10.

11.

12.

13.

. Chang HR, Pella PM. Atazanavir urolithiasis. N Engl ] Med 2006;

355:2158-9.

. Anderson PL, Lichtenstein KA, Gerig NE, Kiser JJ, Bushman LR.

Atazanavir-containing renal calculi in an HIV-infected patient. AIDS
2007; 21:1060-2.

. Nadler RB, Rubenstein JN, Eggener SE, Loor MM, Smith ND. The etiol-

ogy of urolithiasis in HIV infected patients. ] Urol 2003; 169:475-7.

. Chan-Tack KM, Truffa MM, Struble KA, Birnkrant DB. Atazanavir-

associated nephrolithiasis: cases from the US Food and drug adminis-
tration’s adverse event reporting system. AIDS 2007; 21:1215-8.

. Couzigou C, Daudon M, Meynard JL, et al. Urolithiasis in HIV-posi-

tive patients treated with atazanavir. Clin Infect Dis 2007; 45:e105-8.
Rule AD, Bergstralh EJ, Melton LJ 3rd, Li X, Weaver AL, Lieske JC.
Kidney stones and the risk for chronic kidney disease. Clin ] Am Soc
Nephrol 2009; 4:804-11.

Jungers P, Joly D, Barbey F, Choukroun G, Daudon M. ESRD caused
by nephrolithiasis: prevalence, mechanisms, and prevention. Am J
Kidney Dis 2004; 44:799-805.

Gupta SK, Eustace JA, Winston JA, et al. Guidelines for the manage-
ment of chronic kidney disease in HIV-infected patients: recommen-
dations of the HIV medicine association of the infectious diseases
society of America. Clin Infect Dis 2005; 40:1559-85.

The Japanese Ministry of Health, Labour, and Welfare. Guidelines for
antiretroviral treatment for patients with HIV infection [in Japanese].
Available at: http://www.haart-support.jp/guideline2011.pdf. Accessed
3 April 2012.

. Parmar MS. Kidney stones. BM] 2004; 328:1420-4.
15.

Levey AS, Coresh ], Greene T, et al. Using standardized serum creati-
nine values in the modification of diet in renal disease study equation
for estimating glomerular filtration rate. Ann Intern Med 2006;
145:247-54.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Rockwood N, Mandalia S, Bower M, Gazzard B, Nelson M. Ritonavir-
boosted atazanavir exposure is associated with an increased rate of
renal stones compared with efavirenz, ritonavir-boosted lopinavir and
ritonavir-boosted darunavir. AIDS 2011; 25:1671-3.

Mocroft A, Kirk O, Reiss P, et al. Estimated glomerular filtration rate,
chronic kidney disease and antiretroviral drug use in HIV-positive pa-
tients. AIDS 2010; 24:1667-78.

Albini L, Cesana BM, Motta D, et al. A randomized, pilot trial to evaluate
glomerular filtration rate by creatinine or cystatin C in naive HIV-infected
patients after tenofovir/emtricitabine in combination with atazanavir/
ritonavir or efavirenz. ] Acquir Immune Defic Syndr 2012; 59:18-30.
Young J, Schafer J, Fux CA, et al. Renal function in patients with HIV
starting therapy with tenofovir and either efavirenz, lopinavir or ataza-
navir. AIDS 2012; 26:567-75.

Engeler DS, John H, Rentsch KM, Ruef C, Oertle D, Suter S. Nelfina-
vir urinary stones. ] Urol 2002; 167:1384-5.

Feicke A, Rentsch KM, Oertle D, Strebel RT. Same patient, new stone
composition: amprenavir urinary stone. Antivir Ther 2008; 13:733-4.
Doco-Lecompte T, Garrec A, Thomas L, Trechot P, May T, Rabaud C.
Lopinavir-ritonavir (Kaletra) and lithiasis: seven cases. AIDS 2004;
18:705-6.

Kaletra (lopinavir/ritonavir): full prescription information [package
insert]. Barcelona, PR: Abbott Pharmaceuticals PR, 2012.

Reyataz (atazanavir sulfate): full prescription information [package
insert]. Princeton, NJ: Bristol-Myers Squibb, 2012.

Deeks SG, Smith M, Holodniy M, Kahn JO. HIV-1 protease inhibi-
tors. A review for clinicians. JAMA 1997; 277:145-53.

Rodriguez Novoa S, Barreiro P, Rendon A, et al. Plasma levels of ata-
zanavir and the risk of hyperbilirubinemia are predicted by the
3435C — T polymorphism at the multidrug resistance gene 1. Clin
Infect Dis 2006; 42:291-5.

HIV/AIDS e CID 2012:55 (1 November) o 1269

101



MAJOR ARTICLE

Single Nucleotide Polymorphisms in ABCC2
Associate With Tenofovir-Induced Kidney
Tubular Dysfunction in Japanese Patients With
HIV-1 Infection: A Pharmacogenetic Study

Takeshi Nishijima,"? Hirokazu Komatsu,® Koichiro Higasa,’ Misao Takano,' Kiyoto Tsuchiya,' Tsunefusa Hayashida,'
Shinichi Oka,"? and Hiroyuki Gatanaga'?
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Background. Tenofovir is a widely used antiretroviral drug although it can cause kidney tubular dysfunction
(KTD). The aim of this study was to determine the association between polymorphisms in genes encoding drug
transporters and KTD in Japanese patients treated with tenofovir.

Methods. The association between tenofovir-induced KTD and 14 single nucleotide polymorphisms (SNPs)
in the ABCC2, ABCC4, ABCC10, SCL22A6, and ABCBI genes was investigated in 190 Japanese patients. KTD was
diagnosed by the presence of at least 3 abnormalities in the following parameters: fractional tubular resorption of
phosphate, fractional excretion of uric acid, urinary B2-microglobulin, urinary ol-microglobulin, and urinary
N-acetyl-B-D-glucosaminidase. Genotyping was performed by allelic discrimination using TagMan 5’-nuclease
assays with standard protocols. Associations between genotypes and KTD were tested by univariate and multivar-
iate logistic regression analyses.

Results. KTD was diagnosed in 19 of the 190 (10%) patients. Univariate and multivariate analyses showed a
significant association between KTD and genotype CC at position —24 CC (adjusted odds ratio [OR], 20.08; 95%
confidence interval [CI], 1.711-235.7; P=.017) and genotype AA at position 1249 (adjusted OR, 16.21; 95% CI,
1.630-161.1; P=.017) of ABCC2. Multivariate analysis showed higher adjusted OR for patients with both homo-
zygotes (adjusted OR, 38.44; 95% ClI, 2.051-720.4; P =.015). ABCC2 haplotype —24T and 1249G was a protective
haplotype for KTD (OR, 0.098; 95% CI, .002-.603; P =.003

Conclusions. This is the first study of our knowledge to identify the association between SNPs in ABCC2 and
tenofovir-induced KTD in an Asian population. Close monitoring of renal function is warranted in tenofovir-
treated patients with these SNPs.

Tenofovir disoproxil fumarate (TDF), a prodrug of te-
nofovir, is a nucleotide reverse transcriptase inhibitor
widely used for the treatment of human immunodefi-
ciency virus type 1 (HIV-1) infection and hepatitis B
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infection [1-4]. Tenofovir is excreted by a combination
of glomerular filtration and active tubular secretion.
Although the nephrotoxicity of tenofovir is regarded
mild and tolerable [5-7], several cases of tenofovir-
induced nephrogenic diabetes insipidus, Fanconi syn-
drome, and acute renal failure have been reported, and
prognosis of renal function with long-term tenofovir
use remains unknown [8-10].

The mechanism of tenofovir-induced kidney
damage is not fully understood. However, mitochon-
drial damage in the proximal renal tubular cells was
observed in patients with prominent tenofovir-
induced kidney tubular dysfunction (KTD) [11, 12].
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Because the characteristics and severity of tenofovir-induced
KTD vary widely among individuals, the role of host genetics
has drawn a particular attention. Single nucleotide polymor-
phisms (SNPs) in transporter proteins of renal tubular cells
have been investigated to elucidate their roles in tenofovir-
induced KTD [13-15].

Tenofovir enters kidney tubular cells through the basolateral
membrane and is transported mainly by organic anion trans-
porter (OAT) 1 and, to a lesser extent, OAT 3, encoded by
genes SLC22A6 and SLC22A8, respectively [16]. Tenofovir is ex-
creted into the urine at the apical membrane by 2 transporters
on the luminal membrane; multidrug resistance protein (MRP)
4 and MRP 2, encoded by the adenosine triphosphate-binding
cassette (ABC) genes ABCC4 and ABCC2, respectively [17, 18].
Although the role of MRP4 in transporting tenofovir has been
well established, that of MRP 2 remains controversial [19, 20].
Recently, MRP 7, encoded by ABCCIO gene, was also reported
to take part in the excretion of tenofovir [21]. P-glycoprotein is
a membrane protein expressed on the cells of renal proximal
tubule, intestine, and hepatocytes. Encoded by ABCBI gene,
P-glycoprotein transports TDEF, the prodrug of tenofovir. SNPs
on ABCBI might alter the expression of P-glycoprotein and
thus affect exposure of tenofovir [22-24].

Previous studies reported inconsistent findings on the asso-
ciation of the SNPs of the transporter protein on tenofovir-
induced KTD [13-15]. Several pathological processes could
induce KTD, such as active infection, inflammation, diabetic
nephropathy, concurrent use of nephrotoxic drugs, and preex-
isting renal impairment, and thus it is difficult to evaluate
KTD induced exclusively by tenofovir [25]. Moreover, drug
interaction with other antiretrovirals, especially ritonavir-
boosted protease inhibitors, modifies tenofovir clearance and
thus the severity of tenofovir-induced KTD [26, 27]. Previous
studies examined patients treated with various antiretroviral
combinations, which might also contribute to the inconsistent
findings. Thus, the effect of SNPs on tenofovir-induced KTD
remains to be clarified and isolated from other abovemen-
tioned conventional risk factors for KTD [15, 28]. Of note,
the population investigated in previous studies on the role
of SNPs in tenofovir-induced KTD was mostly whites, and
patients of other genetic background have hardly been
examined.

Based on the above background, the present study was de-
signed to elucidate the association between polymorphisms in
genes encoding drug transporters in renal tubular cells and
tenofovir-induced KTD, in a setting designed to exclude other
predisposing or intervening factors: the inclusion of Japanese
patients with HIV infection on the same antiretroviral
combination with suppressed HIV-1 viral load, and free of
preexisting renal impairment, major comorbidities, and active
infections.

METHODS

Ethics Statement

This study was approved by the Human Genetics Research
Ethics Committee of the National Center for Global Health
and Medicine, Tokyo, Japan. Each patient included in this
study provided a written informed consent for genetic testing
and publication of clinical data for research purposes. The
study was conducted according to the principles expressed in
the Declaration of Helsinki.

Study Design

We performed a single-center cohort study to cross-sectionally
elucidate the association between SNPs in genes encoding
renal tubular transporters in Japanese patients with HIV infec-
tion and tenofovir-induced KTD.

Study Subjects

The study included consecutive Japanese patients with HIV
infection, aged >17 years, with HIV-1 viral load <200 copies/
mL, and on at least 4-week treatment with once-daily ritonavir
(100 mg)-boosted darunavir (800 mg) plus fixed dose teno-
fovir (300 mg)/emtricitabine (200 mg), seen at our clinic
between 1 October 2011 and 31 March 2012. The exclusion
criteria were (1) active infection, (2) malignancy, (3) diabetes
mellitus, defined by the use of anti-diabetic agents or fasting
plasma glucose >126 mg/dL or plasma glucose >200 mg/dL on
two different days, (4) alanine aminotransferase 2.5 times
more than the upper limit of normal, (5) estimated glomerular
filtration rate (eGFR) calculated by Cockcroft-Gault equation
of <50 mL/minutes [creatinine clearance = [(140 — age) X
weight (kg)]/(serum creatinine x 72)(x0.85 for females)] [29],
and (6) patients without consent to the study.

Measurements

Blood and spot urine samples were collected either on the day of
enrollment or on the next visit, together with body weight mea-
surement. The blood samples were used to measure serum creat-
inine, serum uric acid, serum phosphate, CD4 count, and C-
reactive protein, whereas urine samples were used to measure
phosphate, wuric acid, creatinine, B2-microglobulin (f2M),
ol-microglobulin  (01M), and N-acetyl-B-D-glucosaminidase
(NAG). The values of f2M, olM, and NAG measured in the
urine samples were expressed relative to urinary creatinine of
1 g/L (/g Cr).

Urinary concentrations of f2M and olM were measured
with latex aggregation assay kits (B2M: BMG-Latex X1
“Seiken”; Denka Seiken Co, Niigata, Japan; 1 M: Eiken alM-
I1I; Eiken Chemical Co, Tokyo, Japan), and those of NAG by
colorimetric assay of enzyme activity with 6-methyl-2-pyridyl-
N-acetyl-1-thio-B-D-glucosaminide as substrate (Nittobo
Medical Co, Tokyo).
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Definition of Renal Proximal Tubular Dysfunction
KTD was defined as the presence of at least 3 abnormalities in
the following 5 parameters: fractional tubular resorption of phos-
phate {I - [(urine phosphatex serum creatinine)/(urine
creatinine x serumm  phosphate)]} x 100 of <82%, fractional
excretion of uric acid {[(urine uric acid X serum creatinine)/
(urine creatinine x serum uric acid)] x 100)} of >15%, [2-
microglobulinuria (B2M > 1000 pg/g Cr), ol-microglobulinuria
(01M > 16.6 mg/g Cr), and high-NAG level in urine (NAG>
5.93 U/g Cr). The above cutoff levels were selected on the basis
of data reported previously by various investigators [15, 30, 31].
The potential risk factors for KTD were determined accord-
ing to previous studies and collected together with the basic
demographics from the medical records [6, 27, 32, 33]. They
included age, sex, body weight, and presence or absence of
other medical conditions (concurrent use of nephrotoxic
drugs such as ganciclovir, sulfamethoxazole/trimethoprim,
and nonsteroidal antiinflammatory agents, coinfection with
hepatitis B, defined by positive hepatitis B surface antigen, co-
infection with hepatitis C, defined by positive HCV viral load,
hypertension, defined by current treatment with antihyperten-
sive agents or 2 successive measurements of systolic blood
pressure >140 mmHg or diastolic blood pressure >90 mmHg
at the clinic, dyslipidemia, defined by current treatment with
lipid-lowering agents or 2 successive measurements of either
low-density lipoprotein cholesterol >140 mg/dL, high-density
lipoprotein cholesterol <40 mg/dL, total cholesterol >240 mg/dL,
triglyceride >500 mg/dL. At our clinic, blood pressure and
body weight are measured every visit. We used the data on or
closest to and preceding the day of blood/urine sample collec-
tion by no more than 180 days.

Genetic Polymorphisms

SNPs in genes encoding tubular transporters were selected on
the basis of their functional significance, findings of previously
published reports, and/or reported minor-allele frequencies
>5% in the Japanese [13-15, 21, 28]. The allele frequency data
for the Japanese were obtained from the Japanese Single Nu-
cleotide Polymorphisms (JSNP) database [34]. The 14 SNPs
selected were (1) ABCC2 (encodes MRP2) —24C — T (in the
promoter; rs717620); 1249G — A (Val417lle; rs2273697);
2366C — T (Ser789Phe; rs56220353); 2934G — A (Ser978Ser;
rs3740070), (2) ABCC4 (encodes MRP4) 559G T
(Gly187Trp; 1s11568658); 912G — T (Lys304Asn; rs2274407);
2269G — A (Glu757Lys; rs3765534); 3348A — G (Lys1116Lys;
rs1751034); 4135T — G [in the 3’ untranslated region (UTR);
(rs3742106)]; 4976T — C (3’ UTR; rs1059751), (3) ABCC10
(encodes MRP10) 526G — A (intron; rs9349256); 2759T — C
(11e920Thr; 1s2125739), (4) SLC22A6 (encodes OATI1)
180C — T (Asn60Asn; rs11568630), and (5) ABCBI (encodes
P-glycoprotein) 2677T — A/G  (A:Ser893Thr, G:Ser893Ala;
rs2032582).

Pharmacogenetic Analyses

Genomic DNA was extracted from peripheral-blood leuko-
cytes using the protocol described in the sheet enclosed with
the QIAamp DNA MiniKit (Qiagen, Valencia, California). All
genotyping was performed by allelic discrimination using
TagMan 5'-nuclease assays with standard protocols (TagMan
SNP Genotyping Assays; Applied Biosystems, Foster City,
California). The primer and probe sequences are available on
request.

n=244

Japanese patients with once-daily
DRVIrplus TOFFTC for >4 weeks

Envrolled in the stidy
n=190

Excluded n=54
Dici not consent n=34
HIV viral load =200 coples/ml  n=86
Diabietes meflitus n=4
ALT 2.5 times SULN n=1
Did not visit during study period n=9

!

!

Patignts with Palients with normal
kidney tublar dysfunction kidney tubular function
n=19 n=171

Figure 1.
TDF/FTC, tenofovir/emtricitabine; ULN, upper limit of normal.

Patient enroliment. Abbreviations: ALT, alanine transaminase; DRV/r, ritonavir-boosted darunavir; HIV, human immunodeficiency virus;
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Statistical Analysis

Baseline characteristics were compared between patients with
KTD and without tubular dysfunction by the Student ¢ test for
continuous variables and by either the y” test or Fisher exact
test for categorical variables. Statistical comparisons for geno-
type frequencies between 2 groups were made by use of 2 x 3
table Fisher exact test (2 x 6 table for rs2032582). Associations
between genotypes and KTD were tested by univariate and
multivariate logistic regression analyses. The impact of other
variables was estimated with univariate analysis, and those
with P < .20 were incorporated into multivariate analysis, in
addition to the basic demographics such as age and sex. Statis-
tical significance was defined at 2-sided P value <.05. We used
odds ratios (ORs) and 95% confidence intervals (95% Cls) to
estimate the impact of each variable on KTD. The Haploview
software was used to test Hardy-Weinberg equilibrium and
ABCC2 and ABCC4 haplotype analysis. All other statistical

analyses were performed with the Statistical Package for Social
Sciences ver. 17.0 (SPSS, Chicago, Illinois).

RESULTS

A total of 190 patients who provided blood and urine samples
and satisfied the inclusion and exclusion criteria were enrolled
in the study (Figure 1). KTD was diagnosed in 19 of the 190
patients (10%). The baseline characteristics and laboratory
data for patients with and without KTD are listed in Table 1.
Patients with KTD were older (P<.001), had smaller body
weight (P=.006) and lower eGFR (P =.003), and were more
likely to be hypertensive than patients with normal tubular
function (P =.088). The median duration of tenofovir therapy
was 71.5 weeks (interquartile range [IQR]: 36.8-109.2 weeks)
for the entire study population, which was not different
between the 2 groups (P = .888).

Table 1. Characteristics of Patients With and Without Kidney Tubular Dysfunction

Patients With KTD (n =19)

Patients With Normal Tubular

Function (n = 171) P Value

Character stlcs

Variables for kidney"thb'u[ér; markers
Urinary B2M (ug/g Cr)a
: ‘Urmary od M. (mg/g Cr
Urinary NAG (U/g Cr)® ,
: Fractlonal tubular resorpt:on bho}é‘ph,éte?: -
Fractional excretion of uric acsda
Conmbut[on of each parameterf TC
Urlnary BZM > 1000 ug/g Cr, No (%)
: Urinary. odM 1667 mg/g Cr No (%)
Urinary NAG >5.93 U/g Cr, No. (%)

Fracﬁona tubu ar resorpnon of phcsphate <82% No (%) .

Frac‘uona! excretson of ur|c aC|d >15% No (%) -

Sex (male), (%) ;
Agean* . : . ,
Route of transmtssmn (homosexual Contact) No (%)

Wexght (kg)

Estimated glomerularﬁltratlon rate mL/mmutes/? 73 m )

: Serum creatmme (mg/dL
CD4 cell count (uL) ‘
‘Serum phosphate mg/dL‘ - -
Serum uric acid ( mg/dL)
Nephrotoxo drug, No (%)
Hepatitis C, No. (%)
k‘HepatatasB No (%)
Dyslipidemia, No. (%)
‘Hypertensson No (%) ;
C-reactive protem (mg/dL)
Duration of treatment with TDF (vveeks)

3066 (2247 10068)
26 5(1 9 8-37. 4>
9

6.2—- 143)

839(817 9

76 124) 64(50—90)
19(100) - (123)
B 7009
(89.5) (13 5)
18 (94.7) 166(971)
60 (41-62) 8 (32-42)
16 (84.2) 153 (89.5)
. BB(535-665) L
75.5 (62.8-93.5) 87.7 (77.5-98)
£ 0.85(0.68-0.96) . 080(073-088)
380 (194-501) 379 (275-533)
Apimng 3229+
7 (4.2- 57) 56(48—64)
; (105) 12(70) :
0o 3018
205 24014)
421.1) 54 (316)
- 8(421) 42(246)

0.07(008-028
60.3(17.7-115.4)

209 2 (1 14 2—536 2)

7 95 5 02—11 9)

| 3.74(2.84-4.95)

007 (0.03- 016)

| 73.3(37.7-109. 1)

Abbreviations: KTD, kidney tubular dysfunction; NAG, N-acetyl-g-p-glucosaminidase; TDF, tenofovir disoproxil fumarate.

2 Median (interquartile range).
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Table 2. Genotype Frequencies at ABCCZ2, ABCC4, ABCC10, SLC22A6, and ABCBT in Patients With and Without Kidney Tubular

Dysfunction

Genotype

Patients With Normal Tubular

ABCC2 (MRP2)

Amino Acid

e
o

1249 G A, 152273697

o6
N6
i

2366 C - T, 1556220353

24C-T, 1$717620 G

vam7ile

Ser789Phe

ooy

2934 G - A, 153740070

L GA

ABCC4(MRP4)

B59G T, rs11568658

G/G
GT
i

‘é‘ér97488§”r Ll | |
i - 18(947)

Cawerme

912G T, 152274407

G/G

T

| 2269G A, 153765534

AIA

ssAnGmsiON

A
G/G

Lystitelys

G/G

LAgTeTCostoseTe e

/T

C/C
ABCCIOMRP7)
526G — A, rs9349256
AG

Patients With KTD (n = 19)

- 1san

i

5 (26.3)

- oy

o 19(100) -

0(0)

o0

1(6.3)

o Bess
e
20109

13(684)

0(0)
' ~ 15(789)

2(108

130684)

NI

6(31.6)

Function (n=171)

iosieaz

mosa
3005 .

"3’(15_8‘) S

(368
6(31.6)

s@n m@s

9 (47.4)

P Value®

52 (30.4) k - 018

odtea

L

s0e 000

18930y

164 1.000

e

weory
34099y 126
aR3

102 (59.6)

L e T
1709

: -24’?"

7.)

eery
B8R39 . . 85
1588

’46 (26.9)

46 (26.9)

86603 090

538 569
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Table 2 continued.

Patients With Normal Tubular
Function (n=171)

Genotype
27897 C, 152126739
T
R
cec
SLC22A6 (OAT1)
180C — T, rs11568630
e
cr
ABCBT (P-glycoprotein)

2677T — A/G, 152032582

Amino Acid Patients With KTD (n =19)

P Value?®
deo2ote o

131 (77.5)

 A'Ser893Thr
G:Ser893Ala

7 o 0(0)
G/G 4(21.1) .002
s . @ = GEa
G/A y  163)
SRR e e

Abbreviation: KTD, kidney tubular dysfunction.
@ By Fisher exact test.

Table 2 summarizes the distribution of genotypes at the
ABCC2, ABCC4, ABCC10, SLC22A11, and ABCBI genes in
the 2 groups. All polymorphisms were in Hardy-Weinberg
equilibrium with a cutoff P value of .001. In single SNP analy-
sis, a higher percentage of patients with KTD were found
among genotype CC at position —24 and genotype AA at po-
sition 1249 of ABCC2, compared to patients with other geno-
types (—24 CC; 14.3% [in 18 of 126 patients] vs 1.6% [in 1 of
64 patients]; P=.004; 1249 AA; 42.9% [in 3 of 7 patients] vs
8.7% [in 16 of 183 patients]; P =.023), respectively. The per-
centage of patients with KTD was also higher among genotype
AA at position 2677 of ABCBI, compared to patients with
other genotypes (2677 AA; 42.9% [in 3 of 7 patients] vs. 8.7%
[in 16 of 183 patients]; P=.023). KTD was marginally associ-
ated with genotype AA at position 559 and genotype GG at
position 4976 of ABCC4 (P =.112, and .090, respectively).

Association of Genotypes with KTD

Univariate analysis showed a significant association between
KTD and patients with genotype CC at position -24
(OR, =10.50; 95% CI, 1.369-80.55; P=.024) and patients with
genotype AA at position 1249 (OR, 7.828; 95% CI, 1.609-
38.10; P=.011) of ABCC2 (Table 3). The risk for KTD was
higher in patients with both genotype CC at position —24 and
genotype AA at position 1249 (OR, 31.88; 95% CI, 3.131-
324.5; P =.003). Genotype AA at position 2677 of ABCBI was
also significantly associated with KTD (OR, 7.828; 95% CI,

1.609-38.10; P =.011). Furthermore, old age (per 1 year, OR,
1.165; 95% CI, 1.100-1.233; P <.001), low body weight (per 1
kg decrement, OR, 1.076; 95% CI, 1.021-1.135; P =.007), and
low eGFR (per 1 mL/minutes/1.73 m? decrement, OR, 1.052;
95% CI, 1.016-1.090; P =.004) were also associated with KTD.

Multivariate analysis identified genotype CC at position —24
and genotype AA at position 1249 of ABCC2 as independent
risks for KTD after adjustment for sex, age, weight, eGFR, and
hypertension (adjusted OR,=20.08; 95% CI, 1.711-235.7;
P =.017; adjusted OR, 16.21; 95% CI, 1.630-161.1; P=.017),
respectively (Table 4). Patients with both of the abovemen-
tioned two homozygotes showed higher adjusted OR in multi-
variate analysis (adjusted OR, 38.44; 95% CI, 2.051-720.4;
P=015; Table 4). On the other hand, genotype AA at posi-
tion 2677 of ABCBI was not significantly associated with KTD
in multivariate analysis adjusted for the abovementioned vari-
ables (adjusted OR, 1.686; 95%ClI, .163-17.43; P = .661).

Association of Haplotypes at ABCC2 and ABCC4 with KTD

Haplotype construction was performed with the 4 identified
SNPs with P <.10 in univariate analysis: ABCC2, =24 C— T,
1249 G — A; ABCC4, 559 G — T, 4976T — C (Table 4). Hap-
lotypes with frequency of >1% were analyzed. ABCC2 haplo-
type CA was significantly associated with TDF-induced KTD
(OR, 2.910; 95% CI, 1.295-6.221; P=.011), whereas ABCC2
haplotype TG was a protective haplotype (OR, 0.098; 95%
CI, .002-.603; P=.003). ABCC4 haplotype TT was marginally

HIV/AIDS e CID 2012:55 (1 December) e 1563

107



Table 3. Univariate Analysis of Risks for Kidney Tubular Dys-
function in Patients With HIV Infection Treated With Tenofovir

Characteristic OR 95% ClI P Value
Femalesex 184 2041667 586
Age per1 year’ - 1.165 1 100-1.233  <.001
, T — o ,‘!’007’%

1.002 .999-1. 004 .261

1016-1090

1ml 2
dec

k.&322k~7”.555m .5551w

Concurrent use 1.559

of nephrotoxtc drugs -
HepatisB = 0721 1563319 674
C-reactive protem per 1 mg/dL 1.551 .689—3 494 .289
Hypertension ' 2234 . 922 106
Dysl|pldem|a ) .'183 1 823 .349

Duratton of treatment ‘
with tenofovir dtsoprox:!
fumarate (weeks)’ i

ABCC2
e 1050  1.369-80.55 024
1249 AA 7828 1609-38.10 011
 —24CCplus 1249AA 3188  3.131-3245 003
2934 GG 1358 167-11.07 775
ABccs L
559 TT 4912 8372881 078
LetTE 1466 531-4042 460
2269 AA 2756 530-14.34 228
| 3348GG 1950  510-7.463 329
4136 GG 1254  450-3494 665
R 254 A%0-34%4 085
ABCC10
e o iy
2759 TT
ABCBI o
2677 AA 1.609-38.10

Abbreviations: Cl, confidence interval, eGFR: estimated glomerular filtration
rate; HIV, human immunodeficiency virus; OR, odds ratio.

? Due to low prevalence of minor alleles, rs56220353, rs11568630, and
rs2274407 were not included in this analysis.

associated with tenofovir-induced KTD (OR, 2.497; 95%
CI, .902-6.949; P = .077).

DISCUSSION

The present study demonstrated that genotype CC at position
—24 and genotype AA at position 1249 of ABCC2 gene are
associated with tenofovir-induced KTD in Japanese patients
with HIV-1 infection. The effect of SNPs was more evident in
patients with both —24 CC and 1249 AA homozygotes than
in those with either homozygote only. The findings of this
study resolve long-term controversy over the role of genetic

Table 4. Multivariate Analysis for the Risk of Tenofovir-Induced
Kidney Tubular Dysfunction With Homozygotes at —24 and 1249
of ABCCZ in Patients With HIV Infection

ABCC2 Adjusted OR 95% Cl P Value
Homozygote at-24CC 2008  1711-2357 017
Homozygote at 1249 AA 16.21 1.630-161.1 017
Homozygotesat —24CC 3844 2051-7204 015
e, __

Each variable was adjusted for sex, age, weight, estimated glomerular
filtration rate, and hypertension.

Abbreviations: Cl, confidence interval; OR, odds ratio.

polymorphisms in tenofovir-induced KTD and confirm the
effect of the SNPs in ABCC2 gene in tenofovir-induced KTD.

CA haplotype (—24C, 1249A) of ABCC2 was associated with
tenofovir-induced KTD, whereas TG was a protective haplotype
(Table 5). Izzedine et al [13] reported the role of CATC haplo-
type (—24C, 1249A, 3563T, 3972C) of ABCC2 in KTD.
However, 3563T did not play such role in this haplotype analy-
sis, because the prevalence of 3563T is 0% in the Japanese, ac-
cording to the HapMap data, and haplotype with only —24C
plus 1249A still exhibited its effect on tenofovir-induced KTD
(Table 5; www.hapmap.org). The reported association between
tenofovir-induced KTD and 526G and 2759C of ABCCI0 de-
scribed by Pushpakom et al [21] was also not reproduced in this
study. Furthermore, SNPs in ABCC4, SLC22A6, and ABCBI in-
vestigated in the present study did not show a significant associ-
ation with tenofovir-induced KTD (Table 3).

Three main aspects of our study are important. First, this is
the first study to our knowledge that elucidated the effect of
SNPs on tenofovir-induced KTD conducted in a country other
than European countries or the United States. Our study ex-
amined Japanese patients of genetic background different
from patients of previous studies, which consisted mostly of
whites. While SNPs —24C and 1249A of ABCC2 have been
speculated to correlate with tenofovir-induced KTD in previ-
ous studies, the present study confirmed that these SNPs are
risk factors for tenofovir-induced KTD in nonwhites.

The result that the SNPs in ABCC2 are a risk for tenofovir-
induced KTD can also be applied to patients with other
genetic backgrounds who host SNPs —24C and 1249A.
Notably, the impact of SNPs on tenofovir-induced KTD might
be more significant in Africans and Indians than in Japanese
or whites, considering that the allele frequencies of —24C and
1249A are higher in these population according to the
HapMap data (—24C; Africans 96.9%, Indians 92.6%, Japanese
80.8%, whites 81.9%, 1249A; Africans 21.7%, Indians 30.7%,
Japanese 8.9%, whites 23.7%; www.hapmap.org).

Second, the study was designed to evaluate the exclusive
effect of SNPs on tenofovir-induced KTD by excluding
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Table 5.

Association Between Haplotype in ABCCZ and ABCC4 and Kidney Tubular Dysfunction

Allele/Haplotype Frequency, %

SNP Marker/Haplotype Allele KTD Group (n=19) Control Group (n=171) OR (95% CI)® PValue
—-24C—T C 97.4 78.4 10.22 (1.658-419.8) .003
be s e 123 291013456209 011
ABCC2 CA 28.9 12.3 2.91(1.295-6.221) 011
haplotype 26 21.6 0.098 (.002-.603) 003
559 G —T 211 1.905 (.705-4.614) 213
ABCC4
haplotype . . B B I

Abbreviations: Cl, confidence interval; KTD, kidney tubular dysfunction; OR, odds ratio; SNP, single-nuclectide polymorphism.

@ ORs and P values are for comparisons of allele/haplotype frequencies between the kidney tubular dysfunction and control groups.

possible predisposing factors for KTD, for example, active in-
fection, malignancies, diabetes mellitus, and preexisting renal
impairment, which are known risks for KTD [35]. Patients
who showed no HIV-1 viral suppression were also excluded.
Furthermore, the enrolled patients were Japanese only, and
this helped to examine a study population with comparatively
similar genetic background. The study population was also on
the same antiretroviral regimen (ritonavir-boosted darunavir
plus tenofovir/emtricitabine), and this also helped to evaluate
more precisely the effect of SNPs, because plasma concentra-
tion of tenofovir is affected by concomitant antiretrovirals and
the delta change in plasma tenofovir concentration likely
differs in the presence of each concomitant drug [26].

Third, SNPs were examined in 190 patients in this study.
To our knowledge, the number of enrolled patients is the
largest among the studies that have so far examined the effect
of SNPs on tenofovir-induced KTD. Thus, this feature provid-
ed the study a higher statistical power than previous studies.

Why are polymorphisms in ABCC2 a risk for tenofovir-
induced KTD, even though it is controversial whether MRP2
plays a role in the excretion of tenofovir via the luminal mem-
brane? [18, 20] The exact mechanism has not been determined
yet, but we speculate 2 hypotheses. First, there might be
unknown endogenous substances that influence tenofovir
nephrotoxicity in renal tubular cells, and SNPs in ABCC2
modulate the function or transportation of such substances
[15]. Second, MRP2 may indeed take part in transporting te-
nofovir, because various substances including methotrexate
are reported to be a substrate of MRP2, and ABCC2 mutation
alters excretion of those substances [36, 37]. Further studies
are warranted to elucidate the exact mechanism of these SNPs
on tenofovir-induced KTD. Furthermore, the impact of these

SNPs on KTD with long-term TDF use needs to be evaluated
in prospective studies.

Several limitations need to be acknowledged. First, not all
polymorphisms in genes of the targeted transporter proteins
were examined. Thus, we might have missed other important
SNPs on the function of tenofovir transportation. There might
be other unknown transporter proteins for tenofovir excretion
in the kidney that contribute to susceptibility to tenofovir-
induced KTD as well. Second, the diagnostic criteria for TDF-
induced KTD are not uniformly established in the field and
are different in the published studies. The criteria applied in
this study are not entirely similar to the ones used in previous
studies that examined the role of SNPs in tenofovir-induced
KTD. However, by excluding other predisposing factors for
KTD and enrolling a large number of patients, this study suc-
ceeded in providing a clear-cut association between SNPs and
tenofovir-induced KTD.

In conclusion, the present study demonstrated that SNPs in
ABCC2 associate with tenofovir-induced KTD in Japanese pa-
tients, in a setting that excluded other predisposing factors. As-
sessment of renal tubular function is more cumbersome and
costly to monitor than serum creatinine. However, monitoring
tubular function is clinically important, because undetected long-
term tubular dysfunction might lead to premature osteopenia
due to phosphate wasting and accelerated progression of renal
dysfunction. Close monitoring of tubular function is warranted
in patients with ABCC2 —24C and 1249A under TDF treatment.
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Drug-Induced Acute Interstitial Nephritis Mimicking Acute
Tubular Necrosis after Initiation of Tenofovir-Containing
Antiretroviral Therapy in Patient with HIV-1 Infection
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Abstract

We describe a case of 68-year-old Japanese man with HIV-1 infection who developed acute kidney injury
with prominent tubular dysfunction immediately after starting tenofovir-containing antiretroviral therapy. An-
tiretroviral therapy was discontinued in two weeks but renal function, as well as tubular function, did not
shown full recovery even at a 3-year follow-up examination. Acute tubular necrosis, a rare but well-known
side effect of tenofovir, was suspected, but kidney biopsy confirmed interstitial nephritis. It is important to
distinguish drug-induced interstitial nephritis from acute tubular necrosis, because early steroid administration
can improve renal dysfunction caused by acute interstitial nephritis.

Key words: tenofovir, acute interstitial nephritis, acute tubular necrosis, acute kidney injury, HIV infection,

kidney biopsy

(Intern Med 51: 2469-2471, 2012)
(DOI: 10.2169/internalmedicine.51.7766)

Introduction

Renal proximal tubular dysfunction is a well-known side
effect of tenofovir (1, 2). Although rare, it sometimes leads
to acute tubular necrosis (ATN) and results in acute kidney
injury (AKI) (1, 3). Drug-induced acute interstitial nephritis
has a similar clinical presentation to ATN, but has different
etiology and management (4, 5). Here we report a case of
tenofovir-induced acute interstitial nephritis (AIN) which
mimicked ATN after initiation of tenofovir-containing an-
tiretroviral therapy (ART).

Case Report

A 68-year-old Japanese man with history of hypertension

and diabetes mellitus was diagnosed with HIV infection and
preumocystis pneumonia (PCP). The latter was treated with
sulfamethoxazole/trimethoprim plus prednisolone for three
weeks, and the patient was referred to our hospital. Reacti-
vation of PCP occurred and he was again treated with sul-
famethoxazole/trimethoprim for three weeks. After comple-
tion of PCP treatment, sulfamethoxazole/trimethoprim was
replaced with atovaquone for secondary prophylaxis, and
one month later ART was started with tenofovir/emitricit-
abine plus lopinavit/ritonavir (baseline CD4 count 39/uL,
HIV viral load 990,000 copies/mL). Baseline renal function
tests were within the normal range (serum creatinine 0.53
mg/dL, blood urea nitrogen 8.7 mg/dL) with urine B2 mi-
croglobulin (B2MG) of 2,327 pg/L.. The concurrent drugs
were atovaquone (which was switched to prophylactic dose
of sulfamethoxazole/trimethoprim on ART day 2), azithro-

'AIDS Clinical Center, National Center for Global Health and Medicine, Japan, *Department of Nephrology, National Center for Global Health
and Medicine, Japan, *Department of Pathology, National Center for Global Health and Medicine, Japan, 'Department of Infectious, Respiratory,
and Digestive Medicine Control and Prevention of Infectious Diseases, Faculty of Medicine, University of the Ryukyus, Japan and *Center for

AIDS Research, Kumamoto University, Japan

Received for publication March 18, 2012; Accepted for publication June 14, 2012

Correspondence to Dr. Hiroyuki Gatanaga, higatana@acc.ncgm.go.jp

112



Intern Med 51: 2469-2471, 2012 DOI: 10.2169/internalmedicine.51.7766

Figure 1.

The microscopic findings in the renal biopsy specimen. (a) Diffuse interstitial inflamma-

tion with histologically normal glomeruli (Hematoxylin and Eosin (H&E) staining, x10). (b) Promi-
nent interstitial inflammatory infiltrates characterized by lymphocytes, plasma cells, and focal eo-
sinophils (white arrow) (H&E staining, x400). (c¢) Electron microscopic examination showed
mitochondria normal in size and morphology in proximal tubular epithelial cells (white arrow

heads) (x5,000).

mycin 1,200 mg/week, and olmesartan. No concurrent non-
steroidal anti-inflammatory drug was used.

Serum creatinine started to rise and on ART day 14, it
reached 2.66 mg/dL with B2MG of 321,400 pg/L. No fever
or rashes were observed, but prominent eosinophilia was
noted (18.6% of leukocytes, 4,400/uL). Urine dipstick test
showed proteinuria +3, occult blood +2, and glycosuria +1,
together with renal tubular epithelial cells and granular casts
in urine. Serum potassium, sodium, and phosphate levels
were within the normal ranges. Serum IgE was high (1,040
IU/mL), and serum antinuclear antibodies, antineutrophil cy-
toplasm antibody, and cryoglobulin were negative. Renal ul-
trasonography was also negative for specific findings.

ART and the other concurrent medications, with the ex-
ception of azithromycin, were discontinued on that day. Hy-
dration with central venous catheter was started. At 21 days
after commencement of ART, serum creatinine reached a
peak level of 5.39 mg/dL, though renal function started sub-
sequently to improve slowly. At 32 days after discontinu-
ation of ART, ART with darunavir/ritonavir plus raltegravir
was provided (serum creatinine 2.59 mg/dL). The patient
was discharged 44 days after re-commencement of ART
with a CD4 count of 247/ul, and HIV viral load of 2,700
copies/mL. Within 3 months after discharge, HIV viral load
was suppressed to <50 copies/mL with a CD4 count of 316/
pL.

Five months after the episode, renal biopsy was per-
formed (serum creatinine 1.76 mg/dL, B2MG 15,677 ug/L).
Examination of the specimen showed interstitial infiltration
of lymphocytes, plasma cells, and a few eosinophils. There
was no vacuolation in tubular cells and the brush border was
intact. The glomeruli were histologically normal (Fig. 1a, b).

Immunofluorescence study was negative for IgG, IgM, IgA,
Clq, C3, C4, or fibrinogen. Electron microscopic examina-
tion demonstrated no abnormalities in the mitochondria of
tubular cells (Fig. 1c). The final diagnosis was drug-induced
AIN. Serum creatinine and B2MG were still elevated three
years later at 1.47 mg/dL and 25,718 pg/L, respectively.

Discussion

We described a case of tenofovir-induced AIN, which
clinically mimicked ATN, after commencement of tenofovir-
containing ART. Although the causative drugs were discon-
tinued in two weeks, renal function did not show full recov-
ery and the patient developed chronic kidney disease
(Fig. 2). Tenofovir was highly likely the causative drug, be-
cause sulfamethoxazole/trimethoprim, the other drug which
was used just before the occurrence of AIN, had been inter-
mittently used for more than two months before the intro-
duction of ART without any complications. To our knowl-
edge, this is the fourth reported case of tenofovir-induced
AIN, in addition to the three cases reported by Schmid et
al. (6). Nevertheless, it is difficult to entirely role out the in-
volvement of sulfamethoxazole/trimethoprim in occurrence
of this AIN case. A combination effect of TDF and sul-
famethoxazole/trimethoprim might have played a role.

It is difficult to diagnose interstitial nephritis based on
clinical and laboratory findings only, and renal biopsy is re-
quired for a definitive diagnosis (4, 5). Only 5 to 10% of
patients present with the classic triad of AIN symptoms: fe-
ver, rash, and eosinophilia (4, 5). However, renal biopsy is
not performed in many cases with tenofovir-induced renal
dysfunction, and thus, a considerable number of tenofovir-
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Figure 2. The clinical course of the patient. TDF/FTC: tenofovir/emtricitabine, LPV/r: ritonavir-
boosted lopinavir, RAL: raltegravir, DRV/r: ritonavir-boosted darunavir, TMP/SMX: trime-
theprim/sulfamethoxazole, AZM: azithromycin, B2MG: B2 microglobulin

induced AIN may have been misdiagnosed. Although a
prominent eosinophilia and hyper-IgE (1,040 IU/mL) was
noted for this case, these laboratory findings are commonly
observed in patients with HIV-1 infection (7, 8). It is there-
fore difficult to dignose AIN solely based on these labora-
tory findings in patients with HIV infection.

The pathomechanism of tenofovir-induced ATN is consid-
ered to be mitochondrial toxicity in proximal tubular
cells (9, 10). In contrast, interstitial nephritis occurs as an
allergic response triggered by exposure to a drug (4, 5). It is
important to distinguish AIN from ATN, because early ster-
oid administration can improve the recovery of renal func-
tion in AIN (4, 5).

AIN should always be included in the differential diagno-
sis in a patient with AKI and prominent renal tubular dam-
age following the introduction of tenofovir. In addition to
prompt discontinuation of tenofovir, renal biopsy followed
subsequently with steroid therapy at an early stage could
produce a favorable renal outcome.
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Abstract Cytomegalovirus (CMV) retinitis with idio-
pathic CD4™ T lymphocytopenia (ICL) is rare and difficult
to control. We report a first case for long-term control of
CMV retinitis with ICL. using interleukin-2 (IL-2) therapy
and succeeded in discontinuation of anti-CMV therapy. A
49-year-old Japanese woman was diagnosed with ICL
based on low CD4™ count (72/ pl), negative for HIV-1 and
-2 antibodies, and absence of any defined immunodefi-
ciency diseases or immunosuppressive therapy. PCR test of
the aqueous humor in the right eye was suggestive of CMV
retinitis. She was treated with systemic ganciclovir, but
after several relapses of CMV retinitis, rhegmatogenous
retinal detachment appeared in the right eye and she
became blind in that eye. Three years later, she developed
CMV retinitis in the left eye. Although she received sys-
temic and focal anti-CMYV treatments, the retinitis showed
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no improvement. Finally, retinal detachment occurred, and
she underwent vitrectomy. IL-2 was injected to increase
CD4" counts. Because of hyperpyrexia, blepharedema,
central scotoma, and color anomaly, we changed to low-
dose IL-2 therapy with no side effects. Finally, we suc-
ceeded in increasing the CD4™ count to more than 200/pl
after discontinuation of low-dose IL-2 therapy. CMV reti-
nitis never recurred after discontinuation of anti-CMV
therapy, with good visual acuity of 20/20 in the left eye.
She developed blindness of the first affected right eye,
whereas the visual acuity of the left eye remains excellent
more than 12 years after the onset of CMV retinitis through
the combined use of anti-CMV therapy, 1L-2 therapy, and
vitrectomy.

Keywords Cytomegalovirus retinitis - CD4+ T
lymphocytopenia - IL-2 - Vitrectomy

Introduction

Idiopathic CD4% T lymphocytopenia (ICL) was first
reported in 1992 as a new disease entity [1, 2]. The syn-
drome encompasses patients with (1) absolute CD4*
T lymphocyte (CD4™) counts less than 300/ul or less than
20 % of total T cells on more than one occasion, (2) no
evidence of human immunodeficiency virus (HIV)-1 or -2
infection, and (3) absence of any defined immunodefi-
ciency diseases or treatment that lowers CD4* counts.
Opportunistic infections similar to those associated with
HIV infection are often encountered in patients with ICL.
However, only a few patients with ICL complicated by
cytomegalovirus (CMV) retinitis have been reported [3-5].
In this report, we describe a case of CMV retinitis in both
eyes in a patient with ICL; vision was completely lost in
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one eye, whereas good vision was successfully maintained
in the other eye by anti-CMV therapy, IL-2 therapy, and
vitrectomy.

Case report

A 49-year-old Japanese woman visited her family physi-
cian in 1994 with visual field impairment in the right eye.
She had no special family history, and reported having
herpes zoster infection when 40 years old. Fundus exami-
nation of the right eye showed hemorrhagic retinitis with
exudates in the inferior aspect of the optic disc, and
polymerase chain reaction (PCR) test of the aqueous humor
from the anterior chamber was suggestive of CMYV retinitis.
Leukocyte count was 5,290/pl, with a total lymphocyte
count of 332/ul (5.6 %). Both CD4% and CD8" T lym-
phocyte (CD8") counts were low, at 91/ul (27.6 %) and
72/ul (21.8 %), respectively. Antibodies for HIV-1 and -2
were negative. Her general condition was satisfactory
except for CMV retinitis; the patient had no other diseases
such as cancer and was taking any immunosuppressant.
Based on the foregoing findings, the final diagnosis was
ICL.

The patient was treated with systemic ganciclovir but
experienced several relapses of CMV retinitis. Rhegma-
togenous retinal detachment appeared in the right eye in
1997. Retinal detachment surgery (retinal backing,

MAC

Cryptococcus subctaneous ahscess '{l
extraction Fluconazols (4005
uconazols
<1

retinal detachment
Vitrectomy

Gancyclovir (10mg/kg X 7/4weeks)

encircling, and cryopexy) was successful with reattachment
of the retina. However, CMV retinitis recurred in the right
eye, which resulted in blindness in 1997.

Three years later, she developed CMV retinitis in the
left eye. Although she received systemic and focal anti-
CMYV treatments (systemic ganciclovir, vitreous injection
of ganciclovir and foscarnet, and replacement of the vit-
reous ganciclovir implant), the retinitis showed no
improvement but rather gradual extension. Accordingly,
she was referred to the National Center for Global Health
and Medicine in September 2001. The main clinical course
after the first visit is shown in Fig. 1. At arrival, she had
already developed phthisis bulbi of the right eye. The
visual acuity of the left eye was 20/20, and no inflamma-
tory cells were detected in the anterior chamber. The
ganciclovir implant was seen in the inferotemporal vitre-
ous; however, CMV retinitis with granular border was
noted in the inferotemporal retina. No other general
abnormal findings were evident except for blood tests:
leukocyte count of white cells 3,010/ul, total lymphocyte
count 400/ul, CD4™ count 164/pl, and CD8" count 43/pl.
Intravenous injection of cidofovir resulted in significant
improvement of CMV retinitis, but the condition recurred
after 4 months. Finally, retinal detachment occurred in the
left eye (Fig. 2). She underwent vitrectomy in April 2002
and the retina was reattached. During this period, she also
developed a subcutaneous cryptococcus abscess in the left
thigh. The abscess had disappeared subsequent to surgical

central scotoma /eolor anoraly
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Fig. 1 Clinical course
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Fig. 2 Retinal detachment in the left eye: the retina under the white
granular border is already healed of cytomegalovirus (CMV) retinitis
with tight atrophic adhesion. The peripheral healthy retina over the
border is progressing toward retinal detachment

extraction and oral fluconazole (400 mg) by April 2004.
According to ethics standard, the institutional review board
permitted starting interleukin-2 (IL-2) therapy to increase
the immune level. Subcutaneous IL-2 injection was started
with written patient’s informed consent in February 2002
(the first dose was 350,000 IU x 2 for 5 days, total
3,500,000 IU; and the second dose was 700,000 IU x 2
for 5 days, total 7,000,000 IU) to increase CD4" count, but
the count decreased further to 37/pl. To improve the
immune status, lymphokine activated killer cells (LAK)
therapy was adopted four times from June to August 2002.
However, clinical improvement was not observed, and
CD4™ count hovered around 40-50/pl. Therefore, a third
dose of IL-2 (1,050,000 IU x 2 for 5 days) was scheduled
in November 2002. Four days after subcutaneous injection,
she developed hyperpyrexia, blepharedema, central sco-
toma, and color anomaly. Accordingly, we provided a
decreased dose of IL-2 for 700,000 IU on the last day (total
dose of 8,050,000 IU) and stopped the therapy. The
Goldmann perimeter did not show central scotoma, but a
pseudo-isochromatic  plate showed color deficiency.
Because the complications of central scotoma and color
deficiency disappeared several days after each IL-2 injec-
tion, we restarted low-dose IL-2 (350,000 IU three times a
week) in February 2005.

Mycobacterium avium complex (MAC) infection was
suspected based on the findings of chest computed
tomography and gastric juice culture positive for the acid-
fast bacteria in June 2003. Prophylactic treatment with
azithromycin (1,200 mg/day) was continued until June
2005 and successfully discontinued. In terms of anti-CMV

Fig. 3 Retina reattached after vitrectomy: the optic nerve and macula
are intact. The atrophic retina after CMV retiniti presents outside the
arcade vessel with laser scar and proliferative epiretinal membrane.
There is no relapse of CMV retinitis after vitrectomy

treatment, intravenous ganciclovir (480 mg/day) was
administered from September 2002 instead of cidofovir
injection (total 23 times), and the dose was adjusted
according to the severity of bone marrow suppression,
together with IL-2 therapy. With the gradual increase in
CD4* count, we were able to change the anti-CMV therapy
from intravenous ganciclovir to oral valganciclovir
(900 mg/day) in December 2004, and tapered the dose of
valganciclovir (1,800 mg x 7 days/month). The CD4%
count has been above 200/pl without IL-2 therapy since
2005. Valganciclovir was discontinued in June 2009.

Since the vitrectomy in 2002, CMV retinitis has not
recurred (Fig. 3), and the patient continued to have good
visual acuity of 20/20 in the left eye when tested in the last
follow-up examination in January 2012.

Discussion

Many ICL cases with various opportunistic infections
similar to those of acquired immunodeficiency syndrome
(AIDS) patients have been reported since 1989. However,
this disease is not well known in the field of ophthalmology
because few cases of CMV retinitis have been reported. In
this case, the patient was diagnosed with ICL based on low
CD4™ count (< 300/ul), negativity for HIV, and absence of
any defined immunodeficiency diseases or immunosup-
pressive therapy.

The etiology of ICL is not clear at present. However, the
following mechanisms have been proposed. (1) Viral
infection: Guputa et al. [6] reported the presence of
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retroviral particles and found a human intracisternal A-type
retroviral particle. These reports suggest that a virus other
than HIV is involved in ICL. (2) Autoimmune disease. (3)
Apoptotic depletion of CD4™" cells associated with over-
expression of Fas and Fas-ligand. The pathophysiology of
ICL is thought to involve reduced cell-mediated immunity
subsequent to low CD4* count. Therefore, the main com-
plications associated with ICL are opportunistic infections
and malignancies. Thus, this case developed CMV retinitis,
subcutaneous cryptococcus infection, and MAC infection.

Bone marrow transplantation is the ultimate treatment
for ICL. However, our patient had already suffered CMV
retinitis, and we considered it was difficult to justify further
suppression of the immune system before transplantation.
The main treatment for ICL is designed to treat opportu-
nistic infection or malignancy. Additionally IL-2 has
stimulatory effects on T cells, leading to an increase in
CD4% count; therefore, successful treatment of ICL with
IL-2 has been reported [7-11]. The initial dose varies
(38,000-600,000 IU/day, or 50,000 IU/m? weekly), and
clinical response appears after approximately 5-6 months.
Many side effects, mostly IL-2 dose dependent, have been
reported, including hyperpyrexia, edema caused by blood
vessel hyperpermeability, renal and hepatic dysfunction,
and mental disorders. Our patient complained of central
scotoma and color deficiency, as well as hyperpyrexia and
blepharedema, which have not been reported in the past.
We decided not to discontinue IL-2 therapy but to use low-
dose IL-2. Finally, we succeeded in increasing the CD4*
count without complications. The etiology of central sco-
toma and color anomaly remains unknown, but we presume
they are related to hyperpermeability of blood vessels
adjacent to the optic nerve, which resulted in reversible
damage of the optic nerve.

It is thought there are two subtypes of ICL in terms of
presence or absence of CD8" T lymphocytopenia, and low
CD8™ count at diagnosis represents a subset of ICL with a
worse prognosis and increased risk for a serious opportu-
nistic infection or death [12]. Although this case showed a
low CD8" count, the left eye has maintained good visual
acuity of 20/20 for more than 12 years from the onset of
CMV retinitis.

What are the reasons for success and the mechanism of
the longitudinal remission in the left eye? One can presume
that the long-term use of anti-CMV therapy played a role;
we used anti-CMV therapy for more than 15 years from the
onset of ICL, and continued the use of low-dose val-
ganciclovir for 7 years after the remission of CMV retinitis
in the left eye to prevent its recurrence. The availability of
oral anti-CMV therapy (valganciclovir) made it possible to
use the drug over such a long term.

What about IL-2 therapy? The CD4" count greatly
decreased in the induction period of IL-2 therapy in this
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case. Moreover, Zonios et al. [13] reported one-fifth of the
patients resolving their lymphocytopenia within 3 years of
diagnosis, which suggests the time course is spontaneous
remission. On the other hand, transient decrease in IL-2-
responsive lymphocytes is reported after initiation of IL-2
infusion [13]. Cunningham-Rundles et al. [7] have descri-
bed the delayed enhancement of proliferation is the result
of new clonal T cell populations permitted to emerge and
expand. IL-2 is also well known to expand peripheral
natural killer cell numbers and eosinophilia. Although a
single case does not provide definitive answers, adjunctive
therapy with IL-2 could trigger not quantitative but func-
tional immune recovery of CD4" over the long term and
allowed discontinuation of anti-CMV therapy.

Finally, vitrectomy was performed to repair retinal
detachment. Vitrectomy has been thought to be effective for
inflammatory activity and adjunctive medical therapy [14].
In this case, the assumption is that vitrectomy plays a role in
the mechanical removal of CMV and inflammatory cyto-
kines, and facilitates diffusion of anti-CMV drugs in the
vitreous, which prevents the recurrence of CMV retinitis.

ICL is still an uncommon disease, especially for oph-
thalmologists; however, precise diagnosis and early treat-
ment can facilitate longitudinal remission of opportunistic
infection.
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Abstract The safety and efficacy profile of caspofungin
and micafungin in Japanese patients with fungal infections
were directly compared in this prospective, randomized,
double-blind study. The proportion of patients who devel-
oped significant drug-related adverse event(s) (defined as a
serious drug-related adverse event or a drug-related adverse
event leading to study therapy discontinuation) was com-
pared in 120 patients [caspofungin 50 mg, or 50 mg follow-
ing a 70-mg loading dose on Day 1 (hereinafter, 70/50 mg)
group: 60 patients; micafungin 150 mg: 60 patients]. The
overall response rate was primarily evaluated in the per-
protocol set (PPS) population. The proportion of patients
who developed significant drug-related adverse events was
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120

5.0 % (3/60) in the caspofungin group and 10.0 % (6/60) in
the micafungin group [95 % confidence interval (CI) for the
difference: —15.9 %, 5.2 %]. The favorable overall response
in the PPS population for patients with esophageal candidi-
asis, invasive candidiasis, and chronic pulmonary aspergil-
losis including aspergilloma was 100.0 % (6/6), 100.0 % (3/
3), and 46.7 % (14/30) in the caspofungin group, and 83.3 %
(5/6), 100.0 % (1/1), and 42.4 % (14/33) in the micafungin
group, respectively. In Japanese patients with Candida or
Aspergillus infections, there was no statistical difference in
the safety between caspofungin and micafungin. Consistent
with other data on these two agents, the efficacy of caspo-
fungin and micafungin was similar.
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