Biomarkers Downloaded from informahealthcare.com by Hacettepe Univ. on 11/18/12
For personal use only.

Taylor & F i
Biomarkers, November—December 2005; 10(6): 475484 e virtiotblnid

Changes in serological biomarkers of liver function and
connective tissue turnover in chronic hepatitis B
during lamivudine therapy

P. R. MAXWELL' & R. FLISIAK?

! Biochemistry Department, Stobhill Hospital, Glasgow, UK and *Department of Infectious
Diseases, Medical University of Bialystok, Bialystok, Poland

Abstract

Assessment of hepatic damage associated with chronic hepatitis B (CHB) currently relies on
measurement of serum transaminases and assessment of hepatic histology. It was determined
serum hepatic function tests and the liver fibrosis biomarkers type IV collagen (CIV), amino-
terminal propeptide of type I procollagen (PINP), amino-terminal propeptide of type III
procollagen (PIIINP) and carboxy-terminal telopeptide of type I collagen (ICTP) were of value
in monitoring the effect of lamivudine therapy for CHB. Thirty-nine patients received orally
100 mg lamivudine daily for 48 weeks. Blood samples were obtained at baseline, 24 and
48 weeks. At the end of the treatment period, the patients were then divided into four groups
according to the pattern of HBs and HBe antigens. At baseline, alanine aminotransferase,
aspartate aminotransferase, PIIINP and the PINP/ICTP ratio and at 24 weeks alanine
aminotransferase, aspartate aminotransferase and the PINP/ICTP ratio had lower values in
the complete response compared with complete failure groups. Using receiver-operated curve
analysis, only the PINP/ICTP ratio at baseline (area under the curve 0.806) and ALT and the
PINP/ICTP ratio at 24 weeks (areas under the curve 0.803 and 0.776, respectively) had
significant diagnostic ability in detecting responders. In conclusion, the PINP/ITCP ratio is
sensitive and specific in detecting responders to treatment.
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Introduction

Lamivudine has been shown in patients with chronic hepatitis B (CHB) to produce a
satisfactory response with regard to reduction in viral replication rates, normalization
of transaminases, improvement of hepatic histology and increased clearance of HBeAg
(Lai et al. 1998, Suzuki et al. 1999, Tassopoulos et al. 1999, Hu 2005). Alanine
(ALT) and aspartate (AST) transaminases are the most widely used serum markers of
hepatocellular damage. However, they have a periportal distribution and in cases of
centrilobular necrosis a delay in peak serum concentrations has been observed
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(Nelson et al. 1995). This finding has led to the search of other non-invasive indices of
hepatic damage or fibrogenesis.

Liver biopsy is employed in HBV infection to confirm hepatic inflammation and
fibrosis, to exclude other causes of hepatic disease and to assess the effect of treatment
on the liver architecture (Shindo et al. 2004). However, it does not provide
information on balance between fibrolysis and fibrogenesis. This problem has been
addressed by the quantitation in serum of products of connective tissue turnover of
which the most extensively investigated to date are the carboxy-terminal propeptide of
type I procollagen (PICP), amino-terminal propeptide of type III procollagen
(PITIINP) and type IV (basement membrane) procollagen (CIV) (Schuppan et al.
1986, Melkko et al. 1990, Ristelli et al. 1990) in relation to collagen synthesis and
carboxy-terminal telopeptide of type I collagen (ICTP) in relation to degradation
(Elomaa et al. 1992). In particular, intact collagen IV has shown great promise as a
biomarker for predicting and monitoring therapy response in hepatitis C, alcoholic
liver injury and other chronic liver diseases (Ueno et al. 1992, Tsutsumi et al. 1993,
1996, Yabu et al. 1994).

Little information is available regarding the effect of CHB infection and subsequent
treatment with lamivudine on serum products of extracellular matrix (ECM)
turnover. This study therefore sought to determine serum levels of a range of
biomarkers of liver damage and fibrosis before, during and at the end of lamivudine
therapy to determine if any had promise as predictors of response.

Materials and methods
Patients

Ethical approval for the study was obtained from the Bioethical Committee of the
Medical University of Bialystok. Informed consent was obtained from 39 patients (12
females and 27 males; mean age 37.3 +5.9 years). All patients had proven CHB as
determined by the presence of HBs and HBe antigens and stable elevations in ALT for
at least 6 months. Patients with a history of alcohol abuse and who were positive for
anti-HCV or anti-HIV antibodies were excluded. Disease activity was confirmed by
viral replication demonstrated through the presence of HBV DNA isolated and
detected qualitatively using PCR techniques with reagents from Sigma (St. Louis,
MO, USA). Liver biopsy was performed for diagnostic management by means of the
Hepafix System (Braun, Melsungen, Germany). Paraffin-embedded biopsy specimens
were stained and evaluated using scoring system according to Scheuer (1991).

Lamivudine therapy and response definition

Patients received 100 mg lamivudine (Zeffix™, Glaxo-Smith-Kline) orally daily for
48 weeks. At the end of the treatment period, the patients treated with lamivudine
were divided into four groups according to the pattern of HBs and HBe antigens and
HBYV DNA as follows: group 1 (complete response, # =5) HBsAg (—), HBeAg (—),
HBV DNA (—); group 2 (n =5) HBsAg (+), HBeAg (—), HBV DNA (—); group 3
(n=6) HBsAg (+), HBeAg (—), HBV DNA (+); and group 4 (no response, n =23)
HBsAg (+), HBeAg (+), HBV DNA (+).
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Biomarkers of hepatocellular injury

The liver function tests alanine aminotransferase (ALT), aspartate amino transferase
(AST), alkaline phosphatase (ALP), gamma-glutamyltranspeptidase (GGT), bilirubin
and albumin serum levels were measured using Cobas Mira (Roche) and prothrombin
index (PI) determined using Kselmed K-3002 (Poland).

Fibrosis biomarkers

Serum concentrations of PINP, PIIINP and ICTP were measured using radio-
immunoassay techniques (Orion Diagnostica, Espoo, Finland). Serum concentrations
of CIV were measured using a commercially available EIA kit (manufactured by
Daiichi Fine Chemical Co, Japan; supplied by Biotrin International, Dublin, Ireland).
The intra- and inter-assay coefficients of variation were for all assays <5.6 and
<7.1%.

Statistics

The Statview statistics package (SAS Institute, Inc., Cary, NC, USA) was used.
Values are expressed as the mean + SEM. The significance of the differences for each
parameter was evaluated by analysis of variance (ANOVA) and by non-parametric
Wilcoxon Rank test. Spearman Rank correlation coefficients were used to estimate
significance of correlations. Receiver operating characteristic (ROC) analysis was used
to determine the sensitivity and specificity of the assays in relation to response to
therapy. ROC curves were plotted using the SPSS statistical program (SPSS, Inc.,
Chicago, IL, USA). Comparison of the area under the curve (AUROC) was
performed using a two-tailed p test, which compares the AUROC to the diagonal
line of no information (AUROC =0.5). Values of p <0.05 were considered
statistically significant.

Results

Lamivudine therapy produced a complete response, i.e. inhibition of viral replication
and clearance of HbsAg and HBeAg in 5/39 (13%) (group 1); partial response, i.e.
inhibition of viral replication and clearance of HBeAg in 5/39 (13%) (group 2);
clearance of HBeAg with sustained viral replication in 6/39 (15%) (group 3); and no
response in 23/39 (59%) (group 4). Serum bilirubin, AST, ALT, ALP, GGT and PI
values obtained at the various time points subdivided according to the degree of
response to treatment are shown in Table 1.

No significant difference (p >0.05) was found between the serum concentrations of
bilirubin, ALP and GGT activities and PI values at the three time points (0, 24 and 48
weeks) in relation to response group. Serum ALT activities at baseline showed no
significant difference between groups. However, at 24 weeks, significantly higher
serum ALT activities were found in group 4 subjects compared with groups 1 and 2
(Table I). As shown in Table I, at the end of the treatment period ALT activities were
significantly higher in groups 3 and 4 than in complete or partial responders (groups 1
and 2). Serum AST demonstrated significant differences between the non-responders
(group 4) and both response groups 1 and 2 only at week 48.
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Table I. Liver function test results (mean+SEM) obtained at baseline, 24 and 48 weeks of lamivudine
treatment in patients divided according to the degree of response.

Time Bilirubin AST ALT ALP GGT

Group (weeks) (mgdl™") (@UIYH wuIrh U1 h |l h PI (%)

1 (n=5) 0 0.90+0.25 80+14 87+22 97+14 108453  90.3+5.3
24 0.90+0.22  30+6 25+4 82+8 68+33  90.6+4.9
48 0.85+0.20 2745 23+4 81+8 590+28  89.5+3.4

2 (n=5) 0 1.10+0.25 74426 119458 115425 48+8 83.4+4.3
24 1.1140.14  46+14 33+11 88+20 3347 88.5+1.9
48 1.00+0.16  31+4 3346 99416 3046 85.8+2.7

3 (n=6) 0 1.3940.56 117443 127440 96411 77424  85.6+7.7
24 0.91+0.21 3948 3947 88+8 45+8 95.4+2.7
48 1.13+0.13 64420 92+30" 82+3 50+11  93.3+4.6

4 (n=23) 0 0.974+0.09 6646 98+12 10149 41410  88.94+2.9
24 1.06+0.12  65+21 79+18" 97410 3246 89.1+2.8
48 1.0040.19 594+4" 69+4" 96+11 44+15  88.2+3.1

*Significant difference against group 1 complete and group 2 partial responders (p <0.05).

Liver biopsy data were available from 20 patients before the start of treatment.
Correlations between inflammation grading, fibrosis staging and serum markers of
liver function or damage and markers of ECM turnover are shown in Tables II and III.
No correlation was found between AST, ALT and PI against hepatic histology scored
according to Scheuer (1991). Significant correlations were found, however, between
bilirubin, ALP, and GGT and lobular inflammation and fibrosis staging scores. With
regard to hepatic histology, only serum PINP correlated with the degree of portal/
periportal inflammation. No significant differences in portal/periportal inflammation
baseline scores were found between subjects with different responses (data not
shown). Significant differences with regard to lobular inflammation score and fibrosis
staging score at baseline were, however, found between groups 2 and 4 (data not
shown).

The serum values of ECM turnover PIIINP, PINP, ICTP and CIV are shown in
Table IV. No significant differences were found in the serum concentrations of
PIIINP, PINP, ICTP and CIV at the three time points within each response group or
between response groups. Ratios of these analytes were determined for the various
time points subdivided according to treatment response. Significant differences at
baseline were found for the PINP/ICTP ratios (mean+SEM) between groups 1
(6.7+1.5) and 4 (16.9 +1.8) (Table IV).

The serum parameters ALT, AST, PIIINP and the PINP/ITCP ratio were found in
some patients to be higher in the poor response groups at the various time points.
Serum ALT levels above 175 U17 !, AST levels above 136 U1~ !, PIIINP levels above

Table II. Correlation between serum markers of liver damage and histological score demonstrated through r.

Histological score Bilirubin AST ALT ALP GGT PI

Portal/periportal inflammation 0.255 0.164 0.080 0.151 0.443 0.042
Lobular inflammation 0.443% 0.150 0.103 0.444* 0.693* 0.091
Fibrosis 0.458* 0.308 0.172 0.495% 0.555* 0.243

*Statistical significance (p <0.05).
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Table III. Correlation between serum markers of ECM turnover and histological score demonstrated
through r.

Histological score PINP PIIINP ICTP CIv

Portal/periportal inflammation —0.566* —0.306 —0.313 —0.311
Lobular inflammation —0.362 —0.204 —0.108 0.281
Fibrosis —0.404 0.074 —0.020 —0.047

*Statistical significance (p <0.05).

20.0 pg 17! and a PINP/ITCP ratio above 11.5 at baseline were associated with
therapy failure. Using these baseline ‘cut-off’ values, the response rates in groups 2—4
were 18, 12 and 66%, respectively. At week 24, ALT levels above 33 U 171, AST
levels above 50 U1~ ! and a PINP/ITCP ratio above 14.8 were associated with therapy
failure. Using these values, the response rates in groups 2—4 were 68, 33 and 55% of
patients, respectively. Using ROC analysis, further examination of these results
(Tables V and VI) demonstrated that only the PINP/ITCP ratio and ALT and the
PINP/ITCP ratio were statistically significant at baseline and at week 24 in detecting
treatment failure (Figures 1-3).

Discussion

Hepatitis B virus infection in adulthood leads to 10% of individuals failing to clear the
virus and subsequently becoming chronic carriers (McMahon et al. 1985). The
development of CHB infection may lead to extensive liver damage culminating in
cirrhosis and hepatocellular carcinoma in 20—-30% of such cases (Beasley et al. 1981,
Liaw et al. 1988). Recently developed novel therapeutic regimens based on inhibiting
viral replication via the use of nucleoside analogues have been shown to induce
improvements in hepatic histology, decreases in viral replication rates, normalization

Table IV. Extracellular marker results (mean+SEM) obtained at baseline, 24 and 48 weeks subdivided
according to the degree of response.

Analyte
Time PIIINP PINP ICTP CIv PINP/ICTP
Group (weeks) (ng1™h (ng1™H (ng1™H (ng1™h ratio (pg 1™ ")
1 (n=5) 0 11.942.8 71428 15.849.6 167 +40 6.7+1.5%
24 12.143.0 82+41 12.447.8 140+36 8.742.0
48 10.0+1.5 43420 13.4+8.9 136433 5.7+1.6
2 (n=5) 0 11.3+2.7 63420 5.740.4 151+40 12.34+4.7
24 113425 64+16 4.940.5 160+29 13.943.8
48 7.9+1.7 48+12 4.640.5 124+21 12.542.9
3 (n=6) 0 11.3+2.4 63+11 8.342.9 176 +29 12.7+4.8
24 9.841.0 51+8 5.9+1.8 155+28 11.442.3
48 9.74+1.2 56+12 6.242.2 143425 12.944.0
4 (n=23) 0 13.240.9 88+11 9.4+3.7 2344105 16.9+1.8%
24 12.3+1.1 89+14 10.0+3.7 2204103 16.742.0
48 11.640.9 76412 9.5+3.1 306+135 15.842.4

*Significance between groups (p <0.05).
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Table V. Area under the curve (AUROC) statistics for ALT, AST, PIIINP and PINP/ITCP ratio at baseline.

Criterion
Asymptotic  (cut-off for detecting
Analyte AUROC  Sensitivity (%)  Specificity (%)  significance treatment failure)
ALT (U1 Y 0.542 53 80 0.788 70
AST (U17YH 0.280 56 100 0.156 59
PIIINP (ug ml~1) 0.538 94 40 0.790 6.9
PINP/ITCP (ratio) 0.806 66 100 0.029* 11.52

*Significance (p <0.05).

of liver function tests and increased sero-conversion of HBeAg (Malaguarnera et al.
2001, Regev & Schiff 2001). There is, however, a lack of information regarding the
effect of such therapy on serum markers of ECM turnover. This study, therefore,
sought to provide information on the effect of lamivudine treatment for CHB infection
on such biomarkers of hepatic dysfunction and damage.

In this study, response rates following 48 weeks of treatment for CHB with
lamivudine are comparable with previously published studies citing inhibition of viral
replication and HBeAg sero-conversion rates of 16—22% (Zoulim 2002). Pretreat-
ment liver function test serum values, particularly ALT, have previously been shown to
indicate the likely outcome of 1 year’s therapy with lamivudine. Studies have shown
that the more elevated the pretreatment serum ALT, the better the HBeAg sero-
conversion rate (Liaw 2002, Perrillo et al. 2002). This study, however, did not
demonstrate significant differences between baseline ALT activities that could be
predictive for treatment success.

Baseline serum ALT activities found in this study were not significantly different
between the response groups. The results suggest that the baseline serum ALT level
per se may not have sufficient discriminative power to enable prediction of response in
all patients. One possible explanation is interindividual variation in immune response.
Changes in serum ALT during treatment was, however, evident at 24 and 48 weeks
with the non-responder group serum ALT remaining significantly elevated compared
with other groups. The evaluation of serum ALT activity at 24 weeks was, however,
significant with 68% of patients failing to respond to treatment having a serum ALT
>33 U1~ !. These results suggest that although pretreatment assessment of ALT may
not be sufficient to identify a significant proportion of non-responders, assessment
mid-treatment may allow for the discontinuation of treatment in patients who are not
going to respond to further treatment.

Table VI. Area under the curve (AUROC) statistics for ALT, AST, PIIINP and PINP/ITCP ratio at week
24.

Analyte AUROC Sensitivity Specificity Asymptotic Criterion
(%) (%) significance (cut-off for detecting
treatment failure)

ALT (U17Y 0.803 68 100 0.031* 33
AST (U1 Y 0.709 59 80 0.136 34
PITIINP (ug ml~ 1) 0.485 79 60 0.914 13.9
PINP/ATCP (ratio)  0.776 64 80 0.049* 12

*Significance (p <0.05).
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Figure 1. ROC analysis for the baseline PINP/ITCP ratio.

Measurement of other indices of hepatic integrity such as bilirubin, ALP, GGT and
PI offered no additional information compared with ALT as to the predicted outcome.
Serum AST in this study exhibited a similar result profile to serum ALT, being
indicative of 12% of subject treatment failures at baseline.

Improvements in hepatic histology have previously been shown to occur with 1 year
of lamivudine therapy (Lai et al. 1998). There are some data available regarding the
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Figure 2. ROC analysis for week 24 serum ALT.
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Figure 3. ROC analysis for week 24 PINP/ITCP ratio.

use of measurement of these serum collagen cleavage products such as PICP, PINP,
ICTP, PIIINP and CIV in this subject group (Flisiak et al. 2002). Little information is
available, however, regarding the estimation of such analytes as indices of response to
treatment. This study shows that for all ECM parameters investigated, there were no
significant changes within response groups during therapy. In relation to PIIIND,
however, a serum baseline concentration of >20 pg 1~ ' may indicate treatment
failure.

It is possible that such estimations may be used as a non-invasive index of non-
response to treatment, elevations in PIIINP indicating failure to respond. Such
estimations have already proved to be of value in the assessment of hepatic
fibrogenesis in patients with psoriasis receiving methotrexate therapy (Zachariae et
al. 2001).

The use of ECM collagen cleavage product ratios has previously been shown to be a
better indicator of progression from hepatic inflammation to cirrhosis, with the PICP/
PITINP ratio performing better than either PICP or PIIINP alone (Lin et al. 1995).
The present study found that the serum PINP/ICTP ratio at baseline and at week 24
was significantly different between the full response and partial-complete failure
groups, identifying 66 and 55% of patients. As such, the estimation of this ratio before
and during treatment may prove to be a valuable non-invasive test of response to
therapy.

Conclusion

The results demonstrate that a low baseline PINP/ICTP ratio may help to indicate
those CHB patients most likely to respond to therapy.

RIGHTES



Biomarkers Downloaded from informahealthcare.com by Hacettepe Univ. on 11/18/12
For personal use only.

Serological biomarkers in chronic hepatitis B during lamivudine therapy 483

Acknowledgements

The authors thank Martin Shaw and Adrian Coyle, Biotrin International, Dublin,
Ireland, and Dr Eiko Ohuchi, Daiichi Fine Chemicals Ltd., for providing Collagen IV
EIA kits

References

Beasley RP, Hwang LY, Lin CC, Chien CS. 1981. Hepatocellular carcinoma and hepatitis B virus: a
prospective study of 22707 men in Taiwan. Lancet ii:112—133.

Elomaa I, Virkkunen P, Risteli L, Risteli J. 1992. Serum concentration of the cross-linked carboxyterminal
telopeptide of type 1 collagen (ICTDP) is a useful prognostic indicator in multiple myeloma. British
Journal of Cancer 66:337—-341.

Flisiak R, Maxwell P, Prokopowicz D, Timms PM, Panasuik A. 2002. Plasma tissue inhibitor of
metalloproteinase-1 and transforming growth factor f1 — possible non-invasive biomarkers of hepatic
fibrosis in patients with chronic B and C hepatitis. Hepato-Gastroenterology 49:1369—-1372.

Hu KQ. 2005. A practical approach to chronic hepatitis B. International Journal of Medical Science 2:17—
23.

Lai CL, Chien RN, Leung NW, Chang TT, Guan R, Tai DI. 1998. A one-year trial of lamivudine for
chronic hepatitis B. New England Journal of Medicine 339:61—-68.

Liaw YF. 2002. Management of patients with chronic hepatitis B. Journal of Gastro-Hepatology 17:406—
408.

Liaw YF, Tai DI, Chu CM, Chen TJ. 1988. The development of cirrhosis in patients with chronic type B
hepatitis: a prospective study. Hepatology 8:493-496.

Lin DY, Chu CM, Sheen IS, Liaw YF. 1995. Serum carboxyterminal propeptide of type 1 procollagen to
amino terminal propeptide of type 111 procollagen ratio is a better indicator than each single propeptide
and 7S domain type IV collagen for progressive fibrogenesis in chronic viral liver diseases. Digestive
Disease Science 40:21-27.

Malaguarnera M, Restuccia S, Ferlito L, Mazzoleni G, Giugno I, Pistone G. 2001. Antiviral drugs in
chronic hepatitis B: review and meta-analysis. International Journal of Clinical Pharmacology and
Therapeutics 39:4—11.

McMahon BJ, Alward WLM, Hall DB. 1985. Acute hepatitis B infection: relation of age to the clinical
expression of the disease and subsequent development of carrier-state. Journal of Infectious Diseases
151:599-603.

Melkko J, Neimi S, Ristelli L. 1990. Radioimmunoassay of carboxy-terminal propeptide of type 1
procollagen (PICP). Clinical Chemistry 36:1328-1332.

Nelson DR, Lim HL, Oliver D, Qian KP, Lau JYN. 1995. Alpha glutathione-S-transferase as a marker of
hepatocellular damage in chronic hepatitis C. American Journal of Clinical Pathology 104:193—-198.
Perrillo RP, Lai CL, Liaw YF, Dienstag JL, Schiff ER, Schalm SW, Heathcote EJ, Brown NA, Atkins M,
Woessner M, Gardner SD. 2002. Predictors of HBeAg loss after lamivudine treatment for chronic

hepatitis B. Hepatology 36:186—191.

Regev A, Schiff ER. 2001. Drug therapy for hepatitis B. Advances in Internal Medicine 46:107—-135.

Ristelli J, Niemi S, Trivedi P. 1990. Rapid equilibrium radioimmunoassay for the amino-terminal
propeptide of human type 111 procollagen (P3NP). Clinical Chemistry 36:421-426.

Scheuer PJ. 1991. Classification of chronic viral hepatitis: a need for reassessment. Journal of Hepatology
13:372-374.

Schuppan D, Besser M, Schwarting R. 1986. Radioimmunoassay for the carboxy-terminal cross-linking
domain of type 1V (basement membrane) procollagen in body fluids. Journal of Clinical Investigation
78:241-248.

Shindo M, Hamada K, Nishioji K, Muramatsu A, Oda Y, Okuno T. 2004. The predictive value of liver
fibrosis in determining the effectiveness of interferon and lamivudine therapies for chronic hepatitis B.
Journal of Gastroenterology 39:260—-267.

Suzuki Y, Kumada H, Chayama K, Arase Y, Saitoh S. 1999. Histological changes in liver biopsies after one
year of lamivudine treatment in patients with chronic hepatitis B infection. Journal of Hepatology
30:743-748.

RIGHTES



Biomarkers Downloaded from informahealthcare.com by Hacettepe Univ. on 11/18/12
For personal use only.

484 P R. Maxwell & R. Flisiak

Tassopoulos NC, Volpes R, Pastore G, Heathcote J, Buti M, Goldin RD. 1999. Efficacy of lamivudine in
patients with hepatitis B antigen negative hepatitis B virus DNA positive (precore mutant) chronic
hepatitis B. Hepatology 29:889—-896.

Tsutsumi M, Takase S, Urashima S, Ueshima Y, Kawahara H, Takada A. 1996. Serum markers for hepatic
fibrosis in alcoholic liver disease: which is the best marker, type III procollagen, type IV collagen, laminin,
tissue inhibitor of metalloproteinase or prolyl hydroxylase? Alcoholism Clinical and Experimental
Research 20:1512-1517.

Tsutsumi M, Urashima S, Matsuda Y, Takase S, Takada A. 1993. Changes in type IV collagen content in
livers of patients with alcoholic liver disease. Hepatology 17:820—827.

Ueno T, Inuzuka S, Torimura T, Oohira H, Ko H, Obata K, Sata M, Yashida H, Tanikawa K. 1992.
Significance of serum type IV collagen levels in various liver diseases. Scandinavian Journal of
Gastroenterology 27:513-520.

Yabu K, Kiyosawa K, Mori H, Matsumoto A, Yoshizawa K, Tanaka E, Furuta S. 1994. Serum collagen IV
for the assessment of fibrosis and resistance to interferon therapy in chronic hepatitis C. Scandinavian
Journal of Gastroenterology 29:474—479.

Zachariae H, Heickendorff L, Sogaard H. 2001. The value of amino-terminal propeptide of type 111
procollagen in routine screening for methotrexate induced liver fibrosis: a 10 year follow-up. British
Journal of Dermatology 143:100—103.

Zoulim F. 2002. A preliminary benefit—risk assessment of lamivudine for the treatment of chronic hepatitis
B virus infection. Drug Safety 25:497-510.

RIGHTES

Wy



