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TABLE 1. CLINICAL CHARACTERISTICS OF THE STUDY PATIENTS ACCORDING TO NEUROLOGICAL SYMPTOMS
All patients Patients without neurological — Patients with neurological

(n=485) symptoms (n=158) symptoms (n=2327) p value
Male sex, n (%) 446 (92) 146 (92) 300 (92) 0.86
Age' 41 (34-51) 42 (33-52) 41 (35-49) 0.95
Asian, n (%) 475 (98) 154 (98) 321 (98) 0.74
CD4 cell count (/ul)* 178 (41-420) 78 (21-237) 241 (60-470) <0.01
HIV-1 load (log;o/ml)* 4.20 (1.70-5.26) 4.84 (2.97-5.61) 2.95 (1.7O—~5.11)b <0.01
Homosexual contact, n (%) 364 (75) 117 (74) 247 (76) 0.74
Treatment naive, n (%) 240 (50) 107 (68) 133 (41) <0.01
History of AIDS, n (%) 250 (52) 98 (62) 152 (47) <0.01

*Median (interquartile range).
®Data on HIV-1 load are not available for two patients.

syphilis (n=1), tuberculoma (n= 1), metastatic cancer (n=1),
chronic subdural hematoma (n= 1), schwannoma (n= 1), and
progressive supranuclear palsy (n=1) (Table 2). In asymp-
tomatic patients, intracranial diseases were less likely to be
detected by brain MRI, compared to symptomatic patients
[by univariate and multivariate analysis (OR=0.1; 95% ClI,
0.03-0.29; p<0.01) (adjusted OR=0.1; 95% CI, 0.02-0.17;
p<0.01)]. Patients with higher CD4 counts were also less
likely to have intracranial diseases (per 100/ul increment,
adjusted OR=0.7; 95% CI, 0.55-0.83; p<0.01). Among
the symptomatic patients, those who presented with slurred
speech, seizure, eyesight/vision abnormality, altered mental
status, and hemiplegia/numbness were highly likely to have
intracranial diseases, with a prevalence of 50%, 40%, 31%,
26%, and 26%, respectively (Table 3).

Subgroup analysis limited to data of patients with CD4
count of <200/ul showed that the abovementioned three
intracranial diseases were detected in 144 asymptomatic
patients with a prevalence of 3%, compared to 46 (32%) of
113 symptomatic patients (asymptomatic over symptomatic,
OR=0.1; 95% CI, 0.02-0.19; p<0.01) (Table 2). Only a
few intracranial opportunistic diseases were diagnosed in

patients with a CD4 count of 2200/ul; PCNSL (n=1), HIV-
associated dementia (n=4), acute cerebral infarction (n=6),
metastatic cancer (n=1), and progressive supranuclear
palsy (n=1).

Discussion

In this observational study of patients who underwent brain
MRI screening in clinical practice, only 2% of patients
without neurological symptoms/signs that warranted inves-
tigation of intracranial diseases were found to have intra-
cranial diseases, whereas a significantly higher prevalence
(19%) of intracranial diseases was detected in patients who
underwent brain MRI due to such symptoms. Among patients
with a CD4 count of <200/ul, who are reported to be at high
risk for intracranial diseases,”>'® the result was similar; 3%
and 32% of asymptomatic and symptomatic patients, re-
spectively, were found to have intracranial diseases. On the
other hand, high detection rates of intracranial diseases by
brain MRI were observed in patients who presented with
slurred speech (50%), seizure (40%), eyesight/vision abnor-
mality (31%), altered mental status (26%), and hemiplegia/

TABLE 2. PREVALENCE OF INTRACRANIAL DISEASES DETECTED BY BRAIN MAGNETIC RESONANCE
IMAGING ACCORDING TO NEUROLOGICAL SYMPTOMS

Patients without
neurological

Patients without

Positive
toxoplasma Ab

Patients with

Patients with  neurological

neurological symptoms with ~ neurological — symptoms with and without
symptoms CD4 <200/ symptoms CD4 <200/l neurological

Intracranial diseases (n=158) (n=144) (n=327) (n=113) symptoms (n=38)
Toxoplasmosis 2 (1) 2(2) 10 (3) 10 (7) 2 (1)
PML 1(1) 1D 72) 7 (5) 1
HIV-associated dementia 17 (6) 13 (9)
Malignant lymphoma 4 (1) 3Q)
CMV encephalopathy 3(1) 3@
Cryptococcoma/meningitis 3 (D) 3D
HSV encephalopathy 1 1
Gummatous syphilis 1 1
Tuberculoma 1 1
Metastatic cancer 1
Cerebral infarction 8(3) 2(D)
Others 3 2 (1)
Total 3(2) 33 59 (19) 46 (32) 3(8)

Data are numbers (percentages) of patients.

Ab, antibody; PML, progressive multifocal leukoencephalopathy; CMV, cytomegalovirus; HSV, herpes simplex virus.
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TABLE 3. PREVALENCE OF INTRACRANIAL DISEASES DETECTED BY BRAIN MAGNETIC
RESONANCE IMAGING ACCORDING TO NEUROLOGICAL SYMPTOM CATEGORIES

Prevalence of

Intracranial diseases intracranial diseases

Slurred speech (n=6)

Cerebral infarction n=2

50%

PML n=1

Seizure (n=10)

Toxoplasmosis n=2

40%

PML n=1
HSV encephalitis n=1

Eyesight/vision abnormality (n=16)

Malignant lymphoma n=2

31%

HIV-associated dementia n=2
Metastatic cancer n=1

Altered mental status (n=31)

Toxoplasmosis n=2

26%

HIV-associated dementia n=2
Cryptococcoma/meningitis n=2
PML n=1

Tuberculoma n=1

Hemiplegia/numbness (n=250)

Cerebral infarction n=3

26%

Toxoplasmosis n=3

PML n=3

HIV-associated dementia n=1
Other n=1

Neurocognitive impairment (r=62)

HIV-associated dementia n=9

19%

Cerebral infarction n=1
CMV encephalitis n=2

Fever work-up (n=12)

Malignant lymphoma n=1

17%

HIV-associated dementia n=1

Dizziness/vertigo/tinnitus (n=45)

Toxoplasmosis n=1

11%

PML n=1

Malignant lymphoma n=1
HIV-associated dementia n=1
CMV encephalitis n=1

Abnormal ophthalmologic examination (n=11)
Headache (n=49)
Syncope (n=16)

HIV-associated dementia n=1
Toxoplasmosis n=2

9%
4%
0%

PML, progressive multifocal leukoencephalopathy; HSV, herpes simplex virus; CMV, cytomegalovirus.

numbness (26%). The present study indicates that brain MRI
screening for HIV-1-infected patients without neurological
symptoms/signs, even those with a low CD4 count (< 200/pul),
is of little value. In contrast, MRI screening is useful for
patients with particular neurological symptoms/signs. These
findings can help reduce unnecessary brain MRI examina-
tions and can be helpful in clinical decision making.
Interestingly, in both of the two asymptomatic toxoplasmic
encephalitis patients who underwent brain MRI screening
because of positive antitoxoplasma IgG antibody, the antibody
titer was very high (20,480 IU/ml and 1,280). Together with
the fact that the prevalence of intracranial diseases in asymp-
tomatic patients with positive antitoxoplasma IgG antibody
was higher (8%) than the 2% in the entire group of asymp-
tomatic patients, brain MRI screening for patients without
neurological symptoms/signs who presented with high anti-
toxoplasma antibody may be of value and clinically justifiable.
Our study has certain limitations. First, because brain MRI
was performed at the discretion of the treating physician,
patient selection bias, especially among those without neu-
rological symptoms/signs, cannot be ruled out. However, we
had a large number of study patients, and considering the
availability and cost of an MRI scan, the results of the present

study are of value and are useful in clinical decision making.
Second, because endemic opportunistic infections vary de-
pending on the region'>'* and the majority of our patients
were Asian, the results of the present study might not be
applicable to patients in other regions. Third, in this study the
diagnosis of HIV-associated dementia was based on the MRI
findings plus cognitive impairment based on a chart review,
and the patients did not necessarily undergo neurocognitive
function tests.® This is because the present study included
patients from 2001, long before the diagnostic Frascati cri-
teria for an HIV-associated neurocognitive disorder that re-
quired neurocognitive function tests were established.'

In conclusion, although our results suggest that brain MRI
screening is of little value in HIV-1-infected patients without
neurological symptoms/signs that warrant investigation on
intracranial diseases, it should be performed in HIV-1-infected
patients who present with particular neurological symptoms,
such as slurred speech and seizure.
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Abstract

Background: Opportunistic infections and malignancies such as malignant lymphoma and Kaposi sarcoma are
significant complications of human immunodeficiency virus (HIV) infection. However, following the introduction of
antiretroviral therapy in Japan in 1997, the incidence of clinical complications has decreased. In the present study,
autopsy cases of HIV infection in Japan were retrospectively investigated to reveal the prevalence of opportunistic
infections and malignancies.

Methods: A total of 225 autopsy cases of HIV infection identified at 4 Japanese hospitals from 1985-2012 were
retrospectively reviewed. Clinical data were collected from patient medical records.

Results: Mean CD4 counts of patients were 77.0 cells/pL in patients who received any antiretroviral therapy during
their lives (ART (+) patients) and 39.6 cells/ul in naive patients (ART () patients). Cytomegalovirus infection (142
cases, 63.1%) and pneumocystis pneumonia (66 cases, 29.3%) were the most frequent opportunistic infections, and
their prevalence was significantly lower in ART (+) patients than ART (=) patients. Non-Hodgkin lymphoma and
Kaposi sarcoma were observed in 30.1% and 16.2% of ART () patients, and 37.9% and 15.2% of ART (+) patients,
respectively. Malignant lymphoma was the most frequent cause of death, followed by cytomegalovirus infection
regardless of ART. Non-acquired immunodeficiency syndrome (AIDS)-defining cancers such as liver and lung cancer
caused death more frequently in ART (+) patients (9.1%) than in ART (=) patients (1.5%; P=0.026).

Conclusions: The prevalence of infectious diseases and malignancies were revealed in autopsy cases of HIV
infection in Japan. The prevalence of cytomegalovirus infection and pneumocystis pneumonia at autopsy were
lower in ART (+) patients than ART (—) patients. Higher prevalence of non-AlDS defining malignancies among ART
(+) patients than ART (—) patients suggests that onsets of various opportunistic infections and malignancies should
be carefully monitored regardless of whether the patient is receiving ART.
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Background

Opportunistic infections such as Pneumocystis jirovecii
pneumonia (PCP), cytomegalovirus (CMV), non-tuber
culous mycobacteria (NTM), and fungal infections are
frequently found in patients with acquired immunodefi-
ciency syndrome (AIDS) [1]. The most frequent opportun-
istic infection among patients with AIDS is CMV infection,
which commonly causes retinitis, pneumonia, and gastro-
intestinal tract ulcers. PCP is also a frequent infectious
disease in the lungs of patients with AIDS. Additionally,
malignancies such as non-Hodgkin lymphoma (NHL)
and Kaposi sarcoma (KS) are significant complications.
NHL in particular is not easily controlled and is a frequent
AIDS-associated cause of death. Interestingly, KS has only
been reported in homosexual patients, and patients with
multifocal KS lesions have a poor prognosis.

The introduction of antiretroviral therapy (ART) has
drastically changed the incidence of opportunistic infec-
tions in patients infected with human immunodeficiency
virus 1 (HIV-1), resulting in a decline in mortality rates
[2-7]. ART has decreased the frequencies of CMV, PCP,
and NTM infections in patients with AIDS [7]; however,
the frequency of NHL has not changed dramatically [8].
Additionally, non-AIDS-defining malignancies such as liver,
lung, and gastric cancers have been observed in patients
with AIDS, regardless of ART [9]. A recent study demon-
strated that low CD4 counts at ART initiation was asso-
ciated with a greater risk of KS and lymphoma, whereas
other cancers increased over time with ART, likely reflect-
ing an increased risk of cancer with aging [10], low CD4
counts, and cigarette smoking [11-13].

Although mortality rates have decreased dramatically
with the use of ART, its effect in many patients with AIDS
is limited, and AIDS-associated complications remain a
leading cause of death [14,15]. Additionally, untreated HIV-
1-positive patients with severe AIDS-defining illnesses
frequently visit hospitals and often rapidly succumb to
suddenly aggressive progression of their illness [16,17].
Systematic pathological analysis of autopsy cases can
provide useful information related to the cause of death
and the distribution of pathogens in patients. However,
there have been few reports describing the prevalence of
infectious diseases and malignancies in autopsied patients
with HIV infection [1,18]. A previous study using samples
from autopsied patients with HIV infection during 1982~
1998 demonstrated the prevalence of CMV, PCP, and
NTM infections decreased during the study period [18].
The same study reported that, although the prevalence
of KS was unchanged, the prevalence of NHL increased
during the study period [18]. To the best of our know-
ledge, there are no reports demonstrating changes in
the prevalence of opportunistic infections in autopsy
cases of HIV infection following the introduction of ART
after 2000.
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In the present study, autopsy cases of HIV infection in
Japan were retrospectively investigated to determine the
prevalence of opportunistic infections and malignancies
often found in patients with AIDS, including non-AIDS-
defining malignancies. Additionally, the association of
ART use with the prevalence of opportunistic infections
and malignancies was investigated.

Patients and methods

FPatients

The present study was approved by the Institutional
Review Board of the National Institute of Infectious
Diseases (Approval No. 356) and of four hospitals in Japan:
Tokyo Metropolitan Komagome Hospital, National Center
for Global Health and Medicine, Research Hospital, the
Institute of Medical Science, the University of Tokyo,
and Osaka National Hospital. Each hospital enrolled in the
present study is a central hospital for AIDS treatment in
Tokyo and Osaka, and has performed more than 15 autop-
sies of patients infected with HIV. According to a national
autopsy survey by the Japan Pathology Society, 828 patients
infected with HIV were autopsied in Japan from 1987-—
2009. During the period 1985-2009, 215 patients infected
with HIV were autopsied at the 4 aforementioned hospi-
tals. Thus, the number of cases in this study covered ap-
proximately 26% of all autopsied HIV cases. Ten cases
autopsied in the period 2010-2012 were added to the
215 cases, making a total of 225 patients analyzed in this
study (Table 1), of which 95.1% were male. The patients’
ages at death ranged from 12 to 80 years, with a mean
age of 44.4 years (median 44 years). Among them, 35.6%
were homosexual, and 29.3% received ART (Table 1).
The mean CD4 count at the last blood examination before
death was 51.5 cells/uL (range: 0-560 cells/uL; median:
13.5 cells/pL). ART was introduced in Japan in 1997. In this
study, ART was defined as any combination of therapy that
included two nucleoside or nucleotide reverse transcriptase
inhibitors plus a non-nucleoside reverse transcriptase in-
hibitor, protease inhibitor, or abacavir (another nucleotide
reverse transcriptase inhibitor). Additionally, ART (+)
patients were defined as patients who received any ART
during their lifetime, whereas ART (-) patients were as
patients who did not receive ART.

Methods

Pathological findings were collected from autopsy re-
cords. CMV infection was determined by the infiltration
of large cells with typical inclusion bodies. Infections by
other viral agents such as hepatitis B virus, herpes simplex
virus, hepatitis C virus, JC virus (causing progressive multi-
focal leukoencephalopathy), and varicella zoster virus
were confirmed by immunohistochemistry or polymer-
ase chain reaction. HIV encephalopathy was defined by
morphological features indicating the presence of syncytial
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Table 1 Characteristics of the patients infected with HIV

Factors Groupings Total patients ART (-) patients ART (+) patients P value
n % n % n %
Total 225% 100% 136 100% 66 100%
Sex Male 214 95.1% 128 94.1% 63 95.5% 0.695**
Female 1 4.9% 8 5.9% 3 45%
Age at death <10 years 0 0.0% 0 0.0% 0 0.0% 0.028***
11-20 2 0.9% 2 1.5% 0 0.0%
21-30 30 13.3% 22 16.2% 6 9.1%
31-40 60 26.7% 34 25.0% 19 28.8%
41-50 69 30.7% 48 353% 14 21.2%
51-60 34 15.1% 18 132% 14 21.2%
61-70 24 10.7% 10 74% 10 152%
71-80 5 2.2% 1 0.7% 3 45%
>81 0 0.0% 0 0.0% 0 0.0%
Unknown 1 0.4% 1 0.7% 0 0.0%
Risk factor Homosexual 80 35.6% 52 382% 24 36.4% 0.800**
Heterosexual 38 16.9% 24 17.6% 10 15.2%
Blood product 37 16.4% 29 21.3% 7 10.6%
Other 9 4.0% 5 3.7% 4 6.1%
Unknown 61 27.1% 26 19.1% 21 31.8%
CD4 count before death <50 cells/uL 122 54.2% 80 58.8% 33 50.0% 0.639***
51-100 25 11.1% 1 8.1% 14 21.2%
101-200 13 5.8% 4 29% 9 13.6%
201-300 5 2.2% 5 3.7% 0 0.0%
301-400 3 1.3% 1 0.7% 2 3.0%
>401 4 1.8% 1 0.7% 3 4.5%
Unknown 53 23.6% 34 250% 5 76%

ART, antiretroviral therapy. ART (+) patients were defined as patients who received any ART during their lifetime, whereas ART (-) patients were as patients who
did not receive any ART in their lifetime.

*Total number of patients = 225 and included 23 patients with unknown ART status.

**P values were calculated for the rates of male or homosexuals between ART (=) and (+) patients by Chi-square test.

***p yalues were calculated for age or CD4 counts between all ART (=) and (+) patients by Mann-Whitney U-test. Bold font indicates statistical significance.
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Figure 1 Annual number and mean age of AIDS-related autopsies. The solid line indicates total number of AIDS autopsies in each year. The
gray area indicates the number of patients on ART in these autopsy cases. The broken bar indicates the mean age.
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giant cells and detection of HIV-1 antigen by immuno-
histochemistry in the brain. Bacterial infection was identi-
fied by Gram stain, and in some cases, species of bacteria
were identified by bacterial cultures. Tuberculosis and
NTM infection were determined by acid-fast stain and/
or PCR. Fungal and protozoan infections such as PCP,
toxoplasma, Candida, Aspergillus, and Cryptococcus in-
fection, were determined morphologically using Grocott’s
methenamine silver stain, periodic acid-Schiff stain, or/
and immunohistochemistry. The histological sub-typing
of malignant lymphoma was based on the World Health
Organization classification, fourth edition. KS was con-
firmed by immunohistochemistry for Kaposi sarcoma-
associated herpesvirus-encoded latency-associated nuclear
antigen 1. Causes of death were determined by pathologists

Page 4 of 9

at each hospital based on the severity, distribution, and
type of illness in the pathological findings of autopsy. Clin-
ical data, such as age at autopsy, sex, risk factors, CD4 cell
counts at the last blood examination before death, and use
of ART in their lifetime were collected from medical re-
cords. Analysis of statistical significance was carried out
using Mann-Whitney U-test for non-parametric two-
sample analysis and Chi-squared test for contingency table
analysis.

Results

After the introduction of ART in Japan in 1997, the total
number of autopsies conducted on patients with HIV in-
fection has slowly decreased whereas the mean age at
autopsy has increased slightly (Figure 1). After 1997, 66

Table 2 Infectious diseases and malignancies in AlDS-associated autopsies

All patients ART () patients ART (+) patients
n % n % n % P values
Total 225 100.0% 136 100.0% 66 100.0%
Infectious diseases
Cytomegalovirus 142 63.1% 97 71.3% 25 37.9% <0.001
Pneumnocystis jirovecii pneumonia 66 29.3% 43 31.6% 1 16.7% 0.024
Non-tuberculous mycobacterium 31 13.8% 20 14.7% 8 12.1% 0618
Candida 25 11.1% 17 12.5% 6 9.1% 0474
Aspergillus 24 10.7% 17 12.5% 4 6.1% 0.160
Human immunodeficiency virus encephalopathy 21 9.3% 13 9.6% 6 9.1% 0915
Cryptococcus 16 7.1% 1 8.1% 3 4.5% 0526 Y
Hepatitis B virus 12 5.3% 6 4.4% 5 7.6% 0.549 Y
Herpes simplex virus 12 53% 1 0.7% 1 1.5% 0816 Y
Toxoplasmosis 1" 4.9% 9 6.6% 3 4.5% 0.789 Y
Hepatitis C virus 9 4.0% 3 2.2% 5 7.6% 0.147 Y
Progressive multifocal leukoencephalopathy 8 3.6% 4 2.9% 2 3.0% 0684 Y
Tuberculosis 6 27% 4 29% 0 0.0% 0.385 Y
Varicella zoster virus 4 1.8% 2 1.5% 2 3.0% 0.835 Y
Multicentric Castleman disease 2 0.9% 1 0.7% 1 1.5% 0816 Y
Malignancies
Non Hodgkin lymphoma 71 31.6% 41 30.1% 25 37.9% 0272
Kaposi sarcoma 38 16.9% 22 16.2% 10 15.2% 0.852
Endocervical cancer 0 0.0% 0 0.0% 0 0.0% -
Non-AlDS defining malignancies 20 8.9% 10 74% 10 15.2% 0.082
Hepatic cancer 8 3.6% 4 2.9% 4 6.1% 0495 Y
Lung cancer 6 2.7% 2 1.5% 4 6.1% 0.174 Y
Leukemia 2 0.9% 0 0.0% 2 3.0% 0.200 Y
Hodgkin lymphoma 2 0.9% 1 0.7% 1 1.5% 0.816 Y
Gastric cancer 1 0.4% 1 0.7% 0 0.0% 0.711 Y
Other cancer 3 1.3% 3 22% 0 0.0% 0.551 Y

P values were calculated by Chi-square test. Y indicates the use of Chi-square test with Yates correction. Bold font indicates statistical significance. ART, antiretroviral
therapy. Because more than one iliness was detected in patients, the numbers of all iliness are greater than the total number.
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of 126 patients (52.6%) received ART during their life-
time. The mean age at death of patients on ART was
47.3 years, which was significantly higher than that of
ART naive patients (42.6 years; P = 0.028; Mann—Whitney
U-test). Mean CD4 counts of ART (-) and (+) patients at
the last blood examination before death were not sig-
nificantly different (39.6 and 77.0 cells/pL, respectively,
P =0.63, Mann—Whitney U-test).

CMV was the most commonly identified pathogen
among the autopsy cases (Table 2) and was detected in
various organs, the most frequent being the adrenal gland
(Figure 2A). PCP and NTM were also common pathogens
found in the lungs of autopsied patients. Candida albicans
was frequently detected in the gastrointestinal tract and
oral cavity (Figure 2B). The prevalence of CMV and PCP
was significantly lower in ART (+) patients than in ART ()
patients (Table 2). There was no significant difference in
the prevalence of other opportunistic infections such as
NTM and Candida or prevalence of HIV encephalopathy
between ART (+) and (~) patients (Table 2).

Malignancies were identified in 50.2% (113/225) of all
cases (Table 2). NHL was the most frequent malignancy
with a lower prevalence in ART (-) patients (30.1%) than
ART (+) patients (37.9%); however, the difference was not
significant (Table 2). Diffuse large B-cell lymphoma was
the most frequent histological subtype of NHL followed by
Burkitt lymphoma, primary effusion lymphoma, and plas-
mablastic lymphoma (Table 3). Epstein—Barr virus positiv-
ity in lymphoma cases was significantly lower in ART (+)
patients compared with ART (=) patients (P =0.001, Chi-
square test). KS was frequently found in the skin as well as
other sites such as the gastrointestinal tract upon autopsy.
In addition to NHL and KS, non-AIDS-defining malig-
nancies such as Hodgkin lymphoma (HL), hepatic cancer,

167

Page 5 of 9

lung cancer, and leukemia were also observed in 20 pa-
tients. The prevalence of non-AIDS-defining malignancies
was higher in ART (+) patients compared with ART (-)
patients (Table 2).

The lung was the most frequent target for pathogens in
patients with AIDS and 173 (76.9%) autopsy cases demon-
strated the presence of lung-related illnesses (Table 4),
which were significantly more frequent in ART (-) pa-
tients (112/136, 82.4%) than ART (+) patients (42/66,
63.6%) (P=0.003, Chi-square test). CMV then PCP was
the most frequently observed lung-related illnesses. The
brain was the second most frequently affected organ in
the autopsy cases. Although the brain was not investigated
in 53 autopsies, 85 of the remaining 172 cases (49.4%)
had brain-related illnesses, with CMV infection the most
common, followed by lymphoma and HIV encephalopathy
(Table 5). However, there was no significant difference
in the rate of brain-related illnesses in ART (+) (37.8%,
17 of 45) or ART (-) patients (52.7%, 58/110) (P = 0.091,
Chi-square test).

We also investigated the direct causes of death in the
autopsied patients (Table 6). Lymphoma was the most
frequent cause of death, followed by CMV infection. Non
AIDS-defining cancers as a cause of death were signifi-
cantly different between ART (=) (2, 1.5%) and ART (+)
patients (6, 9.1%) (P =0.026; Chi-square test with Yates
correction). The prevalence of CMV, pneumonia, PCP, and
NTM as a cause of death were lower in ART (+) patients
compared with ART (-) patients, but no significant differ-
ences were observed between the groups.

Discussion
In the present study, we measured the prevalence of
infectious disease and malignancy in autopsy cases of

A
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40%
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10% 4
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Candida albicans-positive patients.

Figure 2 Distribution of cytomegalovirus and Candida albicans. (A) CMV positive rate in each organ. Black bar indicates the CMV positive
rate in each organ from 142 CMV-positive patients. Because CMV was detected in more than one organ per patient, the sum of the black bars is
over 100%. (B) The positive rate of Candida albicans in each organ. Black bar indicates the positive rate of Candida albicans per organ from 25

[0 Negative
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Table 3 Non-Hodgkin lymphoma and Kaposi sarcoma in AlDS-associated autopsies
Total ART (-) patients ART (+) patients P values
n % n % n %
All NHL cases 71 100.0% 41 100.0% 25 100.0%
Histology DLBCL 53 74.6% 30 73.2% 18 72.0% 0917
BL 4 5.6% 7.3% 1 4.0% 0.987 Y
PEL 5 7.0% 4 9.8% 1 4.0% 0.706 Y
PBL 1 1.4% 1 24% 0 0.0% 0.801 Y
Other 6 8.5% 2 4.9% 4 16.0% 0.279 Y
Unknown 2 2.8% 1 2.4% 1 4.0% 0.703 Y
Site Nodular 1 1.4% 0 0.0% 1 4.0% 0.801 Y
Extranodular 45 634% 28 68.3% 12 48.0% 0.102
Both 21 29.6% " 26.8% 10 40.0% 0.265
Unknown 4 5.6% 2 4.9% 2 8.0% 0.987 Y
PCNS Yes 27 38.0% 18 43.9% 6 24.0% 0.103
EBV Positive 52 732% 35 85.4% 12 48.0% 0.001
KSHV Positive 6 8.5% 5 122% 1 4.0% 0495 Y
Cause of death Yes 50 704% 33 80.5% 16 64.0% 0.137
All KS cases 38 22 10
Site Skin 32 84.2% 19 86.4% 9 90.0% 0410
Gl tract 27 71.1% 15 68.2% 8 80.0% 0.705
Lung 21 55.3% 1 50.0% 6 60.0% 0.799
Lymph node 20 52.6% 13 59.1% 6 60.0% 0.502
Other 16 42.1% 0 0.0% 0 0.0% 0.787 Y
Cause of death Yes M 29.0% 7 318% 2 20.0% 0791 Y

NHL, Non-Hodgkin lymphoma; DLBCL, diffuse large B-cell lymphoma; BL, Burkitt lymphoma; PEL, primary effusion lymphoma; PBL, plasmablastic lymphoma; PCNS,
primary central nervous system lymphoma; EBV, Epstein-Barr virus; KSHV, Kaposi sarcoma-associated herpes virus; KS, Kaposi sarcoma; Gl, gastrointestinal. P values
were calculated by Chi-square test. Y indicates the use of Chi-square test with Yates correction. Bold font indicates statistical significance.

Table 4 Lung disease in patients infected with HIV

lliness n % of total patients
(n=225)
Any iliness 173 76.9%
Cytomegalovirus infection 93 41.3%
Pneumocystis jirovecii pneumonia 66 29.3%
Any bacterial pneumonia 31 13.8%
Aspergillus infection 23 10.2%
Kaposi sarcoma 21 9.3%
Non-tuberculous mycobacterium infection 14 6.2%
Cryptococcosis 1 4.9%
Candida infection 10 44%
Tuberculosis 4 1.8%

Because more than one iliness was detected in patients, the numbers of all

illness are greater than the total number.

HIV-infected patients identified from 1985-2012 at four
central hospitals in Japan. CMV infection, PCP, NTM
infection, NHL, and KS were frequently observed in the
autopsy cases. The prevalence of CMV and PCP was
lower in ART (-) patients compared with ART (+) pa-
tients. The prevalence of non-AIDS defining malignancies
was higher among ART (+) patients than ART (-) pa-
tients, suggesting that the onset of various opportunistic
infections and malignancies should be carefully monitored
regardless of whether the patient is receiving ART.

The autopsy cases in the present study were predom-
inantly male (95.1%, Table 1). Additionally, more than
70% of the autopsy cases in the present study had a CD4
count < 200 cells/pL at the last blood examination before
death (Table 1). A recent clinical study demonstrated
the incidence of AIDS-defining illnesses in patients with
HIV infection was decreased by the introduction of ART,
especially in patients with CD4 counts >200 cells/uL [2].
Thus, our findings at autopsy cannot be compared with
previous clinical studies because many clinical study pa-
tients had a high range of CD4 counts and ART responses.
Interestingly, there was no significant difference in the
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Table 5 Brain disease in patients infected with HIV

lliness n % in total
autopsied brains
(n=172)
Any iliness 85 49.4%
Cytomegalovirus infection 45 26.1%
Malignant lymphoma 26 15.1%
HIV encephalopathy 21 12.2%
Progressive multifocal 8 47%
leukoencephalopathy
Toxoplasmosis 4.7%
Non-tuberculous 4 23%
mycobacterium infection
Aspergillus infection 2 1.2%
Varicella zoster virus infection 2 1.2%
Herpes simplex virus infection 1 0.6%
Glioblastoma 1 0.6%
Candida infection 1 0.6%

Because more than one iliness was detected in patients, the numbers of all

illness are greater than the total number.,

Table 6 Cause of death in AlDS-associated autopsies
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cause of death between ART (+) and (-) patients, with
the exception of those with cancer (Table 6), indicating
the prevalence of lethal illness did not differ between
ART (+) and (-) patients.

Malignancies were frequent causes of death in the present
study regardless of ART status (Table 6). Several studies
demonstrated that the introduction of ART reduced
the incidence of NHL in patients with HIV infection
[13,15,19-23]. The use of ART has also been associated
with a decrease in the incidence of KS [15,24,25]. However,
an association between the incidence of non-AIDS-defining
cancers and ART remains controversial. An increase of
non-AIDS-defining cancers in patients receiving ART was
shown in previous clinical reports [26,27], but a separate
study showed that, with the exception of long-term prote-
ase inhibitor usage, ART exposure was generally not associ-
ated with a risk of non-AIDS-defining cancers [28]. The
reasons for increased risk of non-AIDS-defining cancers in
patients on ART are unclear, but might reflect the concomi-
tant increase of the mean age at autopsy during the study
period. This suggests that life extension of HIV-infected
patients by ART results in the increased chance of devel-
oping non-AIDS events and malignancies. It was also

All ART (-) patients ART (+) patients
n % n % n % P values

Total* 225 100.0% 136 100.0% 66 100.0%

Malignant lymphoma 50 22.2% 33 24.3% 16 24.2% 0.997
Cytomegalovirus 44 19.6% 27 19.9% 9 13.6% 0.279

Pneumonia 31 13.8% 19 14.0% 9 13.6% 0.949
Pneumocystis jirovecii pneumonia 30 13.3% 21 154% 4 6.1% 0.058
Non-tuberculous mycobacterium 12 53% 10 7.4% 2 3.0% 0.367 Y
Kaposi sarcoma " 4.9% 7 5.1% 2 3.0% 0.749 Y
Progressive multifocal leukoencephalopathy 8 3.6% 4 2.9% 2 3.0% 0.684 Y
Cancer 8 3.6% 2 1.5% 6 9.1% 0.026 Y
Hepatitis 8 3.6% 3 22% 4 6.1% 0.320 Y
Cryptococcus 7 3.1% 6 44% 0 0.0% 0.197 Y
Kidney failure 7 31% 4 29% 3 45% 0861 Y
HIV encephalopathy 7 3.1% 5 37% 2 3.0% 0861 Y
Aspergillus 6 2.7% 5 3.7% 0 0.0% - 0274 Y
Toxoplasmosis 4 1.8% 3 2.2% 1 1.5% 0835 Y
Tuberculosis 3 0.9% 2 1.5% 0 0.0% 0816 Y
Sepsis 3 1.3% 2 1.5% 1 1.5% 0.551 Y
Candida 3 1.3% 2 1.5% 0 0.0% 0816 Y
Varicella zoster virus 2 1.3% 1 0.7% 1 1.5% 0816 Y
Nocardia 1 0.4% 1 0.7% 0 0.0% 0.711 Y
Histoplasma 1 0.4% 1 0.7% 0 0.0% 0.711 Y

*Because more than one illness was detected in patients, the numbers of all illness are greater than the total number.
HIV, human immunodeficiency virus. P values were calculated with the Chi-square test. Y indicates the use of Chi-square test with Yates correction. Bold font

indicates statistical significance.
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demonstrated that ART introduction changed the patho-
logical features of lymphoma; for example, a decrease of
Epstein—Barr virus-positive lymphoma in Japanese patients
with AIDS was reported [29]. Although HL was rare in
the general Japanese population compared with European
countries and the United States [30], the incidence of HL
increased in Japanese patients on ART [17]. Thus, the in-
creased risk of malignancies during the clinical course of
HIV infection in patients receiving ART was reflected as a
cause of death in the autopsy cases used in our study.

The prevalence of opportunistic infections differs among
various regions and countries. In sub-Saharan African
countries, more than 80% of HIV-positive patients die of
infectious diseases, with disseminated tuberculosis being
the most common (36%) [31]. Furthermore, there was no
difference in the type of disease HIV patients succumbed
to, regardless of ART status. In the USA and European
countries, tuberculosis/NTM represented <10% of mortal-
ity in autopsy cases after 1996 [18]. In this study, tubercu-
losis was detected in only 2.7% of Japanese autopsy cases,
but was the cause of death for 50% of afflicted patients.
Mortality by PCP has decreased worldwide in patients with
AIDS owing to prophylactic administration of an anti-PCP
drug [16]. PCP was found in 36.4% (36/99 cases) of pa-
tients with AIDS before 1997, but was significantly reduced
after 1997 (23.8%; 30/126 cases; P =0.04; Chi-square test).
This suggests that the decrease in PCP cases is associated
with ART and anti-PCP prophylaxis.

Our study had several limitations. Bacterial culture was
not available in this study owing to the use of formalin-
fixed paraffin-embedded samples, and it was therefore dif-
ficult to identify the bacterial species responsible for many
cases of pneumonia. Additionally, clinical information was
limited. Information on HIV-RNA, an important indicator
of ART effects, was not available for these patients. In
addition, information regarding CD4 counts and the type,
duration and possible interruption of ART were not avail-
able for a subset of patients. Therefore, we could not iden-
tify cases of immune reconstitution syndrome. Age at
seroconversion and time living with HIV are also major
predictors of HIV disease progression, however infor-
mation of these parameters was limited. Thus, it should
be noted that the conclusions in this study cannot be
generally applied to the current HIV positive population
in Japan. Furthermore, all findings in this study were
obtained from autopsies.

Conclusions

Although further studies are required to demonstrate the
association between ART and illness identified at autopsy,
the present study demonstrates the prevalence of infec-
tious diseases and malignancies in autopsy cases of HIV
infection in Japan. While the prevalence of CMV infection
and PCP at autopsy were lower in ART (+) patients than
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ART (-) patients, non-AIDS~defining malignancies were
observed as a cause of death more frequently in ART (+)
patients than ART (-) patients.
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Abstract

HIV-infected patients are at high risk for bone mineral density (BMD) loss. The present study was designed to
provide information on characteristics of BMD abnormalities in Japanese HIV-1-infected patients and risk
factors involved in worsening of BMD. A total of 184 Japanese HIV-1-infected men were studied with a dual-
energy X-ray absorptiometry scan (DXA) at the lumbar spine and femoral neck. Multivariate logistic re-
gression models were used for comparison of the impact of risk factors on BMD loss. Osteopenia and
osteoporosis were diagnosed in 46% and 10% of the patients at lumbar spine, and 54% and 12% at femoral
neck, respectively. In logistic analysis, factors associated with low BMD at both lumbar spine and femoral
neck were long-term treatment with a protease inhibitor (PI) [odds ratio (OR) 1.100 and 1.187 per 1 year
increase of PI use; 95% confidence interval (CI) 1.003-1.207 and 1.043-1.351; p=0.042 and 0.009, re-
spectively] and a low body mass index [OR: 0.938 and 0.852, CI 0.892-0.992 and 0.783-0.927; p=0.024
and <0.001, respectively]. Patients who discontinued PI had a significantly higher BMD than those who
currently use PI at lumbar spine (¢ score —0.8 vs. —1.3, p=0.04) but not at femoral neck (—1.3 vs. —1.5,
p=0.38). In HIV-infected Japanese patients, the duration of treatment with PI correlated significantly with
BMD loss. Discontinuation of PI is a promising option in the treatment of BMD loss since it allows recovery
of BMD, especially in the lumbar spine.

Introduction

OR HIV-INFECTED PATIENTS, loss of bone mineral

density (BMD) is an important age-related complica-
tion, in addition to chronic renal dysfunction, cardiovas-
cular diseases, and metabolic disorders. A meta-analysis
study reported that the prevalence of osteoporosis among
HIV-infected patients was three times higher than in
the HIV-negative population.l The etiology of low BMD
in HIV-infected patients is multifactorial and is consid-
ered to include chronic HIV infection®® and antiretroviral
therapy, especially tenofovir disoproxil fumarate (TDF)
and protease inhibitors (PD).*7 However, to our knowl-
edge, information on the characteristics of BMD abnor-
malities in Asian HIV-infected patients is scarce and the
exact risk factors involved in the worsening of BMD
remain obscure. The present study was designed to pro-
vide new information on the above two aspects of Asian
HIV-1 infection.

Materials and Methods
Setting and participants

We performed a cross-sectional study at the AIDS Clinical
Center (ACC), National Center for Global Health and Med-
icine (NCGM) involving HIV-infected patients who were
registered at the NCGM from February 2012 to June 2013.
We excluded patients who had been on treatment for osteo-
porosis, current users of corticosteroids, and those with a
history of bone fractures at the spine or bilateral femoral
neck. A total of 184 Japanese HIV-infected men were en-
rolled in this study. This study was approved by the ethics
committee of NCGM and a written informed consent was
obtained from each patient.

Data collection

BMD was assessed using dual X-ray absorptiometry (DXA:
QDR-4500W, Hologic Inc., Bedford, MA) at the lumbar spine

AIDS Clinical Center, National Center for Global Health and Medicine, Tokyo, Japan.

553



554

and femoral neck. Osteopenia and osteoporosis were defined
using the World Health Organization (WHO) criteria. Normal
BMD was defined as a ¢ score of — 1 or higher, osteopenia as a
t score between —1 and —2.5, and osteoporosis as a ¢ score
of —2.5 or lower.® Age, body mass index (BMI), smoking
habit, hemophilia, history of an AIDS-defined illness, nadir
CD4 cell count, time with low CD4 cell count (<200 cell/ul),
time on antiretroviral therapy (ART), TDF, and PI, were ob-
tained by interview or medical records. Estimated glomerular
filtration rate (eGFR) was calculated using the modified
Modification of Diet in Renal Disease (MDRD) equation for
Japanese populations‘9

Statistical analysis

t scores and BMD of the lumbar spine and femoral neck
were compared using Student’s paired z-test. To determine
the impact of independent variables, multivariate logistic
regression analysis was used. In logistic regression analysis,
the dependent variable was set as low BMD (¢ score lower
than —1.0) at both the lumbar spine and femoral neck. We
used the odds ratio (ORs) and 95% confidence interval (95%
CI) to estimate the impact of each variable on low BMD.

To assess the impact of PI discontinuation, we compared
the  scores between Pl-experienced patients and patients
who discontinued such therapy, using the Student’s unpaired
t-test. For evaluation of the correlation between the ¢ score at
the lumbar spine and the time on PI, ritonavir (RTV) at dif-
ferent dosage (100 mg/day and 200 mg/day), and other types
of PI, Pearson’s correlation coefficient was used. For further
evaluation of the relationship between the time on TDF and
BMD, we compared the 7 scores between those who were
treated with PI plus TDF and those treated with PI only and
had never been treated with TDF, using the Student’s un-
paired t-test. All statistical analyses were performed with The
Statistical Package for Social Sciences ver. 17.0 (SPSS,
Chicago, IL).

Results
Patient characteristics

The characteristics of the 184 study patients are summa-
rized in Table 1. All patients underwent DXA for the lumbar
spine and 164 underwent DXA for the femoral neck. He-
mophiliacs constituted 36% (n=67) of the study subjects.
Seventy-one patients (39%) had a history of infection with
hepatitis C virus (HCV), including all 67 hemophiliacs.
Among them, 16 of the 71 (23%) patients showed sponta-
neous viral clearance, 23 (32%) achieved sustained virologic
response after antiviral therapy, and 2 (3%) patients were still
on treatment and had undetectable levels of HCV viral load.
The remaining 30 (45%) patients with chronic hepatitis C
were nonresponders or never users of antiviral therapy.
Among them, 9 (14%) had liver cirrhosis diagnosed by ra-
diological findings. Although 41 (21%) patients had a history
of AIDS-defined illness, 172 (93%) patients had been treated
with ART and 148 (80%) patients had an undetectable level
of HIV viral load.

The median durations of ART, PI, and TDF of the total
population were 88, 38, and 23 months, respectively. Among
139 TDF-treated patients, the median time on TDF was 38
months (IQR 14-68 months). One hundred and forty-four
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TABLE 1. CLINICOPATHOLOGICAL CHARACTERISTICS
OF THE 184 STUDY PATIENTS

Sex, (male/female) 184/0
Age: median (IQR) 43 (38-51)
Body mass index (kg/mz) 22 (20-24)
Hypertension, n (%) 42 (23%)
Current smoking, n (%) 99 (54%)
Hemophilia, n (%) 67 (36%)
History of AIDS-defined illness, n (%) 40 (22%)
Positive HBsAg, n (%) 8 (4%)
Positive HCV-Ab, n (%) 71 (37%)
Liver cirrhosis, n (%) 10 (5%)
Diabetes mellitus, n (%) 7 (4%)

Current CD4™ T cell count (cells/ul)

{ A 493 (322-623)
Nadir CD4™ T cell count (cells/ul)

141 (54-218)

Low CD4* T cell count (<200 cells/ul) 52 (28%)
for>1 year, n (%)

Current suppressed viral load 148 (80%)
(<20 copies/ml), n (%)

Current use of ART, n (%) 172 (93%)

Time on ART (months) 88 (26-153)

Current use of protease inhibitors, n (%) 117 (64%)

Never use of protease inhibitors, n (%) 40 (22%)
Time on protease inhibitors (months) 38 (2-81)
Current use of tenofovir, n (%) 114 (62%)
Never use of tenofovir, n (%) 45 (24%)
Time on tenofovir (months) 22 (0-60)

0.78 (0.68-0.89)
86.0 (74.7-100.3)

Serum creatinine (mg/dl)
Estimated glomerular filtration rate
(ml/min/1.73 m?)

Values are median (IQR) or number (%) of patients.

HBsAg, hepatitis B virus surface antigen; HCV-Ab, hepatitis C
virus antibody; ART, antiretroviral therapy; ART, antiretroviral
therapy.

patients had previously received PI-based treatment, and the
numbers of patients who had been treated with each type of PI
were 30 patients with nelfinavir (NFV), 47 with lopinavir
(LPV/r), 34 with atazanavir (ATV), 21 with fosamprenavir
(FPV) or amprenavir (APV), 74 with darunavir (DRV), 4
with indinavir (IDV), and 1 with saquinavir (SQV). The total
number of patients who had received RTV was 137, and of
these, 102 and 63 patients had been treated with RTV at 100
and 200 mg/day, respectively.

Prevalence of low bone mineral density

Based on the WHO criteria, osteopenia and osteoporosis
were diagnosed in 46% and 10% of the patients at the lumbar
spine and 53% and 12% at the femoral neck, respectively.
The mean ¢ scores were — 1.1 [standard deviation (SD) 1.1]
for the lumbar spine and —1.4 (SD: 1.1) for the femoral
neck (Fig. 1A). The mean BMD scores were 0.914 g/cm?
(SD: 0.199 g/cm?) at the lumbar spine and 0.694 g/cm® (SD:
0.221 g/cmz) at the femoral neck (Fig. 1B). Both the ¢ score
and BMD at the femoral neck were significantly lower than
those at the lumbar spine (p=0.008 for ¢ score and p <0.001
for BMD).

Impact of related risk factors

In multivariate logistic analysis, statistically significant
regression models were built for low BMD (z score < —1)
at the lumbar spine (p=0.038) and at the femoral neck
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FIG. 1.

Femoral neck

(A) Distribution of ¢ scores at lumbar spine and femoral neck. Light areas: osteopenia; dark gray areas: osteo-

porosis. (B) Distribution of bone mineral density (BMD) at lumbar spine and femoral neck. In both (A) and (B), data are
mean + standard deviation. Differences in the mean scores of the spine and femoral neck were tested by the Student’s paired

t-test.

(p<0.001) (Table 2). In logistic analysis, the following
factors were associated with low BMD at both the lumbar
spine and femoral neck: longer duration of treatment with a
PI [odds ratio (OR) 1.100 and 1.187 per 1 year increase of PI
use and 95% confidence interval (CI) 1.003-1.207 and
1.043-1.351; p=0.042 and 0.009, respectively] and lower
body mass index [OR: 0.938 and 0.852, CI 0.892-0.992 and
0.783-0.927; p=0.024 and <0.001, respectively]. Low BMD
at the femoral neck also correlated with age [OR: 1.071; CI
1.029-1.115; p=0.001] and hemophilia [OR: 8.139; CI12.59%4—
25.337; p<0.001].

Impact of Pl use and discontinuation on bone
mineral density

The ¢ scores of both the spine and femoral neck were
significantly lower in patients who received PI than in those
who never used PI[—1.2 vs. —0.7 at the spine (p=0.02) and
—1.5 vs. —0.9 at the femoral neck (p=0.002), respectively]
(Fig. 2A). Moreover, patients who discontinued PI had a
higher spine ¢ score than those who currently used PI (—-0.8
vs. — 1.3, p=0.04) and had a ¢ score level comparable to those
patients who never used PI (—0.8 in PI-discontinued patients
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TABLE 2. RESULTS OF LOGISTIC ANALYSIS FOR BONE MINERAL ABNORMALITIES MEASURED FOR DIFFERENT JOINTS

Univariate analysis Multivariate analysis®

OR 95% CI  pvalue OR 95% CI p value
Low BMD at lumbar spine (¢ score< —1.0)
Age (per 1 year increase) 1.015 0.986-1.045  0.309 1.016 0.989-1.042 0.249
Body mass index (per 1 increase) 0.924 0.845-1.011 0.086 0.938 0.892-0.992 0.024
Hemophilia 1.013 0.556-1.847  0.967
Current smoking 1.690 0.942-3.302  0.078 1.651 0.903-2.971 0.104
History of AIDS-defined illness 1.630 0.800-3.323  0.176
Nadir CD4 (per 1 increase of categories)
2350 1.000
200-349 0.514 0.140-1.883 0315
<199 0.799 0.241-2.653 0.714
Time with CD4 <200/ul (per 1 year increase) 1.065 0.921-1.233  0.515
Time on ART (per 1 year increase) 1.027 0.978-1.077 0287 0.973 0.912-1.038 0.408
Time on TDF (per 1 year increase) 1.082 0.976-1.200  0.134 1.078 0.961-1.210 0.201
Time on PI (per 1 year increase) 1.081 1.009-1.159  0.026 1.100 1.003-1.207 0.042
Low BMD at femoral neck (#-score< —1.0)
Age (per 1 year increase) 1.012 1.005-1.019  0.001 1.071 1.029-1.115 0.001
Body mass index (per 1 increase) 1.017 1.003-1.031  0.018 0.852 0.783-0.927 <0.001
Hemophilia 3.954 1.850-8.448 <0.001 8.139 2.594-25.337 <0.001
Current smoking 1.206 0.642-2.265  0.561 0.238 0.734-3.460 0.238
History of AIDS-defined illness 1.870 0.806—4.338  0.141 0.124 0.795-6.789 0.124
Nadir CD4 (per 1 increase of categories)
2350 1.000 1.000
200-349 1.593 0.425-5.971 0489 1.553 0.355-6.783 0.559
<199 0.984 0.293-3.301  0.979 0.757 0.174-3.285 0.710
Time with CD4 <200/ul (per 1 increase of categories) 1.072 0.951-1.209  0.257 0.844 0.684-1.042 0.114
Time on ART (per 1 year increase) 1.070 1.034-1.117 <0.001 0.968 0.880-1.066 0.509
Time on TDF (per 1 year increase) 1.084 1.005-1.119  0.037 0.990 0.848-1.156 0.900
Time on PI (per 1 year increase) 1.151 1.079-1.225 <0.001 1.187 1.043-1.351 0.009

“In the analysis for lumbar spine, the final model obtained by backward stepwise elimination included the time on ART, TDF, and PI,
current smoking, BMI, and age. OR, odds ratios; CI, confidence intervals; ART, antiretroviral therapy; TDF, tenofovir disoproxil fumarate;

PI, protease inhibitors; BMD, bone mineral density.

vs. —0.7 in Pl-never use patients, p=0.97) (Fig. 2B). In
contrast, there was no significant difference in femoral
neck # score between PI-discontinued patients and PI current-
use patients (—~1.3 vs. —1.5, p=0.38) or between PI-
discontinued patients and PI-never use patients (— 1.3 vs. —0.9,
p=0.24) (Fig. 2C).

Impact of different types of Pls on bone mineral density

While the correlation between the duration of treatment
of any PI and spine ¢ score was significant (r=—0.180,
p=0.013) (Fig. 3A), the duration of treatment with RTV
showed a better correlation with spine ¢ score (—0.207,
p=0.004) (Fig. 3B). When both the time on RTV and the time
on PI were entered as independent variables in logistic
analysis for low BMD at the lumbar spine, a statistically
significant model was built by elimination of the time on PIL.
In this model, the time on RTV was significantly associated
with low BMD (OR: 1.146,95% CI11.032-1.273,p=0.011).
At the femoral neck, RTV was associated with low BMD
(OR: 1.267 per 1 year increase of RTV, 95% CI 1.010-
1.589, p=0.041), whereas the time on PI was not (OR: 0.983
per 1 year increase of PI, 95% CI 0.803-1.202, p=0.864).
There were no significant correlations between spine
t score and the duration of treatment with RTV at either
100 mg/day (r= —0.134, p=0.071) (Fig. 3C) or 200 mg/day

(r=-0.133, p=0.073) (Fig. 3D). No significant correla-
tions were found between different types of PIs and spine
t score (NFV: r=-0.023, p=0.758; LPV/r: r=-0.080,
p=0.239; DRV: r=-0.069, p=0.355; ATV: r=-1.123,
p=0.097; FPV or APV: r=0.091, p=0.218).

Comparison of BMD between PI- and PI-TDF-
treated patients

For further confirmation of the poor association between
TDF use and BMD loss, ¢ scores were compared between
patients who had been treated with both PI and TDF (n=118)
and patients who received PI-based treatment and had
never been treated with TDF (n=26). Neither spine nor
femoral neck ¢ scores were significantly different between
the two groups (PI+TDF: —1.2, Pl alone: —1.0, p=0.414
for spine ¢ score, —~1.5 vs. —1.5, p=0.844 for femoral
neck, respectively).

Discussion

The present study showed that for Asian HIV-infected
patients, PI use was the most significant determinant of low
BMD at both the spine and femoral neck. Moreover, our
logistic regression models strongly suggested that long-term
use of PI has a gradual and cumulative effect on BMD.
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(A) Comparison of ¢ scores at lumbar spine and femoral neck between patients who were treated and never treated

with a protease inhibitor (PT). Comparison of ¢ score at lumbar spine (B) and at femoral neck (C) among patients who never
used PI (left), discontinued PI (center), and are currently using PI (right). Data are mean + standard deviation.

Although large cohort studies have already shown that PI use
can cause BMD loss,*® it still remains unclear which type of
PI causes BMD loss. Our study found no significant associ-
ation between the use of any particular type of PI and BMD
loss, which is consistent with a previous in vitro study that
evaluated the impact of different PIs on osteoblast activity
using an osteoblast-like cell line.!® Both in vitro'"'* and
ex vivo studies™® reported that RTV promotes the proliferation/
activation of osteoclasts, causing increased bone absorption.
Our study added support to previous studies that RTV plays
a major role in Pl-associated BMD loss,'? although there is
insufficient data to conduct direct a comparison of BMD
between patients treated with unboosted and boosted PI
The correlations between the two different dosages of RTV
and BMD were almost comparable levels of strength, sug-
gesting that RTV can cause BMD loss not dose dependently
but time dependently irrespective of the dose. However, at
this stage, we recommend further evaluation of the effect of
each type of PI, since the subanalyses conducted in the
present study have limited power for cause—effect evaluation

due to the relatively small number of patients treated with
certain types of PI.

Does discontinuation of PI lead to recovery of BMD? It
seems there is no definitive answer to this question. A small
cohort substudy showed possible BMD recovery after
switching PI to raltegravir.'* However, the change in BMD
after switching was too small in that study to confirm the
recovery effect of PI discontinuation. The present study
provides additional data in support of a lower decrease in
BMD by showing a large difference in BMD between PI-
discontinued and -continued patients, although it is a cross-
sectional study. A prospective longitudinal cohort study
using a larger population on longer use of Plis necessary for a
more precise evaluation of the reversibility of PI-associated
BMD loss. It should be noted that the PI-discontinued pa-
tients showed a higher BMD level not in the femoral neck but
in the lumbar spine, which is consistent with some large
cohort study showing that PI causes greater BMD loss in the
lumbar spine than the femoral neck.*” This interesting dis-
crepancy is well explained by the difference in bone tissue
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type between the vertebrae and femur. While the femur
contains abundant cortical substance with few osteoclasts,
the vertebrae comprise osteoclast-rich trabecular substance.
Therefore, discontinuation of osteoclast-activating agents,
such as RTV, can cause a slower decrease of BMD in ver-
tebrae compared with the femur.

TDF can cause BMD loss mainly through persistent uri-
nary loss of phosphates.“’ls’16 However, our study did not
show any significant association between TDF use and low
BMD. While the exact reason for this finding is not clear, it
could be related to the general clinical practice in Japan: TDF
is often discontinued in Japan upon identification of modest
proximal tubular dysfunction (a low level of percent tubu-
lar reabsorption of phosphates or a high level of urine-f,-
microglobulin) in HIV-infected patients.'®!” This practice is
an important limitation in the present study.

Hemophilia is a risk factor for BMD loss based on the as-
sociated hemophilic arthropathy and long-term disuse.'®1°
However, the present study demonstrated an almost equal
prevalence of spine BMD abnormalities in hemophiliacs and
HIV-infected patients [rate of osteoporosis, hemophiliacs: 5/67
(7%), other patients: 14/117 (12%); rate of osteopenia, hemo-

philiacs: 32/67 (48%), other patients: 52/117 (44%)]. Further-
more, the mean (standard deviation) ¢ score of the lumbar spine
was —1.1 (1.0) in hemophiliacs and —1.1 (1.1) in other pa-
tients. Thus, with regard to lumbar spine BMD, the present
study well reflects the general Asian HIV-infected population.
On the other hand, BMD abnormalities are common in he-
mophiliacs including abnormalities of the femoral neck [rate of
osteoporosis, hemophiliacs: 15/57 (26%), other patients: 5/107
(5%); rate of osteopenia, hemophiliacs: 32/57 (56%), other
patients: 56/107 (52%)]. The mean (standard deviation) ¢ score
of the femoral neck was —2.0 (1.1) in hemophiliacs and — 1.0
(0.9) in other patients. Multivariate analysis identified age,
BMI, and hemophilia as significant determinants of BMD at the
femoral neck. Thus, BMD at the femoral neck is considered to
be largely influenced by weight load and disuse.

In conclusion, long-term use of PI was identified as a
significant risk factor for BMD loss in HIV-infected Asian
patients. Furthermore, the results demonstrated that the
negative effect of PI on BMD was time dependent. In par-
ticular, RTV plays a major role in Pl-associated BMD
loss irrespective of the dose. Discontinuation of PI seems to
lessen the decrease in BMD, especially in the lumbar spine,
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suggesting that withdrawal of PI is a promising option for
treatment of BMD abnormalities.
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Long-term exposure to tenofovir continuously
decrease renal function in HIV-1-infected
patients with low body weight: results from
10 years of follow-up

Takeshi Nishijima®”, Yohei Kawasaki¢, Noriko Tanaka®,
Daisuke Mizushima®®, Takahiro Aoki?, Koji Watanabe?, Ei Kinai?,
Haruhito Honda?, Hirohisa Yazaki?, Junko Tanuma?®,
Kunihisa Tsukada®, Katsuji Teruya®, Yoshimi Kikuchi?,
Hiroyuki Gatanaga®” and Shinichi Oka®"

Objectives: To investigate the effect of long-term tenofovir disoproxil fumarate (TDF)
use on renal function, especially in patients with low body weight who are vulnerable to
TDF nephrotoxicity.

Design: A single-center, observational study in Tokyo, Japan.

Methods: We performed a 10 years cohort study of 792 HIV-1-infected patients. The
effect of long-term TDF use on estimated glomerular filtration rate (eGFR) was investigated
on treatment-naive patients who started TDF-containing antiretroviral therapy (n = 422)
and those who started abacavir-containing antiretroviral therapy as control (n=370).
Three renal endpoints were examined by the logistic regression model: decrement in
eGFR of higher than 10ml/min per 1.73 m? relative to the baseline, more than 25%
decrement in eGFR, and eGFR lower than 60 ml/min per 1.73 m? at least 3 months apart.
The loss in eGFR was estimated using linear mixed models for repeated measures.

Results: The median weight at baseline was 63 kg. TDF use increased the risk of all
three renal outcomes compared with the control group: higher than 10 ml/min per
1.73 m? decrement in eGFR [adjusted odds ratio (OR)=2.1, 95% confidence interval
(Cl) 1.45-3.14, P<0.001], more than 25% decrement (adjusted OR=2.1, 95% ClI
1.50-2.90, P <0.001), and eGFR lower than 60 ml/min per 1.73 m? at least 3 months
apart (adjusted OR=3.9, 95% CI 1.62-9.36, P=0.002). The cumulative mean loss
relative to the control after 1, 2, 3, 4, and 5 years of TDF exposure was —3.8, —3.6, —5.5,
~6.6, and —10.3 ml/min per 1.73 m?, respectively, indicating that the loss in eGFR
increased over time (P < 0.001).

Conclusion: In this cohort of patients with low body weight, TDF exposure increased
the risk of renal dysfunction. Furthermore, the loss in eGFR relative to the control
increased continuously up to 5 years.
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