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Abstract

Background and Objectives—Bacterial pneumonia still contributes to morbidity/mortality in
HIV-infection despite effective combination antiretroviral therapy (CART). ESPRIT, a trial of
intermittent recombinant interleukin-2 (rIL-2) with cART vs.cART alone (control arm) in HIV-
infected adults with CD4+>300 offered the opportunity to explore associations between bacterial
pneumonia and rlL-2, a cytokine which increases some bacterial infections.

Methods—Baseline and time-updated factors associated with first-episode pneumonia on study
were analysed using multivariate proportional hazards regression models. Smoking/pneumococcal
vaccination history was not collected.

Results—IL-2 cycling was most intense in years 1-2. Over =7 years, 93 IL-2 (rate 0.67/100PY)
and 86 control (rate 0.63/100PY) patients experienced a pneumonia-event,
(HR=1.06,95%CI=0.79,1.42,p=0.68). Median CD4+ prior to pneumonia was 570 (IL-2 arm) and
463cells/uL (control arm). Baseline risks for bacterial pneumonia included older age, IVDU,
detectable HIV viral load (VL), previous recurrent pneumonia; Asian ethnicity was associated
with decreased risk. Higher proximal VL (HR for 1 log;g higher VL=1.28,95%CI1=1.11,1.47,p=<.
001) was associated with increased risk; higher CD4+ prior to the event (HR per 100 cells
higher=0.94,95%C10.89,1.0,p=0.04) decreased risk. Compared to controls, the hazard for a
pneumonia-event was higher if rIL-2 was received <180 days prior
(HR=1.66,95%CI=1.07,2.60,p=0.02) vs.>180 days (HR=0.98,95%CI=0.70,1.37,p=0.9).
Compared to the control group, pneumonia-risk in the IL-2 arm decreased over time with HRs of
1.41,1.71, 1.16, 0.62 and 0.84 in years 1, 2, 3-4,5-6 and 7, respectively.
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immunodeficiency are high. The mechanism of the association between bacterial pneumonia and
recent IL-2 receipt and/or detectable HIV-viraemia deserves further exploration.

bacterial pneumonia; rIL-2; ESPRIT; combination antiretroviral therapy

Background

Overall, the rates of bacterial pneumonia in HIV-1-infected individuals are 25 fold higher
than in their HIV-negative counterparts (1). The risk increases as CD4+ T-cell count
declines. Pre-combination antiretroviral therapy (CART) incidence rates of 22.7 episodes per
100 person years (PY) were seen in one large US-based cohort of HIV-infected adults with
CDA4+ T-cell count <200 cells/uL (2). Rates of pneumonia fell to 9.1 episodes/100 PY in the
early cART era (1997) (3,4) and further still in the late cCART era (2005-7) to 1.97 episodes/
100 PY (5). Other risks identified included, intravenous drug use (IVDU) as the mode of
HIV-1 acquistion, low CD4+ T-cell count, lack of protease-inhibitor containing cART, prior
Pneumocystis jiroveci pneumonia (PcP), cigarette smoking (3-6) and in one small series
smoking illicit substances (7). Other groups have shown that in the absence of cART,
cotrimoxazole prophylaxis offers some protection (1). As a consequence of the importance
of pneumonia in persons with HIV, >two episodes of bacterial pneumonia in a twelve month
period was categorised as an AIDS-defining illness (ADI) in 1993 (8).

There is a relative paucity of data on the morbidity/mortality associated with bacterial
pneumonia in the era of potent cART in those with higher CD4+ T-cells counts, although
several cohorts have indicated declining rates associated CART-use and in some studies,
pneumococcal polysaccharide vaccine (PPV-23) (9-11). In a Danish study exploring the
risks for hospitalisation with pneumonia (including viral pneumonia but excluding PcP),
HIV-1-infected patients with nadir CD4+ T cell count >300 cells/uL had a rate of bacterial
pneumonia of 1.25 per 100 PY (5). In the SMART study, which enrolled participants with
baseline CD4+ T-cells >350cells/uL (12), patients on continuous cART, had a rate of
bacterial pneumonia of 1.3 per 100 PY.

The clinical benefits of intermittent recombinant interleukin-2 (rIL-2) in HIV-1-infected
adults on cART have been explored in two major phase 111 international studies. In
Evaluation of Subcutaneous Interleukin-2 in a Randomized International Trial (ESPRIT),
HIV-1-infected adults, on or starting cCART, with CD4+ T-cells 2300 cells/uL, were
randomised to intermittent riL-2 with cART (IL-2 arm) or cART alone (control arm or non-
IL-2 arm) (13). The primary endpoints, ADI and death, were reported in both study arms for
the duration of follow-up. The main results of ESPRIT have been reported (14). In
summary, the receipt of rIL-2 conferred no clinical benefit with respect to ADI and all cause
mortality despite a significant CD4+ count difference averaged over follow-up of 159 cells/
uL (95%CI1145-174, p<0.001) higher than the control arm.

Recombinant IL-2 used in the oncology and/or HIV setting (15) has been associated with an
increased risk of some bacterial infections including cellulitis, osteomyelitis, Clostridium
difficile (16), bacteraemia and bacterial pneumonia; the mechanism of the association is
unclear.

The ESPRIT cohort offered an opportunity to explore both the rate of bacterial pneumonia
over several years (=7 years) in a large cohort of cCART treated HIV-1-infected adults with
moderate levels of immunodeficiency and the relationship between rlL-2 exposure and
bacterial pneumonia.

HIV Med. Author manuscript; available in PMC 2012 April 1.
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The methods (13) and main results of ESPRIT (14) have been published. Key inclusion
criteria included CD4+ T-cell count 2300 cells/uL and on/commencing cART. Category C
patients could be enrolled provided there was no active ADI for 212 months. Patients
randomised to the IL-2 arm, received 3 dosing cycles of rIL-2 (7.5MIU bid SC for five
consecutive days every 8 weeks) as induction in year 1. Thereafter dosing cycles were given
to achieve/sustain the CD4+ T-cell goal i.e. doubling baseline CD4+ T-cell count in those
with baseline counts of 300-499 cells/uL and >1000 cells/uL if baseline was >500 cells/uL.
Demographics, HIV clinical and treatment history were documented at baseline. Thereafter,
patients were seen every 4 months for the study duration, information was captured on
standardised case report forms (CRF). Events were reported using specific CRFs with
supporting source documentation as soon as sites became aware of them..

Criteria for a confirmed bacterial pneumonia event during follow-up included clinical,
radiographic and microbiological evidence; a probable bacterial pneumonia required clinical
and radiographic evidence, diagnosis by doctor, physicians' assistant or nurse practitioner
without microbiological evidence. For a diagnosis of recurrent bacterial pneumonia, both
pneumonia episodes had to occur after enrollment and satisfy the criteria above with the
additional requirements i.e. the second pneumonia had onset of symptoms <365 days after
the first episode and there was strong evidence that the first episode was cured such as an
intervening clear CXR or absence of symptoms after >1 month off antibacterials effective
against pathogens commonly producing pneumonia. All endpoints, including the initial
episode of bacterial pneumonia, were reviewed by the Endpoint Review Committee (ERC)
blinded to treatment group against predetermined criteria as described above and designated
as confirmed/probable or did not meet the criteria for an endpoint. CD4+ T-cell count
closest to the event and randomisation arm were redacted prior to ERC review. Only
bacterial pneumonia events designated by the ERC as confirmed or probable were included
in this analysis.

Statistical Analysis

Results

Multivariate proportional hazards regression models were used to compare the treatment
groups, IL-2 and control, and to summarize associations between baseline and time-updated
factors with bacterial pneumonia — defined as the first episode of confirmed or probable
bacterial pneumonia following randomization. The comparison of treatment groups was
intention to treat. The proportional hazards assumption was examined by including an
interaction term between the treatment indicator and log-transformed failure time. Baseline
predictors included age, gender, ethnicity, IVDU, hepatitis B and/or C co-infection, nadir
and baseline CD4+, viral load (VL), prior AIDS-defining illness (ADI), prior recurrent
bacterial pneumonia as an ADI, and PcP prophylaxis; time-dependent covariates updated
during follow-up included, proximal CD4+ T-cell count i.e. the CD4+ closest to the event
and VL, incident ADI, and time since rIL2 receipt. Smoking and pneumococcal vaccination
histories were not considered in the model as these data were not collected in ESPRIT.
Statistical analyses were performed using SAS software, version 9.1. P-values are two-sided.

ESPRIT enrolled 4111 patients from 257 sites in 25 countries; 2071 and 2040 were
randomised to the IL-2 and control arms respectively and followed for a median of 7 years.
Overall, there were 179 patients who experienced a bacterial pneumonia event following
randomization, of these, 93 were rlL-2 patients (rate 0.67/100 patient years) and 86 control
patients (rate 0.63/100 patient years). Of these pneumonia events, 9% met the ERC criteria

HIV Med. Author manuscript; available in PMC 2012 April 1.
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for a confirmed bacterial pneumonia, 81% were classified as probable. A total of 8 patients
experienced recurrent bacterial pneumonia on study (4 in each arm).

CD4+ T-cell count and bacterial pneumonia

The median CD4+ T-cell count prior to pneumonia diagnosis was 570 cells/uL and 463
cells/uL in the IL-2 and control arms respectively. The baseline characteristics of the
participants in the IL-2 and Control arms experiencing a pneumonia event compared to those
who did not experience a pneumonia event are shown in Table 1. There was an interaction
of borderline significance (p=.052 for trend) between treatment group and baseline CD4+
cell count. For the 300-499 cell stratum, the hazard ratio was 1.16 (95% CI = 0.81 - 1.68)
while for the stratum with baseline CD4+ =500, the hazard ratio was 0.94 (95% CI = 0.57 —
1.54). For the 3269 patients who were virologically suppressed at baseline differences
between treatment group effects for the two CD4+ strata are more pronounced. Hazard
ratios were 1.11 (95% CI1=0.72-1.72) and 0.76 (94% CI+0.42-1.36) for the lower (300-499)
and high CD4+ (=500) strata respectively, leading to a CD4+ by treatment group interaction
of .025.

Table 2 summarises the rate of bacterial pneumonia event by closest CD4+ to the event and
by randomisation arm; the hazards for bacterial pneumonia are higher at the lowest CD4+ T-
cell count in particular those with an absolute count <100 cells/uL in both arms. In the
multivariate analysis (Table 3b) lower CD4+ T-cell closest to the event is associated with
increased risk of bacterial pneumonia event.

IL-2 dosing and bacterial pneumonia

The IL-2 arm received a median of 4 dosing cycles during follow-up (IQR3,6). In years 1, 2,
3-4,5-6, 7-8 and 9-10, the percentage of I1L-2 patients cycling with rIL-2 was 96, 38, 39, 25,
16 and 19 respectively. Patients in the IL-2 arm with CD4+ cells between 300-499 at study
entry compared to those with CD4+ >500 cells/uL received a median of 5 vs. 4 dosing
cycles of IL-2. The overall hazard ratio (HR) for bacterial pneumonia in the IL-2 compared
to the control arm was 1.06 (95% CI=0.79,1.42, p=0.68), however, the HR for pneumonia in
the IL-2 groups compared to controls varied by year of follow-up as shown in Figure 1 with
the risk highest in years 1 and 2 i.e. HR for a bacterial pneumonia event was 1.41 (p=.32)
and 1.71 (trend towards significance, p=0.16) in year 1 and 2 respectively. In contrast, in
years 5-6, when only 25% of IL-2 patients cycled with rIL-2, the HR for bacterial
pneumonia in the 1L-2 arm compared to the control group was 0.62 (p=0.12). Only forty-
five percent of the IL-2 patients who experienced bacterial pneumonia received further
dosing cycles of rIL-2 subsequently. The Kaplan-Meier table showing the time to bacterial
pneumonia in the IL-2 and control arms is shown in Figure 2.

Risk Factors for bacterial pneumonia (both treatment groups combined)

IL-2 arm

Overall, as shown in Table 3a in the multivariate model, baseline risk factors for bacterial
pneumonia were older age (HR per 10 years increase in age of 1.34, 95% ClI: 1.14-1.59,p=<.
001), IVDU (HR 1.78 (95% CI: 1.09,2.90, p=0.02), HIV RNA =500 copies/mL (HR 2.02,
95% Cl: 1.46,2.81, p=<.001), and history of recurrent bacterial pneumonia as an ADI (HR
5.38, 95% ClI: 2.86,10.11, p=<.001). Asian ethnicity was associated with decreased risk of
bacterial pneumonia, HR 0.17 (95%C10.05,0.56, p=0.003).

In the multivariate analysis of bacterial pneumonia events in the IL-2 arm the baseline
associations were similar to the overall findings, Asian ethnicity was protective (HR
0.10,95%CI0.01.0.74, p=0.02); being older (HR1.46, 95%CI1.15, 1.85, p=0.002), having

HIV Med. Author manuscript; available in PMC 2012 April 1.
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detectable plasma VL (HR2.27, 95%CI1.45,3.55, p=<.001) and prior history of recurrent
bacterial pneumonia (HR4.46, 95%CI1.72,11.54, p=0.002) were associated with increased
pneumonia risk. However, VDU was not associated with an increased pneumonia risk
(HR1.46,95%CI0.72,2.96,p=0.30).

Consistent with the overall findings in control patients, VDU (HR2.11, 95% CI: 1.06,
4.20,p=0.03), recurrent bacterial pneumonia and detectable plasma VL were associated with
a significantly increased hazard for pneumonia (HR5.61,95%C12.38,13.24,p<=0.001 and
HR1.85,95%CI1.13,3.03,p=0.01 respectively). In contrast to the overall findings, there was
only a trend towards decreased risk with Asian ethnicity (HR 0.27, 95% ClI:
0.06,1.11,p=0.07) and a trend toward increased risk with older age
(HR1.26,95%C10.99.1.61,p=0.06).

Time-updated predictors of pneumonia event (both treatment groups combined)

As shown in Table 3b, Higher proximal VL on study (HR for one logg higher VL=1.28,
95% CI11.11,1.47, p=<.001) and receipt of rIL-2 within the last 180 days (HR=1.72, 95%
Cl1.12,2.65, p=0.01) were predictors of increased risk for a bacterial pneumonia event;
higher proximal CD4+ T-cell count was associated with decreased risk (HR=0.94;
95%C10.89,1.00, p=0.04).

Proximity of IL-2 cycling and risk of bacterial pneumonia

When adjusted for baseline predictors (age, VDU, ethnicity, history of recurrent bacterial
pneumonia) and time-updated CD4+ T-cell count and HIV-RNA, the hazards for IL-2
patients cycling within 180 days and >180 days of a bacterial pneumonia event were 1.66
(95%CIl 1.07,2.60, p=0.02) and 0.98 (95%CI 0.70,1.37, p=0.90) respectively compared to
the control arm. In years 1 and 2 in the IL-2 group, the hazard for bacterial pneumonia when
riL-2 cycling was within <30 days, 30-119 days, 120-179 days compared to receipt =180
days previously, was 2.59 (95%CI0.88,7.62, p=0.08), 1.74 (95%C10.70,4.30, p=0.23) and
1.21(95%C10.36,4.04, p=0.75), respectively. During the first 2 years of the study when riL-2
cycling was most intense, there was a trend towards an increased risk of bacterial pneumonia
associated with receipt of more riL-2 cycles (HR 1.28,95%CI10.96,1.69, p=0.09 for each
additional cycle received), which was independent of proximal CD4+ T-cell count.

Discussion

During a median follow-up of 7 years, 4.4% of ESPRIT participants experienced bacterial
pneumonia. Single episode bacterial pneumonia was the most commonly reported infection
in ESPRIT. These data indicate that bacterial pneumonia still contributes substantially to
morbidity in the era of potent CART and in a group of patients with relatively high CD4+ T-
cells. As expected, the greatest risk for bacterial pneumonia occurred in those with very low
CDA4+ T-cell counts, with lower risks in those with CD4+ T-cells above 350 cells/uL
compared to those below. Recurrent bacterial pneumonia (two or more episodes in a 12-
month period) during follow-up was rare. As bacterial pneumonia events seem to be related
in part to more recent IL-2 it is possible that the lack of further receipt of rIL-2 in just under
half of the IL-2 arm experiencing a pneumonia event is part of the explanation for our not
seeing higher rates of recurrent bacterial pneumonia.

It is likely these figures are an underestimate of the risk of bacterial pneumonia as we only
included events meeting the criteria for a probable or confirmed pneumonia-event.
Traditional risk factors for bacterial pneumonia in HIV-1-infected patients were identified in
the ESPRIT cohort including older age, VDU, prior recurrent bacterial pneumonia as an

HIV Med. Author manuscript; available in PMC 2012 April 1.
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ADI, lower CD4+ T-cell count and detectable HIV viraemia (defined as >500 copies/mL).
These data are consistent with the findings of the SMART study on bacterial pneumonia
(12), where detectable viraemia (>400 cp/mL vs. <400 cp/mL) in the patients on continuous
CART even when CD4+ T-cell count was >500 cells/uL was associated with an increased
hazard for bacterial pneumonia (overall HR2.65,95% CI1.49,4.72,p=0.001) and treatment
interruption (associated with viral rebound and CD4+ T-cell decline) compared to
continuous cART was also associated with an increased hazard (HR1.55 95% CI11.07-2.25
p=0.02) for bacterial pneumonia. However, in the SMART study the strongest predictors of
bacterial pneumonia in both study arms, were prior history of recurrent bacterial pneumonia
and current cigarette smoking. For patients on continuous cART the risk of bacterial
pneumonia was 3 fold higher in current smokers than life-long non-smokers. A limitation of
this analysis is the lack of smoking data.

It is noteworthy that the majority of pneumonia events did not have a microbiological
diagnosis and this is in keeping with other studies (12) and indeed in clinical practice, where
the microbiological yield is low, either because the appropriate cultures were not taken or
cultures taken were negative. As a consequence we were not able to use these data as a
surrogate for pneumococcal vaccination, data that was not collected in ESPRIT.

Some of the findings identified in this study are more difficult to explain, in particular the
reduced rate of bacterial pneumonia in those of Asian ethnicity. One bacterial pneumonia
event among 365 patients was reported from Thailand which recruited the majority of
patients of Asian ethnicity. Rates of PcP prophylaxis were lower in Thailand (0.8%)
compared to other countries (6.7%) in which the study was enrolled, and this lower use of
PcP prophylaxis, if anything could potentially favour an increased risk of bacterial
pneumonia; geographic and other country characteristics, are potential confounders.

In ESPRIT, more recent receipt of riL-2 was associated with a greater risk of bacterial
pneumonia, although the confidence intervals were very wide. The reasons why more recent
receipt of rIL-2 is associated with increased risk of pneumonia are uncertain, but there are a
number of potential mechanisms.

Polymorphonuclear neutrophils (PMN) are a major effector cell against pathogenic bacteria
including those causing pneumonia; the T-cell response (17) is also thought to be important
in the normal immune response to pneumococci. Interleukin-2 may activate PMN by
inducing the secretion of tumour necrosis-alpha (15) thus contributing to protective
immunity, but at higher doses (600,000 1U/Kg) IL-2 causes a chemotaxis defect which
impairs neutrophil function. Recent data in mice show that exogenous IL-2 can impair
sequestration of neutrophil into the peritoneal cavity although the same effect was not seen
in the lung in response to LPS-induced inflammation (18). In ESPRIT as in the SMART
study, detectable HIV-viraemia was associated with an increase risk of bacterial pneumonia
event. Gordin and colleagues (12) suggested that increased inflammatory markers (IL-6 and
D-dimer) in patients with detectable HIV virus replication might be associated with higher
rates of bacterial pneumonia, although there was no direct evidence in support of this. Porter
and colleagues (19) have recently demonstrated that in a group of patients exposed to rlL-2
with cART, there were significant increases in hsCRP and D-dimer occurring by the end of
the initial rIL-2 cycle and these increases were independent of changes in HIV-RNA, CD4+
T-cell count and T-cell proliferation.

These findings suggest the following hypotheses that might in part, explain the increased
hazard of bacterial pneumonia associated with very recent receipt of rIL-2. First, the
inflammatory surge associated with recent interleukin-2 receipt (19-24), second, the
transient burst of HIVV-viraemia known to occur around rIL-2 dosing cycles (20) and last,
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impairment of neutrophil function associated with rIL-2 exposure. Overall, however, it is
harder to reconcile why the increased risk associated with rIL-2 receipt should continue for
several months after the dosing cycle and long after the die back of secondary cytokines and
the reduction in immune activation that occur following riL-2 exposure (20,25).

Despite the limitations of this subanalysis of the ESPRIT, including lack of data on smoking
status and pneumococcal vaccination, these data are informative. In summary, rates of
bacterial pneumonia are high in a large cohort of cART treated HIV-infected adults with
moderate levels of immunodeficiency followed for an average of more than 7 years. In the
absence of smoking and pneumococcal vaccination history, the strongest recommendation
arising from these data, is to try and reduce the pneumonia-risk associated with detectable
HIV-viraemia by utilising cART that is fully virologically suppressive, at least to levels
below 500 copies/mL. Why detectable HIV-viraemia and recent rlL-2 are associated with
increased risk of bacterial pneumonia is unclear; we need further studies to understand the
pathogenesis of bacterial pneumonia and its relationship with inflammatory biomarkers.
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Figure 1.
Hazard ratio for first bacterial pneumonia event by year of follow-up in ESPRIT
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Figure 2.
Kaplan-Meier curves showing the time to first bacterial pneumonia event, the IL-2 arm is

indicated by the solid line, and control arm by the dotted line
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Table 1

Baseline Characteristics of Study Participants with and without Bacterial Pneumonia Events

Demographics
Age in Years (Median,IQR)
Female Gender (%)
Race (%)
Asian
Black
White
Other/unknown
Injection drug use (%)
CD4+ count (cells/pL)(median,IQR)
CD4+ Nadir (cells/ uL)(median,IQR)

IL-2
with event

43 (37, 50)
16.1

11
10.8
83.9
43
16.1
420 (356, 556)
175 (55, 270)

Control
with event

41 (37, 49)
12.8

2.3
58
86.0
58
19.8
425 (364, 634)
169 (93, 273)

All patients
without event

40 (34, 46)
18.8

11.2
9.2
74.9
48
10.2
458 (373, 584)
198 (91, 310)

HIV RNA < 500 copies (%) 66.7 74.4 80.1
Medical History
AIDS diagnosis (%) 34.4 33.7 255
History of recurrent BP (%) 15.1 35 5.9
Hepatitis B (% HBsAg pos.) 24 6.3 6.5
Hepatitis C (% antibody pos.) 229 23.1 14.9
ART History
Years since 1st ART (median, IQR) 51(2.1,79) 49(29,7.8) 42(21,6.4)
PcP prophylaxis (%) 75 4.7 6.2

a)

More than one can be checked.
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Time-Varying Predictors of 1st Bacterial Pneumonia Event During ESPRIT

Covariate Coeff.* HR
CD4 (per 100 cells) -0.0611 0.94
HIV-RNA (per one logsg) 0.2439 1.28
Cycled within previous 180 days 0.5451 1.72
Eggt;T*Pgljnfrogressmn of Disease 0.3108 136
Patients included in analysis 4097
Number of events 179

Table 3b

95% ClI
0.89, 1.00
1.11,1.47
1.12, 2.65

0.50, 3.73

p-value
.04

<.001
.01

.54

Page 16

*
Results are from a proportional hazards regression model with all covariates listed, plus indicators for race, age, IV drug use, and history of

bacterial pneumonia.

the definitions of POD are described in the methods manuscript (13).
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