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ViralViral dynamics and immune reconstitution during potent antiretroviral therapy 

Objectives:Objectives:  Triple-combination treatment of HIV-1 infection using two 
reversereverse transcriptase inhibitors and a protease inhibitor, can result in 
significantsignificant and sustained decreases in the quantity of viral RNA in 
peripheralperipheral blood. Lymphoid tissue, however, constitutes the major 
reservoirreservoir of HIV in infected patients. Study of the viral burden in these 
tissuestissues has provided additional insight in the efficacy of antiretroviral 
treatment. treatment. 

Design:Design:  Patients were randomized into two groups in order to study 
differencesdifferences in the development of resistance to reverse transcriptase 
inhibitors.inhibitors. Group I started treatment with all three drugs simultaneously. 
GroupGroup II started with ritonavir monotherapy, aiming at initial reduction in 
virusvirus production before the addition of lamivudine and zidovudine three 
weeksweeks later. 

Methods:Methods:  Changes in the amount of HIV in plasma and tonsillar 
lymphoidlymphoid tissue during 24 weeks of treatment with ritonavir, lamivudine 
andand zidovudine were studied by reverse transcriptase polymerase chain 
reaction. reaction. 

Results:Results:  Thirty-three antiretroviral-naive HIV-infected patients were 
includedincluded for analysis. After 24 weeks, median CD4' cell count increased 
byby 152 x 106/L and median plasma viral RNA levels decreased by at least 
2.872.87 logto copies/mL. In 88% of the patients remaining on treatment, 
plasmaplasma RNA levels were below the quantification limit of the assay used 
(mean,(mean, 2.4 logw copies/mL). The lymphoid tissue viral burden, ranging 
fromfrom 9.16 to 8.52 logw copieslg at baseline, was markedly reduced with at 
leastleast 2.1 logw copieslg by week 24 in five patients analyzed. Eight patients 
(24%)(24%) withdrew because of side-effects. In one patient in group II, 
ritonavirritonavir and lamivudine resistance-associated mutations developed. 

Conclusions:Conclusions:  Treatment with this triple antiretroviral drug combination 
producedproduced a durable and strong decrease in HIV-1 RNA burden in both 
plasmaplasma and lymphoid tissue. 

INTRODUCTION N 

Triple-drugg combination treatment of HIV-1 infection using two reverse 
transcriptasee (RT) inhibitors and a protease inhibitor can result in 
significantt and sustained decreases of peripheral blood viral RNA.[13l 

Thee HIV-1 protease inhibitor ritonavir is one of the most potent 
antiretrovirall drugs currently licensed [4,51 and a decrease in HIV-RNA 
levelss of 1.94 logio copies/ml after eight weeks of monotherapy has been 
achieved.1411 In most patients, monotherapy with ritonavir does not result in 
aa sustained reduction of HIV replication and drug-resistant virus may 
emerge.16,71 1 

Thee potency of lamivudine (3TC) plus zidovudine (ZDV) has been 
demonstratedd in several clinical trials.18 n ' This combination rapidly selects 
forr the amino acid M184V mutation in the RT enzyme, conferring 
phenotypicc resistance against 3TC. [n l Since the speed of resistance 
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developmentt is theoretically dependent on the level of viral replication,"21 

itt was hypothesized that lowering the viral turnover with a protease 
inhibitorr before starting these nucleoside analogues will delay the 
developmentt of resistance. 

Lymphoidd tissues constitute the major reservoir of virus and infected 
cellss in HIV-infected patients,",J41 with the greatest viral burden consisting 
off virions associated with follicular dendritic cells."51 The palatine tonsils 
havee been shown to be representative of the distribution of HIV in the 
lymphoidd tissue,'141 are readily accessible, and can be used for serial 
biopsies.l,f>ll Studies of changes in the amount of HIV in lymphoid tissue 
comparedd with peripheral blood during antiretroviral treatment have been 
reported,'172211 but in most of these studies patient follow-up was of limited 
durationn and the antiretroviral therapy used did not contain a protease 
inhibitor.. Therefore, lymphoid tissue has not been thoroughly studied 
duringg strong and sustained suppression of HIV replication.'17J8-2021' 

Inn this study we report on the changes of viral RNA levels in tonsillar 
lymphoidd tissue in comparison with peripheral blood during triple therapy 
off ritonavir, 3TC and ZDV. The effects of lowering the viral turnover with a 
proteasee inhibitor before starting the nucleoside analogues were studied by 
randomlyy assigning patients into two groups. Group I started treatment 
withh all three drugs simultaneously, while group II started with ritonavir 
monotherapy,, followed by the addition of lamivudine and zidovudine 3 
weekss later. 

METHODS S 

Patient ss and stud y treatmen t 
Antiretroviral-naivee HIV-1 -infected patients, aged > 18 years were 

eligiblee for inclusion if they had CD4+ lymphocyte counts of at least 50 x 
107LL and a plasma HIV-RNA level of at least 30,000 (4.48 log.o) 
copies/mL.. Patients were recruited from three referral centers for HIV 
infectionn in The Netherlands from January to April 1996. Study participants 
weree randomized into two groups: group I (immediate triple therapy) 
receivedd an open-label triple combination of ritonavir 600 mg twice daily, 
3TCC 150 mg twice daily and ZDV 300 mg twice daily; group II (delayed 
triplee therapy) received ritonavir monotherapy for 3 weeks before 3TC and 
ZDVV were added, also on open label basis. An adaptive randomization 
method,, minimization, was used based on CD4+ lymphocyte counts (< 
2000 or > 200 x 106 cells/L) as well as plasma HIV-RNA levels (< 5 logio 
orr > 5 logio copies/mL).'231 Ritonavir was started at 300 mg twice daily and 
escalatedd to full dose in four days. 

Womenn with a positive pregnancy test within 14 days of randomization 
weree excluded, as were patients requiring medication that was contra-
indicatedd with the use of ritonavir (according to the package insert; Abbott, 
Abbottt Park, IL, UAS). Presence of accessible tonsils was not mandatory. 
Alll patients gave written informed consent. 
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Laborator yy Method s 
Bloodd was sampled at weeks -2, - 1 , 0, 0.3 (day 3), 1, 1.3 (day 10), 2, 3, 

4,, 6 and 8, and every four weeks thereafter. Tonsillar biopsies were 
obtainedd from all patients in the study with accessible tonsillar tissue 
withinn 14 days prior to start of therapy and 24 weeks thereafter. Biopsy 
sampless were frozen immediately and stored at . 

Indicatorss of treatment efficacy included plasma HIV-RNA levels and 
absolutee CD4* lymphocyte counts. RNA levels were assessed using a 
commerciallyy available RT polymerase chain reaction (PCR) assay, 
followingg the manufacturers instructions (Amplicor-HIV Monitor Test, 
Rochee Molecular Systems, Branchburg, NJ, USA), with a variable lower 
quantificationn level (LQL). Mean  SD plasma LQL for this study was 251
1488 (2.4  0.2 log™) copies/mL. 

Frozenn tonsillar biopsy specimens were sectioned into 15 (am slices. 
Eightyy slices of each specimen (mean total weight, 10 mg) were added to 1 
mLL of guanidine thiocyanate containing lysis buffer. After homogenization, 
100 u l of each sample was added to 1 mL of new lysis buffer with internal 
standardd RNA (Amplicor HIV Monitor Test) and 50 uL of silica suspension 
too bind nucleic acid.1241 After centrifugation, the silica pellet was washed 
fivee times (twice with guanidine thiocyanate based wash buffer, twice with 
70%% ethanol and once with acetone). Subsequently, nucleic acid was 
elutedd using 50 uL of Tris-EDTA based elution buffer. Five microlitres of 
thiss nucleic acid solution was added to 45 u  of specimen diluent 
(Amplicorr HIV Monitor Test) and the samples were amplified using RT-
PCRR (Amplicor HIV Monitor Test), following the manufacturers protocol, 
forr quantification of total viral nucleic acid (RNA plus DNA). 
Simultaneously,, 5 u l of nucleic acid solution was amplified omitting the 
RTT step (incubation for 30 minutes at ) and thereby omitting the 
amplificationn of viral RNA. Since the assay did not include an internal 
DNAA standard, the assessment of HIV DNA was qualitatively only. The 
amountt of nucleic acid was expressed as copies/g of tissue, based on the 
internall RNA standard. 

Genotypicc resistance analysis of the protease and RT gene was 
performedd at baseline, at week 3 and when possible at week 24. RNA 
isolatedd from 100 uL of serum |J4' was reverse-transcribed and PCR 
amplified.. Subsequently, 5 u l of this PCR product was subjected to a 
nestedd PCR for 25 cycles with three different primer sets extended with the 
SP66 and T7 recognition site. A fivefold dilution of this nested PCR product 
wass sequenced in one direction with dye-labeled T7 primers and analyzed 
onn an automated sequencer (model 373, Applied Biosystems Inc., Foster 
City,, CA, USA). 

Statistica ll  analysi s 
HIV-RNAA levels were logio transformed. Viral RNA levels below the LQL 

off the assay were assigned the corresponding cut-off values. Baseline 
valuess of HIV-RNA levels and CD4* cell counts were calculated as the 
meann values of three pre-treatment assessments: two weeks and one week 
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priorr to treatment, and day of treatment initiation. The screening 
assessmentt was not included for the calculation of baseline to prevent 
potentiall regression to the mean. Patients withdrawn from study treatment 
weree followed until a change of their antiretroviral treatment. 

Linearr repeated measures models were used to detect differences 
betweenn the two treatment arms with repeated unequally spaced 
observationss within the patients (ProcMixed of SAS version 6.11; SAS 
Institute,, Cary, NC, USA). 

Thee difference in proportions of patients reaching HIV-RNA levels below 
thee LQL were analyzed with a two-tailed Fisher's exact test. Safety 
parameterss were analyzed using Wilcoxon rank-sum tests for differences 
betweenn the two groups and changes from baseline at week 12. 

Protoco ll  approva l 
Thee protocol was approved by the Scientific Advisory Board of the Dutch 

Nationall AIDS Treatment Evaluation Centre and by the Institutional 
Revieww Boards of the participating centers. 

RESULTS S 

Thirty-fourr patients were randomly assigned to treatment. One 
participantt withdrew prior to the start of treatment and was excluded from 
furtherr analysis. Eight persons withdrew before week 24, and three of the 
withdrawnn persons were lost to follow-up. Baseline characteristics are 
shownn in Table 1. 

No.. participants (men/women) 
Mediann age (years) 
Riskk group: Homosexual 

Heterosexual l 
Bisexual l 
Injectingg drug use 
Other r 

CDCC class at entry* A 
B B 
C C 

Mediann (IQR) 
Plasmaa RNA (logic copies/mL) 
CD4^^ cell count (x 106/L) 

Groupp I Group II 
16 // 1 1 5 / 1 

399 40 
144 13 
22 3 
11 0 
11 0 
00 1 
66 8 
77 5 
44 3 

5.27(5.00-5.72)) 5.37(4.88-5.63) 
177(120-230)) 134(94-245) 

Tablee 1. Baselin e characteristics . Group I, immediate triple therapy, 
startedstarted with ritonavir, zidovudine and lamivudine simultaneously; group 
II,II, delayed triple therapy, started with ritonavir, and zidovudine and 
lamivudinelamivudine were added 3 weeks later. ^Centers for Disease Control and 
PreventionPrevention (CDC) 1993 revised classification.13"1 IRQ, interquartile range. 
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Plasmaa HIV-RNA level s 
Withinn the first three weeks, group I showed a significantly greater 

declinee in plasma load (median, -2.09 logio copies/mL) compared to group 
III (median, -1.91; p = 0.0079) (Fig. 1). The levels continued to decline at a 
slowerr rate, stabilizing at about 2.8 logiu copies/mL below baseline by 
weekk 12. When analyzed for the full 24 weeks of treatment, no significant 
differencee remained between the two groups (p = 0.54). 

Twelvee (86%) out of 14 patients from group I and 11 (69%) out of 16 in 
groupp II achieved an HIV load below LQL at 24 weeks in an intention-to-
treatt analysis (p = 0.40 for the two treatment arms). An on treatment 
analysiss showed that this was achieved in 11 (92%) out of 12 patients in 
groupp I and in 11 (85%) out of 1 3 in group II (Fig. 2). 

pp I (immediat e triple ) 

pp II (delaye d triple ) 

-4.0 0 

00 2 4 88 12 16 

Timee (weeks ) 

20 0 24 4 

nn group I 17 
nn group II 16 

16 6 
16 6 

17 7 
16 6 

16 6 
16 6 

14 4 
16 6 

14 4 
15 5 

14 4 
16 6 

Fig.. 1. Plasma vira l load . HIV-RNA levels expressed as lognrtransformed 
changeschanges compared with baseline. Median values and quartiles for the 
immediateimmediate (I) and delayed (II) groups are shown. The number of analyzed 
patientspatients at each timepoint is indicated below the graph. 

Tonsilla rr  tissu e HIV nuclei c acid load 
Pairedd tonsillar biopsies, obtained pre-treatment and at week 24, were 

availablee for (RT)-PCR analysis from five individuals. In all five patients, 
totall HIV nucleic acid levels in the tissue declined substantially. Baseline 
valuess ranged from 9.16 to 8.52 logio copies/g and declined to 6.88-5.88 
logioo copies/g or lower at week 24 (Fig. 3). The ratio of optical density 
valuess of PCR with and without RT-step ranged between 197 and 1754 at 
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baseline,, strongly suggesting that HIV-1 DNA contributed a minor fraction 
off the total amount of HIV nucleic acids in the lymphoid tissue at that 
timepoint.. In these five patients, plasma HIV-RNA levels decreased 
substantiallyy to levels below the LQL by week 24 (Fig. 3). 

100 0 

< < 
z z 
tc tc 
>!C C II o 
TOTO = > 

EE
%% * 
i55 o 
Q.. "55 

80 0 

60 0 

40 0 

20 0 

oGrou pp I, int.-to-trea t 
-«-Grou pp II, int.-to-trea t 
^>Grou pp I, on-treatmen t 
-«-Grou pp II, on-treatmen t 

Grr I, itt 
Grr II, itt 
Grr I, ot 
Grr II. ot 

0 0 

17 7 
16 6 
17 7 
16 6 

2 2 4 4 

16 6 
16 6 
16 6 
16 6 

8 8 

17 7 
16 6 
14 4 
16 6 

12 2 

Timee (wee 

16 6 
16 6 
14 4 
15 5 

ks) ) 

16 6 

14 4 
16 6 
12 2 
15 5 

20 0 

14 4 
15 5 
12 2 
13 3 

24 4 
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Fig.. 2. Percentag e of patient s wit h RNA level s belo w the quantificatio n 
limit .. Viral load was measured using reverse transcriptase polymerase 
chainchain reaction (Amplicor HIV Monitoring Jest), which had a mean 
quantificationquantification limit of 251  148 (2.4  0.2 logio) copies/mL in this study. 
TheThe immediate (I) and the delayed (II) triple groups are shown in an 
intention-to-treatintention-to-treat and an on-treatment analysis. 

Genotypi cc  resistanc e 
Att baseline one patient had two mutations in the RT gene (M41L and 

T215D).. Mutations at ihese positions are associated with ZDV 
resistance,[2311 although the phenotypic resistance of this combination, with 
thee aspartic acid at position 215, has not been established. The plasma 
HIV-RNAA levels in this patient declined to values below the LQL, similar to 
thee levels in the other participants. None of the patients had the M184V 
mutationn in RT, which is associated with 3TC ,| No mutations 
weree present at baseline at position 82 of protease, where the first 
mutationss are described to occur in the development of ritonavir 

resistance, , 
patients. . 

butt variation was seen at positions 36 or 71 or both in six 

'j"> 'j"> 



ViralViral dynamics and immune reconstitution during potent antiretroviral therapy 

g g 
'o o 
TO TO 

O O 

'E 'E 
o o 
3 3 
C C 

0) ) 

I/) ) 

g g 
'o o 
a a 
E E 

6̂ 6 

4 4 

2 2 

0 0 

-8 8 

-6 6 

4 4 

2 2 

0 0 

8 8 

4 4 

2 2 

I I 
< < 
I I 

73 3 

O O 
(Q Q 
o o 
O O 
O O 

-g g 
CD" " 
c/> > 

P-22 p-
-K) ) 

00 24 0 24 
Week k 

Fig.. 3. Vira l nuclei c acid level s in 
tonsilla rr  lymphoi d tissu e and 
plasma .. Levels at baseline and 
weekweek 24 in the five individual 
patientspatients are shown. * Actual value 
waswas below the lower 

quantificationquantification limit. 

Afterr three weeks, none of the 
patientss had an M184V mutation in 
RT.. One patient in group II, starting 
withh ritonavir monotherapy, 
developedd a V82A mutation in 
proteasee at week 3. After an initial 
declinee in viral RNA levels, this 
patientt later had acquired 
additionall protease (I84V) and RT 
(M184V)) mutations, probably due 
too poor compliance. It was not 
possiblee to sequence the HIV 
genomee at week 24 in any other 
subject,, due to the very low levels 
off plasma HIV RNA. 

CD4++ lymphocyte s 
Att week 24, group I had a 

mediann increase in absolute CD4" 
lymphocytess of 180 x 10'VL and 
thee delayed group of 99 x 10'VL 
(Fig.. 4). After correction for 
baselinee values, the difference 
betweenn the groups was not 
statisticallyy significant during the 
24-weekk period (p = 0.11). 

Adverse -- and HIV-relate d event s 
Apartt from the recurrence of oral 

candidiasiss in two patients no other 
HIV-relatedd events occurred. 

Thee most common adverse 
eventss involved the gastro-intestinal 
tractt (diarrhea and nausea), and 
eightt patients (24%) withdrew from 
thee study because of adverse events 
(Tablee 2). Peri-oral paresthesia 
andd flushes, commonly associated 
withh ritonavir, were frequently seen 
(67%% and 36%, respectively), but 
didd not lead to withdrawal and 
rarelyy to dosage changes. To 
Preventt development of resistance, 
ritonavirr dosage was not lowered 
beloww 500 mg twice daily, except 
inn the case of dose escalation after 
aa prolonged interruption. 
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Fig.. 4. Changes in T-cel l subsets . Median changes in absolute CD4* 
lymphocytelymphocyte counts (x 106/L) are shown. The number of analyzed patients 
atat each timepoint is indicated below the graph. 

Type e 

1.. Nausea and/or vomiting 
2.. Loose stools or diarrhea 
3.. Perioral paresthesia 
4.. Asthenia or malaise 
5.. Hot sensation or redness face e 
6.. Abdominal or stomach pain 
7.. Taste perversion 
8.. Headache 
9.. Fever 
Total l 

nn (%) 
266 (79) 
233 (70) 
222 (67) 
17(52) ) 
122 (36) 
9(27) ) 
9(27) ) 
8(24) ) 
7(21) ) 

311 (94) 

Withdrawn n 
fromm stu 

7 7 
3 3 
--
5 5 
--
2 2 
--
--
--
8 8 

civ v 
Interruption n 
orr reduction* 

8 8 
5 5 
2 2 
2 2 
1 1 
2 2 
--
1 1 
1 1 

11 5 

Tablee 2. Advers e events , reporte d in at least 20% of patients . *Excluding 
withdrawnwithdrawn patients. Dose reductions include slower dose escalations of 
ritonavirritonavir in case of adverse events occurring directly upon initiation of 
therapy,therapy, but do not include ritonavir dose escalation after ritonavir 
interruptioninterruption (or more than 7 month. 
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Noo statistically significant difference was found between the two groups 
att 12 weeks for alanine aminotransferase, aspartate aminotransferase, 
alkalinee phosphatase, amylase, triglycerides, cholesterol, hemoglobin, 
whitee blood cell count or neutrophils. Triglyceride levels rose from a 
mediann of 1.85 mmol/L at baseline to 3.99 mmol/L at week 12 in group I 
andd from 1.32 to 3.21 mmol/L in group II. One patient experienced a 
gradee 4 rise in plasma triglycerides, prompting treatment interruption for 
100 days. Cholesterol levels rose from 4.80 to 5.80 mmol/L in group I and 
fromm 3.90 to 5.05 mmol/L in group II. 

DISCUSSION N 

Thee combination of ritonavir, 3TC and ZDV has potent antiviral activity 
inn both plasma and lymphoid tissue, lasting for at least 24 weeks. The 
declinee in HIV-RNA levels showed a biphasic pattern, with a steep decline 
off approximately two logio during the first three weeks and a slower 
declinee thereafter. This second phase probably reflects continuing but 
decliningg recruitment of viral particles into the circulation from long-lived 
virus-producingg cell populations such as macrophages, gradual activation 
off latently infected cells, and release of trapped virions from tissue.'15-28-291 

Withh 3TC-ZDV combination therapy in antiretroviral-naive patients, an 
initiall decline of approximately 1.5 logio copies/mL has been achieved.18111 

Immediatee triple therapy during the first three weeks in this study (group I) 
resultedd in an HIV-RNA level that was slightly (0.18 logio copies/mL) but 
significantlyy lower than that achieved with ritonavir monotherapy in group 
II.. This implies that a greater rate of HIV-RNA decline can be achieved 
withh more powerful combinations. 

Thee strong decline of the HIV load in lymphoid tissue shows that the 
changess measured in plasma load also take place in lymphoid tissue. Exact 
calculationss of the rates of decline in lymphoid tissue were not possible 
duee to the limited number of measurements and the RNA levels falling 
beloww LQL at week 24 in two patients. The RT-PCR assay used in this 
studyy was designed for use in plasma and the characteristics for use in 
tissuee samples have not been fully determined. The viral load in lymphoid 
tissuee consists, to a large extent, of virus particles associated with follicular 
dendriticc cells,'151 and therefore of genomic RNA. The measurements of 
virall nucleic acids in the lymphoid tissue with RT-PCR have to be 
consideredd a composite of messenger RNA and genomic RNA in a DNA 
background.'3011 Comparison of the results of RT-PCR with and without the 
RTT step suggests the relative contribution of DNA at baseline was minor, in 
accordancee with other studies.'31' The relative contribution of the different 
nucleicc acids may change with therapy, as reflected by the lower ratio of 
opticall density values of PCR with and without the RT-step found on week 
24.. Nevertheless, the amount of nucleic acids was calculated in copies/g of 
tissuee based on the internal RNA standard only, because the lack of an 
internall DNA standard did not allow a further distinction. In the same 
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studyy population the tissue RNA load has been measured using in situ 
hybridizationn and a load decline of the same order of magnitude was 
found.1321 1 

Pre-existingg resistance did not play a role in response to treatment. 
Sequencingg of the protease gene and part of the RT gene showed a 
possiblee pre-treatment ZDV resistance mutation in one patient only, and 
plasmaa RNA levels in this patient declined at the same rate as in the other 
patients.. Some variation in the protease gene was found at baseline in a 
feww patients, although not at the key position 82 lbJ] and the mutations 
discoveredd did not influence the decline of viral load. By week 3, no 
furtherr RT mutation associated either with ZDV or 3TC resistance was 
found.. Even though the absence of resistance mutations at week 24 in all 
patientss but one could not be fully proven, because the amount of viral 
RNAA available was insufficient for sequencing, it is unlikely that patients 
withh a strong and persistent reduction of HIV-RNA levels harbored resistant 
virus.. This indicates that a potent combination of three anti retroviral 
compoundss may prevent the occurrence of resistance. 

Thee majority of patients were able to tolerate the regimen, even though a 
considerablee number of adverse events occurred without a clear difference 
betweenn the two groups. A slower dose escalation than used in this study 
mightt diminish the occurrence of the events during the first few weeks of 
treatment. . 

Thee median increase in peripheral CD4+ lymphocytes in this study 
parallelss that observed with other triple drug combinations including a 
proteasee inhibitor.1'"3' 

Strongg suppression of HIV-RNA levels in both peripheral blood and 
lymphoidd tissue is presumed to be essential to obtain durable control over 
HIVV infection.133'34' Our study demonstrates that this can be achieved by 
combiningg ritonavir with 3TC and ZDV. At present, several other 
potentiallyy powerful combinations are under investigation. Analyzing the 
effectss of these combinations on the lymphoid viral replication should be 
ann essential part of these evaluations, at least until it has been established 
moree definitively that long-lasting suppression of HIV in the peripheral 
bloodd is associated with declines in the lymphoid tissue. Longer follow-up 
iss warranted to determine whether the anti retroviral effects in both plasma 
andd lymphoid tissue are sustained. 
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