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Background: Allogeneic blood or marrow transplantation (alloBMT) is potentially life-saving 

treatment for individuals with HIV and hematologic malignancies; challenges include identifying 

donors and maintaining antiretroviral therapy (ART). The objectives of our study were to 

investigate interventions to expand donor options and to prevent ART interruptions for patients 

with HIV in need of alloBMT.

Methods: We conducted a single-center, single-arm interventional trial of alloBMT in patients 

with HIV and high-risk hematologic malignancy in which we used post-transplantation 

cyclophosphamide (PTCy) as graft-versus-host-disease (GvHD) prophylaxis to expand donor 

options and an optimized ART strategy of avoiding pharmacoenhancers and adding subcutaneous 

enfuvirtide during PTCy and during oral medication intolerance. Our primary outcome was the 

proportion of participants who maintained ART through day 60. We measured the HIV latent 

reservoir (LR) using a quantitative viral outgrowth assay. ClinicalTrials.gov, NCT01836068.

Findings: Between June 1, 2013 and August 27, 2015, nine patients who were referred for 

transplant provided consent. Two patients had relapsed malignancy before donor searches were 

initiated. Seven patients had suitable donors identified (two matched sibling, two matched 

unrelated, two haploidentical, and one single-antigen mismatched unrelated) and proceeded to 

alloBMT. All patients maintained ART through day 60 and required ART changes (median 1, 

range 1-3) in the first 90 days. One patient stopped ART and developed HIV rebound with grade 4 

meningoencephalitis at day 146. Among six alloBMT patients with measurements, the HIV LR 

was not detected post-alloBMT in four patients with >95% donor chimerism, consistent with a 

2·06- to 2·54 log10 reduction in the HIV LR. In two patients, with <95% donor chimerism, the 

HIV LR remained relatively stable.

Interpretation: By using PTCy as GvHD prophylaxis, we successfully expanded alloBMT donor 

options for patients with HIV. Continuing ART with a regimen that includes enfuvirtide post-

alloBMT was safe, but life-threatening viral rebound can occur with ART interruption.

Funding: amfAR The Foundation for AIDS Research, the Johns Hopkins University Center for 

AIDS Research and National Cancer Institute.

Trial registration: ClinicalTrials.gov, NCT01836068

Introduction

Allogeneic blood or marrow transplantation (alloBMT) is an accepted approach to the 

treatment of hematologic malignancies in individuals with HIV.1 Identifying suitable donors 

and managing antiretroviral therapy during transplant are challenges. In addition, the impact 

of alloBMT on the long-term HIV reservoir has attracted interest as a potential curative 

strategy.

Identifying matched donors for people living with HIV has been a barrier as it has been for 

other transplant populations, particularly minority populations.2 Post-transplant 

cyclophosphamide (PTCy) to prevent or reduce graft-versus-host-disease (GvHD) allows the 

use of HLA-matched related and unrelated donors and haploidentical (haplo) donors and 

partially mismatched unrelated donors.3-5 In addition to curing hematologic malignancies, 

there was enthusiasm that alloBMT might also eradicate HIV infection. The major barrier to 
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HIV cure is the persistence of latent HIV integrated within long-lived resting memory CD4+ 

T cells and perhaps other hematopoietic-derived cells.6

More than ten years ago, Timothy Ray Brown (‘the Berlin Patient’) received an alloBMT for 

treatment of acute myeloid leukemia (AML) from a donor who was homozygous for the 

genetic polymorphism CCR5Δ32 and was cured of both AML and HIV.7 Recently, a patient 

with Hodgkin lymphoma (‘the London Patient’) achieved long-term HIV remission 

following alloBMT also from a CCR5Δ32 homozygous donor.8 The 32-base pair deleted 

variant of CCR5 affects about 1% of Caucasians and results in a non-functional CCR5 

receptor resistant to infection with the most common strains of HIV (R5).9 In these cases, 

alloBMT was analogous to providing the patient with gene therapy; however, limited 

numbers of HLA-matched CCR5Δ32 homozygous donors and HIV strains that can use the 

alternative cellular receptor CXCR4 (X4) have limited the applicability of this approach.
10,11

The report of the Berlin patient rekindled our interest in the possibility that alloBMT with 

uninterrupted ART might prevent infection of donor cells which would in turn, replace all 

HIV-infected host cells leading to cure. Our group initially explored this concept in an 

patient with HIV receiving alloBMT combined with zidovudine in 1989.12 That patient died 

with relapsed lymphoma but had no detectable HIV by early PCR assays. We investigated 

the feasibility of optimizing ART to minimize drug interactions and minimize periods 

without ART coverage in patients with HIV undergoing alloBMT for high-risk hematologic 

malignancies. Here, we report a single-arm trial of patients with HIV and hematologic 

malignancies referred for allogeneic transplant, results of donor searches, transplant 

outcomes, and measurements of the latent HIV reservoir in peripheral blood. In addition, we 

highlight a special risk in patients with HIV undergoing alloBMT when ART is interrupted 

in the post-transplant period.

Methods

Study design and participants

This was a single-arm interventional trial at the Johns Hopkins Sidney Kimmel 

Comprehensive Cancer Center (SKCCC), Baltimore, MD, USA. Individuals with HIV ≥18 

years of referred for alloBMT for a standard clinical indication were eligible. The only 

exclusion criteria was a history of documented resistance to enfuvirtide. Patients provided 

written consent prior to HLA matching and/or registry searches. Any donor source (matched 

sibling, haploidentical relative, matched or partially mismatched unrelated) was permitted as 

was co-enrollment in other transplant trials. The study (NCT01836068; Appendix pages 

2-24) was approved by the institutional review board, and all patients provided written 

informed consent in accordance with the Declaration of Helsinki. In order to protect 

participant confidentiality in this small cohort, we will not report age, sex, or race 

individually. Patients transplanted after August 2015 received transplants from multiply 

mismatched unrelated donors. Patients enrolled in that trial will be reported separately.

Durand et al. Page 3

Lancet HIV. Author manuscript; available in PMC 2021 September 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

https://clinicaltrials.gov/ct2/show/NCT01836068


Procedures

ART regimens were optimized prior to transplant by replacing protease inhibitors and 

pharmacoenhancers with other antivirals based on drug resistance and ART history. Changes 

in ART were made in cases of drug toxicity or interactions by a multidisciplinary team that 

included an HIV specialist, pharmacologist, and oncologist. Conditioning regimens were 

guided by standard of care guidelines or by parallel transplant protocols if patients were co-

enrolled.

Continuation of ART was defined as no periods >24 hours without ART. It was determined 

using medication administration records during inpatient hospitalization and using electronic 

pill bottle caps (medication event monitoring systems MEMS®) for outpatients. In October 

2018, the protocol was amended to remove MEMS monitoring in response to participant 

feedback.

All patients received cyclophosphamide 50 mg/kg/day IV on days three and four and 

mycophenolate mofetil with tacrolimus or sirolimus day five after alloBMT except in 

patients receiving HLA-matched marrow with a myeloablative preparative regimen where no 

GvHD prophylaxis other than high-dose cyclophosphamide was used.13 As PTCy is 

associated with nausea and vomiting that might interfere with continuation of oral ART, 

subcutaneous enfuvirtide was administered on those days and at any time when oral ART 

was not tolerated. Standard antibiotic prophylaxis with a fluoroquinolone and antifungal 

prophylaxis were given until neutrophil recovery. Cytomegalovirus (CMV) quantitative PCR 

was monitored weekly through day 60 and reactivation was preemptively treated. Filgrastim 

was administered from day five until neutrophil recovery to ≥1,000/μL. Patients received 

Pneumocystis jiroveci and anti-HSV/VZV prophylaxis for one year.

Leukocyte chimerism and T-cell chimerism (sorted CD3+) from peripheral blood were 

determined using a set of microsatellites or short tandem repeats (ABI, AmpflSTR) to 

distinguish donor from recipient with a limit of detection of 1%. Plasma HIV RNA viral 

load was measured using COBAS AMPLICOR Monitor test version 2·0 (Roche Diagnostics, 

Indianapolis IN).

The HIV latent reservoir (LR) within resting memory CD4+ T-cells was measured prior to 

alloBMT and every 12 weeks using a quantitative viral outgrowth assay (qVOA) as 

previously described.14-16 Briefly, purified resting memory CD4+ T-cells from whole blood 

were plated at limiting-dilution with healthy donor γ-irradiated peripheral blood 

mononuclear cells (PBMCs). When 11x106 CD4+ T-cells or fewer were isolated, the 

enrichment for resting CD4+ T-cells was not performed. The cells were subjected to ex vivo 

activation by the T-cell mitogen, phytohaemagglutinin. Viral outgrowth was amplified by the 

addition of MOLT-4/CCR5+ cell line and was detected by ELISA for HIV p24 antigen in the 

supernatant. The MOLT-4/CCR5+ cell line is susceptible to infection by both R5- and X4-

tropic viruses.

Outcomes

The primary outcome was the proportion of patients who maintained ART through day 60 

post-alloBMT. Secondary outcomes included donor chimerism (week 4, 8, 12, then every 12 
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weeks), plasma HIV RNA (week 4, 8, 12, then every 12 weeks), frequency of resting CD4 T 

cells harboring infectious HIV (baseline and every 12 weeks), copies of HIV DNA per 

million PBMCs (every 12 weeks), the incidence and severity of GvHD, and the incidence 

and severity of adverse events related to enfuvirtide through end of follow-up. We do not 

report copies of HIV DNA per million PBMCs due to technical issues with the PCR assay 

which made the results unreliable.

Statistical Analysis

ART adherence: We considered a probability of at least 20% of maintaining ART to be 

evidence of clinically meaningful feasibility to warrant further investigation. The study 

design included interim analyses for futility. Interim analyses, based on Bayesian 

computations, were designed to recommend stopping the study if there was 90% probability 

that no more than 20% of patients would continue uninterrupted ART through day 90. The 

Bayesian calculation assumed a priori that the chance that a patient would continue ART 

through day 60 was anything between 0% and 100% with equal probability.

HIV LR changes: The frequency of cells harboring infectious virus from each sample was 

expressed as the frequency of infectious units per million cells (IUPM), determined by two 

different methods: 1) maximum-likelihood estimate of each sample individually,17 and 2) a 

mixed-effects Bayesian model that jointly estimates IUPM for all samples as well as 

treatment effects. This Bayesian joint modeling framework has previously been shown to be 

capable of identifying mixed effects on IUPM even when some measurements are below the 

limit of detection. Maximum likelihood and two-stage approaches (estimating IUPM from 

raw assay output prior to fitting treatment effects) can result in biases, particularly where 

measurements are near or below detection limits.18 Our modeling framework effectively 

“smooths out” apparent rapid changes caused by random sampling from a small frequency 

of infected cells. Since the modeling framework shares information across samples and 

patients, model-based estimates of IUPM can fall below the assay’s limit of detection. This 

limit of detection is based on number of input cells, and ranged from 0·0043 - 0·10 IUPM 

for each sample considered individually. For further details see Appendix Material 

(Appendix page 25).18 Using PyStan 2·7, the model was executed with Markov Chain 

Monte Carlo, four parallel chains of 10,000 iterations each were run for the samples 

(Appendix pages 26-35).

Trial registration: ClinicalTrials.gov, NCT01836068

Role of the funding source

The funder of the study had no role in study design, data collection, data analysis, data 

interpretation, or writing of the report. The corresponding author had full access to all the 

data in the study and had final responsibility for the decision to submit for publication

Results

Between June 1, 2013 and August 27, 2015, nine patients with HIV and hematologic 

malignancies were referred for alloBMT. Seven patients were in remission had donors 
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identified, and proceeded to transplant. Two other patients had progressive disease and donor 

searches were never carried out. There were no patients referred who were appropriate for 

transplant for whom we were unable to identify a suitable bone marrow donor.

All seven patients received bone marrow transplants with a median of 5·9 x 106 CD34+ 

cells/kg dose (range 2·4 x 106 – 27·3 x 106 CD34+ cells/kg) and all successfully engrafted 

(Table 1). Underlying malignancies among those who received transplant were AML (n=3), 

diffuse large B-cell lymphoma (DLBCL) (n=2), and Hodgkin lymphoma (n=2). Donors 

were matched related (n=2), matched unrelated (n=3), and haplo (n=2). Patient ages at 

alloBMT ranged from 30 to 55 years and four patients were non-white. All patients were on 

ART at alloBMT with HIV RNA plasma viral load <200 copies/mL. The conditioning 

regimen was non-myeloablative Flu/Cy/TBI19 (n=4), non-myeloablative Flu/Bu20 (n=2), and 

myeloablative Flu/Bu21 (n=1).

Median time to neutrophil recovery over 500 X 103/mm3 was 17 days (range, 14-28) (Table 

1). Five patients achieved complete donor chimerism (>95% donor DNA detected) in 

PBMCs and CD3+ T-cells by 24 weeks. Two patients had persistent mixed chimerism with 

74% and 5% donor CD3+ T-cells at week 52 (Table 1).

Opportunistic infections were not infrequent. Three patients developed CMV viremia one 

month post-transplant. One had hemorrhagic cystitis with concomitant adenovirus viremia; 

the other two were asymptomatic. All patients responded to treatment with valganciclovir. 

One patient with asymptomatic CMV also developed persistent fevers 8 weeks post-

transplant; an extensive microbiologic evaluation was unrevealing including negative urine 

and blood Histoplasma antigen tests, however due to a history of disseminated 

histoplasmosis 8 years prior, the patient was empirically treated with liposomal amphotericin 

and the fevers resolved. One patient developed cutaneous Kaposi’s sarcoma 5 months post-

transplant which resolved when tacrolimus was changed to sirolimus.

Three patients developed GvHD. Patient 1 had chronic hepatitis C virus (HCV) infection at 

the time of transplant and developed elevated liver transaminases 6 months post-alloBMT. 

With HCV direct-acting antivirals obtained via a compassionate use protocol, HCV viremia 

was suppressed but liver function continued to deteriorate. Liver biopsy showed non-specific 

inflammatory changes that might have been related to HCV, GvHD, or drug-induced liver 

injury. There were no signs of cutaneous or gastrointestinal GvHD. The patient died with 

progressive liver failure. Patient 3 stopped ART and immunosuppression after discharge 

from the transplant intensive outpatient care program (described below). The patient 

developed liver GvHD and died 64 weeks post-alloBMT with liver failure. Patient 9 

developed skin and gastrointestinal GvHD while on sorafenib. This resolved without 

sequelae when sorafenib was stopped.

Three patients died. As above, patients 1 and 3 died with liver failure. Patient 6 died at an 

outside hospital 67 weeks after transplant due to presumed sepsis with no specific pathogen 

identified and no autopsy performed.

All patients required ART changes (Table 2). The median number of changes was 1 (range 

1-3). At baseline, three patients were switched off PIs to avoid drug interactions. Additional 
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changes were made due to acute kidney injury (n=5), insurance issues (n=1), drug 

interaction with cidofovir (n=1), and concern for fevers possibly related to abacavir 

hypersensitivity despite negative HLA-B*5701 testing (n=1). All patients received 

enfuvirtide during PTCy therapy when nausea and vomiting are common. Patient 3 also 

received enfuvirtide for 6 days during a period of encephalopathy (see below). No adverse 

events (AEs) occurred related to short-term enfuvirtide administration.

All seven patients maintained ART during the first 60 days. Five patients had no ART 

interruptions according to inpatient medication administration records and outpatient 

MEMS® records. Two patients did not use MEMS®. One of these (patient 9) had no ART 

interruptions according to inpatient records and outpatient self-report. The other (patient 3) 

admitted to stopping ART after day 60 for unclear reasons and developed complications, 

described below.

All patients who maintained ART had suppression of HIV plasma RNA at week 4, 8, 12 and 

every 12 weeks through end of follow-up. All measurements were <20 copies/mL, except 

for 2 patients who had isolated viral blips of 87 and 117 copies/mL at week 24.

Patient 3 missed clinic, laboratory, and study visits post-alloBMT. Around day 100, the 

patient developed fevers without a clear cause, which progressed to lethargy and confusion 

leading to hospital admission on day 146. Blood cultures for bacteria, fungi, and 

mycobacteria were negative. Cerebrospinal fluid (CSF) analysis showed 28 white blood cells 

(range 0 - 3 cells/μL), protein 150 (range 15-45 mg/dL), and glucose 50 mg/dL (range 50 - 

80 mg/dL). CSF was negative for varicella zoster, herpes simplex, Epstein-Barr, CMV, JC, 

and West Nile virus by PCR; cryptococcal antigen was not detected. HIV plasma RNA was 

25,518 copies/mL and 17,000 copies/mL in CSF. Aspartate transaminase and alanine 

transaminase were 282 (range 5 - 40 U/L) and 286 (range 7 - 56 U/L), respectively. 

Enfuvirtide was initiated as the patient was unable to take oral medications. After three days, 

mental status and liver enzymes improved. HIV genotype from plasma demonstrated no 

drug resistant mutations (Celera Diagnostics ViroSeq v·2·8 assay). Oral ART (maraviroc, 

raltegravir, abacavir, lamivudine) was restarted and he was discharged at day 159. Plasma 

HIV RNA was 23 copies/mL on day 190.

Five patients had viral outgrowth from the HIV LR at baseline (median 0·28 IUPM, range 

0·18 - 2·32 IUPM) (Table 3, maximum-likelihood estimate). Two patients had an 

undetectable LR by qVOA at baseline. Six patients had longitudinal measurements 

available; patient 3 did not provide post-alloBMT samples. Among these six, four patients 

achieved complete donor CD3+ T-cell chimerism; the HIV LR was undetectable by qVOA 

at all post-alloBMT timepoints in these patients except at one time-point (week 64) for 

patient 7 (Figure 1A & Table 3). Among these six patients with complete donor chimerism, 

individual patient Bayesian model-based log-reductions in the LR were: 2·06 log10 (Patient 

1), 2·43 log10 (Patient 6), 2·54 log10 (Patient 7), and 2·15 log10 (Patient 9) (Figure 1 C). 

Since most follow-up measurements were negative, the possibility of much larger reductions 

could not be excluded. Two patients with incomplete donor chimerism maintained a 

detectable HIV LR at multiple measurements post-alloBMT (Figure 1B & Table 3). There 

was weak evidence that one of these incomplete chimerism donor patients (Patient 2) 
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achieved a small reduction in reservoir size (0·34 log10 (95% CI 0·97 log10 reduction - 0·19 

log10 increase)), and no evidence of reduction in Patient 4 (95% CI 0·82 log10 reduction - 

0·71 log10 increase) (Figure 1C). An alternate model that excluded the possibility of 

reservoir reduction in the two patients with incomplete chimerism fit the data equally well 

(ΔWAIC = −0·6).

Discussion

We found that although identification of a suitable donor for alloBMT has been an important 

obstacle, particularly for minority populations,2 we were able to identify suitable donors for 

every patient, including patients of African descent. The use of PTCy made less stringent 

donor selection criteria with regard to HLA possible.2,4,22-25 The only definitive GvHD 

death occurred in a patient with a fully matched sibling donor who discontinued his 

immunosuppression against medical advice. Thus, as is the situation with patients with 

sickle cell disease, the use of post-transplantation cyclophosphamide meaningfully enlarged 

the donor pool for patients living with HIV who require alloBMT.

Our strategy for ART during alloBMT avoided treatment interruptions and proved to be safe 

and feasible. In all patients, ART was continued through day 60, which is a critical period 

post-alloBMT during which engraftment occurs, and patients must stay locally for close 

monitoring. Enfuvirtide was a well-tolerated supplement to oral ART in alloBMT patients 

who are at high risk for missed doses, with no AEs in any of seven patients who received it 

for short periods. This finding is also supported by a series by Johnson and colleagues that 

included one patient with HIV post-alloBMT in whom enfuvirtide was used without.26 In 

our study, modification of ART was commonly required due to drug interactions and 

changes in renal or hepatic dysfunction. The most common indication for ART change was 

acute kidney injury prompting substitution of tenofovir disproxil fumarate (TDF) with 

abacavir with less potential for kidney toxicity.

Our patients did develop several opportunistic infections including possible histoplasmosis 

reactivation, adenovirus, CMV viremia, and Kaposi sarcoma, but these complications 

resolved with appropriate treatment.

We found the impact of alloBMT on the HIV LR depended on the extent of donor 

chimerism. In patients who achieved full donor chimerism in peripheral blood, the HIV LR 

as measured by qVOA from CD4+ T-cells decreased to levels below the limit of detection. 

In individuals who achieved complete donor replacement post-alloBMT, there was a 

measured 2·06 - 2·54 log10 reduction in the LR size. Conversely, the LR was easily detected 

in two patients who had mixed chimerism (incomplete replacement by donor cells), and no 

significant change was detected, including one whom had received myeloablative 

conditioning. These results are consistent with those recently reported by the European 

alloBMT IciStem Consortium in which the HIV LR is reduced in patients who achieve full 

donor chimerism following alloBMT.27 While these reductions in persistent HIV 

measurements appear promising for HIV cure strategies, there are important caveats. We are 

not suggesting there is any clinical benefit to reductions in the size of the HIV reservoir for 

the patients in our study. These patients received transplants due to life-threatening 
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malignancies for which alloBMT is standard therapy. However the observed impact on the 

HIV LR might help to guide new approaches to cure.

In one patient who stopped ART, we observed a nearly fatal case of acute retroviral 

syndrome associated with HIV RNA rebound in the plasma and CSF at day 146 post-

alloBMT with fever, liver dysfunction, and meningoencephalitis. This suggests that despite 

>95% donor chimerism in peripheral blood, the HIV LR persisted or that donor cells were 

newly infected.

Henrich and colleagues previously described two HIV+ patients who received alloBMT as 

treatment for refractory lymphoma.28 HIV could not be detected in peripheral blood three 

and five years post-alloBMT using highly sensitive assays. The HIV LR in the two patients 

had an estimated 2·35 log10 and 2·75 log10 reduction, which is consistent with our current 

report.29 A follow-up study of a carefully monitored ART interruption, also known as an 

analytic treatment interruption, was performed in these same patients to investigate the 

possibility of HIV eradication. However, HIV viral rebound occurred at 12 and 32 weeks 

after stopping ART, respectively; both patients had fevers and one had meningitis.30 The 

severity of HIV rebound in our report and in the report of Henrich may reflect the lack of 

donor cellular immune response to HIV. It is also interesting to note that there was 

symptomatic central nervous system involvement in two out of three cases of viral rebound 

after alloBMT. Analytic treatment interruption after alloBMT is distinct from interruption in 

other settings given that the donor immune system is immunologically HIV naïve and thus 

there are unique clinical and ethical considerations.31 Patients with HIV and their providers 

need to be aware of the serious risks of interrupting ART after alloBMT. We have modified 

our consent form to acknowledge this risk. Novel strategies to prevent and treat HIV 

rebound are needed in alloBMT recipients.32 Careful selection criteria and long-term follow-

up are important in this patient population. More intense adherence support and frequent 

post-transplant monitoring may reduce morbidity and mortality.

Our study was limited by the fact that it was small. A larger cohort of alloBMT recipients 

with HIV is needed to confirm these measured effects. In addition, transplant-related 

toxicities preclude the application of this approach to patients who would not otherwise 

benefit from a transplant.

In conclusion, with PTCy and less stringent donor selection criteria it is possible to identify 

appropriate donors for most patients. It was possible to maintain ART during the intensive 

first two months after transplant and enfuvirtide is a well-tolerated option when nausea or 

vomiting interfere with oral ART. Finally, achievement of full donor chimerism has 

profound effects on the HIV LR but how this may translate into cure for patients without 

HIV-resistant donors has yet to be established.33

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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FIGURE 1. 
Measurements of HIV persistence following alloBMT. (A) Individuals who achieved 

complete donor replacement post-alloBMT. (B) Individuals who did not achieve complete 

donor replacement post-alloBMT. The HIV latent reservoir measurement of inducible 

replication-competent virus by qVOA, a limiting-dilution based co-culture assay. The 

frequency of latently infected cells was determined by a mixed-effects Bayesian model and 

expressed as a frequency of infectious units per million cells (IUPM); median posterior 

estimates are shown. Samples where viral outgrowth was undetected are indicated with open 

shapes. (C) The log10-change median estimate pre- to post-transplant with 95% confidence 

intervals reported using a mixed-effects Bayesian model implemented in PyStan 2·7 (see 

Appendix, pp 26-35.). A log10-change greater than 100 (or 1) indicate an increase size in 

the latent reservoir size whereas values less than 1 suggest a reduction. The symbol (†) 

indicates when patients underwent bone marrow transplant and corresponds to the statistical 

model (0 to 1); and (‡) indicates the point when the patients achieved complete leukocyte 

donor replacement and corresponds to the statistical model (0 to 1).
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Table 2.
Antiretroviral therapy changes through day 90.

Patient ART changes ART regimen Days relative to alloBMT Reason for change

1 3

TDF FTC DRV/r
TDF FTC RAL MVC
ABC FTC RAL MVC
ABC 3TC RAL MVC

Pre-transplant
0

+5
+25

• Avoid ritonavir interaction
• Acute kidney injury
• Insurance formulary preference

2 1 EFV TDF FTC
EFV ABC FTC

Pre-transplant
+9 • Acute kidney injury

3 1 ABC 3TC RAL DRV/r
ABC 3TC RAL MVC

Pre-transplant
0 • Avoid ritonavir interaction

4 3

TDF FTC RAL
ABC FTC RAL
TDF FTC RAL
ABC FTC RAL

Pre-transplant
+24
+41
+49

• Acute kidney injury
• Renal function improved
• Interaction with cidofovir

6 1 EFV TDF FTC
EFV ABC 3TC

Pre-transplant
+81 • Acute kidney injury

7 2
TDF FTC RAL
ABC 3TC RAL
ETR 3TC RAL

Pre-transplant
+45
+69

• Acute kidney injury
• Concern for ABC-related fevers

9 1 TDF FTC ATV
TDF FTC DTG

Pre-transplant
0 • Avoid atazanavir drug interaction

Abbreviations efavirenz (EFV), etravirine (ETR), tenofovir (TDF), emtricitabine (FTC), abacavir (ABC), lamivudine (3TC), raltegravir (RAL), 
dolutegravir (DTG), atazanavir (ATV), ritonavir-boosted darunavir (DRV/r), maraviroc (MVC).
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Table 3.
Longitudinal viral outgrowth results for participants.

Resting memory CD4+ T-cells or total CD4+ T-cells were plated in a limiting dilution format for the qVOA. 

The number of wells that were positive for p24 production over total wells plated are indicated. Both 

maximum-likelihood and Bayesian model-based IUPM estimates reported. The Bayesian model-based 

approach shares information across samples, “smoothing out” apparent rapid changes caused by random 

sampling from a small frequency of infected cells (e.g., alternation of positive and negative samples from Pt.4)

Patient Timepoint Donor
replacement

CD4 T-cell
plated

Number of
cells plated

Viral
outgrowth
detected

p24 positive
wells

/total wells

IUPM Estimate

Maximum-
likelihood IUPM

estimate

Bayesian
model-based

IUPM
estimate

1

Baseline - Total 6·24 x106 No 0/6 0·120 0·099

Week 12 Complete Total 10·55 x106 No 0/20 0·066 0·001

Week 24 Complete Resting 7·95 x106 No 0/18 0·088 0·001

2

Baseline - Resting 20·55 x106 Yes 5/30 0·280 0·242

Week 12 Incomplete Resting 5·55 x106 Yes 1/15 0·201 0·112

Week 24 Incomplete Resting 5·55 x106 Yes 2/15 0·452 0·155

Week 36 Incomplete Resting 12·55 x106 Yes 1/22 0·083 0·108

Week 52 Incomplete Resting 9·25 x106 No 0/19 0·075 0·084

Week 64 Incomplete Resting 16·05 x106 No 0/26 0·043 0·070

Week 76 Incomplete Resting 19·95 x106 Yes 3/30 0·160 0·108

Week 90 Incomplete Resting 3·75 x106 No 0/14 0·187 0·089

Week 103 Incomplete Resting 23·55 x106 Yes 3/33 0·135 0·107

3 Baseline - Resting 22·50 x106 Yes 12/32 0·762 ---

4

Baseline - Resting 7·55 x106 No 0/17 0·092 0·120

Week 24 Incomplete Resting 3·92 x106 Yes 3/14 0·534 0·141

Week 36 Incomplete Total 2·55 x106 No 0/12 0·277 0·098

Week 48 Incomplete Resting 5·55 x106 Yes 2/15 0·452 0·118

Week 98 Incomplete Resting 7·55 x106 No 0/17 0·092 0·074

6

Baseline - Resting 12·55 x106 Yes 2/22 0·179 0·146

Week 12 Complete Total 9·55 x106 No 0/19 0·073 0·001

Week 24 Complete Resting 16·55 x106 No 0/26 0·042 0·001

Week 36 Complete Total 7·55 x106 No 0/17 0·092 0·001

Week 52 Complete Resting 6·90 x106 No 0/17 0·087 0·001

7

Baseline - Resting 21·55 x106 Yes 22/31 2·319 2·199

Week 12 Complete Total 11·55 x106 No 0/21 0·060 0·007

Week 24 Complete Resting 6·72 x106 No 0/17 0·104 0·007

Week 36 Complete Resting 40·55 x106 No 0/50 0·017 0·007

Week 52 Complete Resting 30.00 x106 No 0/39 0·023 0·007

Lancet HIV. Author manuscript; available in PMC 2021 September 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Durand et al. Page 17

Patient Timepoint Donor
replacement

CD4 T-cell
plated

Number of
cells plated

Viral
outgrowth
detected

p24 positive
wells

/total wells

IUPM Estimate

Maximum-
likelihood IUPM

estimate

Bayesian
model-based

IUPM
estimate

Week 64 Complete Resting 30·55 x106 Yes 1/40 0·033 0·008

Week 88 Complete Total 6·55 x106 No 0/16 0·107 0·007

Week 100 Complete Resting 14·55 x106 No 0/24 0·048 0·007

9
Baseline - Resting 12·55 x106 Yes 3/22 0·232 0·240

Week 36 Complete Total 4·55 x106 No 0/14 0·154 0·002

Week 52 Complete Resting 10·55 x106 No 0/22 0·066 0·002

Week 100 Complete Resting 12.00 x106 No 0/22 0·070 0·002
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