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CD44 response with protease inhibitors or nevirapine 

Introductio n n 

Thee CD4+ T-lymphocyte count (CD4 count) is a well-defined predictor for disease 
progressionn and death in HIV-1 infected individuals using antiretroviral therapy.14 

Criteriaa for discontinuing prophylactic medication for opportunistic infections have 
beenn based on increases of the CD4 count during HAART.5Q 

Initially ,, highly active antiretroviral therapy (HAART) regimens contained two 
nucleosidee analogue reverse transcriptase inhibitors (NRTIs) plus one or two HIV 
proteasee inhibitors (PI). Because of the high pill burden of these regimens and their 
considerablee toxicity 10, Pi-sparing HAART regimens have gained in popularity. 
HAARTT regimens containing the non-nucleoside reverse transcriptase inhibitor 
(NNRTI)) nevirapine (NVP) result in a durable HIV-1 suppression that is comparable 
withh the suppression obtained by the use of Pi-based HAART regimens.1112 Whether 
NVP-basedd HAART results also in the same immunologic benefit as Pi-based HAART 
iss unclear. Several studies comparing patients using either PI- or NVP-based HAART 
reportedd that increases in CD4 count were comparable between these groups, both in 
patientss starting these regimens for the first time ,314, and in patient replacing their PI-
basedd regimen for an NNRTI-based regimen.1517 Other studies found smaller increases 
off  the CD4 count in patients using NVP-based HAART compared with patients using 
Pi-basedd HAART. 

Previously,, in the ATLANTI C study, we reported a difference in CD4 count 
increasee when comparing antiretroviral therapy naive patients using either indinavir 
(IDV)) or NVP in combination with stavudine (d4T) and didanosine (ddl), where the 
latterr had a lower increase between baseline and 96 weeks of follow-up.18 

Inn a group of 138 patients successfully treated with Pi-based HAART Barreiro 
etet nl. compared continued therapy and replacing the PI with NVP. They reported a 
continuedd increase of the CD4 count in the patients who continued PI-based HAART, 
andd a decrease of the CD4 count in the patients who substituted NVP for the PI, 
althoughh the differences were not statistically significant.19 

Inn another study, Barreiro et nl. reported a similar differential effect on CD4 
countt increases when comparing patients using first-line PI-based HAART with those 
usingg NNRTI-based HAART.20 This study had low patient numbers (H=100) and the 
mainn conclusion was derived from a selective subgroup analysis. Furthermore, the 
increasee in CD4 count was compared at several different time points with an Analysis 
off  Variance (ANOVA). Thus, the authors considered the CD4 measurements at each 
timee point as independent, while at the same time an increased risk for spurious results 
wass introduced by the repeated testing. 

Planaa et nl. reported a larger increase of the CD4 count in patients using IDV-
basedd HAART compared with patients using NVP-based HAART after one year of 
therapy.211 This study contained low patient numbers (n=20). 

Giannakopoulouu et al. found that patients using PI-based HAART experienced 
greaterr CD4 count increases than patients using HAART not containing a PI.22 This 
studvv contained low patient numbers (;/=170) and the composition of the non-PI group 
remainedd unclear. 

117 7 



Chapterr 7 

Thee objective of the present study is to validate the findings of a differential change in 
CD44 counts comparing PI- and NVP-based HAART in a large observational cohort 
studv,, using appropriate statistical techniques to take into account the non-
independencee of the CD4 measurements at different time points. To minimise the effect 
off  differences in antiretroviral activity between the HAART regimens on a possible 
differencee in immunologic benefit, we limited our study to patients with successful 
H1V-11 suppression on either PI- or NVP-based HAART. This approach represents a 
'bestt case scenario' where both regimens can exert their maximal immunologic benefit. 

Methods s 

Setting Setting 

Wee used data from the ATHENA cohort study. ATHENA is an observational clinical 
cohortt of HIV-1 infected individuals in the Netherlands. All 22 Dutch hospitals that 
providee treatment to HIV-infected individuals participate in the cohort. According to 
nationall  guidelines for HIV treatment, patients receiving antiretroviral treatment visit 
thee outpatient clinic at approximately 3-monthly intervals.23 Data from patients starting 
antiretrovirall  therapy before 1998 were collected retrospectively using patient charts. 
Promm 1998 onwards, data were collected prospectively. On 1 November 2001, a total of 
36911 patients had been included and inclusion is ongoing at present. The database 
containss information on patient characteristics (e.g. age, sex, date and cause of death, 
heightt and weight), HIV infection (e.g. HIV type, HIV-related events, route of HIV 
transmission,, CD4 counts and plasma HIV-1 RNA levels [pVL]) , detailed treatment 
dataa (e.g. use of antiretrovirals and prophylactic medications against opportunistic 
infections,, dose frequencies, start and stop dates and reasons for treatment change) and 
adversee events data. All patients gave written informed consent. 

StudyStudy cohort 

Too be selected for this study, the patients had to be 16 years of age or older, and 
completelyy antiretroviral therapy naive at the start of first-line HAART. Furthermore, a 
baselinee (pre-treatment) CD4 count and pVL measurement needed to be available with 
att least one follow-up measurement. HAART was defined as a regimen containing at 
leastt three drugs of which exactly two were nucleoside analogue reverse transcriptase 
inhibitorss (NRTIs). The additional drug(s) needed to be either from the PI class or NVP, 
wherebyy simultaneous use of PI and NVP was not allowed. Additional use of a third 
NRTI,, hydroxyurea or saquinavir as a single PI was also not permitted. Changes in the 
NRTII  backbone were allowed, as long as exactly two NRTIs were used. Modifications 
off  the PI component of the HAART regimen were permitted. Patients could not change 
fromm the NVP group to the PI group, and vice versa. 
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OutcomeOutcome measures and statistical analysis 

Thee primary study outcome was the change from baseline in the absolute number of 
CD4++ cells. Secondary outcomes were the change from baseline in the CD4+ cells as a 
proportionn of the total number of lymphocytes (CD4%), the absolute number of CD8+ 
cellss (CD8 count), and the CD4:CD8 ratio. Furthermore, we analysed the factors 
associatedd with an increase in CD4 count, as well as the proportion of patients with 
diseasee progression (the development of an AlDS-defining event or death).24 All 
analysess were carried out at 96 weeks of follow-up after the start of HAART and 
comparedd patients in the PI group with those in the NVP group. The data of the 
patientss were censored when there was a non-allowable switch in medication or a 
virologiee failure defined as a single pVL > 1000 copies/ml. The immunologic 
parameterss measured at the moment a patient failed virologically were also censored. 

Thee increases from baseline in CD4 count, CD4%, CD8 count, and CD4:CD8 
ratioo were analysed by a repeated measurements procedure using a generalised linear 
modell  (PROC MIXED of SAS software [SAS version 8.02, SAS Institute, Cary, NC, 
USA]),, which provides a valid statistical estimate of the main effect. Such an analysis 
takess into account that serial measurements of the outcome variable in one patient are 
correlated.. Missing data from a particular patient are estimated based on previous 
availablee data of all patients in the same treatment group. Due to this modelling 
strategy,, no patient is lost to follow-up with respect to the outcome measures. An 
autoregressivee covariate structure was used to give the best fit to the models. 

Univariablee and multivariable linear regression analyses identified factors 
associatedd with CD4 count increase. Categorical variables were tested using a x2-test or 
Fisher'ss exact test where appropriate. Continuous variables other than the outcome 
variabless were tested using the Kruskal-Wallis test. Differences in disease progression 
weree analysed by Kaplan-Meier estimates and tested by the log rank test. 

Results s 

Outt of 3691 patients enrolled in the ATHENA cohort, 1108 patients satisfied the 
inclusionn criteria regarding antiretroviral medication use. Of these, 1029 (93%) patients 
hadd sufficient data on CD4 count and pVL to be included in the study. The baseline 
characteristicss of these patients (920 using first-line Pi-based HAART and 109 using 
first-linee NVP-based HAART) are summarised in Table 1. The majority of patients were 
malee with a median age of 37 years. The NVP group was comprised of slightly more 
patientss with homosexual contacts or intravenous drug use as risk behaviour for HIV-
transmission.. The patients in the PI group had more advanced HIV-disease (15% CDC 
stagee C disease at start of HAART vs. 6% in the NVP group), a lower median baseline 
CD44 count (234 vs. 250 cells/mm1 in the NVP group), and a higher median baseline 
pVLL (5.0 vs. 4.7 login copies/ml in the NVP group). The percentage of patients with a 
baselinee CD4 count < 200 cells/mm3, was 44.5% in the PI group and 33.9% in the NVP 
groupp (p=0.037). Although the type of NRTI used was different between the two 
groups,, most patients (97% in the PI group, 95% in the NVP group) used a combination 
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off  zidovudine (ZDV) plus lamivudine (3TC) or a combination of d4T plus 3TC. The 
majorityy of patients in the PI group (73%) used a single PI as part of their HAART 
regimen.. IDV was most commonly used, followed bv nelfinavir and ritonavir. 

Tablee 1: Baseline characteristics. 

Male e 

Age,, vears * 
Riskk behaviour 
Homosexual l 

Heterosexual l 
Intravenouss drug 
Other/unknown n 

CDC-CC class 
CD4++ T-Iymphocv 

use e 

tes,, cells/mm1 * 
Baselinee CD4 count < 200 cells/mm1 

pVL,, login copies/ 
NRT11 backbone at 
ZDV/3TC C 

d4T/3TC C 
ddl/3TC C 
d4T/ddI I 
ZDV/ddl l 

ml l 
startt HAART 

Piss used in HAART regimen 
IDV V 
NFV V 
RTV V 
SQV/RTV V 
IDV/RTV V 
SQV/NFV V 
Other r 

Durationn of follow -up,, weeks * 

PI I 
N=920 0 

8022 (87.2) 
377 (32-45) 

5822 (63.3) 
216(23.5) ) 
38(4.1) ) 
84(9.1) ) 

139(15.1) ) 
2344 (83-370) 
4099 (44.5) 

5.0(4.5-5.4) ) 

5888 (63.9) 
3022 (32.8) 

--
200 (2.2) 
10(1.1) ) 

3200 (34.8) 
2100 (22.8) 
145(15.8) ) 
117(12.7) ) 
711 (7.7) 
544 (5.9) 
33 (0.3) 

103(53-161) ) 

NVP P 
N=109 9 

988 (89 9) 
388 (32-46) 

777 (70.6) 
200 (18.4) 
7(6.4) ) 
5(4.6) ) 
77 (6.4) 

250(160-396) ) 
377 (33.9) 

4.7(4.3-5.2) ) 

866 (78.9) 
17(15.6) ) 
33 (2.8) 
2(1.8) ) 
11 (0.9) 

n.a. . 

96(71-119) ) 

P P 

0.415 5 
0.885 5 

0.208 8 

0.042 2 
0.031 1 
0.037 7 

<< 0.001 
<< 0.001 

0.118 8 

total l 
N=1029 9 

9000 (87.5) 
377 (32-45) 

6599 (64.0) 
2366 (22.9) 
455 (4.4) 
899 (8.7) 

146(14.2) ) 
2300 (90-370) 
4466 (43.3) 

5.00 (4.4-5.4) 

6744 (65.5) 
319(31.0) ) 

33 (0.3) 
22(2.14) ) 
111 (1.07) 

102(54-153) ) 
Dataa are n (%) unless stated otherwise. * Median (IQR). PI=protease inhibitor. NVP=nevirapine. 
CDOCenterss for Disease Control and Prevention. pVL=plasma viral load. ZDV=zidovudine. 
3T01amivudine.. d4T=stavudine. ddl=didanosine. IDV=indinavir. NFV=nelfinavir. RTV=ritonavir. 
SQV=saquinavir. . 

Afterr 96 weeks of follow-up, the mean increase from baseline in the absolute number of 
CD4++ cells, adjusted for baseline level, was 301 cells/mm3 in the PI group compared to 
1999 cells/mm3 in the NVP group (p=0.001). The parameters age, sex, CDC-class, 
baselinee pVL, and use of ZDV were statistically significantly associated with the 
increasee in CD4 count and therefore included in a multivariable analysis. Apart from 
CDC-class,, these factors remained independently associated with the CD4 count 
increasee (Table 2). The mean increase from baseline in CD4 count, adjusted for baseline 
CD44 count, age, sex, baseline pVL and ZDV use was 310 cells/mm3 in the PI group and 
212212 cells/mm3 in the NVP group (p=0.003) (Figure la). The differences in CD4 count 
increasee became apparent after 12 weeks of antiretroviral therapy and seems to be 
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mainlyy attributable to the patients who started HAART with a baseline CD4 count < 
2000 cells/mm3 {Figure lb). A differential change from baseline between the PI and 
NVPP group was not seen for CD4% (Figure lc). 

Tablee 2: Factors associated with CD4 count increase. 

Female e 
Age,, vear increase 
Riskk behaviour 
Homosexual l 
Heterosexual l 
Intravenouss drug 
Other/unknown n 

CC DC-class 
A A 
B B 
C C 

Usee of zidovudine 
Baselinee pVL, logm 
Baselinee CD4 count 

use e 

c/ml l 
<< 200 eel Is/ mm* 

Univariable e 
Estimatee (se) 

-40.33 (10.7) 
-1.6(0.37) ) 

17.6(12.5) ) 
21.2(13.9) ) 
5.88 (20.7) 

0 0 

25.0(10.5) ) 
15.8(11.4) ) 

0 0 
-15.0(7.2) ) 
10.5(4.8) ) 

-46.88 (10.2) 

P P 

<< 0.001 
<< 0.001 
0.417 7 

0.053 3 

0.037 7 
0.030 0 

<< 0.001 

Multivark k 
Estimatee (se) 

-33.9(10.7) ) 
-1.4(0.4) ) 

17.7(10.4) ) 
143(11.2) ) 

0 0 
-16.2(7.1) ) 
18.44 (4.8) 

-46.44 (10.3) 

hie e 

P P 

0.002 2 
<< 0.001 

0.233 3 

0.022 2 
0.005 5 

<< 0.001 
5E=standardd error. CDC=Centers for Disease Control and Prevention. pVL=plasma viral load. 

Figuree Id shows the changes from baseline in the CD8 count. The CD8 count in the PI 
groupp peaked 8 weeks after the start of HAART, returned to baseline within 24 weeks, 
andd remained at baseline levels for the rest of the 96 weeks of follow-up. The CD8 
countt in the NVP group showed a rapid decrease of about 100 cells/mm3 in the first 4 
weeks,, but from week 4 onwards the pattern was very similar to the PI group. The 
changess in CD4:CD8 ratio were similar in the PI and NVP group (Figure le). 

Thee percentage of patients with disease progression after 96 weeks of follow-up 
wass 6.7% and 3.3% for the PI group and NVP group, respectively (log-rank, p=0.15). 

Discussion n 

Wee studied the immunologic efficacy of antiretroviral therapy in virologically 
suppressedd patients using either PI- or NVP-based first-line HAART. We observed 
significantlyy smaller increases in the absolute CD4 counts in patients using NVP 
comparedd with Pi-based HAART over a period of 96 weeks. In both groups, the CD4 
responsee showed a biphasic pattern with an initial sharp increase of the CD4 count 
representingg the redistribution of CD4+ cells trapped in the lymphoid tissues to the 
blood.255 Following the redistribution phase, the CD4+ cells increase in the NVP group 
begann to lag behind the CD4+ cells increase in the PI group. These findings confirm 
resultss from previous studies.1* 22 The possibility that the difference in CD4 count 
increasee could be caused by differences in the use of ZDV or d4T between the two 
groupss is unlikely, since we adjusted for ZDV use in the multivariable analysis. 
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Figuree 1: Increases in CD4+ cells (overall [A] and stratified by baseline CD4 counnt [B]), CD4% (C), CD8 
countt (D), and CD4:CD8 ratio (E). 

Apartt from the difference in absolute CD4 count, the CD8 counts were also lower in the 
NVPP group compared to the PI group. Despite these differences, the CD4% and the 
CD4:CD88 ratio did not differ between the study groups. These observations together 
stronglyy suggests a differential effect on the absolute numbers of T-lvmphocvtes in 
peripherall  blood, with the NVP group probably having a relative lymphopenia. 
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Thiss relative lymphopenia may be caused by either a positive effect of PI or a negative 
effectt of NVP on the T-lymphocyte count in the blood, or both. PI could increase the T-
lvmphocvtcc count by inhibiting apoptosis of T-lymphocy tes.2h 2Q NVP might be toxic for 
T-lvmphocytes,, for instance by inducing apoptosis of T-lvmphocyr.es as has been 
shownn for another NNRTI, efavirenz,30 However, Benito et al. showed no differences in 
immunee activation or levels of apoptosis between patients using Pi-containing ART or 
NNRTI-containingg ART/1' The lack of a study group treated with HAART regimens 
withoutt PI and without NVP makes it impossible for us to differentiate between these 
possibilities s 

Thee smaller increase in CD4 count in the NVP group compared to the PI group 
wass more pronounced in patients initiating NVP-based HAART with a baseline CD4 
countt < 200 cells/mm1. The decline of the CD4 count during the natural history of H1V-
11 infection is mainly caused by induction of apoptosis of T-lymphocytes.^4 The later 
stagess of H1V-1 infection are associated with higher rates of apoptosis.1537 Any pro-
apoptoticc properties of NVP or anti-apoptotic properties of PI are therefore expected to 
havee a greater effect in patients with lower CD4 counts. In the NVP group but not in 
thee PI group, a lower baseline CD4 count was associated with a lower CD4 count 
increase,, suggesting this effect is more likely related to an immunomodulatory 
propertyy of NVP rather than of PI. 

Thiss finding might have implications for the choice of initial therapy in patients 
withh a baseline CD4 count < 200 cells/mm?. If a rapid increase in CD4+ cells is one of 
thee main reasons to start therapy, then the current data support the choice of a Pi-based 
regimenn over an NVP-based regimen. However, many additional factors play a role in 
thee choice of initial therapy and these should be given equal consideration. 

Thee design of our study means that differences in antiretroviral activity 
betweenn the PI- and NVP-based regimens or differences in replicative fitness of Pl-
resistantt HIV strains compared to NVP-resistant HIV strains are unlikely explanations 
forr these findings. We only selected patients with an adequate virologie response after 
thee start of HAART and the observation period ended as soon as virologie failure 
occurred.. Furthermore, the initial rate of the pVL decrease after the initiation of 
HAARTT and the incidence of transient viraemia, so-called 'blips' ^ were similar in the 
PII  and NVP groups (data not shown). However, we do not have data on low-level 
residuall  H1V-1 replication in lymphoid tissues, cerebrospinal fluid, semen or other 
bodyy compartments. 

Anotherr limitation of this study is inherent to retrospective cohort studies 
wheree the patients were not randomised to be treated with either NVP or a PI. Despite 
thee fact that we controlled for differences at baseline between the two groups, it cannot 
bee excluded that some residual confounding exists. However, immunologic parameters 
weree collected prospectively and it seems therefore unlikely that the collection of these 
parameterss is biased by the study outcome. Although the findings point strongly in the 
directionn of a relative lymphopenia in the NVP group, we have no information on 
lymphocytee subsets, T-lymphocyte receptor rearrangement excision circles (TRECs), 
lymphocytee function tests, markers of apoptosis, or lymph node-architecture. 
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Ann important issue is whether the smaller increase in absolute CD4 count in the NVP 
groupp compared to the PI group is clinically relevant. We found no difference in 
diseasee progression between the PI and the NVP group. Longer follow-up may be 
neededd to detect any such clinical differences. 
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