Higher Levels of CRP, D-dimer, IL-6, and
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Antiretroviral Therapy (ART) Are Associated
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Background. Substantial morbidity occurs during the first year of antiretroviral therapy (ART) in persons with
advanced human immunodeficiency virus (HIV) disease despite HIV suppression. Biomarkers may identify high-
risk groups.

Methods. Pre-ART and 1-month samples from an initial ART trial were evaluated for biomarkers associated
with AIDS events or death within 1-12 months. Case patients (# = 63) and control patients (n = 126) were 1:2 matched
on baseline CD4 cell count, hepatitis status, and randomization date. All had =1 log;, HIV RNA level decrease at 1 month.

Results.  Case patients had more frequent prior AIDS events, compared with control patients (P = .004), but
similar HIV RNA levels at baseline. Pre-ART and 1-month C-reactive protein (CRP), D-dimer, and interleukin 6 (IL-6)
levels and pre-ART hyaluronic acid (HA) levels were associated with new AIDS events or death (P =< .01). Patients who
experienced immune reconstitution inflammatory syndrome (IRIS) events had higher pre-ART tumor necrosis factor
o (TNF-a) and HIV RNA levels and significant 1-month increases in CRP, D-dimer, IL-6, interleukin 8, CXCL10,
TNF-a, and interferon-vy levels, compared with patients who experienced non-IRIS events (P = .03). Individuals with
baseline CRP and HA levels above the cohort median (>2.1 mg/L and >50.0 ng/mL, respectively) had increased risk of
AIDS or death (OR, 4.6 [95% CI, 2.0-10.3]; P < .001) and IRIS (OR, 8.7 [95% CI, 2.2-34.8] P = .002).

Conclusions. Biomarkers of Inflammation (CRP, IL-6), coagulation (D-dimer), and tissue fibrosis (HA)
measured pre-ART and at 1 month are associated with higher risk of AIDS events, IRIS, or death, warranting
additional study as risk stratification strategies.

Antiretroviral therapy (ART) has substantially reduced virus (HIV)-infected persons [1-4]. Yet even with

morbidity and mortality in human immunodeficiency adequate HIV virologic suppression, substantial mor-

bidity and mortality still occurs during the first year of

ART as a result of immune reconstitution inflammatory
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syndrome (IRIS), progression of preexisting or new
infections, toxic effects of medication, or noninfectious

events [5-9]. Although many studies have confirmed

of the Department of Health and Human Services, nor does mention of trade
names, commercial products, or organizations imply endorsement by the US
Government.

Correspondence: Irini Sereti, MD, MHS, Clinical and Molecular Retrovirology
Section, Laboratory of Immunoregulation, National Institute of Allergy and
Infectious Diseases, National Institutes of Health, Bldg 10, Rm 11B-07A, 10 Center
Dr, MSC 1876, Bethesda, MD 20892 (isereti@niaid.nih.gov).

The Journal of Infectious Diseases 2011;203:1637-46

Published by Oxford University Press on behalf of the Infectious Diseases Society of
America 2011.

0022-1899 (print)/1537-6613 (online)/2011/20311-0019$14.00

DOI: 10.1093/infdis/jir134

persistently high morbidity and mortality during the
first year and particularly the first 6 months of ART,
identifying patients prior to starting ART who are
at high subsequent risk remains a clinical challenge.
Certain clinical variables, such as hemoglobin level,
preexisting AIDS-defining illness, CD4 T-cell count, and
injection drug use, have been identified as predictors of
morbidity or mortality in the first months after ART
initiation [10-13]. Biomarkers could also be important
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in guiding intense monitoring of selected subgroups of high-risk
patients and could be used to elucidate pathogenesis pathways
amenable to targeted therapeutic interventions.

Data from the Strategies for the Management of Anti-
retroviral Therapy (SMART) study have shown that elevated
levels of interleukin 6 (IL-6), D-dimer, and C-reactive protein
(CRP) are strong predictors of all-cause mortality [14]. More
recently using SMART samples, sCD14, a marker of monocyte
activation, was also associated with mortality [15]. In another
SMART nested case-control study focusing on AIDS events,
elevated CRP and IL-6 levels at baseline and proximal to
the event were significant predictors [16]. The majority of
participants in SMART were receiving ART, and it is un-
clear whether the same markers would have similar predictive
value among people starting ART for the first time. In
a small study of ART-naive patients starting therapy, pre-ART
CRP and D-dimer levels also showed promise as predictors
of IRIS [17].

We hypothesized that biomarkers can be used to identify
persons at high risk for clinical events who may require closer
monitoring upon ART initiation. We sought to determine
whether inflammatory, coagulation, and tissue fibrosis markers
could predict AIDS or death. Secondarily, we assessed whether
any biomarkers were predictive of future IRIS events. We fo-
cused on biomarkers identified in the SMART study [16], as
well as inflammatory biomarkers hypothesized as related to
IRIS pathogenesis, including type-1 T-helper (Thl) and in-
flammatory cytokines and chemokines [18]. To that end, we
conducted a nested case-control study using samples from
a clinical trial of first-line ART (the Flexible Initial Retrovirus
Suppression Therapies [FIRST] trial) [8].

METHODS

Study Design

The FIRST trial randomized 1397 ART-naive US persons
during the period 1999 through 2002 to 1 of 3 first-line ART
strategies using 2 or 3 classes of antiretrovirals [8]. Most
participants had advanced HIV disease (median plasma HIV
RNA level, 143,844 copies/mL; median CD4 T-cell count,
163 cells/pL; 38% had a prior AIDS-defining illness). Partic-
ipants were recruited from the Community Programs for
Clinical Research on AIDS (CPCRA) network and gave written
informed consent. Plasma samples were prospectively stored
at —=70°C at months 0, 1, and 4 and then every 4 months
thereafter. The CPCRA058 ClinicalTrials.gov registration
number is NCT00000922.

In the FIRST study, AIDS events were defined as the first
occurrence of events meeting 1993 Centers for Disease Control
and Prevention criteria (with the exception of CD4 T-cell count
<200 cells/uL) or as a recurrence of Pneumocystis jiroveci

pneumonia (PCP), Candida esophagitis, herpes simplex

infection, disseminated herpes zoster infection, or Salmonella
septicemia. A clinical events committee blinded to randomiza-
tion arm reviewed all AIDS events and deaths during the study
[8]. For the current project, we considered only virologic res-
ponders: those participants who did not experience an AIDS
event or death during the first month of ART and who did
have a >1-log;o reduction in HIV RNA level 1 month after
ART initiation. Of the 1157 persons classified as virologic res-
ponders in the FIRST trial, 63 had an AIDS event or died during
months 1-12 of ART, 149 had an AIDS event or died only after
>12 months, and 945 did not experience an AIDS event or
death through a median 60-month period of follow-up. We
excluded 17 AIDS or death events that occurred during the
first month of ART, because a virologic response prior to the
event could not be confirmed.

We performed a nested case-control study with 1:2
matching among virologic responders. A case was defined as
an AIDS event or death during months 1-12 of ART. Each of
the 63 case patients was matched with 2 control patients who
did not have an AIDS event or death during months 1-12 of
ART. Matching occurred on the basis of date of randomization
(within *=3 months), CD4 T-cell count at randomization
(within =50 cells/puL), and hepatitis status. Hepatitis status
was defined by hepatitis B surface antigen and/or hepatitis
C antibody positivity.

After the case patients and control patients were de-
termined for this study and before the biomarkers were
measured, participant records of all case patients were retro-
spectively reviewed events by 3 coauthors (D. R. B., P. R. B.,
I. S.) to determine possible IRIS. IRIS was defined, in accor-
dance with other published IRIS case definitions, by (1)
receipt of effective ART; (2) a new and/or recurrent in-
flammatory event, temporarily associated with starting ART;
and (3) exclusion of other etiologies [19-21]. All case patients
were classified as experiencing either an unmasking IRIS
event, a paradoxical IRIS event, or a non-IRIS event. A case
patient was classified as experiencing an unmasking IRIS event
if the event occurred within 6 months of ART initiation and
was due to a new opportunistic infection associated with
unmasking IRIS. Case patients were classified as experiencing
paradoxical IRIS if they had a known history of an AIDS event
prior to ART initiation and if the event that occurred during
ART was a culture-negative clinical recurrence not due to the
expected clinical course of the existing opportunistic in-
fection(s), a new infection, drug adverse events, or an alter-
native explained cause. All IRIS events were considered
possible IRIS events, because confirmation was difficult to
establish retrospectively.

Biomarker Measurement
We analyzed cryopreserved plasma specimens from the baseline
visit (pre-ART) and the 1-month visit after ART initiation.
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Levels of proinflammatory (interleukin-1, IL-6, tumor necrosis
factor oo [TNF-a]), Thl (interferon-y [IFN-y] and interleukin-
12), Th2 (interleukin-4 and interleukin-13), Th17 (interleukin-
17), and regulatory (interleukin-10) cytokines, proliferation/
differentiation cytokines (interleukin-2 and interleukin-15), and
chemokines (interleukin 8 [IL-8], CXCL10, CXCL1 [Gro-a],
CCL3 [MIPla], CCL4 [MIP1B], CCL11 [Eotaxin-1], CCL13
[MCP4], CCL17 [TARC], CCL22 [MDC], and CCL26 [Eotaxin-
3, MIP-4a], which attract leukocytes to sites of inflammation)
were measured with multiplex enzyme-linked immunosorbent
assay (ELISA)-based assays (Meso Scale Discovery). Plasma
D-dimer was quantified by means of enzyme linked fluorescent
assay on a VIDAS instrument (bioMérieux). We also quantified
by means of ELISA the plasma levels of CRP (Meso Scale Dis-
covery), hyaluronic acid (Corgenix), intestinal fatty acid binding
protein (Hycult Biotechnology BV), high-mobility group BI,
and sCD14 (R&D Systems) according to the manufacturers’
protocols. Hyaluronic acid is a marker of increased extracellular
matrix metabolism and tissue fibrosis [22], and sCD14 binds
bacterial lipopolysaccharide [23]. Cytomegalovirus DNA was
quantitated by means of real-time polymerase chain reaction as
described by Yun et al [24].

Statistics

Demographic and other baseline characteristics were compared
with the %> and Wilcoxon rank sum tests. For each biomarker,
the unadjusted percent differences at baseline and at month 1
between case patients (AIDS or death) and control patients
were estimated after log. transformation. To assess the risk of
AIDS events or death, adjusted odds ratios (ORs) with 95%
confidence intervals (CIs) for case patients compared with
control patients were estimated with a conditional logistic re-
gression model for each biomarker, which accounted for the
matching. The ORs cited are per interquartile range (IQR)
higher of the biomarker after log. transformation and were
adjusted for HIV-RNA level and history of AIDS events prior
to ART initiation. The models were repeated for biomarker
values at the 1-month visit, with additional adjustment for
the baseline log-transformed value of the biomarker and ran-
domized treatment assignment in the FIRST study. All models
were repeated for the subset of case patients classified as expe-
riencing IRIS events, with their associated matched control
patients. Multivariate conditional logistic regression models
were also performed to assess the risk of AIDS or death, death
alone, and IRIS using categories (above or below the overall
cohort median) for selected baseline biomarkers. Among the
case patients, the biomarker distributions were further com-
pared between those who experienced IRIS and non-IRIS
events. Those models were also adjusted for HIV RNA levels
and prior AIDS events and were further adjusted for other
baseline factors (CD4 cell count and triglyceride levels) that were
different between the two groups.

All reported P values are 2 sided. Although there were no
adjustments made for the multiple biomarker comparisons,
we focus the results and discussion on biomarkers that were
significant at the P < .01 level.

RESULTS

Cohort Description
There were 63 prospectively identified and adjudicated case
patients who experienced AIDS-defining events (41 patients) or
deaths (22 patients) during months 1-12 of HIV therapy among
1157 virologic responders. The median CD4 cell count of case
patients was 44 cells/pL (IQR, 15-153 cells/puL). The causes of 5
of the 22 deaths were confirmed as AIDS-related, 6 as possibly
AIDS-related, 4 as sepsis, 2 as pneumonia, 2 as cardiac, 1 as
kidney failure, 1 as liver failure, and 1 as pancreatitis. Of the 5
confirmed AIDS-related deaths, 2 were due to lymphoma, and 1
each to PCP, Kaposi’s sarcoma, and histoplasmosis. The other
AIDS events included Mycobacterium avium complex (MAC) (n
=9), Candida esophagitis (n = 7), lymphoma (n = 3), PCP (n
= 4), Kaposi’s sarcoma (n = 2), cryptococcosis (n = 3), vari-
cella zoster (n = 3), cytomegalovirus (n = 3), both MAC and
Candida esophagitis (n = 1), and 1 each of cryptosporidiosis,
herpes simplex virus infection, isosporiasis, bacterial pneumo-
nia, toxoplasmosis, and tuberculosis. Three of the PCP events, 3
of the Candida esophagitis events, and none of the varicella
zoster events or herpes simplex virus events were recurrences.
The demographic characteristics of the 63 case patients and
126 matched control patients were generally similar (Table 1).
Case patients had a higher proportion of prior AIDS-defining
events, compared with control patients (46 [73%] vs 64 [51%];
P =.004). HIV RNA levels did not differ significantly between
case patients and control patients at baseline (P = .61) or after 1
month of ART (P = .17). The use of PCP and MAC prophylaxis
did not differ between case patients and control patients (Table
1). Of those who should have been receiving PCP prophylaxis
according to US guidelines (a history of PCP or a CD4 cell count
of <200 cells/uL), 79% of 63 case patients and 82% of 126
control patients were receiving appropriate prophylaxis prior to
the initiation of ART (P = .64). Similarly, for those who should
have been receiving MAC prophylaxis (CD4 cell count, <50
cells/uL), 51% (22/43) of case patients and 57% (38/67) of
control patients were receiving appropriate prophylaxis (P =
.61). Case patients and control patients were matched on pre-
ART CD4 T-cell count; after 1 month of ART, the CD4 T-cell
count distributions were not different (P = .84). Of the 63 case
patients, 28 (44%) were classified retrospectively as experiencing
possible IRIS events (21 unmasking events and 7 paradoxical
events). The median time to a first IRIS event was 9 weeks (IQR,
6—14 weeks), whereas the median time to a first non-IRIS event
was 37 weeks (IQR, 27-45 weeks). The characteristics of case
patients classified as experiencing IRIS and non-IRIS events are
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Table 1.

Baseline Characteristics of All Case Patients (With AIDS or Death), Matched Control Patients, and Subsets of Case Patients

Who Experienced Immune Reconstitution Inflammatory Syndrome (IRIS) and Non-IRIS Events

IRIS case patients®

Non-IRIS case patients®

All case patients Al control patients

Characteristic (N =28) (N = 35) (N = 63) (N = 126) PP
Age, median years (IQR) 38 (34-42) 42 (33-46) 40 (33-45) 38 (33-46) .87
Female sex 3(10.7) 9 (25.7) 12 (19) 19 (15) 49
Race/ethnicity .52

Latino 10 (36) 6 (17) 16 (25) 24 (19)

African American 13 (46) 20 (57) 33 (562) 63 (50)

White/other 5(18) 9 (26) 14 (22) 39 (31)
Injection drug use 4 (14) 11 (31) 15 (24) 25 (20) .53
Hepatitis B 4 (14) 2 (6) 6 (9.8) 9(7.8) .64
Hepatitis C 5(18) 10 (29) 15 (24) 33 (26) 72
Hepatitis B or C 9(32) 12 (34) 21 (33) 41 (33) NA°
Prior AIDS event 23 (82) 23 (66) 46 (73) 64 (51) .004
Triglycerides, median mg/dL (IQR) 185 (143-249) 122 (106-162) 149 (110-220) 138 (105-197) .39
CD4 T-cell count, median cells/uL (IQR)

Prior to ART initiation 18 (10-63) 102 (25-238) 44 (15-153) 53 (19-150) NA°

1 month after ART initiation 97 (30-193) 187 (84-359) 132 (41-235) 131 (60-256) .84
HIV RNA, median log;o copies/mL (IQR)

Prior to ART initiation 5.5 (5.4-6.0) 5.1 (4.6-5.6) 5.4 (4.9-5.8) 5.3 (4.8-5.7) .61

1 month after ART initiation 2.9(2.1-3.3) 3.0 (2.2-3.5) 3.0 (2.2-3.4) 2.6 (2.1-3.1) 7
Use of PCP prophylaxis

Prior to ART initiation 23 (82) 20 (57) 43 (68) 90 (71) .65

1 month after ART initiation 24 (86) 22 (63) 46 (73) 95 (75) 72
Use of MAC prophylaxis

Prior to ART initiation 13 (46) 9 (26) 22 (35) 38 (38) .67

1 month after ART initiation 14 (50) 10 (29) 24 (38) 52 (41) .67

NOTE. Data are no. (%) of participants unless otherwise specified. ART, antiretroviral therapy; IQR, interquartile range; MAC, Mycobacterium avium complex;

PCP, Pneumocystis jiroveci pneumonia.
@ Retrospective subset of all cases.

© Comparing all case patients with all matched control patients. Cases occurred within 1-12 months following ART initiation. All case patients and control patients

had =1 log;o reduction in HIV RNA level between baseline and 1 month.
¢ Matching factor.

also provided in Table 1. There were significant differences be-
tween those with IRIS and non-IRIS events for baseline CD4 T-
cell count both prior to (P = .001) and 1 month after ART
initiation (P = .03), HIV RNA levels both prior to (P = .002)
and 1 month after ART initiation (P = .002), and triglyceride
levels (P = .001).

Risk of AIDS Events or Death

The distributions of selected biomarkers prior to ART
initiation, as well as 1 month after ART initiation, are pro-
vided in Table 2 for all case patients and control patients along
with the adjusted odds ratios. Risk of AIDS or death increased
with higher levels of D-dimer, CRP, and IL-6 both prior to
ART initiation and 1 month after ART initiation. Detectable
hyaluronic acid was associated with an AIDS event or death at
baseline (OR, 2.7 [95% CI, 1.3-5.5]; P = .006) but not at
month 1 (OR, 1.9 [95% CI, 0.8-4.6]; P = .13). At baseline,
unadjusted hyaluronic acid levels were 33% higher (95%
CL 4% —56%; P = .002) in case patients than in control

patients, whereas after 1 month of ART hyaluronic acid levels
were 16% higher (95% CI, 2%-32%; P = .04) in case patients
than in control patients. Detectable hyaluronic acid levels
were present in 56% of 62 individuals with hepatitis B or C
and 27% of 127 individuals without hepatitis B or C.
Although baseline levels of IL-8, IFN-y, and TNF-a were not
associated with subsequent AIDS events or deaths, after 1
month of ART there was an increased risk associated
with higher levels of IL-8 (OR, 2.5 [95% CI, 1.4-4.5]; P =
.002), IFN-v (OR, 2.8 [95% CI, 1.5-5.2]; P = .001) and TNF-a
(OR, 3.2 [95% CI, 1.5-6.6]; P = .002) per each IQR higher. In
comparing the percent differences, after 1 month of ART IL-8
was 78% higher (95% CI, 37%-131%; P < .001), IFN-y was
97% higher (95% CI, 40%—-177%; P < .001), and TNF-a was
38% higher (95% CI, 14%-68%; P = .004) in case patients
than in control patients. The median untransformed baseline
values and adjusted odds ratios for all other biomarkers tested
are shown in Supplemental Table 1 for case patients and
control patients.
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Table 2. Distribution of Biomarker Values and Adjusted Odds Ratios for Case Patients (With AIDS or Death) and Associated Control

Patients
Case patients Control patients Adjusted® ORP

Biomarker (N = 63) (N = 126) (95% Cl) P

Baseline (pre-ART)
D-dimer, mg/L 1.3 (0.6-2.1) 0.7 (0.4-1.2) 2.4 (1.4-3.9) .001
CRP, mg/L 4.8 (1.2-12.4) 1.5 (0.5-4.7) 2.1 (1.3-3.3) .001
IL-6, pg/mL 3.9 (2.2-6.6) 2.3 (1.56-4.5) 1.8(1.1-2.7) .01
IL-8, pg/mL 7.1 (4.5-13.7) 6.1 (3.8-10.4) 1.5 (1.0-2.3) .08
IL-10, pg/mL 8.3 (6.0-13.9) 6.0 (3.9-9.1) 1.5(1.1-2.1) .02
IFN-y, pg/mL 2.7 (1.56-6.3) 2.6 (1.4-5.2) 1.1 (0.7-1.7) .80
TNF-0, pg/mL 17.3(11.9-26.4) 15.6 (12.5-20.0) 1.2 (0.9-1.6) .32
HA, ng/mL 78.8 (49.9-128) 49.9 (49.9-78.4) 2.7 (1.3-5.5) .006
CXCL10, mg/L 0.6 (0.3-1.1) 0.6 (0.4-0.9) 0.9 (0.6-1.4) .66
sCD14, x10° pg/mL 2.6 (2.3-3.1) 2.3(1.9-2.8) 1.2 (0.9-1.7) 21

Month 1
D-dimer, mg/L 1.2 (0.7-2.0) 0.5 (0.3-1.0) 2.3 (1.2-4.4) .01
CRP, mg/L 14.0 (2.8-39.7) 3.0 (1.0-8.5) 2.9 (1.5-5.8) .002
IL-6, pg/mL 4.6 (2.4-10.7) 1.9 (1.1-3.5) 4.9(2.2-10.8) <.001
IL-8, pg/mL 8.5 (3.8-15.5) 4.5 (3.0-7.3) 2.5 (1.4-4.5) .002
IL-10, pg/mL 7.1 (5.1-11.1) 5.0 (3.1-7.8) 1.4 (0.9-2.0) 12
IFN-y, pg/mL 2.7 (1.4-9.5) 1.7 (1.0-4.0) 2.8 (1.6-5.2) .001
TNF-0, pg/mL 17.2 (11.2-25.3) 13.3 (9.7-17.6) 3.2 (1.5-6.6) .002
HA, ng/mL 49.9 (49.9-65.4) 49.9 (49.9-49.9) 1.9 (0.8-4.6) 13
CXCL10, mg/L 0.4 (0.1-0.9) 0.3 (0.2-0.5) 1.9 (1.1-3.4) .03
sCD14, x10° pg/mL 2.7 (2.3-3.0) 2.3(2.0-2.7) 1.2 (0.8-1.7) 32

NOTE. Data are median (IQR) unless otherwise specified. Cl, confidence interval; CRP, C-reactive protein; HA, hyaluronic acid; IFN-y, interferon-y; IL-6,
interleukin 6; I1L-8, interleukin 8; IL-10, interleukin 10; IQR, interquartile range; OR, odds ratio; TNF-o, tumor necrosis factor o.

@ The odds ratios take into account the matching factors and are further adjusted for a history of an AIDS event and HIV RNA levels prior to ART initiation. The
models for month 1 are also adjusted for the log-transformed baseline value of the biomarker and randomization group for the study.

® For HA, the odds ratio is for individuals with detectable (=50 ng/mL) values, compared with individuals with undetectable values. Undetectable HA values are
entered as 49.9 ng/mL. For other biomarkers, the odds ratios are compared per IQR after log transformation. The assay lower limits of detection are for D-dimer,
0.045 mg/L; CRP, 0.016 mg/L; IFN-y, 0.6 pg/mL; IL-6, 0.6 pg/mL; IL-8, 0.1 pg/mL; IL-10, 0.4 pg/mL; TNF-a, 0.6 pg/mL; HA, 50 ng/mL; CXCL10, 0.6 pg/mL; sCD14,

125 pg/mL.

Risk of IRIS Events

For the subset of case patients retrospectively classified as
experiencing possible IRIS, Table 3 presents the distribution of
biomarkers and the adjusted odds ratios. Baseline CD4 T-cell
counts did not differ (P = .34) between IRIS case patients and
their associated control patients. At baseline, the strongest pre-
dictor of IRIS was TNF-a (OR, 3.7 [95% CI, 1.4-10.1]; P = .01).
After 1 month of ART, the risk for an IRIS event was signifi-
cantly greater with increased levels of CRP (OR, 12.1 [95% CI,
2.3-63.5]; P = .003), IL-6 (OR, 11.5 [95% CI, 2.1-62.8]; P =
.005), IL-8 (OR, 4.1 [95% CI, 1.3-12.4]; P = .01), and IFN-y
(OR, 8.6 [95% ClI, 1.9-28.6]; P = .005) per each IQR increase
of the biomarker.

Multiple Biomarkers and Risk of Clinical Events

The risk for any AIDS event or death, death alone, or IRIS
was further assessed with adjusted odds ratios in 4 multivar-
iate models that considered combinations of baseline bio-
marker levels that were significant (P < —.01) when considered
individually (Figure 1). The first 3 models evaluated the risk for

those with high (greater than the cohort median) values of 2
biomarkers (CRP and D-dimer, CRP and IL-6, or CRP and
detectable hyaluronic acid), compared with those without high
values of both biomarkers. The final model evaluated the risk for
those with levels of all 4 biomarkers above the cohort median,
compared with those without all 4 values above the median. For
all event types and for all biomarker combinations, there was
increased risk for those with high biomarker values. Those with
values above the median for CRP, D-dimer, IL-6, and hyalur-
onic acid had a 6-fold increased risk of an AIDS event or death
(OR, 6.1 [95% CI, 2.3 — 16.1]; P =< .001).

Differences Between IRIS and Non-IRIS Case Patients

Table 4 presents the distribution of biomarker values and the
percent differences (unadjusted and adjusted) between case
patients (AIDS or death) that were retrospectively classified as
experiencing IRIS, compared with the non-IRIS case patients.
The distributions were similar at baseline except for TNF-a, for
which the adjusted percent difference was 42% higher among
the IRIS case patients (95% CI, 7%—-88%; P = .02). At month 1,
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Table 3. Distribution of Biomarker Values and Adjusted Odds Ratios for Inmune Reconstitution Inflammatory Syndrome (IRIS) Case
Patients and Associated Control Patients

IRIS case patients

IRIS control patients

Adjusted® ORP

Biomarker (N = 28) (N = 56) (95% ClI) P

Baseline (pre-ART)
D-dimer, mg/L 1.4 (0.6-2.1) 0.7 (0.4-1.2) 2.8 (1.1-7.3) .03
CRP, mg/L 4.4 (1.8-11.7) 1.8 (0.6-6.2) 2.1 (1.0-4.4) .06
IL-6, pg/mL 4.3 (2.9-7.5) 2.7 (1.7-4.5) 2.0 (0.9-4.5) .08
IL-8, pg/mL 10.5 (56.2-15.3) 6.5 (4.6-11.8) 1.6 (0.8-3.0) 19
IL-10, pg/mL 8.9 (5.7-16.2) 5.8 (3.5-8.5) 2.0 (1.1-3.7) .03
IFN-y, pg/mL 5.0 (2.0-8.7) 2.7 (1.6-4.6) 1.8 (0.7-4.9) 24
TNF-o, pg/mL 21.9(16.3-27.9) 15.0 (11.9-19.5) 3.7 (1.4-10.1) .01
HA, ng/mL 79.2 (562.1-158) 49.9 (49.9-77.5) 3.4 (1.1-10.7) .03
CXCL10, mg/L 0.6 (0.4-1.0) 0.6 (0.4-0.9) 2.8 (1.1-7.3) .03
sCD14, x108 pg/mL 2.9 (2.5-3.2) 2.3 (2.1-2.8) 2.0 (0.9-4.1) .08

Month 1
D-dimer, mg/L 1.4 (1.0-2.3) 0.6 (0.4-1.2) 6.5 (1.4-29.6) .02
CRP, mg/L 39.6 (9.1-109) 3.1 (1.2-8.5) 12.1 (2.3-63.5) .003
IL-6, pg/mL 7.8 (3.1-16.5) 2.3 (1.2-4.0) 11.5 (2.1-62.8) .005
IL-8, pg/mL 10.4 (56.2-21.9) 5.2 (4.0-10.6) 4.1 (1.3-12.4) .01
IL-10, pg/mL 7.9 (6.1-20.5) 5.9 (3.1-10.0) 0.9 (0.5-1.6) .70
IFN-y, pg/mL 4.5 (2.5-19.6) 1.9 (1.0-5.0) 8.6 (1.9-38.6) .005
TNF-o, pg/mL 22.7 (16.9-37.9) 14.0 (11.0-18.4) 434 (2 to >1000) .03
HA, ng/mL 49.9 (49.9-79.5) 49.9 (49.9-49.9) 1.7 (0.5-6.6) 42
CXCL10, mg/L 0.5 (0.3-1.6) 0.3 (0.2-0.5) 4.0 (1.1-14.9) .04
sCD14, x10° pg/mL 2.9 (2.4-3.2) 2.4 (2.1-2.7) 1.6 (0.9-2.5) .09

NOTE. Data are median (IQR) unless otherwise specified. IRIS events included 21 unmasking events: MAC (n = 11), cytomegalovirus (n = 2), KS (n = 2), PCP
(n=1), varicella zoster (n = 2), histoplasmosis (n = 1), isosporiasis (n = 1), and death due to acute hepatitis of unknown etiology (n = 1). Possible paradoxical events
(n = 7) included 2 people with recurrent PCP, 2 persons with clinical deterioration and history of MAC at entry (1 died), cytomegalovirus, cryptococcal meningitis,
tuberculosis (patient died), and 1 person who died with new lymphadenitis with a history of both cryptococcosis and Mycobacterium avium complex before initiation
of antiretroviral therapy (ART). CI, confidence interval; CRP, C-reactive protein; HA, hyaluronic acid; IFN-y, interferon-y; IL-6, interleukin 6; IL-8, interleukin 8; IL-10,

interleukin 10; IQR, interquartile range; OR, odds ratio; TNF-o,, tumor necrosis factor a.

@ The odds ratios take into account the matching factors and are further adjusted for a history of an AIDS event and human immunodeficiency virus RNA levels
prior to ART initiation. The models for month 1 are also adjusted for the log-transformed baseline value of the biomarker and randomization group for the study.

® For HA, the odds ratio is for those with detectable (=50 ng/mL) values compared with those with undetectable values. For other biomarkers the odds ratios are

per IQR after log transformation.

the adjusted percent differences for D-dimer, CRP, IL-6, and
CXCL10 were significantly higher among IRIS case patients,
compared with non-IRIS case patients. The differences for CRP
and IL-6 were driven by increases from baseline to month 1 for
the IRIS case patients but not the non-IRIS case patients.

DISCUSSION

In the present study, we determined that biomarkers measured
in ART-naive patients immediately prior to ART initiation and
1 month after are associated with adverse outcomes (AIDS
events or death) during the first year of ART. Our results suggest
that D-dimer, CRP, IL-6, and hyaluronic acid could be useful
in identifying ART-naive patients at higher risk of AIDS or
death after ART initiation. In addition, levels of TNF-o prior
to ART and levels of CRP, IFN-vy, IL-8, and IL-6 at 1 month
after ART initiation could be helpful in recognizing a subgroup
of patients at risk for IRIS events.

This study builds on the emerging field of biomarkers,
which is now being explored in order to improve the care of
HIV-infected individuals. Data from the SMART study sug-
gested that markers of activation of the coagulation pathway
(D-dimer) and IL-6 were the strongest predictors of all-cause
mortality after controlling for CD4 T-cell counts and HIV viral
load [14]. Most of the events that occurred in the SMART
study were noninfectious, which suggests that the chronic in-
flammation and activation of coagulation may be driving
some of these events independent of the degree of immunode-
ficiency. In a separate nested case-control study of AIDS even-
ts in SMART, CRP was a stronger predictor than were IL-6 and
D-dimer [16]. IL-6 generally induces hepatic CRP production;
however, IL-6 and CRP do not always correlate, because IL-6
induces CRP production only in the absence of IFN-a [25],
which may be induced during viral diseases. Yet even in the
absence of clinical illness or any effective CD4 T-cell recognition,
antigen-presenting cells produce IL-6 and TNF-o in response
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No. No.

With Without Odds Ratio®
Biomarkers Event Groups Event Event P-value (with 95% CI)
3.8
CRP' and AIDS or Both above median 32 26 .0004 —O—
D-dimer death® Versus otherwise 31 100 4.0
. —_—  ——
Death® Both above median 10 8 .05
Versus otherwise 12 36 5.4
IRIS* Both above median 15 13 .01 °
Versus otherwise 13 43
35
CRP and AIDS or Both above median 34 34 .0007 ®
IL-6 death Versus otherwise 29 92 32
Death Both above median 12 11 .06 ———
Versus otherwise 10 33 47
IRIS Both above median 17 17 .02 ®
Versus otherwise 1 39
46
CRPand AIDS or Both above median 29 20 .0003 ——
HA' death Versus otherwise 34 106 44
Death Both above median 10 8 .04 —_—
Versus otherwise 12 36 87
IRIS Both above median 19 11 .002 e S—
Versus otherwise 9 45
6.1
CRP, AIDS or All above median 21 11 .0002 —_—O—
D-dimer, death Versus otherwise 42 115
IL-6 and HA
9.2
Death All above median 9 3 .008 —_—
Versus otherwise 13 41
12.3
IRIS All above median 12 6 .005 —_—
Versus otherwise 16 50
T T 1
0.1 1 10 100

1 CRP = C-reactive protein; HA = hyaluronic acid
Median (IQR) CRP: 2.1 (0.7— 6.4) mg/L; Median (IQR) D-dimer: 0.8 (0.5—1.6) mg/L
Median (IQR) IL-6: 2.9 (1.7 5.4) pg/mL; Median (IQR) HA: 49.9(49.9-96.7) pg/mL

2 From conditional logistic regression models adjusted for pre-ART HIV RNA and an indicator for a prior AIDS event. The
odds ratios compare those with both baseline biomarker values above the median to all others.

3 AIDS or death events occurring 1-12 months after initiation of ART.

4 A subset of the AIDS or death events that were retrospectively classified as IRIS events.

Figure 1. Adjusted multivariate odds ratios (with 95% confidence intervals) for AIDS or death, death alone, and immune reconstitution inflammatory
syndrome (IRIS) events for selected combinations of biomarkers measured prior to the initiation of antiretroviral therapy (ART). Each odds ratio compares
participants with all biomarker values considered above the cohort medians to participants without all biomarker values above the cohort medians.

to foreign antigen. Thus, TNF-a, IL-6, and downstream CRP
may serve as biomarkers for occult infections that are unmasked
during immune reconstitution with ART (ie, unmasking IRIS).
Our findings are thus consistent with data published from the
SMART study and more recently from 2 other studies showing
that markers of acute inflammation (such as soluble TNF re-
ceptor 1, sCD27, and sCD40L) appear to be important prog-
nostic indicators in ART-naive patients upon therapy initiation
[14, 16, 26]. In contrast to a recent SMART case-control study
that found a strong association between mortality and sCD14
[15], an association of events with sCD14 was not observed in
this study. This could be due to the fact that only a small number
of deaths were evaluated here and most events were AIDS events
occurring shortly after ART initiation.

Many studies have now shown that tissue fibrosis (eg, lym-
phatics, liver, gut, bone marrow) occurs in untreated HIV

infection and may both hamper immune restoration and lead to
organ dysfunction [27]. Hyaluronic acid, a polysaccharide
component of the extracellular matrix, provides cellular support
for adhesion, orientation, migration, and differentiation of cells.
Hyaluronic acid accumulation in plasma reflects a loss of bal-
ance between biosynthesis and degradation and thereby is
a marker of tissue fibrosis that has been shown in chronic liver
disease to predict liver-related mortality with and without HIV
[28]. Our data suggest that hyaluronic acid may be useful before
the initiation of ART to identify patients at risk for AIDS events
or death, even in the absence of chronic liver disease. It is unclear
whether the high hyaluronic acid levels in chronic HIV infection
represent higher production or decreased metabolism and
clearance. Plasma levels of inflammatory cytokines, such as
IFN-vy, TNF-q, interleukin 1, tissue growth factor (TGF)-f, and
lipopolysaccharide, are increased in untreated HIV infection,
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Table 4. Distribution of Biomarker Values and Percent Differences (Unadjusted and Adjusted) Between Case Patients With Immune
Reconstitution Inflammatory Syndrome (IRIS) Events and Non-IRIS Events

IRIS case patients Non-IRIS case patients Unadjusted Adjusted

Biomarker (N = 28) (N = 35) difference, % difference, @ % (95% CI) P

Baseline (pre-ART)
D-dimer, mg/L 1.4 (0.6-2.1) 1.2 (0.6-2.6) 7.8 -9.1 (-45.6 t0 51.9) 72
CRP, mg/L 4.4 (1.8-11.7) 5.4 (1.1-17.6) 8.2 26.2 (-53.3 to 241.0) .65
IL-6, pg/mL 4.3 (2.9-7.5) 3.5(2.0-5.8) 24.6 25.6 (-20.5 t0 98.3) .33
IL-8, pg/mL 10.5 (5.2-15.3) 6.4 (4.2-12.1) 37.1 35.8 (-13.7 to 113.6) 19
IL-10, pg/mL 8.9 (5.7-16.2) 8.3 (4.9-13.4) 27.9 19.4 (-36.2 to 123.7) .58
IFN-y, pg/mL 5.0 (2.0-8.7) 2.3 (1.3-5.1) 49.1 —2.4 (-45.6 to 75.1) .94
TNF-o, pg/mL 21.9 (16.3-27.9) 14.8 (11.1-21.5) 32.7 41.6 (6.7-88.0) .02
HA, ng/mL 79.2 (562.1-158) 49.9 (49.9-125) 12.9 11.6 (-23.3 to 62.3) .57
CXCL10, mg/L 0.6 (0.4-1.0) 0.6 (0.3-1.5) 4.6 -13.7 (-45.6 t0 36.9) .63
sCD14, x108 pg/mL 2.9 (2.5-3.2) 2.4 (1.9-3.0) 36.6 31.7 (0.6-72.5) .05

Month 1
D-dimer, mg/L 1.4 (1.0-2.3) 0.9 (0.5-1.6) 116.0 122.1 (38.4-256.7) .002
CRP, mg/L 39.6 (9.1-109) 6.3 (1.9-17.5) 364.3 280.0 (70.4-747.7) .002
IL-6, pg/mL 7.8 (3.1-16.5) 3.4 (2.2-5.7) 136.5 175.7 (49.6-408.3) .002
IL-8, pg/mL 10.4 (5.2-21.9) 7.2 (3.7-11.5) 74.3 59.0 (-3.56 t0 161.9) .07
IL-10, pg/mL 7.9 (6.1-20.5) 6.2 (4.6-9.6) 23.4 15.7 (-28.7 to 87.5) .56
IFN-y, pg/mL 4.5 (2.5-19.6) 1.7 (1.3-3.4) 174.2 145.4 (22.2-392.9) .01
TNF-0, pg/mL 22.7 (16.9-37.9) 13.1 (9.5-21.9) 77.2 29.3 (-8.6 to 83.1) A%
HA, ng/mL 49.9 (49.9-79.5) 49.9 (49.9-61.8) -4.7 -4.8 (-26.5 to 23.3) 71
CXCL10, mg/L 0.5 (0.3-1.6) 0.2 (0.2-0.6) 90.6 133.8 (33.1-310.4) .005
sCD14, x10° pg/mL 2.9(2.4-3.2) 2.6 (2.0-2.9) 22.8 27.0 (-63 to 72.0) 13

NOTE. Data are median (IQR) unless otherwise specified. Cl, confidence interval; CRP, C-reactive protein; HA, hyaluronic acid; IFN-y, interferon-y; IL-6,
interleukin 6; I1L-8, interleukin 8; IL-10, interleukin 10; IQR, interquartile range; OR, odds ratio; TNF-o, tumor necrosis factor o.

@ Adjusted for baseline CD4 T-cell count, human immunodeficiency virus RNA level, triglyceride levels, and prior AIDS events. The models for month 1 are also

adjusted for the baseline biomarker level.

and each of these is known to stimulate hyaluronic acid pro-
duction [29, 30].

In our study, we also considered the subgroup of case patients
identified as experiencing possible IRIS by means of retrospec-
tive record review. The pathogenesis of IRIS remains unclear,
with some data pointing to the possibility of exuberant Thl
responses [31, 32]. Regardless of the underlying pathogen, it is
thought that unmasking IRIS happens in the context of sub-
clinical occult infections or neoplasms. It is thus plausible that
patients with biomarker abnormalities could be targeted for
further screening evaluation to investigate for subclinical dis-
ease. This concept is supported in other reversible immuno-
suppressant conditions, such as severe malnutrition, where
CRP is useful for predicting the unmasking of subclinical in-
fections during refeeding [33]. Our data support a Th1-bias and
proinflammatory component being associated with IRIS with
higher levels of IFN-v, IL-6, and downstream Th1 inflammatory
chemokines, such as CXCL10, which has been reported as
elevated in tuberculosis-IRIS, cryptococcal IRIS, and hepatitis
B IRIS events [34-36]. In addition, pre-ART TNF-o levels
were higher in those who developed IRIS. This is in agreement
with a recent study showing that soluble TNF receptor 1 was

higher in ART-naive patients who went on to develop AIDS
events soon after ART initiation [26] and with an older
study that described high serum TNFo and CRP levels in HIV-
infected patients with pulmonary mycobacterial infection [37].
With the exception of TNF-q, the distinction of IRIS pre-
dilection became more evident at 1 month of ART when
many of the inflammatory indices started decreasing in patients
with uneventful immune recovery while remaining elevated or
increasing in patients with impending IRIS events. It also ap-
pears that the level of CRP at 1 month may be a useful clinical
marker for upcoming IRIS events, since only 2 possible IRIS
case patients out of the 28 had levels below the sampled pop-
ulation’s median of 2.1 mg/L. The elevated 1-month in-
flammatory biomarker levels could be a consequence of an
event pathogenesis already in development but still represent an
early indicator preceding the clinical event. Whereas the AIDS
events and deaths were prospectively identified, the retrospec-
tive evaluation of IRIS limited our ability to recognize all
cases of, particularly, paradoxical IRIS events, which typically
lack microbiologic confirmation. Thus, the cases identified
represent severe manifestations associated with AIDS events and
could only be classified as possible IRIS cases. This limitation,
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however, may have enhanced the specificity of our findings.
Because this was a case-control study, determining specific cut
points for risk was not feasible to determine the diagnostic
performance (eg, sensitivity and positive predictive value) in the
overall cohort; this should be explored in future studies.

In summary, our data show that pre-ART plasma levels of
CRP, IL-6, D-dimer, and hyaluronic acid may be useful in risk
stratification of patients who are about to initiate ART. The
presence of elevated levels of these biomarkers at baseline, as well
as persistently high or increasing levels after 1 month of ART,
could assist in selecting patients who could benefit from closer
monitoring or additional workup to unveil occult infections.
In addition, these biomarkers support a central role for in-
flammation, coagulation pathways, and tissue fibrosis in HIV
pathogenesis.
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Supplementary data are available online at http://jid.oxfordjournals.org.
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