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PCP cases were required to fulfill the criteria for 21-day use of corticosteroids recommended
by the American CDC Guidelines; PaO, on room air breathing of <70 mmHg or A-aDO, >35
mmHg [4]. The two exclusion criteria were 1) patients who were already treated with cortico-
steroids at the time of diagnosis of PCP, and 2) patients in whom blood gas analysis was not
examined. At our clinic, we have a hospital protocol for the prescription of steroid for PCP
with moderate to severe disease: start with 80 mg of prednisolone orally for 3 days, and taper to
40 mg for 3 days, and further taper to 20 mg for three days and discontinue corticosteroid, if a
clinical course of the patient goes well, based on the results of follow-up blood gas analysis,
chest X-ray, the amount of supplemental oxygen, and oxygen saturation on exertion. However,
duration and dosing of adjunctive corticosteroids is based on clinical conditions and varies
across individuals. Anti-PCP treatment by use of either sulfamethoxazole/trimethoprim, intra-
venous pentamidine, or atovaquone was continued for at least 21 days.

The study was approved by the Human Research Ethics Committee of National Center for
Global Health and Medicine (G-001616-00). All patients included in this study provided writ-
ten informed consent for their clinical and Jaboratory data to be used and published for
research purposes. The study was conducted according to the principles expressed in the
Declaration of Helsinki.

Measurements

The duration of steroid therapy and total amount of systemic corticosteroid (equivalent to
prednisolone) during PCP treatment were collected from the medical charts, in addition to
basic demographics (age and sex), date of PCP diagnosis, and cART-experienced or naive. Lab-
oratory data at PCP diagnosis [CD4 count, HIV-1 viral load, serum B-D glucan, lactate dehy-
drogenase (LDH), and C-reactive protein] were also collected from the medical charts. Patients
were followed up for one year, and prognosis by one year after the diagnosis of PCP was
collected.

Statistical analysis

The variable of primary interest was the duration of systemic corticosteroid therapy during
treatment of PCP. The study patients were divided into two groups based on blood gas analysis
data; severe disease group (A-aDO, >45 mmHg) and moderate disease group (A-aDO, <45
mmHg) based on American CDC Guidelines [4]. Baseline characteristics were compared
between the two groups using the Student's t-test and . test (Fisher’s exact test) for continuous
and categorical variables, respectively. To investigate the factors associated with the duration of
corticosteroid use among the severe group, the severe group was subdivided into two groups:
patients with long corticosteroid use (>14 days) and short corticosteroid use (<14 days), and
baseline characteristics were compared between the two groups. All statistical analyses were
performed with The Statistical Package for Social Sciences ver. 21.0 (SPSS, Chicago, IL).

Results

A total of 179 patients with HIV-1 infection were diagnosed with PCP during the study period.
Of these, 28 patients in whom blood gas analysis was not performed were excluded. Of the
remaining 151 patients, 73 patients fulfilled the enrollment criteria, and were included in the
data analysis (Fig 1). Among the study patients (n = 73), the median age was 39 years and 92%
of the enrolled patients were males (Table 1). 40 patients (55%) had histological or cytological
evidence of PCP, and were regarded as confirmed PCP cases. 97% were treatment-naive for
HIV infection, and the median CD4 cell count was 35/uL and median HIV-1 load was 5.20
log;o copies/mL. The median LDH value was 447 U/L (interquartile range 367-590) and the
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Pneumocystis pneumonia with HIV-1 infection
between Jan 2004 and Dec 2012

n=179

Excluded n=106

Without blood gas analysis (n=28)
Patients who did not meet steroid criteria
(Pa0, <70mmHg or AaDO,235mmHg) (n=78)

The study patients n=73

Moderate PCP (n=22)
Severe PCP (n=51)

Fig 1. Patient enrollment process.

doi:10.1371/journal.pone.0138926.9001

median B-D glucan was 235 pg/mL (interquartile range 134-962). 75% were infected with
other opportunistic infections at the diagnosis of PCP.

The median duration of corticosteroid use was 13 days (IQR 9-21 days) and total dosage of
corticosteroid was 405 mg (IQR 315-1133 mg) with prednisolone equivalent. Whereas 19
(26%) patients were treated with systemic corticosteroids for >21 days, 43 (59%) patients used
corticosteroids for <15 days, 22 (30%) for <10 days, and 7 patients were not treated with sys-
temic corticosteroids at all. The baseline A-aDO, was >45 mm Hg in 51 (70%) patients and
were thus categorized as the severe group, whereas 22 (30%) formed the moderate group
(Table 1). The median duration of corticosteroid therapy was 15 days (IQR 11-24 days) for the
severe group and 9 days (IQR 9-13 days) for the moderate group. The median total dosage of
corticosteroids equivalent as prednisolone was 570 mg (IQR 345-4170 mg) for the severe
group and 315 mg (IQR 184-361) for the moderate group. Among the 51 patients of the severe
group, 18 (35%) were treated with corticosteroids for >21 days. On the other hand, only 2
(9%) patients of the moderate group were treated with corticosteroids for more than 14 days.
The severe group had higher baseline LDH value compared with the moderate group (474
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Table 1. Baseline characteristics of the study patient.

Variables at PCP diagnosis Total (n = 73) Severe PCP (A-aDO, Moderate PCP (A-aDO, >35 P value
>45 mmHg) (n = 51) and <45 mmHg
or Pa0, <70 mmHg) (n = 22)

35 (12-66) 35 (12-63) 41 (14-72)

(%) 40 (55%) 26 (51%) 14 (64%)

Pa0; (mmHg)" 68 (58-81) 68 (52-04) 67 (65-70) 0.12

LDH (u/L)* 447 (367-590) 474 (398-685) 379 (327-460) <0.001

CART naive, n (%) 71 (97%) 49 (96%) 22 (100%) 0.35

Tmedian (interquartile range)

TThe value for BD glucan is missing for one patient

HIV: human immunodeficiency virus, CMV: cytomegarlovirus, PaO,: partial pressure of oxygen in arterial blood, A-aDOy: alveolar-arterial oxygen
difference, LDH: lactate dehydrogenase, CRP: C-reactive protein, PCP: pneumocystis pneumonia, CART: combination antiretroviral therapy.

doi:10.1371/journal.pone.0138926.t001

versus 379 U/L, p<0.001). However, the CD4 count and HIV load were not different between
the two groups (CD4 count: 35 versus 41 /uL, p = 0.69; HIV load: 5.18 versus 5.23 log;o/mL,
respectively, p = 0.79). 26 (51%) of the severe group were with confirmed diagnosis with histo-
logical or cytological evidence, whereas 14 (64%) of the moderate group were with confirmed
diagnosis, although the difference was not significant (p = 0.44). Some patients, particularly
among those in the severe group, could not undergo bronchoscopy for histological evidence of
PCP due to severe respiratory failures. Table 2 shows the baseline characteristics of the patients
with severe PCP, after subdivision into the two groups based on the duration of corticosteroid
therapy; those who required >14 days of corticosteroid therapy (the long corticosteroid group)
and those who required <14 days (the short corticosteroid group). Patients in the long cortico-
steroid group had significantly lower CD4 counts (26 versus 54 /uL p = 0.049) and marginally
higher LDH (478 versus 379 U/L p = 0.06) than those in the short corticosteroid group. The A-
aDO, and PaO, values were not different between the two groups (A-aDO,: 71 versus 68
mmHg, p = 0.20; PaO,: 68 versus 69 mmHg, p = 0.24).

With regard to prognosis of the study patients, among the moderate group two patients
developed cryptococcosis and two developed tuberculosis within one year after the diagnosis of
PCP. Among the severe group, one patient each developed cryptococcosis, cytomegalovirus
retinitis, and cytomegalovirus colitis. All study patients were hospitalized and four patients out
of 73 died with the mortality rate of 5%. All four patients who died were categorized into the
severe disease and required more than 21 days of steroid, except for one patient who died on
day 22, who discontinued steroid on day 19 due to his critical condition. Two (3%) patients
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Table 2. Baseline characteristics of severe pneumocystis pneumonia patients according to the duration of corticosteroid therapy.

Variables at PCP diagnosis Corticosteroids <14 days (n = 23) Corticosteroids >14 days (n = 28) P value
L 37 (32-47) 42 (35-55) 0.22

Age (years)T

Opportunistic infections other than PCP, n

Tuberculosis; n (%)

AaDO; (mmHg)t o 68 (53-101)

Duration of corticosteroid therapy (days) : Loo10(10-12) - -

Tmedian (interquartile range)
HIV: human immunodeficiency virus, CMV: cytomegarlovirus, PaOs: partial pressure of oxygen in arterial blood, A-aDO,: alveolar-arterial oxygen
difference, LDH: lactate dehydrogenase, CRP: C-reactive protein, PCP: pneumocystis pneumonia.

doi:10.1371/journal.pone.0138926.1002

were intubated and both of them died. One of them was intubated on day 14 due to aggravation
of respiratory status and died on day 32. The other was intubated on day 12 due to worsening
of respiratory failure and died on day 22. With regard to patients who died without intubation,
one patient experienced multiple episodes of pneumothorax after admission (on day 19 and
59) and died on 62th hospital day because of respiratory failure. The other patient was diag-
nosed of cryptococcosis and cytomegalovirus colitis after diagnosis of PCP and the general
condition of the patient gradually deteriorated and died on day 284. The prognosis of 7 patients
who did not initiate steroid was favorable, as none died or intubated and were discharged.

Discussion

This single-center study described the length of systemic corticosteroid therapy in PCP patients
with HIV-1 infection who fulfilled the criteria of the American CDC guidelines for systemic
corticosteroid therapy of 21-days. The median duration of corticosteroid therapy of the study
patients was 13 days (IQR 9-21); corticosteroid therapy was discontinued in <15 days in 59%
of the patients, and even within 9 days in 30% of the patients. Of the moderate group (A-aDO,
<45 mmHg), the median duration of corticosteroid therapy was only 9 days (IQR 9-13), and
corticosteroid was discontinued within 14 days in 91% of the patients. On the other hand,
patients of the severe group (A-aDO, >45 mm Hg) required longer duration of corticosteroid
therapy, as 55% required corticosteroids for >14 days and 31% required corticosteroids for
>21 days. When we further categorized patients of the severe group into the two groups [long
corticosteroid use (>14 days) and short corticosteroid use (<14 days)], short corticosteroid
therapy was associated with significantly higher CD4 count, and marginally associated with
lower LDH value. The results of the present study might suggest that systemic corticosteroid
therapy could be discontinued within 14 days in the majority of HIV-infected PCP with mod-
erate-to-severe disease, rather than 21 days, and most (90% in this study) PCP with moderate
severity could discontinue corticosteroid within 14 days. A large-scale prospective study,
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desirably randomized controlled trial that compares shorter versus longer courses of adjunctive
corticosteroids in patients with moderate to severe disease, is warranted to confirm the results
of the present study.

To our knowledge, this is the first study that investigated the duration of systemic cortico-
steroid therapy in moderate-to-severe PCP patients with HIV infection in the cART era under
the observational setting. It is evident that short-term corticosteroid therapy is desirable in
order to avoid various side effects of systemic steroids [8,11]. In this regard, one important
finding of the present study is that systemic corticosteroid therapy for only 14 days was clini-
cally effective in the majority of moderate-to-severe PCP and most moderate PCP patients.

A few randomized trials have demonstrated the benefits of corticosteroids during treatment
of PCP patients with HIV infection, especially in patients with moderate-to-severe abnormali-
ties in oxygen exchange at the time of presentation [12-14]. These trials were cited as evidence
in the current guidelines, which recommend the 21-day of adjunctive corticosteroid use for
HIV-1-infected moderate-to-severe PCP [4]. What is the underlying mechanism of the benefi-
cial effects of corticosteroid therapy in PCP? Patients with PCP typically show clinical worsen-
ing after two to three days of therapy, presumably due to increased inflammation in response
to dying organisms [15]. It is speculated that corticosteroid could alleviate this response and
thus improved prognosis. In one study that failed to demonstrate the benefits of adjunctive cor-
ticosteroid, corticosteroid therapy commenced only when the criteria for respiratory deteriora-
tion were met during PCP treatment, and this was not necessarily at the beginning of the
treatment [15]. This finding might support our hypothesis that starting corticosteroid therapy
at the beginning of treatment of PCP patients with HIV-1 infection is particularly important,
and that continuation of such treatment for 21 days is not necessary for all patients with mod-
erate-to-severe PCP. Furthermore, two small randomized trials showed that 7 to 10 days of
adjunctive corticosteroid started within 24-72 hours of the first dose of antimicrobial therapy
reduced short-term mortality in PCP patients with HIV infection [13,16]. Based on the find-
ings of the above previous studies, it is important to use corticosteroids as early as possible and
certainly within 72 hours after the start of treatment for PCP therapy.

Apart from the treatment, it is also noteworthy that 97% of the patients with moderate to
severe PCP in this study were treatment-naive for HIV infection, suggesting that the admitting
physician needs to maintain a high index of clinical suspicion for PCP at the time of presenta-
tion, especially if there is no previously known history of HIV infection.

The present study has several limitations. First, the number of enrolled patients was small,
and some results of the present study, such as comparison of patients with severe PCP who
were treated with corticosteroids for <14 days and >14 days, need to be interpreted with cau-
tion. Second, the study was retrospective in nature and the duration of corticosteroid was at the
discretion of the treating physicians. Also, it is important to note that some patients with severe
PCP required corticosteroid therapy for >21 days (26% of the study patients were actually
treated with corticosteroids for >21 days), although the corticosteroid was discontinued within
14 days in the majority of moderate-to-severe PCP and most moderate PCP. Third, the study
patients included clinically-diagnosed (probable) PCP cases without histological or cytological
evidence. However, all probable cases underwent chest CT and serum B-D glucan, both of
which have high diagnostic value for PCP [2,17], presented with symptoms compatible with
PCP, and responded clinically after specific anti-PCP treatment, such as sulfamethoxazole/tri-
methoprim, intravenous pentamidine, and atovaquone. Other agents, such as broad-spectrum
antimicrobials, were not used for any probable cases. Furthermore, many major papers, includ-
ing ACTG clinical trials, in the field of HIV-infected PCP included both histologically or cyto-
logically confirmed cases and clinically-diagnosed (probable) cases [10]. It is also noteworthy
that, in clinical practice, some PCP cases with severe respiratory failure cannot undergo
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bronchoalveolar lavage, and if such cases were excluded from the analysis, the results would
not reflect the actual data gained from the observational settings.

In conclusion, the present study suggested that adjunctive corticosteroid therapy for only 14
days or less was clinically effective in 60% of HIV patients with moderate-to-severe PCP and
90% of moderate cases who fulfilled the criteria for use of corticosteroids for 21 days. Because
short-term corticosteroid therapy is desirable in order to avoid various side effects of systemic
corticosteroid, it is important to note that the majority of such patients can discontinue corti-
costeroid within 14 days.
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Abstract

Background

Loss to follow-up (LTFU) is viewed as a major challenge in improving retention in HIV treat-
ment. In Vietnam, the reasons for disengagement from clinics and the effect of injection
drug use (IDU) on LTFU with unknown outcome (true LTFU) are not well known.

Methods

Patients receiving antiretroviral therapy (ART) from two HIV clinics in Hanoi were included
in this observational study between 2007 and 2012, and followed up every 6 months until
the end of 2013. The reasons for disengagement from the clinic, and ART status during
imprisonment were investigated in patients with a history of IDU to identify true LTFU. The
retention rate at 6-54 months and true LTFU rate were calculated. Cox proportional hazards
regression models were performed to identify factors associated with true LTFU.

Results

There were 1,431 patients, with a follow-up time of 4,371 person-years (median 2.49
years). At the end of the follow-up period, 71 (5.0%) patients died, 79 (5.5%) transferred
to other clinics, 16 (1.1%) disengaged from the clinics, and the calculated true LTFU was
45 (3.1%), with 12-month ART retention rate of 95.3% for the entire study population.
Imprisonment was the most frequent reason for disengagement from the clinics. True
LTFU correlated significantly with low CD4 count and high plasma viral load, but not his-
tory of IDU.
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Conclusion

Imprisonment is a major cause of disengagement from HIV care among patients with a his-
tory of IDU.

Introduction

Evaluation of loss to follow-up (LTFU) has a considerable impact on estimation of retention in
antiretroviral therapy (ART) [1-3]. In Vietnam, previous studies reported that as many as
5-15% of the patients who started ART were lost to follow-up [4-6], although the definitions
used for LTFU and duration of follow-up varied. The importance of history of injection drug
use (IDU) was highlighted as a strong predictor for LTFU in these studies since IDU is the
major route of HIV transmission in Vietnam [4,6]. The authors have suggested that poor
adherence, IDU-related stigma, active drug use, and comorbidity [e.g., hepatitis C and tubercu-
losis (TB)] hamper retention in HIV treatment in people who inject drugs (PWIDs). A wide
range of retention rates and various predictors of LTFU have been identified in previous stud-
ies, in which LTFU was defined simply by the duration of absence from clinic visits. However,
no studies have examined the reasons for disengagement from the clinics and whether the
patients discontinued ART at LTFU.

Strict control over illicit drug use has been enforced by the Vietnamese Government and the
United Nations Office on Drugs and Crime reported in 2010 that PWIDs accounted for ~30%
of the detainees [7]. Once HIV patients on ART are incarcerated in prison, their supporters
(e.g., family, partners, or friends) deliver antiretroviral drugs from the HIV clinics to the prison
to help the patients continue their treatment. Even patients who do not have such supporters
receive ART through the health services in the prison or in nearby HIV clinics when available.
Therefore, although study investigators often consider LTFU patients as those who discontin-
ued HIV treatment, imprisoned patients with a history of IDU might not have necessarily dis-
continued ART.

Existing approaches for measuring LTFU involve patients who do not return to the clinic
for a variety of reasons (disengagement from clinic) and those who are lost to follow-up with
unknown outcomes (true LTFU) [3,8]. Disengagement from the clinic might be due to
patients’ wishes or beliefs, or other social-structural barriers (e.g., transportation, and HIV-
related stigma) [3]. The outcomes of true LTFU could be unascertained death, ‘silent’ trans-
fer, or disengagement from the clinic. Under a well-functioning patient tracing system, true
LTFU reflects the most hard-to-trace population. Thus, disengagement from the clinic and
true LTFU illustrate two different problems. We separately treated these two groups
accordingly.

We focused on exploring the reasons for discontinuation of clinical follow-up using a
patient tracing system. We assessed whether PWIDs who missed their visits because of impris-
onment continued to receive ART. Using this protocol, the present study was designed to iden-
tify the retention rate, and factors related to true LTFU among HIV-infected patients on ART
in two large HIV outpatient clinics in Hanoi. We also investigated on whether the definition of
LTFU affected the impact of IDU on LTFU. Although ART services have been rapidly scaled
up in Vietnam [9,10], ART is a life-long treatment. This study evaluated accurate patient out-
comes and factors associated with discontinuation of HIV treatment among patients receiving
ART.
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Materials and Methods
Study design and study subjects

We retrospectively reviewed observational cohort data of adult HIV-infected patients (>17
years of age) on ART at the HIV OQutpatient Clinics of the Bach Mai Hospital (BMH) and the
National Hospital of Tropical Diseases (NHTD). These two institutions have the largest HIV
referral clinics in Hanoi. The cumulative numbers of registered HIV patients in these clinics
from their opening to November 2013 were 1,408 and 2,879, respectively. Both clinics were
supported by the U.S. President’s Emergency Plan for AIDS Relief (PEPFAR) and the patients
were provided free ART. We also provided free plasma viral load (pVL) and CD4 count testing
once or twice a year after patient enrollment. The subjects for analysis included all those who
enrolled in the study at the two clinics between October 1, 2007 and December 31, 2012, and
were followed up every 6 months until December 31, 2013. All subjects started ART before
enrollment in the study, and were still on ART at enrollment.

Patient tracing system

The two HIV clinics were operating a patient tracing system under which all patients were con-
tacted by telephone by health professionals when they did not attend their scheduled visits.
Both clinics have organized treatment groups, and the patients who missed a scheduled visit
were contacted through the group members. Each treatment group comprised 10-30 HIV-
infected patients, and medical follow-up schedule, adherence counseling sessions, and other
activities were arranged by the groups. Notably at BMH, two peer supporters were selected
from among the patients based on their experience and knowledge of HIV. When patients who
missed the scheduled visit could not be contacted by telephone, the peer supporters were sent
to the patients’ residence. The patient tracing system ascertained the vital status of the patients
and the reasons for the missed appointments, and arranged other appointments for medical
check-up for the patients. At the end of the follow-up period, the outcomes of all patients and
the last dates of clinic visits were entered. When PWIDs discontinued clinic visits because of
imprisonment, we assessed whether they were still receiving ART in prison by investigating
whether their supporters had visited the clinics to pick up antiretroviral drugs for the patients.

Measurements

Retention. Retention was defined as those patients who were alive and on ART either at
the clinic or in prison.

True LTFU and disengagement from the clinic. We defined LTFU as patients with
unknown outcome, and termed it true-LTFU. In line with the WHO patient monitoring guide-
lines [11] and other studies related to LTFU conducted in Vietnam [4-6], the following defini-
tion was used for true LTFU: patients who stopped visiting the clinics for at least 3 months
after their last visit, and did not return by the end of the follow-up period (December 31, 2013).
Patients who were transferred to other clinics and those who died during the follow-up period
were not included in the true LTFU group. In contrast, patients who ceased to engage in HIV
treatment at the clinic (e.g., by their own decision or because of social barriers) were termed as
“disengagement from the clinic”, and not included in the true-LTFU group.

Independent variables. Independent variables included: name of the clinic, sex, age, his-
tory of IDU, latest CD4 cell counts, latest pVL, co-infection with hepatitis B virus (HBV) and
hepatitis C virus (HCV), history of TB, and duration of ART at baseline. History of IDU was
assessed at enrollment to the cohort. Latest CD4 count and pVL were obtained at the last clinic
visit during the follow-up period. For patients who were retained in the cohort, these values
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were obtained at the most recent visits before December 31, 2013. For patients who were lost to
follow-up, these values were obtained at the most recent visits before LTFU. The values for
those who died or transferred were obtained in the same manner. History of TB was assessed
by whether patients had experienced any TB-related event until the end of the follow-up
period. Patients were divided into three groups according to age: <30 years, 30-39 years, and
>40 years, and into two groups according to latest CD4 count: <350/ul and >350/pl. Patients
were divided into two groups according to the latest pVL: <500 copies/ml and >500 copies/
ml. Patients were also divided into three groups according to the duration of ART use at enroll-
ment to the cohort (ART use at baseline): <6 months, 6-11 months, and >12 months. Other
variables were treated dichotomously.

Statistical analysis

The retention rates at 6-54 months after enrollment were calculated using the following for-
mula: Number of patients still alive and on ART at the two clinics or in prison at 6-54 months
divided by the total number of patients followed up for 6-54 months, including those who
died, those lost to follow-up, and those disengaged from the clinic. In line with other studies
[4-6], patients who were transferred to other clinics were excluded from the retention analysis
because we could not determine whether they were still alive or receiving ART at other clinics.
In addition, to identify the approximate retention rate from ART initiation, we also calculated
the 6- and 12-month retention rates for those who had started ART within 3 months before
enrollment in the study.

Next, we assessed the reasons for discontinuation of clinical follow-up to identify true LTFU
patients. The rate of true LTFU based on the characteristics of the participants was then calcu-
lated. Finally, Cox proportional hazards regression analysis was used to examine the effect of
each independent variable on the incidence of true LTFU. The crude and multivariate adjusted
hazard ratio (HR) and 95% confidence interval (CI) were calculated (Model 1 and Model 2).
Variables that showed statistical significance (p<0.05) in the crude model (Model 1) were used
in the multivariate model (Model 2). In these analyses, patients who were transferred to other
clinics, those who died during follow-up, and those who were imprisoned but continued ART
or had otherwise disengaged from the two clinics were censored at the date of transfer, death,
and last clinic visit, respectively.

To investigate whether the definition of LTFU affects the impact of IDU on LTFU, we devel-
oped Model 3, in which a broader definition of LTFU was used as the outcome variable. In this
model, true LTFU and disengagement from the clinic were treated as LTFU. This allowed com-
parison of the factors associated with the broader definition of LTFU, as used in previous stud-
ies (Model 3) [4,6] to those associated with true LTFU (Model 2). In previously published
studies, patients who missed scheduled visits for at least 3 months because of imprisonment,
but continued ART in prison, were also included in the definition of LTFU. However, we did
not include them in our broader definition of LTFU because of its obvious association with his-
tory of IDU.

As a supplementary analysis, we conducted Model 2 after exclusion of HCV co-infection
from the explanatory variables, considering its strong correlation with history of IDU [12]. All
analyses were performed using SAS version 9.3 (SAS Institute, Cary, NC, USA). All tests were
two sided, with significance level set at 5%.

Ethical statement

The study was approved by the Human Research Ethics Committee of the National Center for
Global Health and Medicine (reference: NCGM-G-001074-01), BMH (reference: 40/HDDD),
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and NHTD (reference:18/HDDD-NDTU). Each participant provided written informed con-
sent for use of their clinical data, and the data were treated anonymously.

Results

Study participants

The present analysis involved 1,431 patients (1,057 from NHTD and 374 from BMH); 65%
were male and 59% initiated ART within 12 months before enrollment to the study cohort.
Eighty-three percent of participants were aged <40 years, and 36% reported a history of IDU.
The patient characteristics are presented in Table 1. The total follow-up time was 4,371 per-
son-years [median 2.49 years, interquartile range (IQR) 1.94-4.41].

Retention rates

At the end of the follow-up period, 71 (5.0%) patients died, 79 (5.5%) were transferred to other
clinics, 16 (1.1%) disengaged from the two clinics, and 45 (3.1%) were true LTFU, while the
remainder (1220, 85.3%), including eight patients in prison, continued their ART.

Fig 1 shows the retention rate at 6-54 months after study enrollment. The retention rates at
6- and 12-months were relatively high [97.1% (95%CI: 96.1~97.9%, and 95.3% (95%CI: 94.1-
96.3%), respectively]. A total of 178 patients had started ART within 3 months before enroll-
ment. The 6- and 12-month retention rates for the latter group were 96.1% (95% CI: 92.1-
98.4%) and 93.2% (88.5-96.5%), respectively (data not shown).

Rate of disengagement from clinic

Sixteen patients (1.1%) disengaged from the two clinics (Table 2). Eleven (68.8%) disengaged
because of imprisonment, but whether they continued to receive ART in prison was not con-
firmed since none of the relatives/friends visited the clinic to pick up antiretroviral drugs.

True LTFU rate

At the end of the study, 45 patients (3.1%) were identified as true LTFU, with an incidence of
1.03 per 100 person-years. The median time from study enrollment to true LTFU was 401 days
(IQR 1-587 days). Fifteen patients (33.3%) were lost to follow-up after their first visit to the
study center and assigned one day of person-time. Table 1 shows the proportions of true LTFU
based on the clinical characteristics of participants.

The results of Cox proportional hazards regression models (Models 1-3) are shown in
Table 3. In Models 1 and 2, true LTFU was the outcome variable, while in Model 3, the broader
definition of LTFU was used (disengagement from clinic was included in the definition of
LTFU). In Model 2, latest CD4 count <350/ul (HR = 2.69, 95% CI: 1.30~5.57) and latest pVL
>500 copies/ml (HR = 5.34, 95% CI: 2.53-11.26) correlated significantly with higher likelihood
of true LTFU. In contrast, in Model 3, not only latest CD4 count <350/ul (HR = 2.10, 95% CI:
1.15-3.82) and latest pVL >500 copies/ml (HR = 5.52, 95% CI: 2.87-10.62), but also history of
IDU (HR = 2.49, 95% CI: 1.09-5.68) correlated significantly with the broader definition of
LTFU.

Exclusion of HCV co-infection from the variables in Model 2 did not change the direction -
of effect of each variable, relative to the original model, but the association between the broader
definition of LTFU and history of IDU became more significant with p = 0.04 (data not
shown).
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Table 1. Patient characteristics.

n % True LTFU n (%)
All 1431 45 (3.1

502

Median (25th, 75th percentile) 32 (29,37)

30-39 775 54.2 19 (2.5)

IDU 521 36.4 29 (5.6)

Median (25th, 75th percentile) 371 (250, 512)

<500 1354 94.6 32 (2.4)

Missing 18 1.3 1(5.6)

Missing 137 9.6 4 (3.0)

Yes 242 16.9 9(3.8)

<6 460 32.2 14 (3.0)

n; number of participants,

LTFU; loss to follow-up,

NHTD; National Hospital of Tropical Diseases,

BMH; Bach Mai Hospital,

IDU; injection drug use

#HBV co-infection was assessed by HBV antigen positivity at registration
PHCV co-infection was assessed by HCV antibody positivity at registration.

doi:10.1371/journal.pone.0139594.1001
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Fig 1. Retention rate for ART at 6-54 months after study enroliment. The retention rate was calculated by dividing the number of patients who were still
alive and on ART at 6—54 months by the total number of patients who had been followed up for 6-54 months, including those who died, those lost to follow-
up, and those who disengaged from the clinic. Patients who were transferred to other clinics were excluded. Months; months after enroliment, n: number of

the subjects for analysis,—;95%CI.

doi:10.1371/journal.pone.0139594.g001

Discussion

Previous studies on retention rate and LTFU in HIV treatment and care in Vietnam used the
duration of absence from the clinic as the definition of LTFU, but the reasons for the absence
were not fully assessed. In the present study, we identified patients who continued to receive
ART in prison, patients who disengaged from the clinic for reasons (disengagement from

Table 2. Reasons for disengagement from the two clinics.

n %

Self adoption of antiretroviral drug = - : 1 6.3

Other : i ' 1 6.3

n; number of participants.

doi:10.1371/journal.pone.0139594.t002
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Table 3. Results of Cox proportional hazard regression analysis.

true LTFU true LTFU + disengagement from
clinic
Unadjusted Adjusted “ Adjusted
Outcome ‘Model 1 - Model 2 Model 3
(n = 1431) (n =1285) (n=1293)
HR 95%Cl p-vah.:; HR 95%CH p-value HR 95%ClI p-value

Clinic

<350 375 1.95-7.21 <.001 2.69 1.30-5.57 0.01 2.10 1.15-3.82 0.02

>500 11.57 6.02-22.24 <.001 5.34 2.53-11.26 <.001 5.52 2.87-10.62 <.001

Yes 0.84 0.33-2.14 0.72

No 1.00 1.00 1.00

Model 1; crude model;
true LTFU was used as the outcome variable,

Model 2; multivariate adjusted model;

true LTFU was used as the outcome variable;

variables that were statistically significant in Model 1 with p<0.05 were used,
Model 3; multivariate adjusted model; a broad definition of LTFU (true LTFU + disengagement from clinic) was used as the outcome variable.
n; number of participants,

95%Cl; 95% confidence interval,

HR; hazard ratio,

NHTD; National Hospital of Tropical Diseases,

BMH; Bach Mai Hospital,

IDU; injection drug use.

2HBV co-infection was assessed by HBV antigen positivity at registration
PHCV co-infection was assessed by HCV antibody positivity at registration

doi:10.1371/journal.pone.0139594 1003
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clinic), and those who were lost to follow-up with unknown outcomes (true LTFU), using a
patient tracing system that was operated by two large HIV outpatient clinics in Hanoi, Viet-
nam. The collected data showed a high retention rate at 12 months of 95.3% and low true
LTFU rate of 3.1% at the end of follow-up. Although imprisonment was found to be the major
cause of disengagement from the clinic, history of IDU was not associated with true LTFU.

We found a higher 12-month retention rate compared with that of 80-84% in previous stud-
ies conducted in Vietnam [4-6,9]. However, it is not possible to make a simple comparison
between our results and those of the previous studies because ART status of the study partici-
pants at baseline differed among the studies. The previous studies followed up patients from ini-
tiation of ART. In contrast, our study participants had already initiated ART before the start of
our study. Considering the unstable medical condition and various challenges following ART
initiation (e.g., fear of side effects, pill burden, and denial of disease), this discrepancy might be
one reason for the difference in retention between the present study and earlier investigations
from Vietnam. However, the retention rate was still high when it was calculated based on data
only from patients who started ART within 3 months before enrollment. Furthermore, some
studies from other Asian countries calculated LTFU rate among HIV-infected patients who had
an experience of ART before the start of their study. They actually found higher LTFU rates
than our rate of 1.03 per 100 person-years. One study using data from 18 sites in the Asia-
Pacific region reported an LTFU rate of 21.4 per 100 person-years, although around half of
them had temporal LTFU [13]. Another study from Japan found an LTFU rate of 2.49 per 100
person-years [14]. Although the definition of LTFU varied between our study and previous
studies, it is reasonable to conclude that the rate of retention in our study is relatively high.

Another reason for the high retention could be the characteristics of our study sites. A previ-
ous observational cohort study found higher retention rate and lower LTFU rate in clinics at
tertiary level facilities compared with clinics at district level facilities [5]. This might have been
due to a better patient tracing system or a better allocation of resources and technical support
in tertiary level clinics. Furthermore, the free services of ART or testing of pVL and CD4 count
could have worked as an incentive and enhanced retention of patients in the two selected
clinics.

Finally, we believe that the patient tracing system used in our study could have been a major
contributor to the high retention rate. The system is not driven only by health professionals at
the clinics, but also by treatment group members or peer supporters. Such a system could have
been more effective for Vietnamese patients with HIV experiencing deep-rooted stigma and
discrimination [15,16] and having little social interaction outside the family [16,17]. Various
network-based social supports could perhaps encourage people living with HIV to maintain
treatment [18-20]. Further studies are needed to confirm the role of social support in
retention.

What are the factors associated with true LTFU? Model 2 tested in our study identified
lower latest CD4 count and higher latest pVL to correlate significantly with higher incidence of
true LTFU. This finding implies that patients were too ill to visit the clinics or that the patients
had already died, but neither circumstance was reported to the two clinics. Using the patient
tracing system, patients’ deaths were mostly reported by families. However, not all patients
lived with their families and it is not uncommon for patients to often change their contact
details for fear of disclosure of their HIV status [21]. Therefore, it is difficult to trace patient
deaths especially in HIV-infected population.

What is the impact of IDU on LTFU? Model 3 used the broader definition of LTFU, that is,
similar to that used in previous studies [4,6]. We compared the factors associated with the
broader definition of LTFU identified by Model 3 with those associated with true LTFU by
Model 2. Apart from lower latest CD4 count and higher latest pVL, history of IDU was only
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associated with the broader definition of LTFU. Furthermore, imprisonment was the most fre-
quent reason for disengagement from the clinic. The results imply that the strong association
of history of IDU with LTFU reported in previous studies could have been due to the inclusion
in the definition of LTFU of patients who disengaged from the clinic and those who continued
ART in prison. Although the above previous studies indicated that IDU-related factors (e.g.,
poor adherence, IDU-related stigma, active drug use, or comorbidity) could hamper retention
of patients with IDU history, our data imply that such patients simply lose an option for con-
tinuation of medical follow-up because of imprisonment. A weak association between history
of IDU and true LTFU was present when HCV co-infection was excluded from the analysis.
This might be because history of IDU and HCV co-infection are associated with each other,
but history of IDU has a greater association with true LTFU. Nevertheless, we cannot draw any
firm conclusion about the impact of IDU history and HCV co-infection on LTFU from our
analyses because of the small number of patients who had either a history of IDU or HCV co-
infection. In-depth analysis is needed to determine which aspects of history of IDU and HCV
co-infection contributes to LTFU in future studies.

It is important to determine whether the difference in the definition of LTFU affects estima-
tion of retention and LTFU rates and predictors of LTFU. Better evaluation of patient out-
comes and identification of the reasons for disengagement from HIV programs requires the
implementation of sensitive patient tracing systems. Furthermore, although the government
has been making efforts to improve HIV services in prison [7], there is still a need to strengthen
coordination and build extensive networks among various health facilities and the prison to
ensure continuation of treatment and to monitor patient outcome. Some existing studies have
reported a similar adherence to ART among PWIDs compared with non-PWIDs if provided
adequate support [22, 23]. Interventions at individual and at health system level could increase
retention among HIV population including those with a history of IDU history [24].

We investigated retention and the factors associated with true LTFU in Vietnam using data
obtained through a patient tracing system. However, the present study had some limitations.
First, our study participants were limited to patients receiving ART for a certain time before
enrollment in the cohort. Nevertheless, our study is still important because HIV-infected
patients require life-long ART, and it is also meaningful for future studies to investigate reten-
tion and LTFU among those who just started ART using the same protocol as in the present
study. Second, the HIV epidemic in Vietnam is to a large extent limited to PWIDs, accounting
for 44% of the reported HIV infections [25]. In contrast, only 36% of the study participants
declared a history of IDU at study enrollment. It is not uncommon that PWIDs do not disclose
their history of drug use to health professionals because of concern that their HIV-positive sta-
tus could be reported to their family or the police. This often happens when they are current
drug-users. The impact of IDU on true LTFU might have been reduced by such underreport-
ing. Third, there is a geographical difference in HIV prevalence and risk-behavior characteris-
tics in Vietnam [9,26]. The present results cannot be generalized to other areas of Vietnam.
Fourth, we did not collect data on social-structural factors (e.g., socio-economic status, trans-
portation, and family structure). Considering the impact of such factors on patient outcome
[27-29], future research needs to include such factors in the analysis. Fifth, we assessed
whether PWIDs were receiving ART in prison by investigating whether their supporters had
visited the clinics to pick up antiretroviral drugs for the patients. This could have biased the
results. However, we believe that this was a good proxy for continuation of ART in prison
because we found that pVL and CD4 count among patients who revisited the clinic after release
were not worsened during imprisonment. The prisoners could continue treatment with sup-
port from their family or friends. Finally, the study participants were not randomly selected
from the patients at study location. Random sampling is recommended in future studies.
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In conclusion, the use of a patient tracing system allowed the identification of high retention
and low true LTFU in HIV patients on ART in Hanoi, Vietnam. Imprisonment is potentially
the major cause of disengagement from the clinic among patients with a history of IDU.
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Abstract

 Objective

To investigate whether single nucleotide polymorphisms (SNP) of drug transporter proteins
for TDF is a risk factor for TDF-related renal function decrement.

Methods

This study investigated the association between 3 SNPs (ABCC2-24, 1249, and ABCB1
2677), which are shown to be associated with TDF-induced tubulopathy, and clinically
important renal outcomes (>10ml/min/1.73m? decrement in eGFR relative to baseline,
>25% decrement in eGFR, and eGFR <60ml/min/1.73m?) in 703 HIV-1-infected Japanese
patients who initiated TDF-containing antiretroviral therapy (ART). Genotyping was per-
formed by allelic discrimination using TagMan 5’-nuclease assays.

Results

95% of the study patients were males and 66% were treatment-naive, with median CD4
count of 249/ul, median baseline eGFR of 96mi/min/1.73m? (IQR 84.6—109.2), and median
exposure to TDF of 3.66 years (IQR 1.93-5.59). The frequencies of genotypes at -24, 1249
of ABCC2, and 2677 of ABCB1 were neither different between patients with decrement in
eGFR of >10ml/min/1.73m? and those without such decrement (ABCC2: -24, p = 0.53,
1249, p =0.68; ABCB1: 2677, p = 0.74), nor between those without and with the other two
renal outcomes (>25% decrement; ABCC2: -24, p =0.83, 1249, p =0.97, ABCB1: 2677,p =
0.40; eGFR <60ml/min/1.73m? ABCC2: -24,p =0.51, 1249, p = 0.81, ABCB1: 2677, p =
0.94). Logistic regression analysis showed that the risk genotype of the three SNPs were
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