
prednisone treatment, alkaline phosphate increased, and 
during placebo treatment cholesterol decreased and y- 
globulin increased significantly in the year prior to death 
from a hepatic cause (Table 3). However, none of the 
differences between the two treatment groups were sig- 
nificant. The pattern was rather similar in alcoholic and 
nonalcoholic patients. 

... 1UU.U . US” .... ~VYI*.Y-”..IU .. ...... 
tween the change in laboratory variables within the first 
3 months and the patients’ therapeutic and prognostic 
indices, respectively, being estimates of the patients’ 
therapeutic and prognostic disposition at  the time of 
entry into the trial (2, 3). 

During prednisone treatment, the initial changzs in 
SGOT, y-globulin and alkaline phosphatase (the latter 
two only in nonalcoholic patients) are negatively corre- 
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lated with the therapeutic index, showing that decrease 
in these variables is associated with positive values of 
the therapeutic index indicative of beneficial effect of 
prednisone treatment. Furthermore, during prednisone 
therapy, the changes in SGOT and cholesterol (the latter 
only in alcoholic patients) are positively correlated with 
the prognostic index, showing that increase in these 
variables is associated with high (positive) values of the 
prognostic index indicative of poor prognosis. 

During placebo treatment, the change in leukocytes 
(in nonalcoholic patients) is positively correlated with 
the therapeutic index, suggesting that increase in leuko- 
cytes is associated with a potentially beneficial effect of 

TABLE 2. EQUIVALENT VALUES OF LABORATORY VARIABLES 

Hemoglobin 
Leukocytes 
Thrombocytes 
Bilirubin 
SCOT 
Alkaline phosphatase 
Acetylc holinesterase 
Albumin 
?-globulin 
Cholesterol 

7.0 mmoles/liter = 11.3 gm/dl 
:j.o x 10s/liter = : j o / p l  
150 x IO'//liter = 15oooO/pl 
17 pnioles/liter = 1.0 mg/dl 
1.7 mmoles/liter/hr = 40 IU/liter 
10 KA units = 85 IU/liter 
2.0 pmoles/ml/min = 525 IU/liter 
30 gm/liter = 3 gm/dl 
15 gm/liter = 1.5 gm/dl 
7 mnioles/liter = 270 mg/dl 

prednisone therapy, indicating that this should be con- 
sidered. None of the variables which correlated signifi- 
cantly with prognostic index or therapeutic index con- 
tributed to the index in question (2, 3). However, all 
significant correlations were small indicating that the 
changes in single variables have relatively little prognos- 
tic or therapeutic value. 

DISCUSSION 

Description of change in time of variables from con- 
trolled clinical trials of chronic disease requiring long 
periods of observation may not be simple because the 
number of patients decreases with time. Thus, studying 
the course by simple transection analysis at certain in- 
tervals may be biased by the loss of patients with time. 
However, that method has been used in several reports 
(5-7). Trend analysis estimating the slope by linear 
regression on the values in each patient may be mislead- 
ing because the course may be nonlinear even after 
transformation of values. That seemed to be the case for 
many of the variables (Figures 2 to 7). Thus, results 
obtained by that method can only be taken as crude 
indications of the course. Therefore, we did not use trend 
analysis in this report. 

To avoid bias caused by decreasing number of patients 

TABLE 3. CHANGE I N  LABORATORY VARIABLES BETWEEN THE INTERVALS 1.5-0.5 A N D  0.5-0 Years Before Death 

Variahle 
(normal values) 

Cause ol 
death 

Hernoglobin 
(7.0-11.0 mmol/liter) 

Erythrocyte sedimentation 
rate (<lo mm/hr) 

Leukocytes' 
(3.0-9.0 X 109/liter) 

Thrombocytes' 
(150-350 X 109/liter) 

Bilirubin' 
(4-22 pmoleslliter) 

SGOT' 
( 4 . 7  mmole/liter/hr) 

Alkaline phosphatase' 
( 4 0  KA units) 

Acetylcholinesterase 
(2.0-6.1 pmoles/ml/min) 

Prothrombin index 
(>70% of normal) 

Albumin 
(>44 gm/liter) 

7-globulin' 
( 4 1  gm/liter) 

Cholesterol' 
(3.4-7.8 mmoles/liter) 

Sulfobromophthalein 
retention (<5% after 45 
min) 

H, heDatic main cause of death. 

H" 
N-Hb 
H 
N-H 
H 
N-H 
H 
N-H 
H 
N-H 
H 
N-H 
H 
N-H 
H 
N-H 
H 
N - H  
H 
N-H 
H 
N-H 
H 
N-H 
H 
N-H 

n 

3 2 
14 
32 
1 3 
29 
12 
29 
11 
52 
23 
52 
24 
55 
23 
27 
9 

52 
23 
45 
21 
42 
21 
24 
10 
15 
6 

Prednisone 

Mean 
change 

-0.68 
-0.45 

1.03 
-5.74 

1.17 
3.57 

- 12.8 
-23.4 

16.6 
0.78 
0.l.i 
0.26 
5.71 

-1.92 
-0.41 
-0.05 
-9.76 

1.22 
-3.95 
-2.98 

1.66 
-0.01 
-0.18 
-0.34 

0.23 
1 2 . i  

t 

9.27* 
1.45 
0.25 
0.65 
1.19 
1.51 
0.73 
0.57 
4.26" 
0.22 
0.35 
0.71 
3.32' 
0.77 
2.52 
0.17 
2.54 
0.27 
3.54" 
2.21 
1.08 
0.01 
0.27 
0.34 
0.06 
051 

n 

39 
22 
38 
22 
31 
20 
31 
20 
61 
34 
61 
38 
60 
37 
27 
18 
58 
36 
50 
32 
47 
30 
26 
19 
9 
8 

Placebo 

Mean 
change 

-0.54 
0.22 
8.76 

-6.13 
0.36 

-0.08 
5.56 

-17.1 
20.9 
1.52 
0.09 

-0.02 
2.12 
0.57 

-0.44 
-0.19 
-8.62 

2.94 
-4.03 
-1.29 

4.55 
-2.05 
-1.72 
-0.89 
-0.1 1 

2.45 

t 

2.71 
0.75 
2.67 
0.90 
0.51 
0.10 
0.32 
0.62 
3.49** 
0.76 
0.20 
0.12 
1.21 
0.39 
2.56 
0.82 
3.39; 
0.84 
3.53.' 
0.94 
2.66 
2.08 
3.63; 
1.57 
0.06 
0.61 

p for 
difference 

0.63 
0.12 
0.14 
0.97 
0.65 
0.16 
0.52 
0.90 
0.83 
0.79 
0.91 
0.52 
0.07 
0.60 
0.89 
0.74 
0.79 
0.76 
0.96 
0.39 
0.32 
0.25 
0.03 
0.66 
0.94 
0.80 

- 

. .  
N-H, nonhepatic main cause of death. 
The statistical tests were performed on transformed values (logarithmic transformation); the mean change given is the difference between 

antilogs of means of logarithmic values. 
* p < 0.01. 
** p < 0.001. 
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with time, study of the course was performed in groups 
of patients having values in each of the intervals making 
up each period of observation (Tables 1 and 3 and Figures 
2 to 10). The patients having the shortest observation 
can contribute to only one interval, those having the 
longest observation times can contribute to all intervals. 
Thus the groups overlap, each group including patients 
with observation time equal to or greater than that being 
investigated. Thus, patients with missing observations 
within a given period were not included for that period. 
This explains the reduced number of patients studied 
compared to that being observed (Figure 1). 

The method has the advantage that the magnitude 

and direction of the effect of selection due to the decreas- 
ing number of patient data with time can be estimated 
by comparison of corresponding values in adjacent 
groups. For many variables, e.g., bilirubin, alkaline phos- 
phatase, prothrombin index and albumin, there was a 
tendency towards less abnormal values with increasing 
observation time of the group, indicating that those who 
were lost (from any cause including death) had relatively 
more abnormal values. This can be seen most clearly by 
comparing the last value of a group with the correspond- 
ing value in the following group as in the example in 
“Results.” 

With this method, a marked “regression towards nor- 
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mal" was demonstrated in many variables within the 
first 3 months in both treatment groups. This probably 
reflects that most patients are admitted to the hospital 
and the diagnosis made during an exacerbation of the 
disease (16). However, the subsequent course studied by 
this method in relation to entry into the trial (Figures 2 
to 7) was less clear probably because the courses were 
not "synchronized" to that time and because of different 
reasons for short observation. By "synchronizing" the 
course in relation to time of death, a clearer picture was 
obtained, at least in patients dying from a hepatic cause 
(Figures 8 to 10 and Table 3). 

The changes in the placebo group reflecting the "spon- 
taneous'' course comprised significant improvement 
within the first 3 months of entry into the trial as 
evidenced by an increase in albumin, acetylcholinester- 
ase, cholesterol, hemoglobin and decrease in erythrocyte 
sedimentation rate. From the detailed course, marked 
short-term reversibility is also seen for bilirubin (Figure 
2) and SGOT (Figure 4) in patients with long observa- 
tion, even though their initial values are among the 
highest. Alkaline phosphatase also show early regression 
in patients with long observation (Figure 3). This short- 
term reversibility indicates that levels after a few months 
may better reflect the degree of permanent liver damage 
than initial levels. 

The subsequent course as demonstrated by Figures 2 
to 7 revealed for bilirubin that besides the increase in 
the last year of observation in patients observed up to 3 
years, levels decrease in patients followed for longer 
periods. Similarly albumin levels remain relatively high 
and prothrombin index tends to increase (prothrombin 
time to decrease) in patients followed for more than 3 
years. Thus, long-term improvement seems to occur in 
some patients. 

By studying the course in relation to time of death 
from hepatic cause (Figures 8 to 10 and Table 3), marked 
increase in bilirubin and decrease in prothrombin index 

TABLE 4. COEFFICIENTS OF CORRELATION BETWEEN CHANCE IN 
LABORATORY VARIABLES DURING THE FIRST 3 MONTHS AND 

PREVIOUSLY DEFINED THERAPEUTIC INDEX A N D  PROGNOSTIC INDEX 
Therapeutic index Prognostic index 

Prednisone Placebo Prednisone Placebo 
Variable 

Hemoglobin 
Erythrocyte sedimentation 

Leukocytes" 
Thromhocytes" 
Bilirubin" 
S G O T "  
Alkaline phosphatase" 
Acetylcholinesterase 
Prothrombin index 
Albumin 
y-globulin" 
Cholesterol" 
Sulfobromophthalein retention 

rate 

0.06 -0.06 -0.05 
0.00 0.12 0.01 

0.08 0.22*,b -0.01 
0.08 -0.01 -0.12 

-0.14 0.09 0.09 
-0.41**.' 0.01 0.21*" 
-0.25**'b 0.00 0.17 

0.02 -0.04 0.06 
0.18 -0.11 -0.07 
0.13 -0.06 0.03 

-0.30**" 0.12 0.17 
0.13 0.01 0.22*.d 

-0.08 0.04 -0.08 

-0.06 
0.14 

0.17 
0.03 
0.10 
0.03 
0.11 

-0.03 
0.00 
0.00 
0.10 
0.11 

-0.03 

a The change in transformed values (logarithmic transformation) 

* Significant only in nonalcoholic patients. 
has been used in the calculation. 

Significant both in alcoholic and nonalcoholic patients. 
Significant only in alcoholic patients. 
p < 0.01. 

**  p < 0.001. 

(increase in prothrombin time), albumin, acetylcholin- 
esterase and cholesterol were seen. These changes all 
reflect decreasing hepatocellular function prior to death 
as one would expect. However, it is interesting to note, 
that the major changes occurred in the year prior to 
death with little change in level before that time, except 
perhaps for prothrombin index which show a decrease 
(prothrombin time increase) over 2 years before death. 
This rather stationary course followed by a fast acceler- 
ative fatal deterioration emphasizes the acute nature of 
the late stage disease. 

Nevertheless, some of these variables at the time of 
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entry into the trial had significant prognostic informa- 
tion as evidenced by their contribution to the prognostic 
index (2) (prothrombin index, acetylcholinesterase) or 
the Child-Turcotte criteria (1) (bilirubin, albumin), prob- 
ably because a large proportion of patients died within 
the first year of entry into the trial (Figure 1). 

It is remarkable, however, that the change within 3 
months during placebo treatment did not correlate sig- 
nificantly with prognostic disposition as expressed by 
the prognostic index (Table 4). The explanation is prob- 
ably that the magnitude of the initial change varies 
relatively little with the observation period (Figures 2 to 
7). 

The effects of prednisone within the first 3 months 
were a more marked decrease in bilirubin, SGOT, al- 
kaline phosphatase, y-globulin, sulfobromophthalein re- 
tention, erythrocyte sedimentation rate and increase in 
leukocytes, prothrombin index and cholesterol. Some of 
these changes are at least partly due to the metabolic 
effect of the corticosteroid hormone [cholesterol (17-19), 
prothrombin index (10,20), bilirubin (10,11,21)], others 
to the antiinflammatory [leukocytes (22-24)] and im- 
munosuppressive effects [erythrocyte sedimentation 
rate, y-globulin (23-25)]. The decrease in SGOT, and to 
a lesser degree of alkaline phosphatase (26), may indicate 
a decreased destruction of liver cells. The increase in 
albumin (27) and acetylcholinesterase (28, 29) and the 
decrease in sulfobromophthalein retention (30) may in- 
dicate a general improvement in hepatocellular function 
as an indirect effect of the hormone (9), probably mainly 
confined to those categories known to benefit from pred- 
nisone treatment (3-9) including selected cases of 
chronic aggressive hepatitis (3) and alcoholic hepatitis 
(3,8). 

The subsequent course during prednisone treatment 
(Figures 2 to 7) was similar to that during placebo except 
that levels of prothrombin index were higher (prothrom- 
bin time shorter), levels of y-globulin lower and alkaline 
phosphatase levels increased markedly with time. 

When analyzed in relation to time of death, the 
changes seen during prednisone corresponded rather 
closely to those seen during placebo except for alkaline 
phosphatase which increased and cholesterol which did 
not decrease prior to death from hepatic cause, the latter 
possibly because of a sustained metabolic effect of the 
steroid hormone (17-19). The former finding is difficult 
to explain and may be accidental [the increase is not 
significantly different from that found in the placebo 
group, p = 0.07 (Table 311. 

Some of the initial changes were associated with prog- 
nostic and therapeutic disposition (Table 4) as expressed 
by previously developed prognostic and therapeutic in- 
dices (2, 3). Thus, we found that the initial change in 
SGOT, y-globulin and alkaline phosphatase (the latter 
two only in nonalcoholic patients) during prednisone 
treatment correlates with the therapeutic index in such 
a way that decreases in these variables suggest beneficial 
effect of prednisone. (These variables do not contribute 
to the therapeutic index.) Furthermore, increasing SGOT 
during prednisone treatment seems to indicate poor prog- 
nosis (positive correlation with the prognostic index). 

These findings confirm that for these tests, the initial 
changes during prednisone treatment may indicate 
whether prednisone is of benefit to a patient or not (4). 
This may help therapeutic decision in atypical patients. 
It should be noted that the level in these tests a t  entry 
into the trial did not provide any significant therapeutic 
information (3). 

We also found the initial increase in leukocytes (during 
placebo treatment) to be associated weakly with a poten- 
tially beneficial effect of prednisone [positive correlation 
with the therapeutic index (only significant in nonalco- 
holic patients)] (Table 4). The increase in leukocytes 
may reflect actively progressing disease (e.g., chronic 
aggressive hepatitis) where prednisone may be effective 
in selected cases (3, 8). Furthermore, increasing choles- 
terol during prednisone treatment seems associated with 
poor prognosis in the alcoholic patients (positive corre- 
lation with the prognostic index). The reason for this is 
unknown, and the correlation may be accidental since 
the level of significance is not very high. The proportion 
of deaths from cardiovascular disease was similar in the 
two treatment groups (14). 

This report has confirmed the value of the commonly 
used laboratory tests in chronic liver disease. The results 
indicate, however, that the tests should be used selec- 
tively depending on the clinical situation and not rou- 
tinely. Values on admission to hospital may be less 
informative than later “steady-state” values because 
many tests may regress markedly following the acute 
phase which necessitated hospitalization. Fatal deterio- 
ration runs a short accelerative course in the last year 
before death with little indication of decreasing liver 
function before that time. Albumin, bilirubin, prothrom- 
bin index and acetylcholinesterase seem the most useful 
tests in monitoring prognosis. These results are in agree- 
ment with a recent multivariate analysis utilizing follow- 
up information for updating prognosis and estimates of 
therapeutic effect (Christensen, E. et al., unpublished 
observations). 

Furthermore, this report has revealed that the initial 
changes (in contrast to the levels) in SGOT, y-globulin 
and alkaline phosphatase after start of prednisone treat- 
ment are associated with the treatment effect. This may 
help therapeutic decision in atypical patients [with insig- 
nificant therapeutic index (3)] by studying the short- 
term response to prednisone treatment. However, since 
our results have been obtained by retrospective analysis 
of the data, they should be confirmed by a controlled 
clinical trial including such patients [having an insignif- 
icant therapeutic index (3)], where randomization to 
prednisone or placebo is performed after a period of 
pretreatment with prednisone in all such patients. 

Acknowledgment: We thank the Department of Data 
Processing at Rigshospitalet for generous computer ac- 
cess. 

REFERENCES 
1. Christensen E, Schlichting P, Fauerholdt L, et al. Prognostic value 

of Child-Turcotte criteria in medically treated cirrhosis. Hepatol- 

2. Schlichting P, Christensen E, Andersen PK, et al. Prognostic 
O ~ Y  1984; 4:430-435. 



Vol. 5, No. 5, 198.5 TIME COURSE IN CIRRHOSIS 853 

factors in cirrhosis identified by Cox's regression model. Hepatol- 

3. Christensen E. Schlichting P, Andersen PK, et al. A therapeutic 
index that predicts the individual effects of prednisone in patients 
with cirrhosis. Gastroenterology 1985; 88:156-165. 

4. Mistilis SP, Blackburn CRB. Active chronic hepatitis. Am J Med 
1970 4048.-495. 

5. Cook GC, Mulligan R, Sherlock S. Controlled prospective trial of 
corticosteroid therapy in active chronic hepatitis. Q J Med 1971; 

6. Soloway RD, Summerskill WHJ, Archie H, et al. Clinical, biochem- 
ical, and histological remission of severe chronic active liver dis- 
ease: a controlled study of treatment.s and early prognosis. Gastro- 
enterology 1972; 63:820-83:3. 

7. Murray-Lyon IM, Stern RB, Williams R. Controlled trial of pred- 
nisone and azathioprine in active chronic hepatitis. Lancet 1973; 

8. Conn HO. Steroid treatment of alcoholic hepatitis. The yeas and 
the nays. Gastroenterology 197% 74319-322. 

9. Tanner AR, Powell LW. Corticosteroids in liver disease: possible 
mechanisms of action, pharmacology, and rational use. Gut 1979; 

10. David DS, Grieco MH, Cushman P. Adrenal glucocorticoids after 
twenty years. A review of their clinically relevant consequences. .I 
Chron Dis 1970; 22637-711. 

11. Weiersmuller A, Colombo JP, Bircher J. The influence of prednis- 
olone on hepatic function in normal subjects. Effects on galactose 
elimination capacity, sulfobromophthalein transport maximum 
and storage capacity, and D-glucaric acid output. Dig Dis 1977; 

12. Copenhagen Study Group for Liver Diseases. Sex, ascites and 
alcoholism in survival in patients with cirrhosis. N Engl J Med 
1974; 291:271-273. 

13. Schlichting P, Fauerholdt L, Christensen E, et al. Clinical relevance 
of restrictive morphological criteria for the diagnosis of cirrhosis 
in liver biopsies. Liver 1981; 156-61. 

14. Schlichting P, Christensen E. Fauerholdt L, et al. Main causes of 
death in cirrhosis. Scand J Gastroenterol 1983; 18:88-888. 

1.S. Satterthwaite FW. An approximative distribution of estimates of 
variance components. Biometrics Bull 1946; 2:l 10-1 14. 

OD 1983; 3~889-895. 

40159-185. 

1~735-737. 

201 109-1 124. 

22:424-428. 

16. Wulff H. Rational diagnosis and treatment. Oxford: Blackwell, 
1976. 

17. Adlersberg DL, Schaeffer LE, Drachman ST. Development of 
hypercholesterolemia during cortisone and ACTH therapy. J Am 

18. Friedman M, Van Den Bosch J, Byers SO, et al. Effect of cortisone 
on lipid and cholesterol metabolism in the rabbit and rat. Am J 
Physiol 1965; 20894-105. 

19. Boberg F, Hattel T ,  Nielsen OE, et al. The effect of prednisone on 
serum cholesterol in patients with cirrhosis of the liver. Scand J 
Gastroenterol 1972; 7:723-726. 

20. Ozsoylu S, Strauss HS, Diamond LK. Effect of corticosteroids on 
coagulation of the blood. Nature 1962; 195:1214-1215. 

21. Aach RD. Corticosteroids and bilirubin metabolism. Gastroenter- 

22. Dale DC, Fauci AS, Guerry D, et al. Comparison of agents produc- 
ing a neutrophilic leucocytosis in man: hydrocortisone, prednisone, 
endotoxin, and etiocholanolone. J Clin Invest 1975; 56:-813. 

23. Fauci AS, Dale DC, Balow JE. Glucocorticosteroid therapy: mech- 
anisms of action and clinical considerations. Ann Intern Med 1976 

24. Craddock CG. Corticosteroid-induced lymphopenia, immuno- 
suppression, and body defense. Ann Intern Med 1978 88564-566. 

25. Lawrence SH, Weiner HE, Salkin D. Effects of corticosteroid 
administration on the serum electrophoretic patterns of patients 
with pulmonary tuberculosis. J Lab Clin Med 1961; 57:388-393. 

26. Kaplan MM. Understanding serum enzyme tests in clinical liver 
diseases. In: Davidson CS. ed. Problems in liver diseases. New 
York: Stratton Intercontinental Medical Book Corp., 1979: 7945 .  

27. Rothschild MA, Oratz M, Schreiber SS. Albumin synthesis. N Engl 
J Med 1972; 286:748-757,816-821. 

28. Burnet W. An assessment of the value of serum cholineesterase as 
a liver function test and in the diagnosis of jaundice. Gut 1960. 

29. Hunt AH, Lehmann H. Serum albumin, pseudocholinesterase and 
transaminases in the assessment of liver function before and after 
venous shunt operations. Gut 1960; 13303-311. 

30. Cook GC, Velasco M, Sherlock S. Effect of corticosteroid therapy 
on bromsulphthalein excretion in active chronic hepatitis. Cut 
19% 9270-283. 

Med ASS 1950; 144909-914. 

ology 1969; 56~363-366. 

84:304-315. 

1:294-302. 


