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Introduction

Tenofovir disoproxil fumarate (TDF) is one of the most
widely used nucleotide reverse transcriptase inhibitors
(NRTTIs) for the treatment of HIV-1 infection in both
resource-rich and resource-limited settings [1,2], and
also for the treatment of hepatitis B infection [3,4].
Furthermore, TDE at a fixed dose with emtricitabine, has
been approved in the United States for the prevention of
sexual transmission of HIV-1 in uninfected adults as
preexposure prophylaxis [5,6].

TDF is known to cause renal proximal tubular
dysfunction [7—10] and also reduces estimated glomerular
filtration rate (eGFR) more than other NRTIs [11-13].
To date, the extent of TDF-induced renal dysfunction is
regarded as mild and tolerable [14,15], and one meta-
analysis recommended that TDF use should not be
restricted even when regular monitoring of renal
function and serum phosphate levels is impractical [16].
Furthermore, although evidence is limited, most of the
TDF-induced loss in renal function is considered to occur
during the first year of exposure [12,15].

However, a large proportion of studies that investigated
TDF nephrotoxicity were based on an analysis of a
relatively short observation period, typically a few years,
and little information is available on the effect of long-
term TDF use on the prognosis of renal function. This is
important as HIV-1 infection requires lifelong antire-
troviral therapy (ART). In this regard, although small
body weight is a well established risk factor for TDF
nephrotoxicity [16,17], the TDF-related renal dysfunc-
tion has hardly been evaluated in patients with small body
weight, who are potentially at higher risk for larger drug
exposure and, thus, more severe toxicity [17-20].

Based on the above background, the current study was
designed to investigate the effects of long-term TDF use
on renal function in HIV-1-infected patients with low
body weight, using 10 years data from our observational
cohort study.

Methods

Study design and patients

We performed a single-center cohort study of HIV-1-
infected patients using the medical records at AIDS
Clinical Center, National Center for Global Health and
Medicine, Tokyo. The effect of long-term TDF use on
renal function was investigated on treatment-naive
patients who started TDF-containing ART, and those
who started abacavir (ABC)-containing ART as the
control. ABC was chosen as the control because this
NRTT is not known to be nephrotoxic and is not renally
eliminated [21] and because the Japanese guidelines for

the treatment of HIV-1 infection placed both TDF and
ABC as the preferred NRTIs throughout the observa-
tional period {22]. The inclusion criteria were treatment-
naivety, Japanese, age older than 17 years, and treatment
with either the recommended 300 mg/day dose of TDF
or 600mg/day dose of ABC-containing standard ART
(consisting of one nonnucleoside reverse transcriptase
inhibitor (NNRTT), protease inhibitor (PI) or integrase
strand transfer inhibitor INSTT), and two NRTTs) at our
clinic between 1 January 2004 and 31 December 2011.
Furthermore, the following exclusion criteria were
applied: start of ART at other facilities, baseline eGFR.
of lower than 60 ml/min per 1.73 m?, discontinuation of
TDF or ABC within 90 days after initiation of ART, or
start of ART with both TDF and ABC. Of the 1334
patients who started ART at our clinic during the study
period, 792 patients fulfilled these criteria and constituted
the study patients (see Figure, Supplemental Digital
Content 1, http://links.lww.com/QAD/A537, which
shows patient enrollment process). The study patients
were followed up until 31 December 2013. Censoring
occurred at discontinuation of TDF or ABC, referral to
other hospitals, loss to follow-up, death, or end of the
observation period. The inclusion of Japanese patients
only served to examine a population with relatively small
body stature, compared with whites and African
Americans [17]. The selection of TDF or ABC at
baseline was left to the discretion of the attending
physician, because both drugs were the preferred NRTIs
during the study period in the Japanese guidelines [22].
The attending physician also selected the key drug
(NNRTT, PI, or INSTT). In Japan, TDF became available
from April 2004 and ABC from September 1999.

The study was approved by the human research ethics
committee of National Center for Global Health and
Medicine. All patients included in this study provided
written informed consent for their clinical and laboratory
data to be used and published for research purposes.
The study was conducted according to the principles
expressed in the Declaration of Helsinki.

Measurements

eGFR. was calculated using the Japanese equation based
on standardized serum creatinine, sex, and age, which was
developed by the Japanese Society of Naphrology (JSN):
eGFR =194 X [serum creatinine] %% x [age] %7 x
[0.739 if woman)] [23]. This equation was used because
the Japanese equation performs better than The Chronic
Kidney Disease Epidemiology Collaboration (CKD-EPI)
equation [24] for patients with small body stature, such as
Japanese, especially in individuals with GFR. lower than
60 ml/min per 1.73 m? [25]. The 2013 practice guidelines
for patients with CKD published by JSN also recommend
the use of this equation for the Japanese, rather than
CKD-EPI, which was derived mostly from whites and
African Americans [25,26].
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The baseline eGFR was estimated for each patient from
age, sex, and serum creatinine measurements made closest
to and preceding the commencement of ART by no
more than 90 days. Patients visited our clinic at least every
3 months for monitoring CD4 ™" cell count, HIV-1 viral
load, and eGFR as the prescription period under the
Japanese healthcare system is limited to 3 months. Thus,
for calculation of follow-up eGFR. value, we collected
serum creatinine values measured closest to every 90 day
within a range of 45 days from initiation of ART.

The potential risk factors for remal dysfunction were
determined according to previous studies and collected
together with the basic demographics from the medical
records [16,19,27,28]. They included age, sex, body
weight, BMI={body weight (kg)/[(height (m)]*},
history of AIDS, route of HIV-1 transmission, baseline
laboratory data (CD4+ cell count, HIV viral load, and
serum creatinine), and presence or absence of other
medical conditions (concurrent use of ritonavir-boosted
PIs (Pl/r), concurrent nephrotoxic drugs such as
ganciclovir and sulfamethoxazole/trimethoprim, diabetes
mellitus defined by using antidiabetic agents or fasting
plasma glucose higher than 126 mg/dl or plasma glucose
higher than 200 mg/dl on two different days, hyperten-
sion defined by current treatment with antihypertensive
agents or two successive measurements of SBP higher
than 140 mmHg or DBP higher than 90 mmHg at the
clinic, dyslipidemia defined by current treatment with
lipid-lowering agents, coinfection with hepatitis B
defined by positive hepatitis B surface antigen, coinfec-
tion with hepatitis C defined by positive HCV viral load,
and current smoking). At our clinic, body weight and
blood pressure were measured on every visit, whereas
other variables were measured in the first visit and at least
once annually. We used the data on or closest to and
preceding the day of starting ART by no more than
180 days.

Statistical analysis

The primary exposure variable was TDF use over the
control (ABC) as part of the initial ART. Three renal
endpoints were applied in this study; we primarily
focused on decrement in eGFR of higher than 10 ml/min
per 1.73m” relative to the baseline [29], because this
endpoint is considered appropriate for patients with well
maintained renal function, such as the study population;
more than 25% decrement in eGFR relative to the
baseline [17,18]; and two consecutive measurements of
eGFR lower than 60 ml/min per 1.73 m? at least 90 days
apart [30]. Changes in eGFR were plotted from the
baseline measurement until occurrence of each of the
three renal endpoints, and the logistic regression model
was used to estimate the effect of TDF use over control on
the occurrence of these renal endpoints. The model was
adjusted for baseline eGFR, baseline body weight,
nephrotoxic drug use, PI/r use, CD4" cell count,
hypertension, dyslipidemia, and diabetes mellitus, which

are established risk factors for TDF nephrotoxicity
[13,16,27,28]. Baseline age was not added to the model
to avoid over adjustment because the equation for eGFR
calculation already includes age, and the baseline age was
not associated with TDF use, indicating that age is not a
confounding factor for the association between TDF use
and eGFR. Furthermore, older age at baseline was shown
to be a predictive variable for lower baseline eGFR_ (linear
regression, P<0.0001). In this case, adding predictive
covariates to the logistic regression model will have
detrimental effects on precision [31].

To investigate the effect of body weight on TDF-related
nephrotoxicity, we did subgroup analysis for baseline
weight categories: at least 70kg and lower than 70kg.
Then, the multivariate logistic analysis for the renal
endpoint of the occurrence of higher than 10ml/min per
1.73m> decrement in eGFR. was conducted for each
subgroup.

To further investigate the effect of TDF on renal function,
we estimated the decrement in eGFR in the TDF group
relative to the control group by calculating the difference
in eGFR loss between the TDF and control group from
baseline to 5 years after initiation of ART by 90 days
intervals with a linear mixed models for repeated
measures. We constructed the model with a random
effect for patients. This model also included fixed effects
for assigned treatment, baseline eGFR, baseline body
weight, nephrotoxic drug use, PI/r use, CD47 cell count,
hypertension, dyslipidemia, and diabetes mellitus. Inter-
action terms for time by treatment were included.

As additional analyses, the statistical analyses using eGFR
calculated with CKD-EPI equation adjusted with the
Japanese coefficient were also performed: eGFR =0.813
(a Japanese coefficient) X 141 X min(SCr/k, 1)* X
max(SCr/k, 1)7'%%° % 0.993%%° % 1.018 (if female),
where SCr is serum creatinine, k is 0.7 for women
and 0.9 for men, a is —0.329 for women and —0.411 for
men, min indicates the minimum of SCr/k or 1, and max
indicates the maximum of SCr/k or 1 [32].

Statistical significance was defined at two-sided P < 0.05.
We used odds ratios (ORs) with 95% confidence intervals
(95% Cls) as a measure of the effect of TDF use on renal
endpoints. All statistical analyses were performed with
SAS Software, version 9.3 (SAS Institute, Cary, North
Carolina, USA).

Results

Of the 792 study patients, 422 patients started TDEF-
containing ART (TDF group) whereas the remaining
370 patients formed the control group who started
ABC-containing ART (see Figure, Supplemental Digital
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Table 1. Baseline characteristics of patients who started tenofovir disoproxil fumarate-containing antiretroviral therapy and controls (abacavir-

containing antiretroviral therapy).

Study patients TDF Control (ABC)
(n=792) (n=422) (n=370) P
Sex (male), n (%) 769 (97) 412 (98) 357 (97) 0.40
Age? 36 (31-43) 36 (31-43) 36 (31-44) 0.23
Weight kgl)"’ 63 (57.8-70.4) 62.9 (57.2-69.8) 63.8 (58.0~71.4) 0.25
BMI (kg/m 22 (20.1--24.1) 21.9 (20.1-23.8) 22.2 (20.3-24.6) 0.23
eGFR (m!/mm per 1.73m Ox 95.7 (84-110) 96.5 (84.7-111.5) 95.4 (83.7-108.6) 0.32
Serum creatinine (mg/d})? 0.74 {0.66-0.82) 0.73 (0.66-0.82) 0.74 (0.67-0.83) 0.27
CD47 cell count (/pl)? 189 (78-266) 199 (85~281) 183 (73-241) 0.002
HIV RNA viral load (fog;¢/mb)* 4,76 (4.26~-5.23) 4.76 (4.26~5.23) 4.76 (4.27-5.26) 0.93
Ritonavir-boosted protease inhibitors, n (%) 673 (85) 368 (87) 305 (82) 0.073
Protease inhibitors (unboosted), n (%) 28 (4) 8 (2) 20 (5) 0.011
NNRTIs, n (%) 48 (6) 20 (5) 28 (8) 0.10
INSTis, n (%) 45 (6) 28 (7) 17 (5) 0.22
Hypertension, n (%) 118 (15) 41 (10) 77 21) 0.001
Dyslipidemia, n (%) 9 (1) 5(N 4 (1) 1.00
Diabetes mellitus, n (%) 29 (4) 9 (2) 20 (5) 0.021
Concurrent use of nephrotoxic drugs, n (%) 218 (28) 88 (21) 130 (35) <0.001
Hepatitis B, n (%) 62 (8) 57 (14) 5(1 <0.001
Hepatitis C, n (%) 37 (5) 20 (5) 17 (5) 1.00
History of AIDS, n (%) 183 (23) 89 (21) 94 (25) 0.15
Homosexual contact, n (%) 689 (87) 364 (86) 325 (88) 0.94
Current smoker, n (%) 369 (47) 193 (46) 176 (48) 0.57
ART duration (years)a 3.52 (2.29-5.18) 3.19 (2.20-4.67) 4.59 (2.48-5.18) <0.001

ABC, abacavir; ART, antiretroviral therapy; eGFR, estimated glomerular filtration rate; INSTI, integrase strand transfer inhibitor; IQR, interquartile
range; NNRTI, nonnucleoside reverse transcriptase inhibitor; TDF, tenofovir disoproxil fumarate.

2Median (interquartile range).

Content 1, http://links.Iww.com/QAD/A537, which
shows patient enrollment process). Table 1 shows the
characteristics of the study population at baseline. The
majority of the study population was men, comparatively
young, and had a small body stature [median weight,
63 kg (1nte1quartﬂe range [IQR] 57.8-70.4kg), medlan
BMI 22.0kg/m®> (IQR 20.1-24.1)]. There was no
difference in baseline eGFR between the two groups
(P=0.32). More than 80% of the patients of the two
groups used PI/r. Patients of the TDF group had higher
CD4™ cell count (P=0.002) and were less likely to have
hypertension (P=0.001), diabetes mellitus (P=10.021),
and on concurrent nephrotoxic drugs (P< 0.001), than
the control. The median duration of ART was longer in
the control group [median, 1675 days, interquartile range
(IQR), 904—1890 days] than in the TDF group [median,
1164 days, IQR, 802—-1705 days) (P < 0.001)]. The total
observation period was 1347.5 patient-years for the TDF
group and 1379.3 patient-years for the controls.

During the observation period, an eGFR dechne from
baseline of higher than 10 ml/min per 1.73 m> occurred
in 348 (82.5%) of the TDF group and 265 (71.6%) of the
control group (TDF use over control: adjusted OR 2.1,

95% CI 1.45-3.14, P<0.001) (Table 2)‘ Furthermore,
higher baseline eGFR, higher CD4" cell count also
increased the risk of higher than 10 ml/min per 1.73 m?
decrement in eGFR.

More than 25% decrement in eGFR. occurred in 172
(40.8%) patients of the TDF group and 97 (26.2%) of the

control (adjusted OR =2.1, 95% CI 1.50-2.90,
P <0.001) (Table 3), and two consecutive measurements
of eGFR lower than 60ml/min per 1.73m> were
encountered in 26 (6.2%) patients of the TDF group and
in 14 (3.8%) of the control (adjusted OR = 3.9, 95% CI
1.62-9.36, P=0.002) (Table 4).

Subgroup analysis by baseline body weight above and
below 70kg showed that among patients with body
weight at least 70kg, TDF use relative to the control
marginally 1nc1eased the risk of higher than 10ml/min
per 1.73m” decrement in eGFR (adjusted OR =17,
95% CI 0.83-3.29, P=0.15), whereas among patients
weighing lower than 70kg, the effect of TDF use was
more evident (adjusted OR =2.5, 95% CI 1.55-4.00,
P <0.001) than that among the entire study population
(see Table 1, Supplemental Digital Content 2, http://
links.Jww.com/QAD/A537, which shows effects of
initiating TDF-containing ART over control on higher
than 10ml/min per 1.73 m® decrement in eGFR
according to baseline body weight).

Figure 1 shows the results of the linear mixed models for
repeated measures up to 5 years. The adjusted cumulative
mean loss increased continuously over the years in both
the TDF and control groups: in TDF group, from
—11. Sml/rmnpel 1.73m” at 1 year of TDF to —23.7 ml/
min per 1.73 m” at 5 years of TDF exposure and in the
control, from —8.0ml/min per 1.73m” at 1 year to
—13.5ml/min per 1. 73m® at 5 year of ART exposure.
The adjusted cumulative mean loss in the TDF group
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Table 2. Effects of initiating tenofovir disoproxil fumarate-
contalnmg antiretroviral therapy over control on >10ml/min per
1.73m? decrement in estimated glomerular filtration rate:
multivariate logistic regression analysis.

Adjusted 95%
OR cl P
TDF use relative 2.1 1.45-3.14 <0.001
to the control
Baseline eGFR per 1.1 1.05-1.08 <0.001
1 ml/min per 1.73 m?
increment
Weight per 1kg increment 1.0 0.99-1.01 0.92
Use of nephrotoxic drugs 0.8 0.50-1.25 0.31
Use of ritonavir-boosted 1.3 0.78-2.16 0.32
protease inhibitors
CD4™ cell count per 1/pl 1.0 1.00-1.00 <0.001
increment
Hypertension 2.1 1.17-3.64 0.013
Dyslipidemia 1.0 0.21-4.60 0.98
Diabetes mellitus 1.9 0.63-5.86 0.25

ART, antiretroviral therapy; eGFR, estimated glomerular filtration
rate; OR, odds ratio; TDF, tenofovir disoproxil fumarate.

relative to the control contmuously increased over time:
at 1 year of exposure —3. 8 ml/min per 1.73m?, at 2 years
—3. 6ml/rn1n per 1.73m? at 3 years —5. 5ml/mm per
1.73m? at 4 years —6. 6ml/rmn per 1.73m? and at
5 years —10.3ml/min per 1.73m” (see Table 2,
Supplemental Digital Content 3, http://links.Iww.com/
QAD/A537, which shows adjusted loss in eGFR in the
TDF group relative to the control estimated with mixed
model for repeated measures). There was significant
interaction between time and TDF use (P<0.001),
suggesting that the adjusted mean loss in eGFR relative to
the control increased significantly over time.

Additional analyses of remal function calculated with
CKD-EPI equation also showed that TDF use doubled
the risk of higher than 10 ml/min per 1.73 m” decrement
(adjusted OR =2.1, 95% CI 1.57-2.86, P<0.001) and
more than 25% decrement (adjusted OR =1.8, 95% CI

Table 3. Effects of initiating tenofovir disoproxil fumarate-
containing antiretroviral therapy over control on >25% decrement
in estimated glomerular filtration rate relative to baseline:
multivariate logistic regression analysis.

Adjusted OR  95% ClI P
TDF use over control 2.1 1.50-2.90 <0.001
Baseline eGFR 1.0 1.03-1.04 <0.001

per 1 ml/min per 1.73m?

Weight per 1kg increment 1.0 0.98-1.01 0.37

Nephrotoxic drug use 0.7 0.47-1.03 0.073

Ritonavir-boosted 0.9 0.58-1.44 0.69
protease inhibitor use

CD4™ cell count 1.0 1.00-1.00 0.007
per 1/ul increment

Hypertension 1.5 0.96-2.49 0.074

Dyslipidemia 0.7 0.13-3.69 0.67

Diabetes mellitus 1.8 0.77-430  0.17

ART, antiretroviral therapy; Cl, confidence interval; eGFR, estimated
glomerular filtration rate; OR, odds ratio; TDF, tenofovir disoproxil
fumarate.

1.12-2.99, P=0.017). The effect of TDF use on the
renal endpoint of lower than 60 ml/min per 1.73 m? was
also marginally significant (adjusted OR =2.7, 95% CI
0.71-10.5, P=0.15). The adjusted cumulative mean loss
increased continuously in both the TDF and control
groups: in TDF group, from —6.3 ml/ min per 1.73m? at
1 year to 15.0ml/min per 1.73m” at 5 years of TDF
exposure, and in the control, from —4. lml/mm per
1.73m” at 1 year to —8.3 ml/min per 1.73 m” at 5 year of
ART exposure. The cumulative mean loss in the TDF
group relative to the control after 1, 2, 3, 4, and 5 years of
TDF exposure was —2.2, —2.3, —3.2, —4.4, and
—6.7ml/min per 1.73 m?, respectively, which indicated
that the loss in eGFR relative to control increased over
time (P < 0.001).

Discussion

In this 10 years observational cohort of treatment-naive
patients with low median body weight of 63 kg, initiation
of TDF-containing ART doubled the risk of higher than
10ml/min per 1.73m?> decrement or more than 25%
decrement in eGFR relative to baseline, compared with
the control patients who started ABC-containing ART,
and also increased four-fold the risk of deterioration of
eGFR to lower than 60 ml/min per 1.73 m”. The effect of
TDF on the decrement in eGFR was more evident in
patients with body weight of lower than 70 kg (TDF use
over control: adjusted OR =2.5, 95% CI 1.55-4.00,
P<0.001) compared with the entire study population
(adjusted OR =2.1, 95% CI 1.45-3.14, P<0.001),
whereas the effect of TDF on renal dysfunction was only
marginally significant among patients with body weight
of at least 70 kg (adjusted OR =1.7, 95% CI 0.83—-3.29,
P=0.15).

More importantly, eGFR. of the patients who started
TDEF-containing ART decreased continuously during the
5-year observation compared with the controls who
started ABC-containing ART. The adjusted mean loss
relatlve to the control increased from —3.8 ml/min per
1.73 rn at 1 year of TDF exposure to —5.5ml/min per
1.73m” at 3 years, and to —10.3ml/min per 1.73m" at
5 years of TDF exposure. This decrement in eGFR
associated with TDF use is alarming considering that the
aging-related decrement in normal renal function is only
0.4 ml/min per year [33]. The findings of the present
study warrant long-term monitoring of renal function in
HIV-1-infected patients with low body weight who start
TDF-containing ART.

The present study has three main strengths. First, to our
knowledge, this is the first study that elucidated the effect
of long-term TDF use on the prognosis of renal function
among HIV-1-infected patients with low body weight.
Low body weight has been identified as a risk for TDF

1907



1908

184

AIDS 2014, Vol 28 No 13

Table 4. Effects of initiating tenofovir disoproxil fumarate-
containing antiretroviral therapy over the control on estimated
glomerular filtration rate <60 ml/min per 1.73 m% multivariate
logistic regression analysis.

Adjusted OR 95% Cl P
TDF use over control 3.9 1.62-9.36 0.002
Baseline eGFR per 0.9 0.83-0.90  <0.001
1 ml/min per 1.73 m?
Weight per 1kg increment 1.0 0.93-1.00 0.069
Use of nephrotoxic drugs 0.6 0.22-1.52 0.27
Use of ritonavir-boosted 1.4 0.47-3.89 0.57
protease inhibitors
CD4* cell count per 1.0 1.00-1.00  0.94

1/pl increment
Hypertension
Dyslipidemia
Diabetes mellitus

0.73-5.13 0.18
0.23-18.7 0.52
0.85-16.2 0.083

W Do =
~N = QO

ART, antiretroviral therapy; ClI, confidence interval; eGFR, estimated
glomerular filtration rate; OR, odds ratio; TDF, tenofovir disoproxil
fumarate.

nephrotoxicity [16,17], and it is noteworthy that many
patients with HIV-1 infection are of small body stature.

Of 35.3 million estimated to be infected with HIV-1 at
the end of 2012, most were from sub-Saharan Africa (25
million) and south and south-east Asia (3.9 million) [34],
and studies from these regions report that HIV-1-infected
patients were of low body weight (mean weight of 57.6 kg
in treatment-naive patients in Zimbabwe and Uganda
[35], median 60 kg in west India [36], median 56.5kg in
Thailand [18], and mean 55kg in Vietnam [37]).
Considering that body weight of these patients are even
lower than that in the present study of 63 kg, the effect of
long-term TDF use on renal function might be more
severe among patients in these regions.

Second, the study enrolled only treatment-naive patients
and followed their renal function up to 5 years after
initiation of standard ART with one key drug and two
NRTIs (including either TDF or ABC as control). This
study design, together with its observational setting,
allowed examination of the effect of long-term TDF use
on the prognosis of renal function after the start of ART
under ‘real-world’ setting, making the results of the
present study more generalizable.
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Fig. 1. Adjusted mean change in estimated glomerular filtration rate from baseline to 5 years in treatment-naive patients treated
with tenofovir disoproxil fumarate-containing antiretroviral therapy (red line) and controls (patients treated with abacavir-
containing ART) (black line). Least-square means and their 95% confidence intervals were estimated by the linear mixed model.
The x-axis is labeled ‘Months’ to make the figure visually understandable; however, 30 days is labeled here as T month. Thus,
3 months equals to 90 days and so on. The model included five fixed effects (assigned treatment, baseline eGFR, baseline body
weight, nephrotoxic drug use and ritonavir-boosted protease use) in this figure. ABC, abacavir; ART, antiretroviral therapy; gGFR,
estimated glomerular filtration rate; TDF, tenofovir disoproxil fumarate.
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Third, the study employed the Japanese equation
developed by the JSN for the calculation of eGFR
[23,26]. Because commonly used methods, such as
MDRD and CKD-EPI equations, were validated mostly
in whites and African Americans, they are probably not
appropriate for people of other ethnicity or of different
body stature [23,38,39]. With regard to body stature,
CKD-EPI was derived from datasets of people with mean
weight of 79-82kg [24], whereas the Japanese equation
was derived from the set of people with mean weight of
60.4—61kg [23]. Accordingly, clinicians are usually
encouraged to validate their own equation or use MDRD
or CKD-EPI equation with ethnic coefficient [25,38]. In
the present study, using the Japanese equation for eGFR.
for Japanese patients probably yielded a better estimate of
the effect of long-term TDF use on renal function [25].
Furthermore, additional analyses with use of CKD-EPI
equation adjusted with the Japanese coefficient again
showed that TDF exposure increased the risk of renal
dysfunction and the loss in eGFR relative to the control
increased continuously up to 5 years.

Apart from the above strengths, the present study has
several limitations. First, because of its observational nature,
there is a potential for channeling bias by indication for
TDF use. Indeed, control patients were more likely to have
risks for renal dysfunction, such as diabetes mellitus,
hypertension, concurrent nephrotoxic drugs, and lower
CD4" cell count [16,27], than patients who started
TDF-containing ART. Thus, the incidence of TDF
nephrotoxicity might have been underestimated in the
present study. The median observation period of the
control group was longer than that of the TDF group, and
this might as well contribute to underestimation of TDF
nephrotoxicity. Second, a high percentage of our study
population used PI/r, which is considered a risk for TDF
nephrotoxicity [28]. Although it is difficult to completely
exclude the effect of concurrent PI/r, it should be noted
that PI/r use itself (even without concurrent TDF) has
been considered a risk for CKD [30,40], and the
percentage of PI/r use was similarly high in both the
TDF and control group, suggesting that PI/r affected renal
function of the control patients to some extent as well.
Furthermore, the use of P1/1s did not correlate with any of
the three renal outcomes in this study (Tables 2—4). Third,
all study participants were Japanese and we had a small
number of women. Further studies are needed to deter-
mine whether the findings of this study are also applicable
to women and patients of different racial background.

In conclusion, this long-term observational study of HIV-
1-infected patients with predominantly low body weight
demonstrated that initiation of TDF-containing ART
doubled the risk of higher than 10ml/min per 1.73 m*
decrement and more than 25% decrement in eGFR, and
also four-fold increased the risk of deterioration of eGFR
to lower than 60 ml/min per 1.73 m”, compared with the
controls who started ABC-containing ART. The loss in

eGFR in the TDF group relative to the control increased
continuously over time and reached —10ml/min per
1.73m” at 5 years of TDF exposure. The results of the
study certainly warrant regular and long-term monitoring
of renal function in patients with low body weight who
start TDF-containing ART. Further larger studies are
needed to confirm the long-term renal prognosis with
TDF use in patients with low body weight.
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Diagnostic Utility of Quantitative Plasma Cytomegalovirus
DNA PCR for Cytomegalovirus End-Organ Diseases in
Patients With HIV-T Infection
Daisuke Mizushima, MD,*} Takeshi Nishijima, MD,*{ Shigeko Yashiro, MD, PhD,}

Katsuji Teruya, MD, PhD,* Yoshimi Kikuchi, MD, PhD,* Naomichi Katai, MD, PhD,}
Shinichi Oka, MD, PhD,*71 and Hiroyuki Gatanaga, MD, PhD*f

Objective: To investigate the diagnostic value of quantitative
plasma cytomegalovirus (CMV)-DNA polymerase chain reaction
(PCR) for CMV end-organ diseases (CMV-EOD) in patients with
HIV-1 infection.

Design: Single-center cross-sectional study.

Methods: The study subjects were HIV-1—infected patients with CD4
=200 per microliter, who had undergone ophthalmologic examination
with plasma CMV-DNA PCR measured within 7 days. CMV retinitis
and other CMV-EOD were diagnosed according to the ACTG criteria.
PCR value was converted into the WHO international standard.

Results: CMV retinitis and all CMV-EOD were diagnosed in 23
(5%) and 37 (8%) of the 461 study patients, respectively. CMV-DNA
was undetectable (<185 IU/mL) in 2 patients with CMV retinitis and
1 with encephalitis. The area under the receiver operating character-
istic curve of CMV-DNA for CMV retinitis and all CMV-EOD were
0.80 [95% confidence interval (CI): 0.71 to 0.89] and 0.82 (0.75 to
0.89), respectively. The sensitivity, specificity, positive predictive
value, and negative predictive value for each cutoff value of CMV-
DNA were as follows: for CMV retinitis, =10,086 TU/mL: 26.1%,
94.1%, 18.8%, 96%; =2946 TU/mL; 56.5%, 86.8%, 18.3%, 97.4%;
=959 TU/mL; 60.9%, 78.1%, 12.7%, 97.4%; detectable CMV-DNA
(=185 IU/mL): 91.3%, 48.2%, 8.5%, 99.1%; for all CMV-EOD:
=10,086 IU/mL: 32.4%, 95.3%, 37.5%, 94.2%; =2946 IU/mL;
54.1%, 88%, 28.2%, 95.6%; =959 IU/mL; 62.2%, 79.5%, 20.9%,
96%,; detectable CMV-DNA; 91.9%, 49.5%, 13.7%, 98.6%.

Conclusions: Plasma CMV-DNA PCR has a high diagnostic value
for both CMV retinitis and all CMV-EOD in patients with advanced
HIV-1 infection. A cutoff value of CMV-DNA =10,086 TU/mL

Received for publication July 23, 2014; accepted September 26, 2014.

From the *AIDS Clinical Center, National Center for Global Health and
Medicine, Tokyo, Japan; tCenter for AIDS Research, Kumamoto Univer-
sity, Kumamoto, Japan; and }Department of Ophthalmology, National
Center for Global Health and Medicine, Tokyo, Japan.

Supported by Grant-in Aids for AIDS research from the Japanese Ministry of
Health, Labour, and Welfare (H23-AIDS-001; H24-AIDS-003).

The authors have no conflicts of interest to disclose.

D.M. and T.N. contributed equally to this article.

Correspondence to: Hiroyuki Gatanaga, MD, PhD, AIDS Clinical Center,
National Center for Global Health and Medicine, 1-21-1, Toyama,
Shinjuku, Tokyo 162-0052, Japan (e-mail: higatana@acc.ncgm.go.jp).

Copyright © 2014 Wolters Kluwer Health, Inc. All rights reserved.

140 | www.jaids.com

and =2946 TU/mL yields high specificity, whereas undetectable
CMV-DNA load (<185 IU/mL) likely rules out CMV-EOD.

Key Words: cytomegalovirus infection, CMV-DNA PCR, HIV-1
infection, CMV retinitis, CMV end-organ diseases

(J Acquir Immune Defic Syndr 2015;68:140-146)

INTRODUCTION

Although antiretroviral therapy (ART) has substantially
improved the prognosis of patients with HIV-1 infection,
a large number of patients are still diagnosed with HIV-1
infection at a late stage, often with concurrent opportunistic
infections.’” Cytomegalovirus end-organ disease (CMV-
EOD) is a major debilitating opportunistic infection in
patients with advanced HIV-1 infection.>* Among CMV
end-organ diseases, retinitis is the most common clinical
manifestation, which can cause total blindness.® Other
manifestations include colitis, pneumonitis, esophagitis, and
various neurological diseases.>® Although the wide availabil-
ity of ART has substantially reduced the incidence of CMV-
EOD,” CMV-EQOD is associated with increased mortality
even in the ART era.?

In HIV-1-infected patients, blood tests to detect CMV
by polymerase chain reaction (PCR) is not recommended for
the diagnosis of CMV-EOD by the American Adult and
Adolescent Opportunistic Infection Guidelines,® in contrast
with the management of solid-organ transplantation where
real-time quantitative PCR is the standard of care for the
diagnosis of CMV-EOD.*!® One major problem related to the
assessment of the diagnostic utility of quantitative PCR for
CMV-EOD is that there is often poor interinstitutional
correlation of quantitative PCR tests,"' which curtails the
establishment of cutoff values for clinical decision-making. In
this regard, the WHO International Standard, which attempts
to establish reproducibility in quantitative CMV load across
laboratories, has only become available in 2010.'>!* Hence,
only a few studies in the field of HIV-1 infection have
investigated this issue."*'7 Another issue in diagnosis of
CMV-EOD is that definitive diagnosis of CMV colitis is
sometimes difficult in a small number of patients because
tissue biopsy can only be obtained through colonoscopy. The
latter is not always feasible, especially in patients with poor
general condition, thus resulting in possible underdiagnosis of
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CMV-EOD. However, diagnosis of CMV retinitis is rela-
tively easy with ophthalmologic examination including
dilated retinal examination using indirect ophthalmoscopy
by experienced ophthalmologist.

This study was designed to assess the diagnostic value of
quantitative plasma CMV-DNA PCR for CMV-EOD in patients
with advanced HIV-1 infection, with a special effort to tackle
the abovementioned 2 obstacles by (1) using a PCR method that
is traceable to the WHO international standard and (2) only
enrolling patient who underwent ophthalmologic examination to
avoid underdiagnosis of CMV retinitis, the most prevalent
CMV-EOD, and calculating the diagnostic utilities of CMV
PCR separately for CMV retinitis and all CMV-EOD.

METHODS

Study Design, Setting, and Participants

We conducted a single-center cross-sectional study to
investigate the usefulness of quantitative plasma CMV-DNA
PCR for the diagnosis of CMV-EOD among patients with
advanced HIV-1 infection at AIDS Clinical Center, National
Center for Global Health and Medicine (NCGM), Tokyo, Japan.
This center is the largest referral center for HIV-1 infection in
Japan.'® The following criteria were applied for enrollment:
inclusion criteria—(1) HIV-1-infected patients aged =18 years
who first visited our clinic between January 2004 and December
2013 and underwent full ophthalmologic examination, (2)
patients with CD4 count =200 per microliter, and (3) plasma
CMV-DNA PCR was measured within 7 days from the day of
the ophthalmologic examination; and exclusion criterion—
patients who had already been diagnosed with CMV retinitis
or other CMV-EOD at the time of referral to our clinic, because
it is often difficult to confirm retinal photography or pathology,
which are required for the diagnosis of CMV-EOD according to
the standard ACTG criteria for such cases.'” At our clinic,
ophthalmologic examination including dilated retinal examina-
tion using indirect ophthalmoscopy by experienced ophthalmol-
ogist is routinely conducted on first visit to our clinic. When the
diagnosis of CMV retinitis was uncertain, the examination was
repeated within 1-4 weeks and then confirmed by at least 2
ophthalmologists. For patients with suspected CMV encephali-
tis, CMV-DNA PCR of cerebrospinal fluid was routinely
assessed, and gastroscopy or colonoscopy was performed with
biopsy for those with suspected CMV esophagitis/colitis.
Plasma CMV-DNA PCR was also routinely conducted for
HIV-1-infected patients with CD4 =200 per microliter.

The study was approved by the Human Research Ethics
Committee of NCGM. All patients included in this study
provided written informed consent for their clinical and
laboratory data to be used and published for research
purposes. The study was conducted according to the princi-
ples expressed in the Declaration of Helsinki.

Measurements

The results of the first ophthalmologic examination for
each patient were extracted from the medical charts, together
with plasma CMV-DNA PCR value determined within 7 days

Copyright © 2014 Wolters Kluwer Health, Inc. All rights reserved.

of the examination. The diagnosis of CMV retinitis was based
on the standard ACTG criteria of “confirmed CMV retinitis,”
which include diagnosis by an experienced ophthalmologist
and documentation of CMV retinitis by retinal photography.'®
Data on other CMV-EOD were also extracted from the medical
records; the diagnosis of other CMV-EOD was based on the
standardized ACTG criteria and confirmed within 4 weeks of
ophthalmologic examination.'® Baseline characteristics [age,
sex, ethnicity, history of AIDS, route of HIV-1 transmission,
and treatment status for HIV-1 infection (either treatment naive
or experienced)], CD4 count, and HIV-1 viral load were also
collected. For CD4 count and HIV-1 viral load, the data closest
to and preceding the day of the first ophthalmologic examina-
tion were used. Systemic steroid use, anti-CMV treatment, and
chemotherapy were also recorded. They were defined as
therapies administered either orally or intravenously within 1
month preceding the ophthalmologic examination.

Measurement of Quantitative CMV-DNA PCR

Throughout the study period, CMV PCR tests were
conducted within 24 hours after sample blood collection
using the geniQ CMV Real-Time PCR assay. The tests were
performed at KITASATO-OTSUKA Biomedical Assay Lab-
oratories Co. (KOBAL,; Sagamihara, Japan), which is
accredited by ISO15189. Details of the procedures, probes,
and primers for the assay were reported previously?® and run
on the ABI 7900HT system (Applied Biosystems, Foster
City, CA). The assay used had a CMV-DNA limit of
detection of 200 copies per milliliter. The geniQ CMV
correlates well with COBAS AmpliPrep/COBAS TagMan
CMV Test (Roche Molecular System, Branchburg, NJ); [R? =
0.9763, y = 0.9784x + 0.0427, where y = log;o(geniQ CMV
copies/mL) and x = log;o(COBAS AmpliPrep/COBAS Tag-
Man CMV Test), n =59, unpublished data]. Because COBAS
AmpliPrep/COBAS TagMan CMV Test is traceable to the
WHO First International Standard with coefficient of 1.1,!2
the geniQ CMV was converted to WHO international unit
(IU) using following formula: = 0.91 x 10 raised to the power
of {[logio(geniQ CMV copies/mL) — 0.0427}/0.9784}.

Statistical Analysis

Baseline characteristics were compared between patients
with and without CMV retinitis, and those with and without
CMV-EOD, using the Student ¢ test and x? test (Fisher exact
test) for continuous and categorical variables. The univariate
logistic regression model was applied to estimate the effects of
different CMV-DNA cutoff values [CMV-DNA PCR =10,000
copies/mL (10,086 IU/mL), =3000 copies/mL (2946 IU/mL),
and =1000 copies/mL (959 IU/mL), and detectable CMV load
[=200 copies/ml. (185 IU/mL)] and other variables on the
occurrence of CMV retinitis and all CMV-EOD. Undetectable
CMV-DNA [<200 copies/mL (185 IU/mL)] was treated as 10
TU/MmL (1 log;o TU/mL) in logarithmic calculations. Multivar-
iate logistic regression model was applied to estimate the
effects of each CMV-DNA cutoff values on the development
of CMV retinitis and all CMV-EOD. The model for CMV
retinitis was adjusted for age and CD4 count, because low CD4
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count is an established risk factor for CMV retinitis®! and also
for variables with P value of <0.05 in univariate analysis
(other CMV diseases). The model for all CMV-EOD was
adjusted for age, CD4 count, and anti-CMV treatment. Sex was
not added to the models because all patients with retinitis and
all except 1 CMV-EOD patient were males. Receiver operating
characteristic (ROC) curves were constructed, and the area
under the curve (AUC) was estimated with 95% confidence
interval (CI) to quantify the accuracy of CMV-DNA PCR. The
sensitivity, specificity, positive predictive value (PPV), nega-
tive predictive value (NPV), and adjusted odds ratio for the
diagnosis of CMV retinitis and all CMV-EOD were calculated
for abovementioned different cutoff values. Additional analy-
ses were conducted for data of patients with CD4 count of
=100 and those with CD4 count of =50 per microliter.
Statistical significance was defined as 2-sided P values <0.05.
We used odds ratios (ORs) with 95% Cls. All statistical
analyses were performed with the Statistical Package for Social
Sciences version 21.0 (SPSS, Chicago, IL).

RESULTS

As shown in Figure 1, 1635 patients visited our clinic
for the first time during the study period and underwent
ophthalmologic examination. Of the 764 patients who had
CD4 <200 per microliter, 461 (60%) patients underwent
CMV-DNA PCR within 7 days of the examination and were
included as the study patients. They were mostly Asian males
and treatment naive for HIV-1 infection (Table 1). The
median CD4 count and HIV-1 load were 42 per microliter
[interquartile range (IQR), 18-78/uL] and 5.23 log;copies

per milliliter (IQR, 4.85-5.68 log;qcopies/mL), respectively.
CMV-DNA was detected in 248 (54%), 218 (58%), and 164
(62%) patients of the total study population (CD4 =200/uL),
patients with CD4 =100 per microliter, and those with
CD4 =50 per microliter, respectively.

CMV retinitis was diagnosed in 23 (5.0%) patients.
Furthermore, 8 CMV colitis, 5 encephalitis, and 4 esophagitis
cases were diagnosed. All encephalitis cases had documented
detection of viral nucleic acids in cerebrospinal fluid, and all
colitis and esophagitis had documented pathological evidence
of CMV infection.'® Because 3 patients had more than 1 CMV-
EOD, 37 (8.0%) patients were diagnosed with CMV-EOD.
The median CD4 counts of patients with CMV retinitis and
those with any CMV-EOD were 31/uL (IQR, 16-74/uL; range,
7-158/uL) ‘and 25/pL (IQR, 10-57/uL; range, 3-158/uL),
respectively (Table 1).

Patients with CMV retinitis or CMV-EOD had higher
CMV load and were more likely to have CMV load
of =10,086 IU/mL, =2946 IU/mL, =959 IU/mL, and
detectable load than patients without retinitis or CMV-EOD,
respectively (Table 1). CMV-DNA was undetectable in 2
patients with retinitis and 1 patient with encephalitis. None of
these 3 patients had received anti-CMV treatment within 1
month preceding the day of PCR examination. Patients with
CMV retinitis and those with CMV-EOD tended to be on
anti-CMV treatment compared with those free of these
diseases (P = 0.095 and P = 0.018, respectively). There
was no difference in CD4 count between patients with CMV
retinitis and without retinitis, whereas CD4 count of the
patients with CMV-EOD was marginally lower than that of
those free of CMV-EOD (P = 0.053). There was no difference

HIV-1 infected patients who visited the AIDS Clinical Center for the first time and underwent
ophthalmologic examination between Jan 2004 and Dec 2013

n=1,635
Excluded (n=22)
Less than18 years of age n=7
Already diagnosed with CMV end-organ diseases n=12
No available CD4 data n=3
n=1,613
Excluded
CD4 >200 /ul n=849
n=764
Excluded
No available CMV-DNA PCR n=303
Enrolled in the study n=461
CMYV end-organ diseases’ (n=37)
Retinitis n=23
Colitis n=8
Encephalitis n=5
FIGURE 1. Patient enrollment pro- Esophagitis n=4
cess. {Three patients had more than
1 CMq\’/—EOD P No CMV end-organ diseases (n=424)
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TABLE 1. Baseline Characteristics of HIV-1-Infected Patients With and Without Cytomegalovirus Retinitis and CMV-EOD

CMYV Retinitis All CMV-EOD
All Study Patients CMYV Retinitis No CMV Retinitis All CMV-EOD No CMV-EOD
(n = 461) (n =23) (n = 438) P (n=237) (n =424) P

Sex (male), n (%) 433 (94) 23 (100) 410 (94) 0.39 36 (97) 397 (94) 0.72
Age* 39 (33-48) 42 (33-53) 39 (33-47) 0.23 41 (34-50) 39 (33-47) 0.24
CMV load (logo IU/mL)* 2.27 (1.00-2.91) 347 (2.67-4.00) 2.27 (1.00-2.82) <0.001 3.47 (2.67-4.31) 2.27 (1.00-2.75) <0.001

=10,086 TU/mL, n (%) 32.(7) 6 (26) 26 (6) 0.003 12 (32) 20 (5) <0.001

22946 IU/mL, n (%) 71 (15) 13 (57) 58 (13) <0.001 20 (54) 51 (12) <0.001

=959 IU/mL, n (%) 110 (24) 14 (61) 96 (22) <0.001 23 (62) 87 21) <0.001

Detectable (=185 TU/mL), n (%) 248 (54) 21 9D 227 (52) <0.001 34 (92) 214 (51) <0.001
CMV diseases other than retinitis, n (%) 17 (4) 3(13) 14 (3) 0.047 NA NA NA
CD4 count (/uL)* 42 (18-78) 31 (16-74) 43 (18-78) 0.55 25 (10-57) 43 (19-81) 0.053
HIV RNA viral load 523 (4.85-5.68) 532 (4.57-5.84) 5.23 (4.85-5.67) 0.52  5.51 (4.89-5.72) 5.20 (4.84-5.67)  0.89

(logyo copies/mL)*
ART, n (%) 40 (9) 3(13) 37(8) 0.44 3(8) 37 (9) 1.00
Systemic steroid use, n (%) 134 (29) 5(22) 129 (30) 0.49 13 (35) 121 (29) 0.45
Anti-CMV treatment, n (%) 36 (8) 4 (17) 32 (D) 0.095 7 (19) 29 (1) 0.018
Chemotherapy, n (%) 10 (2) 14 9(2) 0.40 1(3) 9@ 0.57
History of AIDS, n (%) 339 (74) 23 (100) 316 (72) 0.001 37 (100) 302 (71) <0.001
Homosexual contact, n (%) 365 (79) 17 (74) 348 (80) 0.60 29 (78) 336 (79) 0.84
Diabetes mellitus, n (%) 15(3) 14 14 (3) 0.54 2(5 13 (3) 0.34

*Median (IQR).
NA, not applicable.

in age, HIV RNA viral load, and the percentage of patients on
ART, on systemic steroid use, on chemotherapy, and with
diabetes mellitus, between patients with and without CMV
retinitis and patients with and without CMV-EQOD (Table 1).

Univariate analysis showed that CMV-DNA =10,086,
=2946, and =959 IU/mL were all associated with CMV
retinitis, whereas undetectable load (<185 IU/mL) was
inversely associated with CMV retinitis (OR, 0.1; 95% CI:
0.02 to 0.44; P = 0.002) (Table 2). Concurrent CMV diseases
other than retinitis were also associated with retinitis and on
anti-CMYV therapy were marginally associated with retinitis.
Similarly, CMV-DNA =10,086, =2946, and =959 IU/mL
were all associated with CMV-EOD, whereas undetectable
CMYV load was inversely associated with CMV-EOD (OR,
0.1; 95% CI: 0.03 to 0.30; P < 0.001). The use of anti-CMV
treatment was also associated with CMV-EOD.

ROC-AUC of CMV-DNA PCR was 0.80 (95% CI: 0.71
to 0.89) for CMV retinitis and 0.82 (95% CI: 0.75 to 0.89) for
all CMV-EOD. The sensitivity, specificity, PPV, NPV, and the
result of multivariate analysis for each cutoff value of CMV-
DNA for the diagnosis of CMV retinitis are shown in (Table 3).
CMV-DNA PCR of =10,086 and of =2946 IU/mL had 94.1%
and 86.8% specificity, respectively, whereas detectable PCR
had 91.3% sensitivity (NPV 99.1%). For all CMV-EOD, CMV-
DNA of =10,086 and of =2946 IU/mL had 95.3% and 88%
specificity, respectively, whereas detectable PCR had 91.9%
sensitivity (NPV 98.6%) (Table 4).

Among patients with CD4 count of =100/pL (n = 376)
and =50/uL (n = 265), 20 (5.3%) and 14 (5.3%) patients,
respectively, were diagnosed with CMV retinitis and 33
(8.8%) and 26 (9.8%) patients, respectively, were diagnosed

Copyright © 2014 Wolters Kluwer Health, Inc. All rights reserved.

with any CMV-EOD. For patients with CD4 =100/uL, ROC-
AUC of the CMV-DNA PCR for the diagnosis of CMV
retinitis was 0.77 (95% CI. 0.67 to 0.87), and for the
diagnosis of all CMV-EOD, it was 0.79 (95% CIL: 0.71 to
0.87). For those with CD4 =50/ul, ROC-AUC for CMV
retinitis was 0.73 (95% CI: 0.62 to 0.84) and for CMV-EOD,
it was 0.76 (95% CI: 0.67 to 0.85).

The sensitivity, specificity, PPV, and NPV for each cutoff
value for the diagnosis of CMV retinitis in patient with CD4
counts =100/ul. and =50/uLl. are shown in (Table 3). For
patients with CD4 =100/uL, CMV-DNA PCR of =10,086 and
=2946 TU/mL yielded 93.3% and 84.8% specificity, respec-
tively, whereas detectable CMV-DNA had 90% sensitivity (NPV
98.7%). Similarly, for patients with CD4 =50/uL, CMV-DNA
of =10,086 and =2946 IU/mL had 92% and 82.1% specificity,
respectively, and detectable CMV-DNA had 92.9% sensitivity
(NPV 99%). These parameters for the diagnosis of all CMV-
EOD in patients with CD4 count =100/uL and =50/uL are
shown in (Table 4). For patients with CD4 =100/pL, CMV-
DNA PCR of =10,086 and =2946 TU/mL had 94.5% and 86%
specificity, respectively, whereas detectable CMV-DNA had

~90.9% sensitivity (NPV 98.1%). Similarly, for patients with CD4

=50/uL, CMV-DNA of =10,086 and =2946 IU/mL had 93.7%
and 83.7% specificity, respectively, and detectable CMV-DNA
had 92.3% sensitivity (NPV 98%)).

DISCUSSION

This cross-sectional study showed that quantitative
plasma CMV-DNA PCR test is a useful surrogate marker
for the diagnosis of both retinitis and all CMV-EOD in
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TABLE 2. Results of Univariate Analysis to Estimate the Association of Each Variable With CMV Retinitis and All CMV-EOD

CMYV Retinitis All CMV-EOD
OR 95% CI P OR 95% CI P
CMV load =10,086 IU/mL 5.6 2.03t0 154 0.001 9.7 4.26 to 22.1 <0.001
CMV load =2946 TU/mL 8.5 3.57 to 20.3 <0.001 8.6 423 to 17.5 <0.001
CMV load =959 IU/mL 5.5 233 to 13.2 <0.001 6.4 3.15t0 12.9 <0.001
Undetectable CMV load (<185 TU/mL) 0.1 0.02 to 0.44 0.002 0.1 0.03 to 0.30 <0.001
Age per 1 yr increment 1.0 0.99 to 1.06 0.24 1.0 0.99 to 1.05 0.24
CD4 per 1/uL increment 1.0 0.99 to 1.01 0.55 1.0 0.98 to 1.00 0.057
HIV-1 RNA load per 1 log; copies/mL increment 0.9 0.57 to 1.32 0.52 1.0 0.71 to 1.49 0.89
ART 1.6 0.46 to 5.73 0.45 0.9 0.27 to 3.15 0.90
CMYV diseases other than retinitis 4.5 121 t0 17.1 0.025 NA NA NA
Anti-CMV treatment 2.7 0.86 to 8.32 0.090 3.2 1.29 to 7.86 0.012
Chemotherapy 2.2 0.26 to 17.9 0.47 1.3 0.16 to 10.4 0.82
Systemic steroid use 0.7 024 t0 1.83 043 1.4 0.67 to 2.75 0.40

HIV-1-infected patients with CD4 count =200/uL. The
cutoff value of =10,086 TU/mL yielded 94.1% specificity for
CMV retinitis and 95.3% specificity for all CMV-EOD, and
the cutoff of =2946 IU/mL had 86.8% specificity for retinitis
and 88% specificity for all CMV-EOD. Undetectable load
(<185 TU/mL) can likely rule out CMV retinitis and EOD,
since undetectable load showed 91.3% and 91.9% sensitivity
(99.1% and 98.6% NPV) for retinitis and all EOD, respec-
tively. In subgroup analysis of patients with CD4 count
of =100/uL and =50/uL, the results were also similar.
Especially, the result that undetectable CMV load can rule
out any CMV-EOD with >90% sensitivity (NPV >98%)
should help clinical decision making as a surrogate marker.
This study has 2 major strengths. First, to the best of
our knowledge, this is the first study that has investigated the
diagnostic value of quantitative CMV-DNA PCR for CMV-
EOD in patients with HIV-1 infection, with the results
converted to the WHO international unit to allow comparison

of the cutoff values with those obtained by other laboratories.
Another important dimension of the study was the processing
of the PCR test within 24 hours after blood sample collection.
In this regard, the stability of CMV viral load in blood and
plasma samples stored over a long period of time has not been
well validated.?>?

Second, we only included patients who underwent full
ophthalmologic examination to avoid underdiagnosis of
retinitis to appropriately evaluate the diagnostic value of
plasma CMV-DNA PCR. For other CMV diseases, such as
esophagitis and colitis, underdiagnosis is possible to some
extent because in clinical practice, not all patients with
difficulty in swallowing or abdominal pain can undergo
endoscopy and pathological examination, which are required
for the diagnosis of CMV gastrointestinal diseases.***
However, it is relatively easy for experienced ophthalmolo-
gists to make a definitive diagnosis for CMV retinitis.
Furthermore, CMV retinitis forms the largest proportion of

TABLE 3. Diagnostic Accuracy of CMV-DNA PCR for CMV Retinitis Using Different Cutoff Values for the Entire Study Population
(CD4 =200/ul), patients With CD4 =100/ul, and those With =50/ul

Adjusted OR

Sensitivity, % Specificity, % PPV, % NPV, % OR (95% CI) P

Study patients (N = 461)

CMV-DNA PCR =10,086 IU/mL 26.1 94.1 18.8 96.0 4.2 (13910 12.9) 0.011

CMV-DNA PCR =2946 IU/mL 56.5 86.8 183 974 7.9 (3.12 t0 20.1) <0.001

CMV-DNA PCR =959 IU/mL 60.9 78.1 12.7 97.4 5.0 (2.02 to 12.6) 0.001

Detectable CMV-DNA PCR (=185 IU/mL) 91.3 48.2 8.5 99.1 9.0 (2.02 to 40.0) 0.004
Patients with CD4 <100 (n = 376)

CMV-DNA PCR =10,086 IU/mL 20 93.3 143 95.4 2.8 (0.75 to 10.2) 0.13

CMV-DNA PCR =2946 TU/mL 55 84.8 16.9 97.1 6.7 (2.53 to 18.0) <0.001

CMV-DNA PCR =959 IU/mL 60 75.3 12 97.1 4.3 (1.65to 11.4) 0.003

Detectable CMV-DNA PCR (=185 IU/mL) 90 43.8 8.3 98.7 6.6 (1.48 t0 29.7) 0.013
Patients with CD4 =50 (n = 265)

CMV-DNA PCR =10,086 TU/mL 21.4 92 13 95.5 2.3 (0.49 to 11.0) 0.29

CMV-DNA PCR =2946 TU/mL 42.9 82.1 11.8 96.3 2.9 (0.90 to 9.37) 0.075

CMV-DNA PCR =959 IU/mL 50 72.5 9.2 96.3 2.4 (0.76 to 7.43) 0.14

Detectable CMV-DNA PCR (=185 IU/mL) 92.9 39.8 7.9 99 7.5 (0.95 to 58.8) 0.057
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CMV PCR for Diagnosis of CMV Diseases

TABLE 4. Diagnostic Accuracy of CMV-DNA PCR for All CMV Organ Diseases Using Different Cutoff Values for the Entire Study

Population (CD4 =200/uL), Patients With CD4 =100/uL, and Those With =50/uL

Adjusted OR

Sensitivity, % Specificity, % PPV, % NPV, % OR (95% CI) P

Study patients (n = 461)

CMV-DNA PCR 210,086 TU/mL 324 95.3 37.5 94.2 7.5 (3.16 to 18.0) <0.001

CMV-DNA PCR =2946 TU/mL 54.1 88 28.2 95.6 7.2 (3.47 to 15.2) <0.001

CMV-DNA PCR =959 TU/mL 62.2 79.5 20.9 96 5.4 (2.59 to 11.1) <0.001

Detectable CMV-DNA PCR (=185 IU/mL) 91.9 49.5 13.7 98.6 9.7 (2.91 to 32.5) <0.001
Patients with CD4 =100 (n = 376)

CMV-DNA PCR 210,086 IU/mL 27.3 94.5 32.1 93.1 5.1 (1.95 to 13.3) 0.001

CMV-DNA PCR 22946 TU/mL 51.5 86 26.2 94.9 5.8 (2.67 to 12.5) <0.001

CMV-DNA PCR =959 IU/mL 60.6 76.7 20 95.3 4.5 (2.09 to 9.56) <0.001

Detectable CMV-DNA PCR (=185 IU/mL) 90.9 45.2 13.8 98.1 7.6 (2.27 to 25.7) 0.001
Patients with CD4 =50 (n = 265)

CMV-DNA PCR 210,086 TU/mL 30.8 93.7 34.8 92.6 5.8 (1.95to 17.4) 0.002

CMV-DNA PCR =2946 TU/mL 46.2 83.7 23.5 93.5 3.8 (1.58 to 9.08) 0.003

CMV-DNA PCR =959 TU/mL 53.8 74.1 18.4 93.7 3.0 (1.27 to 6.99) 0.012

Detectable CMV-DNA PCR (=185 IU/mL) 92.3 41.4 14.6 98 7.9 (1.81 to 34.3) 0.006

CMV-EOD in patients with HIV-1 infection.*®* These were
the reasons for setting up the abovementioned inclusion
criteria for study patients and for separately analyzing the
diagnostic value of CMV load for CMV retinitis and all
CMV-EOD. The results for CMYV retinitis and all CMV-EOD
were very similar.

Our results that quantitative plasma CMV-DNA PCR
test is useful for the diagnosis of CMV-EOD, especially in
ruling out CMV-EOD, are in conflict with the American Adult
and Adolescent Opportunistic Infection Guidelines, which do
not recommend the use of blood tests to detect CMV by PCR
for the diagnosis of CMV-EOD.®> However, it needs to be
noted that, to the best of our knowledge, only 3 studies have
previously investigated the utility of blood CMV load for the
diagnosis of CMV-EOD with cross-sectional study design,'*"¢
although many other studies either longitudinally investigated
the utility of CMV load for the prediction or progression of
CMV-EOD or death during the follow-up period,*>* or
examined the effectiveness of preemptive therapy for CMV-
EOD based on positive CMV load.'*** The major limi-
tations of the abovementioned 3 studies that investigated the
diagnostic utility of blood CMV load for CMV-EOD included
small sample size (n = 70 for Yoshida et al,'* n = 58 for
Pellegrin et al,' and n = 53 for Brantsaeter et al'®), and
importantly, their results were not convertible to the WHO
international unit. In comparison, this study included a far
larger number of study population of 461 patients, and the
results were convertible to the WHO international unit. These 2
features probably explain the reasons why the results of this
study are in conflict with the recommendations made by the
abovementioned American Guidelines.’

Apart from the abovementioned strengths of this study,
we need to acknowledge some study limitations. First,
although all study patients underwent full ophthalmologic
examination for the screening of CMV retinitis, due to the
nature of observational study, not all patients necessarily

Copyright © 2014 Wolters Kluwer Health, Inc. All rights reserved.

underwent the appropriate procedures (eg, endoscopy or
biopsy) required to establish the diagnosis of CMV-EOD.
Thus, underdiagnosis of CMV-EOD other than retinitis is
possible in this study. However, as explained above, the
majority of CMD-EOD cases had retinitis (23 of 37),
consistent with previous studies,™® and the diagnostic param-
eters for each cutoff value of CMV load was similar for CMV
retinitis and all CMV-EOD, suggesting that substantial
underdiagnosis of CMV-EOD other than retinitis was
unlikely. Second, this study did not exclude patients who
have received anti-CMV treatment, although the treatment
could have affected the value of CMV-DNA PCR. This is
because it is not sometimes easy to judge whether the patient
had received anti-CMV treatment or not, and the number of
patients who received either oral or intravenous anti-CMV
treatment within 1 month preceding the ophthalmologic
examination was relatively small; 36 (8%) of all study
patients, 4 (17%) of patients with CMV retinitis, and 7
(19%) of those with any CMV-EOD. Furthermore, exclusion
of patients with anti-CMV treatment did not alter the results;
the cutoff value of =10,086 TU/mL yielded 95.3% and 96.2%
specificity for CMV retinitis and for all CMV-EOD, respec-
tively, and undetectable load had 89.5% and 90% sensitivity
(99% and 98.5 NPV) for retinitis and all EOD, respectively.

In conclusion, quantitative plasma CMV-DNA PCR
using WHO international unit was a useful surrogate
diagnostic marker for CMV-EOD in HIV-1-infected patients
with CD4 count =200/uL. The cutoff value of =10,086
TU/mL yielded 94.1% specificity for retinitis and 95.3%
specificity for all CMV-EOD, whereas undetectable load
(<185 IU/mL) had 91.3% and 91.9% sensitivity (99.1%
and 98.6% NPV) for retinitis and all CMV-EOD, respec-
tively. Especially, the result that undetectable load could
rule out any CMV-EOD with >90% sensitivity (>98%
NPV) can be helpful in clinical practice for the screening of
CMV-EOD in patients with HIV-1 infection.
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We report a patient with Japanese minor § thalassemia and HIV-1 infection.

The patient showed prolonged anemia, which was originally attributed to chronic parvovirus B19
infection. Twelve years later, the patient presented with exacerbation of microcytic anemia following
cessation of anti-retroviral therapy; the exacerbation resolved when anti-retroviral therapy was
resumed. Sequencing of the B globin gene revealed heterozygosity for a four-nucleotides deletion at
codon 41/42 and minor § thalassemia was confirmed.

Because HIV-1-infected patients frequently show anemia due to nutritional deficiencies, opportunistic
infections, AIDS-related malignancies, drug treatment and a direct effect of HIV-1 on the bone marrow, it
is likely to overlook other causes of anemia.

Thalassemia should be considered in the differential diagnosis of anemia even in HIV-1 infected pa-
tients, when microcytic anemia without iron deficiency is observed.

Our case suggested that active HIV infection may have worsened § thalassemia, and early introduction
of anti-retroviral therapy is beneficial for the recovery of anemia.

© 2014, Japanese Society of Chemotherapy and The Japanese Association for Infectious Diseases.
Published by Elsevier Ltd. All rights reserved.
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1. Introduction

HIV-1 infected patient frequently manifest anemia [1]. Anemia
prior to anti-retroviral therapy (ART) is often caused by amebic or
cytomegalovirus colitis, parvovirus B19 infection, and HIV-1
infection itself [2]. After anti-retroviral therapy, anemia is mainly
due to ART therapy itself, especially using Zidovudine (ZDV or AZT),
which resulting in macrocytic changes.

In this paper, we present an HIV-1-infected B-thalassemia pa-
tient who showed exacerbation of microcytic anemia along with
the cessation of ART, and the anemia resolved when ART was
resumed. Hemoglobinopathy should be considered in the

* Corresponding author. Tel.: +81 99 275 5635; fax: +81 99 275 5641.
E-mail addresses: furukawy@mz2.kufm.kagoshima-u.acjp, furukawy@aol.com
(Y. Furukawa).

differential diagnosis of anemia even in HIV-1 infected patient,
especially where there is microcytic anemia without iron defi-
ciency. Early re-introduction of anti-retroviral therapy is beneficial
for the recovery of anemia in B-thalassemia patient with HIV
infection.

2. Case report

In March 2000, the patient, in his early forties, was admitted to
the Kyushu Medical Center with Pneumocystis pneumonia. Since
two months before the admission, severe anemia had continued.
The HIV-1 RNA copy number in the plasma was 90,000 copies/ml
(Fig. 1) and CD4 positive T cell count was 70/ul. Acquired immune
deficiency syndrome (AIDS) was diagnosed. At the time of admis-
sion (March 2000), the hemoglobin concentration [Hb] was 5.8 g/dl
and mean corpuscular volume (MCV) was 72.4 fl. On April 7,

1341-321X/$ — see front matter © 2014, Japanese Society of Chemotherapy and The Japanese Association for Infectious Diseases. Published by Elsevier Ltd. All rights reserved.
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Fig. 1. Clinical course of Hemoglobin (Hb) and HIV RNA copy number along with the
cessation of anti-retrovirus therapy (ART) and re-administration of ART. Correlation
between HIV-1 viremia and exacerbation of anemia was observed. d4T sanilvudine,
3TC lamivudine, IDV indinavir, RTV ritonavir, EFV efavirenz, ABC abacavir, DRV
darunavir.

following the administration of antibiotics, [Hb] declined to 4.7 g/dl
without any hemorrhagic lesion, and the white blood cell (WBC)
count declined to 900/ul. On April 13, bone marrow aspiration
showed hypoplasia, and antiretroviral therapy [Sanilvudine (d4T),
Lamivudine (3TC), Indinavir (IDV), and Ritonavir (RTV); later
switched to d4T, 3TC, and Efavirenz (EFV)] was started on the same
day. PCR of the bone marrow fluid revealed parvovirus B19 infec-
tion which suggested that the pancytopenia was caused by the
bone marrow suppression due to antibiotics administration, or by
HIV-1 infection itself, and parvovirus B19 infection-accelerated
severe anemia. On April 21, HIV RNA was reduced to 1000 copies/
ml and [Hb] was 7.6 g/dl. He discharged on May 2000 and his [Hb]
continued to recover. On July 2000, his [Hb] was 12.5 g/dl: however,
MCV was 82.7 fl and remained microcytic. The cause of continued
anemia of the patient was attributed to chronic parvovirus B19
infection at that time and was reported elsewhere [3].

Five years later in June 2005, he attended Kagoshima University
Hospital. At that time, the CD4 positive T cell count was 465/ul and
the HIV-1 RNA copy number in the plasma was undetectable
(<50 copies/ml). RBC was 5 million/pl, [Hb] was 13 g/dl, MCV was
79 fl and the reticulocyte count was 15%,. For three years he
continued the same antiretroviral therapy (d4T, 3TC, EFV) during
which the HIV-1 RNA copy number was always undetectable and
the CD4 count ranged between 441 and 790/ul. At that time, his
[Hb] level ranged between 11.4 and 13.9 g/dl and MCV ranged be-
tween 77 and 79 fl.

In Feb 2008, he moved to another prefecture. Four years later, in
March 2012, he again visited Kagoshima University Hospital due to
job re-relocation, and complained of easy fatigue. He had dis-
continued antiretroviral therapy of his own will eight months prior
to this visit. His HIV-1 RNA copy number in the plasma was
920000 copies/ml, CD4 count was 101/ul, [Hb] was 7.9 g/d], MCV
was 64 fl and reticulocyte count was 19%,. He showed no evident
opportunistic infection at this time. Four days later, antiretroviral
therapy [3TC, Abacavir (ABC), Darunavir (DRV), RTV] was resumed.
Ten days after re-administration of ART, his [Hb] was 7 g/dl, but 24
days after re-administration of ART (April 2012), his [Hb] increased
to 8.4 g/dl and MCV was 68 fl, HIV-1 RNA copy number decreased to
3300 copies/ml and CD4 count recovered to 308/ul. In May 2012 (52
days after re-administration of ART), his [Hb] increased to 11 g/d],
HIV-1 RNA copy number decreased to 1300 copies/ml and CD4
count recovered to 422/pl. One year later in May 2013, his [Hb]
increased to 13.6 g/dl along with the complete inhibition of HIV
RNA copy number in the plasma (Fig. 1). The serum iron in March
2012 was 37 pg/dl (normal range 44—192) and UIBC was 161 pg/dl

(normal range 111—255). However, 24 days after re-administration
of ART, serum iron was 92 pg/dl and UIBC was 112 pg/dl without
iron administration, which suggested his microcytic anemia was
not from iron deficiency. Because the [Hb] in March 2012 was so
low with microcytic change and there was no hemorrhagic lesion
or opportunistic infection, another reason for the anemia was
suspected.

Target cells were observed in the peripheral blood (Fig. 2). He-
moglobin analysis revealed a- HbA2 of 9% and HbF of 4%, which
suggested the existence of a hemoglobinopathy. Further tests for
hemoglobinopathies showed a prolongation of the glycerol lysis
time (107 s, compared to the normal control of 22—55sec) which
implies elevated osmotic resistance. Finally, DNA sequencing
revealed heterozygosity in the B globin gene, with the deletion of 4
nucleotides at codon 41/42 (TTCTTT to TT) in one allele (Fig. 3), and
B-thalassemia minor was diagnosed.

3. Discussion

Anemia is a common clinical finding in HIV-1-infected patients.
Many factors may contribute to the development of anemia in HIV-
1-infected patients including nutritional deficiencies, opportunistic
infections, AIDS-related malignancies, drug treatment and a direct
effect of HIV-1 on the bone marrow [2].

Qur case showed severe anemia ([Hb] 5.8 g/dl) when AIDS was
first diagnosed, when he had a high HIV-1 RNA in the plasma. The
patient’s anemia improved after anti-retroviral therapy, but mild
anemia continued. At this time the anemia was attributed to
chronic parvovirus B19 infection [3,4]. However, even after the
recovery of the CD4+ cell count, mild anemia with microcytic
change continued for years. Because his anemia was mild ([Hb]
13 g/dl), it was not investigated further at that time. Twelve years
later, when he ceased ART, he again showed moderate microcytic
anemia (Hb 7.9 g/dl), and this anemia resolved when ART was
resumed. Because there was no hemorrhagic lesion, or opportu-
nistic infection, we sought another cause of anemia. First, the he-
moglobin fraction was measured, and both Hb-A2 and Hb-F were
elevated, suggesting a hemoglobinopathy. Finally, sequencing of
the B globin gene revealed a four-nucleotide deletion at codon 41/
42 in one allele of the B globin gene, leading to the diagnosis of
thalassemia minor.

Even in non-thalassemic HIV-1 carriers, higher values of Hb-A2
have been observed during ART, especially with Zidovudine (ZDV)
[5—7]: that is increased HbA2 alone is not a sufficient reason to
suspect thalassemia in HIV-1 patients receiving ART. However,
treatment with anti-retroviral drugs such as ZDV often results in

Fig. 2. Target cells were observed in the blood film (arrows).
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Fig. 3. DNA sequencing revealed four-nucleotide deletion at codon 41/42 in one allele
of the B-globin gene.

macrocytosis [8]. It has also been reported that mean corpuscular
volume (MCV) of HIV-1 patients with thalassemia after ART
increased from microcytic levels to normocytic levels, and ART did
not worsen anemia in patients with thalassemia [9,10]. Therefore,
HIV-1-infected patients with non-iron-deficient microcytic ane-
mia, in whom a hemoglobinopathy is suspected from abnormal
hemoglobin fractions should be subjected to gene analysis to make
a concrete diagnosis of thalassemia.

Thalassemia is relatively rare in Japan, where malaria is un-
common. The frequency of B-thalassemia in Japan is one in 600 to
1000 of the general population [11].

Most B-thalassemia patients in Japan are heterozygote and
present with thalassemia minor. They are prone to be misdiagnosed
as having iron deficiency anemia.

The four-nucleotide deletion at codon 41/42 in B globin gene
found in this patient is the fourth most frequent mutation found in
Japanese {3 thalassemia patients [11]. It is not known whether active
HIV-1-infection (i.e. not controlled by ART) exacerbates all types of
B thalassemia, but in the present case there was a strong temporal
association between exacerbation of microcytic anemia when HIV-
1 infection worsened following cessation of ART, and resolution of
the anemia when ART was resumed (Fig. 1). Although most B-
thalassemia in Japanese is heterozygous and shows no overt he-
molysis but mild anemia with macrocytosis, it is reported that some
of the mutant including four-nucleotide deletion at codon 41/42
observed in our case occasionally do have acute exacerbation by
acquired factors such as pregnancy and infection [11].

Effect of HIV replication on erythropoiesis is not well under-
stood. The pathogenesis of anemia in HIV-positive patients could be

multifactorial [2]. Dysfunction of erythroid differentiation related
to bone marrow (BM) microenvironment damage and stromal cell
impairment by HIV-1 infection is reported [12]. It is also reported
that IL-1p, [FN-y, TGFp1 and TNFe, which are elevated in BM as a
result of chronic inflammation that may be associated with HIV-1
viremia, suppress the growth of progenitor cell in vitro and may
play an important role in the induction of HIV-associated anemia
[13]. Moreover, unbalanced hemoglobin chain synthesis during
HIV-1 infection has been reported [14]. These multiple factors may
be involved in the temporal correlation between HIV-1 viremia and
exacerbation of microcytic anemia observed in the present case.

In conclusion, thalassemia should be considered in the differ-
ential diagnosis in an HIV-1-infected patient who presents with
microcytic anemia without iron deficiency.

And early introduction of anti-retroviral therapy is beneficial for
the recovery of anemia in B thalassemia.
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