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Abstract

Background—Among patients with HIV-infection, changes in the kidney filtration marker
cystatin C after initiation of antiretroviral therapy (ART) may be related to changes in body
composition or biomarkers of inflammation.

Methods—ACTG A5224s was a substudy of A5202 which randomly assigned ART-naive HIV-
infected subjects to blinded abacavir/lamivudine (ABC/3TC) or tenofovir/emtricitabine (TDF/
FTC) with open-label efavirenz (EFV) or atazanavir/ritonavir (ATV/r). This analysis explored
changes in cystatin C from 0 to 96 weeks.

Results—Of the 269 subjects, 85% were male and 66% White non-Hispanics; baseline mean
CD4 count was 236 cells/mm? and cystatin C was 0.89 mg/L. Cystatin C decreased significantly
within each arm; however, ATV/r attenuated the beneficial effects of ART on cystatin C compared
to EFV. Compared to ABC/3TC, TDF/FTC led to a marginally significant attenuation for percent
change analyses only. Higher baseline BMI and HIV RNA were associated with larger reductions
in cystatin C in multivariable models. At baseline, cystatin C was positively correlated with high
sensitivity C-reactive protein (Spearman r=0.25), interleukin-6 (r=0.34), soluble intercellular
adhesion molecule (r=0.36), soluble vascular cell adhesion molecule (r=0.54), tumor necrosis
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factor-a (r=0.57), and soluble TNF-a receptor-1 (r=0.70, all p<0.001). Reductions in cystatin C
from 0 to 96 weeks correlated with reductions in all inflammatory biomarkers (r=0.39 to 0.58,
p<0.001) except for hs-CRP (r=0.01, p=0.89) and IL-6 (r=0.08, p=0.24).

Conclusions—The beneficial effect of ART on cystatin C concentrations is attenuated by
boosted ATV when compared to EFV. Reductions in cystatin C after ART are associated with
reductions in systemic inflammation.
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Introduction

The cysteine protease inhibitor cystatin C has been extensively studied as a marker of
glomerular filtration rate (GFR). In the general population, Chronic Kidney Disease
Epidemiology Collaboration (CKD-EPI) estimates of glomerular filtration rate based on the
combination of creatinine and cystatin C (eGFR.cys) are more accurate than estimates
based on either marker alone (eGFRcys or eGFR¢)!. These equations account for the effects
of age, sex, and race on cystatin C and creatinine levels.

Interestingly, cystatin C and eGFRys have been more strongly associated with mortality—
particularly cardiovascular mortality—when compared to creatinine, eGFR;, or the
combined eGFRcr_cy52‘5. The reasons for this potent association are unclear, but may be due
to residual non-GFR determinants of creatinine (e.g. diet and muscle mass) that weaken
creatinine’s association with mortality or to non-GFR determinants of cystatin C (e.g.
inflammation and obesity’~9) that strengthen cystatin C’s association.

In subjects with chronic HIV infection, plasma cystatin C concentrations are elevated
compared to uninfected controls'911 and related to HIV viremial2, HCV co-infection?,
generalized inflammation10:13 and traditional markers of cardiovascular risk1912, In contrast
to the general population, however, cystatin C based estimates of GFR were not more
accurate than eGFR, in studies that have compared the CKD-EPI equations to measured
GFR among subjects on antiretroviral therapy (ART)4-16, Yet, cystatin C is still a powerful
predictor of cardiovascular events and mortality in multiple HIV-infected cohortsl’-19,
There is evidence that this may be related to non-GFR determinants such as inflammation18,
though it remains controversial20.

We have previously shown that initiation of ART regimens containing ritonavir-boosted
atazanavir (ATV/r) or tenofovir disoproxil fumarate/emtricitabine (TDF/FTC) led to
sustained declines in eGFR¢, over 96 weeks when compared to efavirenz (EFV) or abacavir/
lamivudine (ABC/3TC), respectively. Furthermore, there was a significant treatment
interaction, such that TDF/FTC use led to significant declines compared to ABC/3TC within
the ATV/r arm but not the EFV arm?L. Curiously, ATV/r and TDF/FTC were associated
with improvements in renal function as estimated by cystatin C equations (eGFRgys).
Whether these divergent effects on kidney markers are related to rapid reductions in HIV-
viremia and inflammation is unknown.
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In this study, we therefore aimed to examine the 96 week effect of ART initiation on plasma
cystatin C concentration alone (without transformation to eGFRys) and to explore whether
these changes in cystatin C are related to body composition or biomarkers of inflammation.

Study Design

Biomarkers

A5224s was a metabolic substudy of the AIDS Clinical Trials Group A5202 trial of ART
initiation in treatment naive subjects. Subjects older than 16 years with HIV RNA >1000
copies/ml were randomized to blinded co-formulations of TDF/FTC versus ABC/3TC, along
with open-label EFV versus ATV/r. Enrollment exclusion criteria included screening
creatinine clearance <60 ml/min (by Cockcroft-Gault), untreated hypogonadism or thyroid
disease, Cushing syndrome, diabetes mellitus, and the use of growth hormone, anabolic
steroids, or glucocorticoids. The study was approved by all local institutional review boards
at participating ACTG sites and written informed consent was obtained from each
participant.

Fasting plasma samples from week 0, 24, and 96 were stored at —80°C without thawing
prior to all biomarker measurements. Cystatin C concentration was measured centrally by
Quest Diagnostics (Madison, NJ, USA) on a Siemens (Munich, Germany) BNII
Nephelometer using the N Latex immunonephelometric assay. High-sensitivity C-reactive
protein (hs-CRP), interleukin-6 (IL-6), tumor necrosis factor-a (TNF-a), soluble TNF-a
receptors (STNF-RI and sTNF-RII), soluble vascular cellular adhesion molecule (sVCAM-1)
and soluble intercellular adhesion molecule (SICAM-1) were measured at Johns Hopkins
Bayview Advanced Chemistry Laboratory (Baltimore, MD, USA). Hs-CRP was measured
using a highly sensitive ELISA (ALPCO Diagnostics; Windham, NH, USA) and other
markers were measured using enzyme-immunosorbent assays (R&D Systems; Minneapolis,
MN, USA). Intra- and inter-assay coefficients of variation ranged from 1.3—7.6% and 1.83
—8.95%, respectively.

Body Composition

Body mass index was calculated from baseline height and from weight obtained at each
study visit. Whole body dual-energy X-ray absorptiometry (DEXA) was performed at
baseline and the 96 week visit at each local site using a standardized protocol and a Hologic
or Lunar scanner. Lean and adipose tissue mass were measured in the anteroposterior view.
All scans were read centrally at Tufts University by personnel blinded to subject
characteristics.

Statistical Analysis

The current study was a pre-specified secondary analysis to compare changes from baseline
to week 96 in cystatin C between pooled, randomized NRTI components (ABC/3TC versus
TDF/FTC) and NNRTI/PI components (ATV/r versus EFV). All analyses were initially
performed using the intent-to-treat principle based on randomized treatment assignment in
which all available data were included and modifications to randomized treatment were
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ignored; no imputations were made for missing values. Supplemental as-treated analyses
were performed in which values were excluded after a change in the randomized NRTI
component (when comparing NRTI components) or NNRTI/PI component (when
comparing NNRTI/PI components).

The unadjusted effects of the NRTI component and the NNRTI/PI component on changes
were evaluated separately using two-sample t-tests. Linear regression was used to test for
pre-specified interactions between NRTI and NNRTI/PI components and to evaluate
potential interactions between treatment components and baseline characteristics.
Correlations of cystatin C with biomarkers of inflammation and endothelial activation were
evaluated using Spearman’s rank correlation test. P-values below 0.05 (<0.10 for assessing
interactions) were considered statistically significant. Analyses that explored associations
with baseline factors used linear regression. Univariate associations with a p-value <0.20
were included in a multivariable model which utilized backwards selection and only factors
with a p-value <0.05 were retained; NRTI component and NNRTI/PI component were
retained regardless of p-value. Analyses were performed using SAS, version 9.2 (SAS
Institute).

Overall, 269 eligible subjects were randomized to one of the four regimens in A5224s.
These subjects were used for all baseline analyses. Their characteristics are displayed in
Table 1 and were balanced by study group assignment. Mean (standard deviation, SD) age
was 38 (10) years; 85% were male and 47% were White non-Hispanics. Mean (SD) CD4+
T-cell count was 236 (165) cells/mm3.

Two hundred and ten subjects (78%) had cystatin C concentrations measured at both 0 and
96 weeks. Reasons for early discontinuation have been described previously22, These 210
subjects who were used for longitudinal analyses were more commonly of white non-
Hispanic race (50% vs. 34%, p=0.022), less commonly infected with hepatitis C (6% vs.
17%, p=0.025), and had higher baseline CD4+ T-cell count (mean 247 vs. 199 cells/mm3,
p=0.049) compared to the 59 subjects who did not have week 0 and 96 cystatin C
measurements. By week 96, 184 (88%) of the 210 subjects had achieved viral suppression
(HIV RNA <50 copies/ml) with no differences in the probability of virologic suppression
between the NRTI components or between the NNRTI/PI components.

ART treatment effects on plasma cystatin C

Baseline mean (SD) plasma cystatin C concentration was 0.89 (0.17) mg/L. Concentrations
declined rapidly with ART initiation and were sustained through week 96 (Figure 1).
Overall, mean 0 to 96 week absolute and percentage decreases were 0.12 (0.14) mg/dL and
12.1 (14.4) %, respectively. There were no statistically significant interactions between the
NRTI and NNRTI/PI components (p>0.4 for both absolute and percentage change).
Compared to EFV, ATV/r assignment led to a significant attenuation of the beneficial
effects of ART on cystatin C. Compared to ABC/3TC, TDF/FTC assignment led to a
marginally significant attenuation for percent change analyses only. The intention-to-treat
analyses are displayed in Figure 1. As treated analysis results were similar (data not shown).
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Association of HIV viremia and body composition with cystatin C

In a model to assess the independent associations of baseline factors with cystatin C changes
(Table 2), higher baseline HIV RNA was independently associated with a larger percent
decrease in cystatin C. In general, higher baseline BMI was associated with larger cystatin C
declines in the adjusted model; however, there was a significant ABC/3TC * BMI
interaction, such that higher BMI was associated with smaller declines in cystatin C among
ABC/3TC subjects. There is evidence that the NRTI effect differs by BMI, with larger
differences between the arms in the lower BMI (<25 kg/m2) group (Table 3). Additional
interactions assessed included ABC/3TC * baseline weight and ABC/3TC * screening HIV
RNA, but these were not statistically significant. A model of absolute changes in cystatin C
yielded similar results (data not shown).

Baseline HIVV RNA was positively correlated with baseline cystatin C (r=0.30, p <0.001);
however, differences in cystatin C changes between those who achieved week 96 viral
suppression (HIV RNA <50 copies/ml; n=184) and those who did not (n=26) were not
statistically different (p=0.19 for absolute change and p=0.17 for percent change). Baseline
and changes in BMI and DEXA-derived measures of body composition (limb fat, trunk fat,
and lean body mass) did not correlate with baseline or changes in cystatin C, respectively
(all p >0.3).

Cystatin C and Inflammation

At baseline, cystatin C concentrations consistently showed a positive relationship with
biomarkers of inflammation and endothelial activation (Figure 2, all p <0.001), with hs-CRP
having the weakest correlation (Spearman’s r=0.25) and sTNF-RI the strongest (r=0.70).
Additionally, changes in cystatin C from 0 to 96 weeks positively correlated with changes in
inflammatory biomarkers, except for hs-CRP and IL-6. Correlation plots for three
biomarkers representing different pathways of inflammation and endothelial activation
(IL-6, sSTNF-RI, and sVCAM-1) are displayed in Figure 2 along with a table of baseline,
week 96, and change correlations with all biomarkers.

Discussion

In this study of HIV-infected subjects naive to ART, initiation of therapy was associated
with rapid and sustained declines in plasma cystatin C levels over 96 weeks with an
estimated mean decline of 12%. Importantly, plasma cystatin C even declined with the use
of drugs with known renal toxicities (ATV/r and TDF/FTC), though the effect was
attenuated by ATV/r compared to EFV-containing regimens. We have also shown, for the
first time in a randomized trial of ART initiation, that reductions in cystatin C correlate with
reductions in multiple biomarkers of inflammation and endothelial activation, suggesting
that inflammation may be an important non-GFR determinant of cystatin C levels in this
population.

Our study was prompted by a prior analysis of A5224s, in which eGFR, declined in all 4
treatment arms over 96 weeks despite improvements in eGFRys. These divergent findings
were most prominent in the ATV/r +TDF/FTC arm [mean change in eGFR¢, vs. eGFRys,
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-1.1vs. +12.7 mL/min/1.732 for EFV + TDF/FTC, -0.2 vs. +18.0 for EFV + ABC/3TC,
-12.8 vs. +8.9 for ATV/r + TDF/FTC, and —4.3 vs. +10.7 for ATV/r + ABC/3TC]%L. These
findings were surprising in light of multiple studies that have previously described the
modest renal risks of ATV/r and TDF/FTC, especially when used in combination?3-26, The
mechanism of the ATV/r + TDF/FTC interaction has been attributed to increased tenofovir
plasma concentrations with boosted and unboosted protease inhibitors?’, as eGFR¢, decline
is associated with higher trough concentrations of TDF28. Early changes in eGFR., may be
attributed to TDF inhibition of tubular creatinine excretion29, but long-term declines and
risk of chronic kidney disease (CKD)39 may be due to true toxicity.

If cystatin C concentrations are influenced by inflammation, then differential effects of ART
regimens on cystatin C levels may also be influenced by differential effects on inflammation
and immune activation. Indeed, data have emerged to suggest that there may be some
differential effect of ART on inflammation and immune activation. For example,we recently
found that initiation of ART with the intergarse inhibitor elvitegravir led to greater decreases
in markers of immune activation and inflammation when compared to initiation of EF\/3L,

In ACTG 5260s, treatment with ATV/r led to greater declines in hsCRP and
proinflammatory monocytes when compared to treatment with darunavir/ritonavir32.
Importantly, in our prior study of A5224s, ATV/r was associated with greater reductions in
inflammation markers compared to EFV33, In that study, endothelial activation and TNF-a
receptors decreased uniformly across all groups, but TDF/FTC and ATV/r were associated
with greater reductions in hs-CRP and IL-6 compared to ABC/3TC and EFV, respectively.
Thus, the discordant effects of ART on inflammation versus GFR may explain why
observed differences between ART regimens were more pronounced for creatinine than for
cystatin C2L. Because immune activation markers such as soluble CD163 or sCD14 were not
measured in A5224s, we cannot exclude that our findings may be partially explained by
differential effects on immune activation.

In the context of these prior studies, a reasonable explanation of our findings is that
reductions in plasma cystatin C after ART result from both reductions in generalized
inflammation and from early improvements in GFR related to the effect of HIV viral
suppression on glomerular function34, but that antiretroviral drugs with renal toxicity or
adverse effects on inflammation markers may attenuate this benefit.

In the general population, CKD is characterized by elevated systemic inflammation3® which
is associated with higher risk of cardiovascular and all-cause mortality36. To what degree
inflammation is a cause or consequence of kidney disease is, however, unclear. The fact that
certain biomarkers of inflammation (e.g. STNF-a and its soluble receptors) are primarily
cleared by the kidney3” while others (e.g. CRP) are cleared by the liver38 is evidence that it
may partly be a consequence of impaired filtration and explains the stronger correlations of
cystatin C and TNF-a receptors in our study and others. In the Multi-Ethnic Study of
Atherosclerosis (MESA), for example, the correlation between cystatin C and STNF-RI was
stronger in subjects with CKD versus those without CKD3%. Additionally, correlations of
inflammatory markers were consistently stronger with cystatin C than with creatinine in
both patient subgroups. In MESA, 1L-6 was independently predictive of rapid GFR decline
(by both cystatin C and creatinine-based measures) and incident eGFR <60 mL/min/
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1.73m?239, In a study of subjects with Type | diabetes, STNF-a receptors predicted GFR
loss#0. These findings suggest that inflammation may indeed cause renal decline.

Given the plausible bidirectional links between inflammation and glomerular function, the
question of whether cystatin C is related to inflammation independent of GFR is
understandably complex and controversial. In a pooled cross-sectional analysis of subjects
with CKD, cystatin C was associated with hs-CRP independent of measured GFRS. This
was confirmed in a recent study that also included subjects without CKD?. Since chronic
HIV-infection is characterized by high levels of systemic inflammation, it is not surprising
then that cystatin C levels would be elevated compared to control subjects0 or that eGFRcys
would not be more accurate than eGFR., compared to measured GFR14.16, Inker et al.14
found that eGFR.ys was more biased and less accurate than eGFR¢, when measured GFR
was <60 ml/min/1.73m2, suggesting that non-GFR determinants of cystatin C are more
important in this subgroup. On the other hand, findings were similar when divided into
subgroups of CRP < or = 4.8mg/dL. Bhasin et al.16 did not find any differences by measured
GFR strata (< or = 90 ml/min/1.73m2), but did note that eGFRcys wWas significantly less
accurate in HIV-infected subjects with > median CD4+ and CD8+ T-cell activation.
Unfortunately, these studies®2:14.16 did not measure inflammatory markers that tend to be
more strongly correlated with cystatin C in cross-sectional studies, such as TNF-a receptors
like in our study and in MESA3®,

Ours is the second study to provide longitudinal evidence that changes in inflammation are
correlated with changes in cystatin C among HIV-infected participants. In the Strategies for
Management of Antiretroviral Therapy (SMART) triall3, short-term changes in hs-CRP and
IL-6 were modestly correlated with changes in cystatin C in the overall study cohort;
however, there are important differences between A5224s and SMART. Since SMART was
a trial of treatment interruption versus treatment continuation and since most subjects
(~75%) were on ART at baseline, changes in viremia and inflammation were quantitatively
less than in A5224s, where HIV RNA was not suppressed in the untreated subjects at
baseline and declined rapidly after ART initiation. Secondly, ART regimens were
randomized and limited to only four in A5224s, allowing more controlled analysis of the
effect of specific drugs on renal function and inflammation.

We also explored the relationship between body composition and cystatin C in this study. As
reported previously, both limb fat and visceral abdominal fat increased in all arms of
A5224s over 96 weeks, without statistically significant differences between groups?2. These
increases in adipose tissue were accompanied by adverse effects on glucose metabolism*1.
In this current study, higher baseline BMI—Dbut not lean mass, trunk fat, or peripheral fat—
was independently associated with reductions in cystatin C, but a significant interaction
suggested the opposite relationship for subjects taking ABC/3TC. Fat mass has been
proposed as another non-GFR determinant of cystatin C89. Others have shown that
increased cathepsin s (a cysteine protease) activity during preadipocyte differentiation is
accompanied by an increased release of its endogenous inhibitor—cystatin C#2. Obesity is a
growing problem in subjects with HIV infection, particularly among racial and ethnic
minorities*3; however, the relationship between BMI and adiposity is confounded by
lipodystrophy** and adipose tissue dysfunction®. These relationships of body composition
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and cystatin C changes should be explored in future studies of physical activity and weight
reduction in this population.

Cystatin C based estimates of GFR are strong predictors of cardiovascular events and
mortality among subjects with HIV infection1’-19, In light of these studies, our findings
support the net benefit of antiretroviral therapy to reduce cardiovascular mortality in this
population. In the Study of Fat Redistribution and Metabolic Change in HIV Infection
(FRAM)Y, eGFRgys <60 ml/min/1.73m? was associated with over 2-fold higher mortality
after adjustment for demographics, traditional CVD risk factors, CD4+ count, and Pl
exposure. Further adjustment for CRP and fibrinogen attenuated the association, though it
remained significant; whereas eGFR, was associated with mortality in unadjusted and
demographic adjusted models only. In the Women’s Interagency HIV Study (WIHS)19,
eGFRcys 60-90 and <60 ml/min/1.73m?2 were associated with adjusted mortality risk in a
graded fashion, whereas eGFR, was associated with mortality only at <60 ml/min/1.73mZ.
In adjusted models that explored factors associated with the magnitude of difference
between eGFR¢ and eGFRys, current smoking, HDL, waist circumference, HIV RNA,
HCV infection, and current CD4 <200 cells/uL were all significantly associated. The authors
point out that these are all risk factors for kidney disease; however, it is important to note
that most are also important risk factors for cardiovascular disease and mortality
independent of kidney function. Causes of death were not known for either the FRAM or
WIHS cohorts. Cardiovascular events, however, were adjudicated in SMART, and were
associated with eGFRcys (but not eGFR, or eGFRy.cys) even after adjustment for
inflammation and coagulation markers (hs-CRP, 1L-6, and D-dimer)18,

Our study has several limitations. Most importantly, we did not directly measure GFR and
cannot, therefore, determine if the associations of cystatin C changes with changes in
inflammation are related to true changes in GFR. Our study may have been underpowered to
detect a small but clinically significant NRTI effect (TDF/FTC versus ABC/3TC). These
findings may not extend to groups who would have been excluded from trial participation,
such as those with creatinine clearance <60 ml/min, diabetes, etc. Finally, only 78% of
subjects in our study had measures of cystatin C at both 0 to 96 weeks. Comparing these
subjects to those without week 0 and 96 data, there were differences of race, hepatitis C
status, and CD4+ T-cell count which may have affected the results.

In conclusion, initiation of ART is associated with rapid and sustained declines in plasma
cystatin C levels over 96 weeks in HIV-infected subjects naive to treatment, though this
beneficial effect on cystatin C is attenuated by use of ATV/r compared to EFV-containing
regimens. Reductions in cystatin C after ART may partially result from improved
glomerular filtration rate, but may also be due to decreased systemic inflammation. Future
studies should examine whether adjunctive treatment with anti-inflammatory agents such as
statins or low-dose methotrexate can further reduce cystatin C concentration, a surrogate
marker of cardiovascular events and mortality in this population.
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Figure 1. Mean (95% CI) change in plasma cystatin C concentration from 0-96 weeks by
treatment group [(A) percentage change from baseline and (B) absolute cystatin C

concentrations]

The intention-to-treat analysis is displayed below the graphs (p value for between-group

difference).
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Figure 2. Correlations of baseline, week 96, and 0-96 week changes in cystatin C with baseline,
week 96, and 0-96 week changes in biomarkers of inflammation

Three representative scatter plots of inflammatory cytokines [(A) interleukin-6 and (B)
soluble TNF-a receptor 11] and a biomarker of endothelial activation [(C) souble vascular
cellular adhesion molecule] are shown with a table of correlation coefficients. IL-6,
interleukin-6; hs-CRP, high sensitivity C-reactive protein; TNF-a, tumor necrosis factor-a;
STNF-RI and sTNF-RII, soluble TNF-a receptors | & 1l; sSVCAM-1, souble vascular cellular
adhesion molecule; sSICAM-1, soluble intercellular adhesion molecule.
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