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Abstract

We investigated the incidence of viral, fungal, bacterial, and parasitic infections observed in 57
patients with central nervous system lymphoma (CNSL) after TBC-ASCT and 79 patients with
systemic NHL after traditional BEAM-ASCT. Twenty of 57 (35%) TBC-ASCT patients had
detectable viremia with human herpesvirus 6 (HHV-6), cytomegalovirus (CMV), adenovirus
(ADV), or BK virus (BKV), versus 9 of 79 (11%) BEAM-ASCT patients. Nine TBC-ASCT
patients had clinically relevant viral infections (4 HHV-6, 2 CMV, 1 ADV, 2 BKV), versus 0 in the
BEAM-ASCT group. Four TBC-ASCT patients suffered infections from either a fungal or
parasitic pathogen versus 1 BEAM-ASCT patient. TBC was associated with greater risk of viral
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reactivation compared with BEAM, independent of other factors (HR 4.42, 95% CI 1.9-11.3,
p<0.001). Prolonged lymphopenia and steroid use in the peri- and post-ASCT period did not
explain these observed differences. The pathogenesis of these unusual infections in TBC-ASCT
patients remains incompletely understood, and may involve more potent immune suppression with
TBC conditioning. Clinicians should be aware of these differences in infection risk in TBC-ASCT
patients, which more closely parallel those seen in allo-HCT recipients. New prophylactic
approaches to help minimize these infections should be considered in this population.

Keywords

Central nervous system lymphoma; infectious complications; high-dose therapy and autologous
stem cell transplantation; diffuse large B cell lymphoma

Introduction

Methods

Our group and others have shown that high-dose therapy and autologous stem cell
transplantation (HDT-ASCT) results in highly favorable outcomes in patients with primary
and secondary central nervous system lymphoma (CNSL) when utilizing an intensive
conditioning regimen that combines thiotepa, busulfan, and cyclophosphamide (TBC).1~7
TBC-ASCT has become a standard consolidation approach in physiologically appropriate
patients with CNSL in both the upfront and relapsed settings at our center and others.
Despite impressive durable long-term remissions and often cures, TBC-ASCT is met with
unfavorable regimen-related toxicity.*° In a recent publication, we noted many unforeseen
infections in patients undergoing TBC-ASCT compared to more traditional ASCT
conditioning regimens such as carmustine, etoposide, cytarabine, and melphalan (BEAM).?

Infections with viruses, fungi, and protozoa are frequently seen after allogeneic
hematopoietic cell transplantation (allo-HCT) and contribute to morbidity and mortality.8°
Because of the unique infectious toxicity profile in allo-HCT, systemic monitoring for these
infections coupled with an empiric antimicrobial program is standard protocol. In contrast,
systemic monitoring of infections is not as rigorous after ASCT as these are considered
atypical events.89 In order to determine whether similar pre-emptive protocols should be
considered in TBC-ASCT patients, we characterized and compared the incidence and
severity of infectious complications between patients with CNSL undergoing TBC-ASCT
and those with systemic lymphoma undergoing BEAM-ASCT. We hypothesized that
patients who undergo TBC-ASCT carry an increased risk of severe infections, perhaps
aligning their level of immunity more closely to recipients of allo-HCT.

The Memorial Sloan Kettering Cancer Center (MSKCC) Institutional Review Board
approved this observational study. We evaluated patients with chemosensitive CNSL who
underwent consolidative TBC-ASCT between 2013 and 2016. We compared them to
patients with systemic diffuse large B-cell lymphoma without CNS involvement who
underwent standard BEAM-ASCT during the same period. This time period was chosen
because our center began regularly employing molecular-based test methods for quantifying
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blood viral loads using real-time polymerase chain reaction (PCR) in 2013. As a workup for
a clinical syndrome, we recorded all positive DNA viral reactivations by serum PCR, urine
PCR for BK virus (BKV), blood stream infections (BSIs), diagnostic markers for fungal
infection (serum and bronchial wash galactomannan and serum 1,3-p-D-glucan), and
serologies for toxoplasmosis from the start of conditioning until 6 months post-ASCT
among all patients. Patients were censored at the time of relapsed disease if that occurred
before 6 months post-ASCT. We then assessed for evidence of clinically relevant infections
that coincided with the above-mentioned laboratory tests during the same time period.
Clinically relevant infections were defined as infections having a compatible syndrome
whose treatment with an antimicrobial agent was initiated. DNA viral infections were

defined as either a “possible” or “probable” infection as per previously published studies.
10-12

The rates of viral infection, defined as any positive PCR value for human HHV-6, CMV,
ADV, or BKV for TBC and BEAM groups were compared by the log rank test. Cox
proportional hazard analysis was used to compare the risk of viral reactivation between both
groups. The cumulative incidences of bacteremia, defined as any positive blood culture that
was not coagulase-negative Staphylococcus aureus were also compared between TBC and
BEAM. Patient and ASCT variables including age, gender, disease status, conditioning type
(TBC v. BEAM), peri-ASCT absolute lymphocyte count (ALC), and use of post-ASCT
corticosteroids were evaluated. Prolonged pre-ASCT lymphopenia was defined as having 2
measurements of an ALC less than 0.5 K/mcL in a 14-day period. Corticosteroid use was
defined as having received equivalent doses of prednisone 20 mg with first dose greater than
or equal to 20 mg treated as a time dependent variable. Time to neutrophil engraftment was
treated as a time dependent variable. All variables with p-values of < 0.2 in the univariate
analysis were included in the multivariate analysis. CD34+ stem cell doses were compared
between both groups by Mann-Whitney test.

The TBC conditioning regimen was administered as previously described.> The BEAM
conditioning regimen was comprised of carmustine 300 mg/m? 1.V. on day —6: etoposide
100 mg/m? and cytarabine 200 mg/m?2 1.V. every 12 hours on days -5, -4, -3, -2, and
melphalan 140 mg/m? 1.V. on day -1, with autologous stem cell infusion on day 0. For
BEAM and TBC, standard anti-emetic prophylaxis includes dexamethasone 20 mg oral or
I.V. daily from day -6 through day -1, and 20 mg oral or 1.V. daily from days -9 through day
-1, respectively. Corticosteroid use is otherwise not given peri-ASCT unless indicated by a
specific clinical scenario such as engraftment syndrome. not In accordance with our
institutional ASCT guidelines for both regimens, antiviral prophylaxis with oral acyclovir
400 mg twice daily was started on admission and continued until at least 1 year post-ASCT,
antibacterial prophylaxis for febrile neutropenia with oral ciprofloxacin 500 mg twice daily
was started on day -2 and continued until engraftment, and antifungal prophylaxis with
fluconazole 400 mg/day was started on admission and continued until engraftment. In
addition, pneumocystis jiroveci prophylaxis (PJP) with sulfamethoxazole-trimethoprim was
started at day +30 and continued until 6 months post-ASCT.
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Results

We compared 57 TBC-ASCT and 79 BEAM-ASCT patients. Baseline patient and ASCT
characteristics including age, gender, disease status, pre-ASCT ALC (from day -100 to day
0) were similar between groups as shown in Table 1. There were 2 patients with HIV
seropositivity in each of the ASCT groups. The CD34+ stem cell dose was not significantly
different between BEAM- and TBC-ASCT patients, p=0.404. TBC-ASCT patients were
more likely to receive prolonged steroid use in the post-ASCT period, 61% versus 26.6%
(p<0.001). Twenty (35%) TBC-ASCT patients had detectable viremia with HHV-6, CMV,
ADV, and/or BKV within 6 months of their transplantation versus 9 (11%) BEAM-ASCT
patients, p=0.0003, as shown in Figure 1. In a univariate analysis, receiving TBC
conditioning was associated with an increased risk of viral reactivation, hazard ratio (HR)
4.57 (2.06-11.29), p<0.001. In a multivariate analysis, receiving TBC conditioning was the
only variable associated with an increased risk of viral reactivation, HR 4.42 (1.90-11.30),
p<0.001 (Table 2). Prolonged lymphopenia and steroid use in the peri-ASCT period, were
not significantly associated with an increased risk of infection, as illustrated in Supplemental
Figures S1 and S2, respectively. Eight (14%) TBC-ASCT patients had a clinically relevant
viral infection with HHV-6 (n=4), CMV (n=2), ADV (n=1), BKV (n=2) compared to 0
patients in the BEAM-ASCT group (p=0.0008) as shown in Figure 2. These infections led to
various infectious syndromes including encephalitis, colitis, and cystitis as detailed in Figure
3. Four TBC-ASCT patients also had a infection from a fungal or parasitic pathogen,
including 2 patients with Aspergillus pneumonia, 1 with PJP, and 1 with toxoplasmosis
encephalitis. Two of these patients had more than 1 opportunistic infection leading to death,
and another died of PJP alone. The 2 patients that developed Aspergillus infections had not
previously been treated with ibrutinib prior to ASCT. In contrast, only 1 patient in the
BEAM-ASCT had an opportunistic infection (PJP), and survived the event. Non-coagulase
negative Staphylococcus aureus bacteremias were similar between the TBC and BEAM
groups (p=0.73, Supplemental Figure S3). The non-coagulase negative Staphylococcus
aureus bacteremias in both groups are detailed in Supplemental Table S1.

Discussion

Compared to allo-HCT, HDT-ASCT generally carries a much lower risk of infections
because prophylactic or ex-vivo immunosuppression is not utilized, and because graft-
versus-host disease (GVHD) is not a common complication of ASCT.89:13 Typical
infections after HDT-ASCT consist mainly of BSI’s during pre-engraftment neutropenia and
respiratory viruses.8913 Herein, we call attention to a cohort of TBC-ASCT patients with
notable infections from DNA viruses, fungi, and parasites that are generally considered rare
events after ASCT. Recent analyses suggest that viral reactivations early after HDT-ASCT as
measured by PCR may be more common than previously believed, but their clinical
significance has not been fully elucidated.14-17 However, our results show TBC-ASCT
patients are at an increased risk for early reactivation and subsequent clinically significant
infections that contribute to morbidity and potential mortality when compared to patients
receiving more traditional BEAM-ASCT. This suggests that the immune status of TBC-
ASCT patients may align more closely with that of patients undergoing allo-HCT.18 The
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fungal and viral infections seen in TBC-ASCT patients occurred later in the course of
transplant and were not observed during pre-engraftment neutropenia.

The reason for our observed infectious profile in TBC-ASCT patients remains unclear. We
recently reported several cases of autologous GVHD after TBC-ASCT, which in part may
have contributed to the marked immune alteration in some patients.> Our findings could be
explained by inherent differences in the immune function of patients with CNSL compared
to those with systemic non-Hodgkin lymphoma (NHL), which could also be partly due to
variations in the types of inductions and salvage regimens used to treat both entities prior to
ASCT. 1920 However, our multivariate model incorporated prior prolonged lymphopenia and
time-dependent steroid use as covariates, and found the altered infectious profile of TBC-
ASCT to be independent of these risk factors.21:22 This suggests that our findings may
reflect the higher myeloablative and immunosuppressive intensity of TBC compared to
BEAM.

Because bacterial, viral, fungal and parasitic infections are rare after ASCT, preventive and
empiric treatment guidelines are less firm and vary between institutions.8° Our results
suggest that patients undergoing TBC-ASCT are a specific population where consideration
for early post-ASCT DNA viral PCR monitoring and pre-emptive therapy to prevent viral
organ disease may be warranted. In contrast, the fungal and parasitic infections noted in our

study were too few to advocate for an empiric program to monitor these types of infections.
23

There are several limitations to our study that are inherent to a historical cohort analysis
comparing two relatively small and unselected patient cohorts with similar disease histology,
but different disease biology.2% There may be bias and variation in the frequency of which
infectious studies, namely DNA viral PCRs, were evaluated between these patient groups, as
there was no standard viral monitoring protocol. That is, these lab tests to detect infection
were not obtained because of a preconceived impression regarding TBC having more potent
immunosuppressive properties. However, given that serum and urine PCR monitoring for
DNA viruses is not part of our institutional guidelines for any patient undergoing ASCT,
these tests were sent in both groups when there was a specific clinical suspicion or when
results of standard bacterial and fungal assays did not explain a clinical scenario where
infection was strongly considered in the differential diagnosis.

As research efforts continue to examine the most efficacious consolidation approach for
patients with primary and secondary CNSL, HDT-ASCT has emerged as one of the most
promising platforms.#20 HDT-ASCT with thiotepa-based conditioning regimens
demonstrate high overall and durable response rates leading their use in several ongoing
studies including multicenter Phase 111 studies (NCT02531841) comparing conventional
chemotherapy versus HDT-ASCT consolidation.20:24 Our group and others have
successfully utilized TBC-ASCT both in the up-front and relapsed settings even in patients >
70 years old.? In our current analysis, receiving TBC was the only significant risk factor for
the increased risk of infections, thereby identifying modification of the TBC conditioning
platform as a focus for future studies. Our next objective is to extend TBC-ASCT to more
patients by reducing its toxicity and safety profile. As the use of HDT-ASCT for CNSL
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continues to grow, clinicians should be aware of the inherent differences in infectious
toxicities seen between patients undergoing TBC-ASCT and more commonly used
conditioning regimens for systemic NHL. Patients undergoing TBC-ASCT with clinical
syndromes unexplained by characteristic post-ASCT infections should be evaluated for
infections including DNA viruses, with consideration given to preemptive treatment to avoid
progression to clinically relevant infections.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights
. TBC-ASCT patients have a higher risk of DNA virus infections compared to
BEAM-ASCT.
. Fungal and parasitic infections appear more common after TBC-ASCT.
. Clinicians should be aware of the differences in infections between BEAM-

and TBC-ASCT patients.
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Cumulative Incidence of DNA Virus Reactivations Compared Between TBC and BEAM
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Patient and ASCT Characteristics

Table 1

| BEAM | TBC | P-value
N (Patients) | 79 | 57 |
Age (mean): | 55 | 55 | 0.89
Gender (% male): | 48 | 33 | 0.87
Disease Status (%6):
PR 23.0 (29.1) | 18.0(31.6) 0.67
Refractory 1.0 (1.3) 0 (0.0)
CR 55.0 (69.6) | 39.0 (68.4)

Steroid exposure post-ASCT:

| 21(26.6) | 35 (61.4) |<0.001

Pre-ASCT Lymphopenia:

| 39 (49.4) | 30 (52.6) | 0.84

Neutrophil Engraftment, days (mean): | 10.09

9.53

| 0.08

Page 12

CR, complete response; PR, partial response, Pre-ALC, ALC < 0.5 K/mcL for 14 consecutive day period from 0 to day -100; Steroid exposure was
defined as having received an equivalent dose of prednisone 20 mg from day 0-180.
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Table 2
Risk Factors for DNA Virus Reactivation
. Univariate model Multivariate model
Risk Factor HR (95% CI) P-value HR (95% Cl) P-value
Group:
TBC 4.61 (2.08-11.4) <0.001 | 4.58 (2.06 -11.3) <0.001
BEAM 1.00 (referent) 1.00 (referent)
Age: 0.98 (0.96 -1.01) | 0.21 |
Gender:
Male 1.96 (0.89-4.85) 0.10 2.11(0.95 -5.22) 0.07
Female 1.00 (referent) 1.00 (referent)
Disease Status:
CR 1.00 (referent)
PR 0.99 (0.42-2.15) 0.96
Refractory 2.16 (0.02-15.7) 0.63
Steroid exposure Post-ASCT4 | 1.61 (0.74 —3.44) | 0.12 | 1.24 (053—282) | 0.62
Pre-ASCT Lymphopeniab: | 1.06 (0.50 -2.25) | 0.89 | |
Neutrophil Engraftment, days, (mean): | 10.33 (0.71-127.6) | 0.08 | 8.52 (0.58-106) | 0.11

Cl, confidence interval; HR, hazard ratio; PR, partial response; CR,complete response; ALC, absolute lymphocyte count TBC, thiotepa, busulfan,

cyclophosphamide; BEAM, carmustine, etoposide, Ara-C and Melphalan

aAnaIyzed as a time-varying predictor; defined as having received an equivalent dose of prednisone 20 mg or not in the post-transplant period (day

0-180)

bDefined as having at least 1 period of an ALC of < 0.5 K/mcL 14 days pre-transplant (day -100 to day 0)
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