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Abstract Abstract 

Lamivudine,, a drug frequently included in combination therapy regimens 
forr HIV-1, blocks replication of HBV. While lamivudine is able to suppress 
HBVV replication efficiently according to a variety of laboratory 
determinants,, the effect is not long-lasting. Frequently a rise in viral load 
iss eventually seen due to the virus acquiring resistance mutations. We 
studiedd 47 HIV-1 infected HBsAg positive individuals during long-term 
lamivudine-containingg therapy and related rises in virus load to the 
occurrencee of virus resistance mutations. Loss of control of the virus by 
lamivudinee was studied using in house developed HBV RNA and DNA 
quantificationn assays and a commercially available HBeAg assay. 
Reboundd of all three markers was significantly related in time to the 
emergencee of resistance mutations in the virus. 



Introduction Introduction 

HBVV and HIV share the same routes of transmission, that is why 1.9-20% 
off HIV infected patients are also chronically infected with HBV 
(10;14;23;27;30).. Coinfection with these two viruses has been reported 
too lead to an increased HBV replication rate (2;9;21) and reactivation of 
HBVV infection in chronic carriers who have lost detectable serum hepatitis 
BB early antigen (HBeAg) ( 1 ; 16). Other studies suggested that HBV 
replicationn may not be different in anti-HIV-positive patients compared to 
anti-HIV-negativee patients (3;20). 
Thee introduction of highly active antiretroviral therapy (HAART) has led to 
aa reduction in HIV-related morbidity and mortality (24), and more 
individualss are consequently at risk of long-term HBV-related 
complicationss since the outcome of the hepatitis B infection is largely 
determinedd by the host immune response to the virus (19). Immune 
reconstitutionn with HAART has been reported to shift the disease toward 
ann enhanced inflammatory response to hepatitis B followed by decreased 
viremiaa and seroconversion (7). One of the drugs often administered 
duringg HAART is the nucleoside analogue lamivudine. Lamivudine not 
onlyy affects replication of HIV-1, it is also a strong suppressor of HBV 
replicationn (11;18). In immunocompetent patients receiving lamivudine 
mono-therapy,, more than 80% clear HBV DNA from their serum in 4-8 
weekss (8;18;28). In immunosuppressed patients, less patients are 
observedd with HBV DNA clearance. In HIV-1 coinfected patients, HBV 
DNAA is cleared in 30% of the patients at week 12 and 40% at week 52 
afterr start of lamivudine therapy (12;chapter 6 of this thesis). 
Sustainedd responses are rarely observed, due to the occurrence of 
resistantt strains. In immunocompetent chronic HBV carriers, 14-40% of 
lamivudine-treatedd patients are observed with resistance mutations after 
onee year of therapy (15; 17), increasing to 38-60% after 2 years (31). 
Resistancee of HBV to lamivudine is caused in most cases by mutations in 
thee polymerase gene, most often in the so-called YMDD motif. These 
mutationss are found in HBV-infected persons as well as in HBV/HIV 
coinfectedd patients (25;31). 

Recently,, we and others described that HBV RNA loads in serum can be 
usedd as an additional marker for HBV replication (29;chapters 4 and 5 of 
thiss thesis). We also showed that concerning the clearance of HBV 
replicationn markers during lamivudine containing therapy, HBV RNA is the 
firstt marker to drop below the level of l x lO 4 copies/ml. HBV DNA 
disappearss from the serum a little later and HBeAg is the last marker to 
reachh undetectable levels (chapter 6 of this thesis). We wondered if we 
wouldd find similar results concerning the rebound of these markers. 
Furthermore,, it has been suggested that the pre-treatment HBV DNA 
loadd or the decline in HBV DNA load during the first 3 months of 



lamivudinee therapy can be used to predict which patients have the 
highestt change of a sustained response during lamivudine therapy 
(6;11;13;26).. Therefore it is important to analyse the pre-treatment 
levell of viral replication, as well as the kinetics of viral DNA decline of 
viremiaa below 104 copies/ml (22). 
Too find out if could find any of the aforementioned effects and if we could 
findd a correlation between HBV RNA loads and the rebound of HBV 
viremiaa during lamivudine therapy, we studied a group of 47 patients, 
sufferingg from HIV-1 and chronic HBV infection. All patients receive 
antiretrovirall treatment containing lamivudine. Sometimes as mono or 
duall therapy, but some use lamivudine as a part of triple therapy. 



MaterialsMaterials  and methods 

Patient s s 
Forty-sevenn patients were studied with chronic HBV infection who were 
treatedd at the Academic Medical Center of the University of Amsterdam 
forr HIV-1 infection using lamivudine as part of antiretroviral therapy. 
Chronicc HBV infection was defined as HBsAg expression for over at least 
halff a year. Patients were selected for this analysis if (i) prior information 
onn markers of HBV infection was available and (ii) the effect of 
lamivudinee on parameters of HBV replication was monitored 
subsequently.. Only first-time use of lamivudine was considered and 
observationn time ended when either lamivudine therapy ended or 
patientss were lost to follow-up. End of lamivudine therapy was defined as 
cessationn of lamivudine for three weeks or more; cessation for less than 
threee weeks was not considered an end of lamivudine therapy. In 
analyzingg HBV response to lamivudine, the last measurement in the half-
yearr preceding lamivudine was taken as the baseline value in case no 
measurementt was made on the starting date of lamivudine. 
Thirty-fivee patients provided information on HBV replication markers both 
priorr to and during lamivudine therapy. In this group, starting dates of 
lamivudinee therapy ranged from December 1991 to January 1998. In 
total,, 18 patients (51%) used triple therapy at start of lamivudine. Half of 
thee selected patients had baseline characteristics on HBV infection 
markerss determined within a week before start of lamivudine therapy. 

RoutineRoutine  assays 
Serumm HBsAg, HBeAg and antibodies to hepatitis B core antigen (anti-
HBc)) were measured using commercially available enzyme 
immunoassayss (EIA; Hepanostika HBsAg/HBeAg/anti-HBc, Organon 
Teknikaa bv., Boxtel, the Netherlands) according to the guidelines of the 
manufacturer. . 
HIV-11 status was determined by measuring HIV-1 RNA. Three different 
techniquess were used on all samples: HIV-1 RNA QT NASBA (Organon 
Teknikaa bv., Boxtel, the Netherlands), Nuclisens NASBA (Organon 
Teknikaa bv., Boxtel, the Netherlands), and Roche Amplicor assay (Roche 
diagnosticc systems, Branchburg, New Jersey, USA). 
CD4++ cells were counted by standard flow cytometry using a FACSCAN 
floww cytometer (Beckinson, San Jose, CA) and commercially available 
monoclonall antibodies (Beckinson, San Jose, CA). 

Extractio nn method s 
Nucleicc acids were extracted from 100 pi of serum using protocol Y+ (4). 
Itt is based on the well-known silica-guanidiniumthiocyanate protocol Y, 
describedd by Boom et al (5). Protocol Y+ involves addition of 1 ml lysis 



bufferr L7A and 30 ul of size-fractionated silica particles before following 
thee classic Y protocol. L7A is prepared from buffer L6 (5.25 M GuSCN, 50 
mMM Tris-HCI [pH 6.4], 20 mM EDTA, 1.3% [wt/vol] Triton X-100) by the 
additionn of r/-casein to a final concentration of 1 mg/ml. Each sample was 
elutedd in 50 pi of TE buffer (10 mM Tris, 1 mM EDTA [pH 8.0]). 

Nuclei cc  aci d quantificatio n 
HBVV DNA and HBV RNA were quantified using real-time NASBA (Retina'NI; 
Primagen,, Amsterdam, The Netherlands). Both assays are developed in-
housee and are described before (32;chapter 3 of this thesis). Briefly, 
RetinaIMM reactions were started by mixing 5 pi extracted nucleic acid and 
100 pi Retina IV! amplification mix in microtubes. Subsequently the nucleic 
acidss were denatured for 5 minutes at C for the HBV RNA RetinaIM, 
andd at C for the HBV DNA Retina1N>, followed by incubation at C for 
55 minutes. Then the enzyme mix was pipetted into the lids of the 
microtubes.. The tubes were centrifuged briefly to collect the enzyme mix. 
Afterr gentle mixing by tapping, the tubes were incubated at C in a 
fluorimeterr (Cytofluor 4000, Perkin Elmer, Wellesley MA, USA) for 120 
minutes,, with measurement of the fluorescent signal every minute. The 
200 pi reactions were excited at 485 nm, and fluorescence was measured 
att 530 nm. Readings were normalized to the background of a reaction 
containingg water instead of template. The amount of HBV DNA or RNA 
presentt in samples was calculated using a standard curve generated from 
HBVV plasmid or in vitro RNA standards that indicated the relation 
betweenn time-to-positivity (TTP) and input amount. The standards were 
usedd in 10-fold serial dilutions. Data were processed in an Excel 97/98 
spreadsheett to correct for background as measured in the no-template 
controll sample, and to make calibration curves. The HBV DNA or RNA 
loadss of the samples were then interpolated using these calibration 
curves.. The cut-off of each individual assay was set to be equal to the 
valuee of the last positive sample in the dilution series. The load of HBV 
DNAA or RNA in the samples was expressed in log copies/reaction. 

Resistanc ee analysi s 
Resistancee mutations were identified using a line probe assay (INNO-LiPA 
HBVV DR; Innogenetics, Ghent, Belgium), following the instructions of the 
manufacturer. . 

Statistica ll  Analysi s 
Covariatee effects on viral clearance were studied by fully parametric 
regressionn techniques, which directly accounted for interval censoring. 
First,, we determined which distribution could best describe residual 
clearancee times in models including coefficients for all baseline variables: 
lamivudinee containing triple therapy, baseline CD4 cell count, baseline 



HIV-11 viral load and baseline HBV DNA or RNA load, if appropriate. The 
distributionn which provided the best fit to the data, judged by Akaike's 
Informationn Criterion, was selected for further analysis. Next, we used 
univariatee models to estimate the independent effects of triple therapy, 
baselinee CD4 cell count, baseline HIV-1 viral load and baseline HBV DNA 
orr RNA load, if appropriate, on HBV clearance during lamivudine therapy. 
Too study possible effect modifications due to correlation between baseline 
variables,, we also performed multivariate analyses by means of 
backwardd variable selection, starting with a full model and repeatedly 
removingg variables with p>0.10 until a final model was obtained. 
Findingss of univariate analyses are illustrated by Kaplan-Meier estimates, 
stratifiedd by the covariate of interest. 
Thee possible bias due to differences in sampling frequency was assessed 
aa posteriori by testing for mean sampling frequency between strata of 
interest. . 
Dataa were analyzed with the SAS system, version 6.12 (SAS Inc., Cary, 
NC,, USA), in particular using the procedures LIFETEST, PHREG and 
LIFEREG. . 



Results Results 

355 patients had information on HBV replication markers both prior to and 
duringg lamivudine therapy. The median duration of lamivudine use was 
2.55 years (iqr: 1.4-4.0 years). From these patients, 16 (46%) cleared 
HBeAg,, 27 (77%) cleared HBV DNA to > l x l 0 4 copies/ml and in 28 (80%) 
HBVV RNA clearance to > l x l 0 4 copies/ml was observed. The median 
clearancee times of HBV DNA and RNA were 0.64 years (95% cfi: 0.35-
1.511 years) and 0.57 years (95% cfi: 0.23-1.37 years), respectively. As 
shownn in table 1, clearance of the three markers was observed more 
frequentlyy in patients using lamivudine as a part of triple therapy, 
comparedd to mono- or dual therapy. 

Therapyy incl. lamivudine Mono/Dual Triple 

HBeAgg clearance* 6 (35%) 10 (56%) 16 (46%) 
HBVV DNA <104 copies/ml** 11 (65%) 16 (89%) 27 (77%) 
HBVV RNA <104 copies/ml*** 11(65%) 17(94%) 28(80%) 

177 18 35 
*22 persons were already HBeAg- at start of lamivudine. 
* *66 persons had already HBV DNA <104 cp/ml at start of lamivudine. 
* * * 99 persons had already HBV RNA <104 cp/ml at start of lamivudine. 

Tabl ee 1 . Patient characteristics at start of lamivudine (N = 35) 

Inn figure 1, the time to rebound is depicted as measured from the time 
sincee clearance of HBeAg, DNA or RNA, respectively. In patients who 
weree already negative at the start of lamivudine therapy, this time point 
iss used. The median rebound time for HBeAg is 0.40 years (95% cfi: 
0.13-1.166 years) and for HBV DNA 0.92 years (95% cfi: 0.15-2.5 years). 
Thee median rebound time for HBV RNA could not be calculated, because 
onlyy 8 RNA negative patients show a rebound of HBV RNA. From the 
secondd and third panel of figure 1 it is clear that far less patients have a 
reboundd of HBV RNA compared to DNA. 

Covariat ee effect s on t im e to reboun d 
Wee initially considered single covariate effects in fully parametric 
regressionn models. Table 2 shows effect estimates according to log-
logisticc residuals for HBeAg rebound and Weibull residuals for DNA and 
RNAA rebound. These distributions provided the best fit to the full models, 
includingg all baseline variables listed. 
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Figur ee 1. Kaplan-Meier estimates for rebound since clearance with 95% confidence 
intervals.. Time is taken as time since clearance of HBeAg, DNA or RNA, respectively. 



Parameterr Model NN Risk Ratio 95% cfi p value 

HBeAg g 

HBVV DNA 

HBVV RNA 

Triplee Therapy 
HBVV DNA >107 cp/ml 
CD44 >80 cells/mm3 

HIV-11 >40,000 cp/ml 

Triplee Therapy 
HBVV DNA >107 cp/ml 
CD44 >80 cells/mm3 

HIV-11 >40,000 cp/m! 

Triplee Therapy 
HBVV RNA >106 cp/ml 
CD44 >80 cells/mm3 

HIV-11 >40,000 cp/ml 

16 6 
15 5 
15 5 
11 1 

27 7 
26 6 
24 4 
20 0 

28 8 
28 8 
26 6 
21 1 

1.15 5 
0.97 7 
0.16 6 
1.65 5 

1.04 4 
3.74 4 
1.20 0 
1.57 7 

1.20 0 
3.48 8 
1.44 4 
1.06 6 

0.33-3.97 7 
0.28-3.39 9 
0.03-0.85 5 
0.36-7.60 0 

0.36-3.03 3 
1.01-13.8 8 
0.32-4.46 6 
0.46-5.38 8 

0.29-5.03 3 
0.70-17.3 3 
0.29-7.15 5 
0.21-5.25 5 

0.82 2 
0.97 7 
0.03 3 
0.52 2 

0.94 4 
0.05 5 
0.78 8 
0.47 7 

0.81 1 
0.13 3 
0.65 5 
0.95 5 

Tabl ee 2. Effect of triple therapy, CD4 cell count, HIV-1 and HBV viral load at start of 
lamivudinee on rebound of HBeAg, DNA and RNA. 
Riskk Ratio's and corresponding 95% confidence intervals are according to Cox 
proportionall hazard models for rebound of HBeAg, DNA or RNA during lamivudine 
therapy.. Time is taken as time since clearance of HBeAg, DNA or RNA, respectively. 

Inn this table the effects of triple therapy, CD4 cell count, HIV-1 and HBV 
virall load at start of lamivudine therapy on the rebound of HBeAg, DNA 
andd RNA are depicted. No correlation was found on rebound of one of 
thesee markers with the use of triple therapy or HIV load at the start of 
lamivudinee therapy. A rebound of HBeAg was significantly correlated to 
CD44 cell counts above or equal than median at baseline (80 cells/mm3) 
^ii l y u i c t-r\). r a u c i i i i VVILII n D V L^IMM l u a u i d u u v e Mieuid i i u Lup i t l b / iTn ; 

att the start of lamivudine therapy were more likely to have a rebound of 
HBVV DNA (Figure 2B). None of the markers associated significantly with a 
reboundd of HBV RNA. The Kaplan-Meier curves of the one with the best p 
valuee (HBV RNA load >106 copies/ml) are shown in figure 2C. 
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Figur ee 2. Kaplan-Meier curves stratified to the most significant variables from the Cox 
regressionn models of table 2 with 95% confidence intervals. Fig. 2A Rebound of HBeAg 
inn patients with higher vs. lower CD4 cell counts. Fig. 2B Rebound of HBV DNA in 
patientss with HBV DNA loads above median vs. below median. Fig. 2C Rebound of HBV 
RNAA in patients with HBV RNA loads above median vs. below median. 

Resistanc ee mutation s 
Inn 16 patients who had at some point a . HBV DNA load below 104 

copies/ml,, we observed a rebound of HBV DNA. In 4 of them HBV DNA 
wass already below 104 copies/ml at the start of lamivudine therapy. The 
otherr 12 patients were used to study resistance mutations in the YMDD-
motif.. In these 12 patients the median duration of lamivudine therapy 
wass 3.0 years (iqr: 2.4-4.6 years). The median clearance times of HBV 
DNAA and RNA were 0.44 years (95% cfi: 0.23-0.77 years) and 0.46 
yearss (95% cfi: 0.23-1.37 years), respectively. Only 3 of the patients 
whoo were HBeAg positive at baseline cleared HBeAg, so no median 
clearancee time could be calculated. The same holds true for the median 
reboundd time of HBV RNA (observed in only 4 out of 10 patients with 
RNAA clearance). The median rebound times for HBV DNA and HBeAg 
weree 0.13 years (95% cfi: 0.07-0.42 years) and 0.71 years (95% cfi: 
0.12-1.166 years), respectively. In this group a rebound of HBV DNA was 
observedd much faster than in the total group of 35 patients (0.92 years). 
Thee other characteristics were similar in these 12 patients compared to 
thee total group. 



Iff possible, we selected 3 samples for resistance genotyping from the 12 
patients:: (i) the last positive sample before clearance; (ii) the first 
positivee sample after clearance; and (iii) the last available positive 
samplee after rebound. Samples (ii) and (iii) were only selected if they 
couldd be taken during lamivudine treatment. In 9 patients we found 
resistancee mutations that could account for the rebound of HBV DNA. The 
mediann period after which the mutations were firstly detected was 477 
dayss (range 140-1656) after the start of treatment with lamivudine. The 
lastt samples in the 3 patients in which we did not found mutations were 
takenn respectively 623, 107 and 449 days after the start of lamivudine 
therapy.. In 8 of the 9 patients with resistance mutations, the M552V 
mutationn was observed. In all but one this mutation of the YMDD motif 
wass accompanied by the L528M mutation. In the patient without the 
L528MM mutation, the M552V mutation was detected 253 days after the 
startt of lamivudine therapy. After this sample no more HBV DNA positive 
sampless were available. In the patient who showed resistance mutations, 
butt not in the YMDD motif, the V555I mutation was observed 140 days 
afterr the start of lamivudine therapy. 



Discussion Discussion 

Thee effect of lamivudine on HBV has been extensively studied, but not a 
lott of research has been done in HBV/HIV coinfected patients focussing 
onn the effects of lamivudine on HBV replication. In this report we tried to 
findd out if CD4 cell counts, HIV load, use of lamivudine as mono/dual or 
triplee therapy or HBV DNA or RNA loads at the start of lamivudine 
therapyy could be used as variables to predict a rebound of HBV 
replicationn markers. Therefore, we studied a group of 47 patients double-
infectedd with HBV and HIV-1, receiving treatment with lamivudine in 
differentt regimens. We showed that patients with higher than median 
HBVV DNA loads at the start of lamivudine treatment had a greater 
probabilityy of a rebound of HBV DNA. This is in agreement with other 
studies,, which reported that sustained responses were more likely in 
lamivudinee treated HBV patients with initially low HBV DNA levels and 
highh ALT levels (11;13;26). We also saw a trend that patients with higher 
thann median HBV RNA loads at the start of lamivudine treatment had a 
greaterr probability of a rebound of HBV RNA, although this correlation 
wass not significant, due to the limited number of patients with a rebound 
off HBV RNA. 

Furthermore,, we showed that CD4 cell counts lower than median at the 
startt of lamivudine were significantly correlated to a higher probability of 
HBeAgg rebound. In a previous study (chapter 6 of this thesis), we 
showedd that lower CD4 cell counts at the start of lamivudine therapy 
weree correlated to a higher probability of HBeAg clearance. This would 
meann that patients with lower CD4 cell counts first clear HBeAg from 
serum,, but after some time HBeAg will become detectable again. The 
reboundd could be caused by the occurrence of HBV strains resistant to 
lamivudine,, in combination with an immune system that is not recovered 
too its full strength. 
122 patients with a rebound of HBV DNA were subjected to resistant 
mutationn analysis. In 8 of them we found that mutations in the YMDD-
motiff were detectable. In the 4 patients where we did not detect these 
mutations,, the median time of the last sample after the start of 
lamivudinee therapy was comparable to the median time of the first 
samplee in which resistance mutations could be detected in the other 
patients.. In these patients, the rebound could be due to restoration of 
thee immune system as was reported by Carr and Cooper (7), which is the 
initiall reaction and probably will be followed by clearance of HBV. 
Ass expected, a rebound of HBV DNA could be correlated to mutations in 
thee YMDD-motif in 9 of 12 patients. In one patient we detected the V555I 
mutationn in a sample taken 140 days after the start of lamivudine 
therapy.. In the other 8 patients the M552V mutation in the YMDD motif 
wass observed, in 7 patients accompanied by the L528M mutation. In the 



patientt without the L528M mutation, only the M552V mutation was 
detectedd 253 days after the start of lamivudine therapy. The wild type 
YMDDD motif was also detectable in this sample, so probably development 
off resistance has just started. 
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