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Abstract

Allogeneic hematopoietic stem cell transplantation (Allo-HSCT) is a well-established therapeutic option for
hematological malignancies. Combination antiretroviral therapy (cART) has enabled the treatment of medical
conditions in patients infected with the human immunodeficiency virus (HIV) in the same way as in the general
population. Moreover, improvements in supportive care have allowed HIV-infected patients with life-threatening
hematological disorders to be treated with Allo-HSCT. We report on four HIV-infected patients with hemato-
logical malignancies receiving an Allo-HSCT in our institution, and on the use of donor lymphocyte infusions
to successfully treat post-Allo-HSCT relapse. Of note, one of them is the first HIV" patient to receive a “dual
transplant” (unrelated umbilical cord blood stem cells combined with mobilized T cell-depleted CD34 * stem cells
from a mismatched third party donor). cART drugs interactions were satisfactorily managed. This approach
provided long-term control of the hematological disease. Nevertheless, despite adequate immune reconstitution,

infections were the main cause of morbidity and mortality after Allo-HSCT.

Introduction

PATIENTS WITH HUMAN immunodeficiency virus (HIV)
infection receiving combination antiretroviral therapy
(cART) have a high survival rate.! However, HIV-infected
patients show a higher risk of developing not only AIDS-
defining hematological malignancies, such as non-Hodgkin’s
lymphoma (NHL), but also other hematological malignancies
such as Hodgkin’s disease, multiple myeloma, or leukemia.*>
Allogeneic hematopoietic stem cell transplantation (Allo-
HSCT) is a well-established option for the treatment of such
life-threatening conditions in HIV-negative patients.* Recent
reports have shown that the combination of autologous he-
matopoietic stem cell transplantation (Auto-HSCT) and cART
in HIV-infected patients with associated lymphoma is a fea-
sible and safe approach, with results similar to those observed
in HIV-negative patients.”” In addition, broad experience
with solid organ transplantation in HIV-infected patients has
shown this procedure to be both safe and useful, with no
significant toxicity due to interactions between cART and
immunosuppressive agents.®’

However, the literature contains few case reports of Allo-
HSCT in HIV-infected patients with high-risk hematological

malignancies.'” An excellent review of reported cases
has been recently published by Hutter and Zaia.>® In this
context, infections arising from increased immuno-
deficiency and the potential pharmacological interactions
between cART, conditioning treatment, and immunosup-
pressive drugs are the main concerning issues of this proce-
dure. Furthermore, the impact of the graft-versus-tumor
(GVT) effect has yet to be evaluated in HIV-infected patients
undergoing Allo-HSCT.

We report on our experience treating four HIV-infected
patients with hematological malignancies using cART and
Allo-HSCT in our institution. The series includes the first HIV-
positive patient to receive umbilical cord blood stem cells
(UCB) with the coinfusion of mobilized T-depleted CD34*
stem cells from a mismatched third party donor, known as
“dual transplan’r.”24 Additionally, we also describe the use of
donor lymphocyte infusion (DLI) for the treatment of tumor
relapse after Allo-HSCT in one patient.

Patients and Results

Characteristics of the four patients and of the allo-HSCT
performed are detailed in Table 1. Moreover, evolution of
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patient 3, who received a DLI to treat tumor relapse, is
shown in Fig. 1.

Patient 1

A 37-year-old man was diagnosed with HIV-C3 infection in
1988 and initiated cART in 1996. Two years later he developed
diffuse large B cell lymphoma (DLBCL), stage IV-B, with
multiple lymphadenopathies as well as lung and bone mar-
row involvement. He achieved complete remission (CR) with
CHOP chemotherapy. He had an early (less than 3 months)
skin and bone marrow relapse and received ESHAP as a
second line of chemotherapy, followed by an Allo-HSCT from
an HLA-identical sibling while in chemosensitive relapse.
Total body irradiation (TBI, 4 grays/day for 3 days) plus cy-
clophosphamide (Cy 50mg/kg/day for 2 days) were ad-
ministered as myeloablative conditioning treatment (MAC)
and cyclosporine A (CsA) as prophylaxis for graft-versus-host
disease (GVHD). Acyclovir, quinolones, cotrimoxazole, and
fluconazole were used as antimicrobial prophylaxis. cART
was maintained during transplantation. The patient died on
day +6 from respiratory distress before engraftment with
undetectable HIV viral load (HIV-VL). Autopsy showed
pulmonary aspergillosis with no evidence of additional tox-
icity or lymphoma.

Patient 2

A 45-year-old woman was diagnosed with HIV-C3 infec-
tion in 1994, and initiated cART in 1996. Nine years later, she
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was diagnosed with acute lymphoblastic leukemia, with
normal karyotype and BCR-ABL negative as determined by
quantitative reverse transcriptase polymerase chain reaction
(RT-PCR) and fluorescence in situ hybridization. She achieved
CR after chemotherapy (Hyper-CVAD +rituximab). She re-
ceived an Allo-HSCT from an HLA-identical sibling using
TBI+Cy as MAC and CsA +methotrexate (Mtx) as GVHD
prophylaxis. Acyclovir, quinolones, cotrimoxazole, and flu-
conazole were used as antimicrobial prophylaxis. cART was
maintained throughout the procedure. Full donor chimerism
(FDCh) was observed on day +26. Grade III acute GVHD (a-
GVHD) of the skin observed on day +30 was successfully
treated with steroids, CsA, and mycophenolate-mofetil. Cy-
tomegalovirus reactivation was observed on day +35 and
was successfully treated with gancyclovir. Four months after
transplantation the patient developed extensive chronic
GVHD (c-GVHD) that was managed with steroids and CsA.
She also experienced several episodes of pneumococcal
pneumonia and an episode of encephalitis of unknown eti-
ology, despite adequate immunological recovery since month
+6 (CD4" counts: 429 cells/ul; IgG concentration: 683 mg/dl).
She started a vaccination program against infection by
Streptococcus pneumoniae and Haemophilus influenza in month
+7 and received wide antimicrobial prophylaxis with antibi-
otics and nonspecific immunoglobulins. Despite active ther-
apy, c-GVHD progressed with hepatic dysfunction, ascites,
and pleural effusion at month +35, and the patient developed
sepsis and Haemophilus spp. pneumonia. This episode
was further complicated by a multiresistant Acinetobacter

TABLE 1. CHARACTERISTICS OF THE FOUR PATIENTS

Patient 1

Patient 2

Patient 3 Patient 4

Diagnosis NHL (DLBCL) IV-B ALL

Age (years) 37 45

Status at transplant Chemosensitive
relapse

CD4* HIV-VL at 54 (cells/ pl)

First complete
remission
39 (cells/ ul)

NHL (DLBCL) IV-A NHL (Burkitt L.) IV-B
44 34

Partial remission Second complete
remission

77 (cells/ ul) 73 (cells/ ul)

transplant <50 copies/ml <50 copies/ml <50 copies/ml 65 copies/ml
cART 3TC, d4T, EFV, NFV  T20, d4T, ABC, 3TC  ddl, T20, 3TC ABC, 3TC, raltegravir
Donor type Sibling matched Sibling matched Sibling matched Cord blood
cell + mismatched
third party-related
donor
Conditioning treatment ~ MAC TBI+Cy MAC TBI+Cy RIC *°YIT + Ritx + MAC Flu+Cy+Bu
Flu + Melf
GVHD prophylaxis CsA CsA +Mix CsA +Mix CsA +steroids
Neutrophil engraftment, Not reached +17d +13d +15d
day (d)
Platelet engraftment, Not reached +14d +18d +31d
day (d)
Full donor chimaerism, Not reached +26d +32d +30d
day (d)
Acute GVHD grade NA 1II II No
Chronic GVHD NA Extensive Extensive No
LFU 6 days 36 months 40 months 9 months
Status at LFU Dead Dead Dead Alive

ALL, acute lymphoblastic leukemia; cART, combined antiretroviral therapy; CsA, cyclosporine A; DLBCL, diffuse large B cell lymphoma;
engraftment day (d) neutrophil >0.5%x10%/liter and platelets count >20x10°/liter; Flu+Cy +Bu, fludarabine, cyclophosphamide, and IV
busulfan; GVHD, graft-versus-host disease; HSCT, hematopoietic stem cell transplantation; HIV-VL, HIV viral load; LFU, last follow-up;
MAC, myeloablative conditioning; Mtx, methotrexate; NA, not applicable; NHL, non-Hodgkin’s lymphoma; RIC, reduced intensity
conditioning; TBI, total body irradiation; Cy, cyclophosphamide; 9OYIT + Ritx + Flu+ Melf, *°Y-ibritumomab-tiuxetan, rituximab, fludarabine,
and melphalan; 3TC, lamivudine; d4T, stavudine; EFV, efavirenz; NFV, nelfinavir; T20, enfuvirtide; ABC, abacavir; ddI, didanosine.
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baumannii infection, and the patient died 36 months after
transplantation. Throughout the whole posttransplant period
(last study month +30), the patient remained in cytological
CR with negative minimal residual disease by im-
munophenotypic bone marrow analysis (less than 0.01% of
anomalous cells as determined by four-color flow cytometry)
and FDCh, as well as undetectable HIV-VL.

Patient 3

A 44-year-old man was diagnosed with HIV-C3 infection,
and initiated cART in 2000. In 2004, he developed DLBCL,
stage IVA, with multiple lymphadenopathies and skin and
bone marrow involvement. The clinical course and the treat-
ments used before (including an auto-HSCT) and after allo-
HSCT are shown in Fig. 1. He achieved CR after six cycles of
R-CHOP. However, a new line of chemotherapy (R-ESHAP)
had to be administered because of a first skin relapse. Sub-
sequently, he achieved a new CR after consolidation therapy
with Auto-HSCT in the first chemosensitive relapse. Seven
months after Auto-HSCT a new relapse, with recurrent cu-
taneous and bone marrow involvement, was diagnosed. The
patient received a third line of chemotherapy and an Allo-
HSCT from an HLA-identical sibling using reduced intensity
conditioning (RIC) with 20Y-ibritumomab-tiuxetan, ritux-
imab, fludarabine, and melphalan. CsA + Mtx were used as
GVHD prophylaxis. Acyclovir, quinolones, cotrimoxazole,
and itraconazole were used as antimicrobial prophylaxis.
cART had to be stopped thereafter for 7 days (days +6 to +12)
due to severe mucositis. FDCh was achieved on day +32. The
patient developed cytomegalovirus reactivation on day +35,
which was successfully treated. A new CR was achieved with
bone marrow, skin, and computed tomography (CT) scan free
of lymphoma on day +100. Grade II a-GVHD was observed
on day +70, initially responding to steroids plus tacrolimus
but subsequently progressing to extensive c-GVHD. An epi-
sode of meningoencephalitis of unknown etiology was diag-
nosed on day +90 and appropriately treated. Immune
reconstitution at month +8 showed CD4™" counts of 290 cells/ul
and an IgG concentration of 559 mg/dl. A new skin lym-
phoma relapse, with no other tissues affected (negative CT
scan and bone marrow without lymphoma infiltration), oc-
curred at month +10. Immunosuppression treatment was
tapered followed by 4 weekly doses of rituximab combined
with a DLI containing 5 x 107 CD3* cells/ kg, after which the
patient achieved a new CR with the disappearance of skin

lesions. In the absence of GVHD manifestations, a second DLI
(the same CD3" cell dose) was given 8 weeks after the first
DLI. Extensive c-GVHD (with skin and liver involvement)
was diagnosed 22 months after the first DLI that responded
adequately to steroids. The patient remained in CR, with no
skin infiltration and negative CT scan, 40 months after
transplant and 30 months after DLI, with no apparent GVHD
and free of immunosuppressive treatment. However, he de-
veloped sepsis with multiorgan failure due to Streptococcus
viridans infection and died with HIV-VL <50 copies/ml and a
CD4™" cell count of 645 cells/ul while receiving cART (Fig. 1).

Patient 4

A 30-year-old man was diagnosed in 2011 with HIV-C3
infection and Burkitt lymphoma, stage IV-B, with multiple
lymphadenopathies as well as liver and bone marrow in-
volvement. cART, intensive chemotherapy, and immuno-
therapy (PETHEMA protocol Spain®®) were started, achieving
undetectable HIV-VL and CR, respectively. A relapse with an
affected bulky retroperitoneal lymphadenopathy occurred 11
months later. He received chemotherapy (R-EDOCH +Mtx/
R-IVAC) in combination with involved field radiotherapy,
attaining a CR2 (negative PET/CT scan). At this stage, the
patient received consolidation therapy with “dual Allo-
HSCT” in 2012 using MAC consisting of fludarabine, Cy, and
IV busulfan. The UCB unit infused contained 2.56 x 10 total
nucleated cells/kg and 1.3x10° CD34" cells/kg, while the
third party-related donor graft contained 3.46x10° CD34*
cells/kg and 1.1x 10> CD3* cells/kg. HLA identity was 5/6
between the UCB and the patient and 3/10 between the third
party donor and the patient. Unfortunately, no eligible HLA-
matched unrelated donor was found and a suitable CCR5
A32-deleted cord blood unit could not be used. cART was
maintained during transplantation, CsA and steroids were used
as GVHD prophylaxis, and acyclovir, quinolones, cotrimox-
azole, and micafungin were used as antimicrobial prophylaxis.
Full cord blood chimerism was detected on day +30. Escherichia
coli bacteremia and BK virus-associated hemorrhagic cystitis
(grade IT) were diagnosed and successfully managed during the
first month. No acute GVHD was observed and immunosup-
pression was withdrawn on day +83. After 9 months, the pa-
tient remains in CR (PET/CT scan negative, bone marrow
without infiltration, and full donor chimerism) with CD4 ™" cell
counts of 109 cells /ul, with an IgG concentration of 891 mg/dl,
and with undetectable HIV-VL while on cART.
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Discussion

Allo-HSCT is a well-established approach with curative
potential for hematological malignancies in immunocompe-
tent patients.4 Moreover, DLI is an additional immunother-
apy option to successfully treat posttransplant relapse.”®
Despite the reduced number of reports on HIV-infected Allo-
HSCT recipients with hematological malignancies during the
cART era, %% its therapeutic effect appears to be similar to
that observed in HIV-negative patients.

Patients reported here showed no evidence of their original
hematological malignancies after Allo-HSCT. Three of them
showed long-term control of their hematological disease.
Moreover, patient number 3, who experienced NHL relapse
after Allo-HSCT, was successfully treated with DLI plus ri-
tuximab. In HIV-negative patients, a GVT effect has been
observed after using DLI as rescue therapy for lymphoma
relapses after Allo-HSCT.* Although a synergistic effect of
the conditioning treatment, and rituximab in the patient re-
ceiving DLI, in controlling the primary disease cannot be
dismissed, GVT of the donor immune system may have
played a role in the long-term control of the hematological
disease in the cases reported here (Fig. 1).

The first three patients reported here received peripheral
blood stem cells (PBSCs) from HLA-identical sibling donors,
with an MAC setting in two patients and an RIC setting in one.
Patient 4, however, received a single UCB transplant combined
with mobilized T cell-depleted CD34" stem cells from a mis-
matched third party donor (“dual transplantation”).** The aim
of this innovative procedure is to reduce the duration of post-
transplant neutropenia associated with a single UCB transplant.
In fact, this patient constitutes the first report of an HIV-positive
patient to receive this combined platform for HSCT. In our
experience with HIV-negative patients, “dual transplantation”
has shown similar engraftment and survival results as com-
pared to Allo-HSCT from matched unrelated donors.*®

Engraftment was successful, with FDCh within the first
month posttransplant, in the three evaluable patients (patients
2—4) reported here (Table 1). Moreover, all reported transplant
recipients who received PBSC (16) or bone marrow stem cells
(2) also showed successful engraftment.'”*" Nevertheless,
one patient receiving a single UCB transplantation experi-
enced a primary graft failure, but recovered with a second
UCB transplant.”

Allo-HSCT in HIV-infected patients receiving cART re-
quires careful consideration of potential drug interactions.*
All protease inhibitors (PIs) and nonnucleoside reverse tran-
scriptase inhibitors (NNRTIs) are metabolized in the liver by
the cytochrome P450 system (CYP). PIs inhibit the cytochrome
P450-3A system, thus increasing levels of immunosuppres-
sive agents and azoles, whereas some NNRTIs induce the
P450-3A system. Unlike PIs and NNRTIs, nucleoside reverse
transcriptase inhibitors (NRTIs) are not metabolized by the
CYP pathway. No clinically significant drug—drug interac-
tions have been identified with enfuvirtide, a peptide fusion
inhibitor, or raltegravir, an HIV integrase inhibitor.

We used PIs only in patient 1. More recently NNRTIs,
NRTIs, fusion inhibitor, and integrase inhibitor have been
used. We did not find adverse effects or significant drug in-
teractions. In fact, cCART was maintained and was effective
during the whole transplant procedure in all our patients
except for patient 3, in which it was transitorily interrupted.
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Due to the expected increased risk of opportunistic infec-
tions in the context of HIV-infected patients, Allo-HSCT has
not been regularly offered to these patients. In fact, our first
three patients died of infections. Patient 1 died of invasive
aspergillosis in the first week after transplantation. Patients 2
and 3 had several high-risk infections despite adequate im-
mune reconstitution and control of HIV infection. Patient 2
died of Acinetobacter baumannii infection in the context of ex-
tensive c-GVHD 36 months after transplant. Patient 3 died of
Streptococcus viridans infection 40 months after transplant,
although he was free of GVHD and immunosuppressive
drugs. However, patient 4 has not had life-threatening infec-
tions with a follow-up of 9 months.

The incidence of GVHD reported in HIV-infected trans-
plant recipients appears to be similar to that of HIV-negative
recipients. Patients 2 and 3 in this report had both a-GVHD
and c-GVHD; nevertheless patient 4 has not developed
GVHD 9 months after “dual transplantation.”

Immune reconstitution in the three evaluable cases in the
present series, measured as CD4™" cell counts and IgG con-
centration (mg/dl), does not seem to be different from that
reported for HIV-negative patients receiving transplants from
both peripheral blood/bone marrow stem cells or cord
blood cells.3*3! Similarly, most reported patients reached a
CD4 " cell count higher than 200 CD4 ™" cells/ 1l 6 to 12 months
after transplantation.23

Despite the posttransplant long survival in patients 2 and 3,
only patient 4 is currently alive, 9 months after transplantation.

Allo-HSCT is a potential curative approach in HIV-infected
patients with hematological diseases, and it could also serve
as a platform for the suppression of HIV replication in this
patient population. The combination of conditioning treat-
ment, which depletes HIV reservoirs, the inhibition of T cell
activation by immunosuppressive agents, and new anti-
retroviral combinations (including maraviroc, the first CCR5
antagonist of the chemokine receptor for viral entry into
CD4" cells) could reduce the likelihood of reinfection in al-
lotransplanted stem cells. However, HIV-1 latency in resting
CD4" T cells (latent HIV-1 reservoir) makes this procedure
insufficient to cure HIV disease. Hutter and Allers*** re-
ported the case of a patient who received an Allo-HSCT from
an unrelated donor who was homozygous for the infrequent
CCRb5 A32 deletion, which confers high resistance against HIV
infection.”® After FDCh, the patient’s CCR5 A32 heterozygous
peripheral blood cells were replaced by homozygous donor
cells. RNA and proviral DNA assays were unable to detect
HIV-1 virus in the patient despite discontinuation of cART for
more than 42 months.

Unfortunately, it is very unlikely that we would find an
unrelated HLA-identical adult donor homozygous for the
CCR5 A32 deletion since it is present in only about 1% of
individuals of European descent but it is almost absent in
other ethnic groups.” The search for and selection of homo-
zygous CCR5 A32 stem cells could be an interesting strategy
in the setting of HIV-positive patients with hematological
neoplasms and Allo-HSCT indication. In this regard, umbili-
cal cord blood cell transplantation, not requiring a complete
HLA match between recipient and donor, increases the like-
lihood of finding such a donor.*® We, in fact, searched for a
UCB unit with homozygous CCR5 A32 deletion for patient 4,
but could not find any suitable cord blood unit with such a
feature.
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Gene therapy aimed at modifying HIV entry coreceptors on
the donor’s hematopoietic stem cells was explored 10 years
ago, but the difficulty of maintaining an adequate proportion
of genetically modified stem cells was the main issue.'* Re-
cently, Kiem et al.*® have reviewed the encouraging progress
made in this field, with gene-modified hematopoietic stem
cells resistant to HIV in the stem cell transplantation setting.

In summary, despite adequate immune reconstitution and
control of HIV-VL, infections were the main cause of mor-
bidity and mortality in the present series of patients. Allo-
HSCT effectively controlled their hematological malignancy
through the conditioning treatment plus the graft-versus-
tumor effect. Interactions between immunosuppressive agents
and cART could be handled without significant difficulties.
Although this procedure is still an experimental strategy with
high associated toxicity, Allo-HSCT may be offered as a
treatment option for selected HIV-infected patients with high-
risk hematological malignancies.
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