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Key Points

• Nanatinostat plus
valganciclovir is a novel
oral regimen for
relapsed/refractory
EBV+ lymphoma that
warrants further
investigation.

• Encouraging efficacy
and safety were
observed across a
variety of EBV+

lymphoma subtypes.
Lymphomas are not infrequently associated with the Epstein-Barr virus (EBV), and EBV

positivity is linked to worse outcomes in several subtypes. Nanatinostat is a class-I selective

oral histone deacetylase inhibitor that induces the expression of lytic EBV BGLF4 protein

kinase in EBV+ tumor cells, activating ganciclovir via phosphorylation, resulting in tumor

cell apoptosis. This phase 1b/2 study investigated the combination of nanatinostat with

valganciclovir in patients aged ≥18 years with EBV+ lymphomas relapsed/refractory to

≥1 prior systemic therapy with no viable curative treatment options. In the phase 1b part,

25 patients were enrolled into 5 dose escalation cohorts to determine the recommended

phase 2 dose (RP2D) for phase 2 expansion. Phase 2 patients (n = 30) received RP2D

(nanatinostat 20 mg daily, 4 days per week with valganciclovir 900 mg orally daily) for

28-day cycles. The primary end points were safety, RP2D determination (phase 1b), and

overall response rate (ORR; phase 2). Overall, 55 patients were enrolled (B–non-Hodgkin

lymphoma [B-NHL], [n = 10]; angioimmunoblastic T-cell lymphoma-NHL, [n = 21]; classical

Hodgkin lymphoma, [n = 11]; and immunodeficiency-associated lymphoproliferative

disorders, [n = 13]). The ORR was 40% in 43 evaluable patients (complete response rate

[CRR], 19% [n = 8]) with a median duration of response of 10.4 months. For

angioimmunoblastic T-cell lymphoma-NHL (n = 15; all refractory to the last prior therapy),

the ORR/CRR ratio was 60%/27%. The most common adverse events were nausea (38% any

grade) and cytopenia (grade 3/4 neutropenia [29%], thrombocytopenia [20%], and anemia

[20%]). This novel oral regimen provided encouraging efficacy across several EBV+

lymphoma subtypes and warrants further evaluation; a confirmatory phase 2 study

(NCT05011058) is underway. This phase 1b/2 study is registered at www.clinicaltrials.gov as

#NCT03397706.
ly 2023; prepublished online on Blood
st 2023. https://doi.org/10.1182/
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Data are available on request from the corresponding author, Pierluigi Porcu (pierluigi.
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The full-text version of this article contains a data supplement.
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Introduction

Epstein-Barr virus (EBV) is a human γ-herpesvirus that establishes
long-term latent infection in over 90% of the adult population
worldwide and is a causal factor for many lymphoid and epithelial
cancers in both immunodeficient and immunocompetent
patients.1,2 EBV is classified by the World Health Organization as
a class I carcinogen3 and fulfills multiple criteria as a cancer driver
in cancer hallmark analysis.4 EBV is estimated to be responsible
for 1% to 2% of all human cancers, with more than 200 000
attributable cancers and 140 000 cancer-related deaths each
year globally.5-7 EBV-positive (EBV+) lymphomas are a hetero-
geneous group of malignancies harboring latent EBV within lym-
phoma cells and are associated with variable clinical features and
outcomes.5,8-10

EBV+ lymphomas, commonly defined by the detection of
EBV-encoded RNAs (EBERs) in tumor tissues, are often aggressive
and respond poorly to conventional treatments.11-15 EBV is associ-
ated with several lymphoma subtypes, with reported frequencies of
5% to 14% in diffuse large B-cell lymphoma (DLBCL), 30% to
100% in T-cell and NK-cell lymphomas, 60% to 80% in posttrans-
plant lymphoproliferative disease (PTLD), and 15% to 30% in
classical Hodgkin lymphoma (cHL).16 Although the contribution of
EBV to lymphoma development is likely multifactorial and nuanced in
immunodeficient vs immunocompetent patients and in different
lymphoma subtypes,17,18 both retrospective and prospective data
sets link EBV to inferior survival in DLBCL,15,19-22 peripheral T-cell
lymphoma (PTCL),14,23 and cHL.24 Most EBV+ lymphomas occur in
immunocompetent patients and are aggressive, with a dismal
prognosis and 5-year overall survival (OS) rates as low as 20% to
25% (PTCL23 and DLBCL not otherwise specified [NOS]12) and a
2-year OS of 44% (extranodal natural killer/T-cell lymphoma
[ENKTL]25). Distinct molecular, immunological, and clinical features
of EBV+ DLBCL and PTCL have been confirmed globally.26,27

Therefore, treatment approaches targeting EBV address a well-
recognized unmet medical need in this high-risk population.

EBV offers an attractive, druggable nonhost target, but is predomi-
nantly latent in infected tumor cells, and most of the ~80 protein-
coding viral genes are epigenetically silenced, except for a small
subset that is necessary for the maintenance and replication of the
episome (EBNA1), to drive host cell proliferation, and to block
apoptotic pathways (LMP-1, LMP-2A).28,29 Activation of the EBV lytic
cycle makes EBV+ tumor cells vulnerable to ganciclovir (GCV), a
deoxynucleoside analog that is activated by EBV kinases and inhibits
both viral and cellular DNA polymerases, efficiently inducing tumor
cell apoptosis in in vitro models.30-34 A small phase 1 proof-of-
principle study with the pan-histone deacetylase inhibitor (HDACi)
arginine butyrate and intravenous GCV demonstrated encouraging
safety and efficacy, with 4 complete and 6 partial responses (PR)
reported in 15 patients with refractory EBV+ lymphomas.35 However,
arginine butyrate has suboptimal pharmacokinetic properties and
requires prolonged intravenous infusion to maintain its therapeutic
levels.35 GCV-containing combination treatment was also associated
with a high rate of response in patients with lytic-phase protein-
expressing EBV+ primary central nervous system PTLD.36

Nanatinostat (VRx-3996; CHR-3996; Nstat) is a potent, orally
administered hydroxamic acid-based class I-selective HDACi highly
6340 HAVERKOS et al
selective for HDAC 1 to 3, with a single-agent maximum tolerated
dose of 80 mg per day in patients with advanced solid tumors and
a recommended phase 2 dose (RP2D) of 40 mg/d.37 The most
common treatment-related adverse events associated with Nstat
(>20%) were primarily grade 1 to 2 fatigue, nausea, constipation,
anorexia, and vomiting.37 Nstat had a generally proportional area
under the time–concentration curve, with a median half-life (t1/2) of
1.8 hours and a median Tmax of 1 hour, indicating rapid absorption
following oral dosing.37 Nstat induces lytic cycle activation in
EBV-infected Burkitt’s lymphoma cells in vitro at nanomolar con-
centrations (unpublished data). Therefore, there exists the possi-
bility of an innovative targeted oral therapy approach comprising
Nstat to induce lytic-phase EBV protein expression and valganci-
clovir (VGCV), an orally bioavailable prodrug of GCV, to induce
apoptosis in EBV+ lymphomas.

This international multicenter phase 1b/2 VT3996 to 201 study
(NCT03397706) is the first clinical study to evaluate Nstat with
VGCV in patients with EBV+ lymphoid malignancies. This study
was designed to investigate the safety, pharmacokinetics (PK), and
preliminary efficacy of Nstat combined with VGCV in patients with
relapsed/refractory (R/R) EBV+ lymphoma after 1 or more prior
therapies.

Methods

The phase 1b study aimed to evaluate the safety and define the
RP2D for Nstat in combination with VGCV. A phase 2 expansion
cohort assessed the overall response rate (ORR) at RP2D. Sec-
ondary objectives included evaluation of PK parameters, time to
and duration of response, progression-free survival, and OS.
Plasma EBV DNA (pEBVd) levels were evaluated as an exploratory
biomarker.

Eligible patients were ≥18 years of age with a R/R pathologically
confirmed EBV+ lymphoid malignancy or lymphoproliferative dis-
ease of any histologic subtype, and absence of available therapy
with a reasonable likelihood of cure or significant clinical benefit
according to the investigator. The full eligibility criteria can be found
in the supplemental Methods. For eligibility purposes, the EBV+

tumor status was defined by the local investigator according to the
institution’s standard testing method. Although the definition of
EBV+ status at enrollment was left to each site, centralized testing
(NeoGenomics, Fort Myers, FL) defined EBER-ISH-evaluable as
100 viable tumor cells present per hematoxylin and eosin-stained
slide (centralized testing was not performed to determine eligi-
bility). The percentage of EBER-ISH-positivity was then calculated
as the fraction of EBER-ISH-positive cells in all viable tumor cells.
Patients with HIV-associated lymphomas were eligible for phase 1b
but were excluded from phase 2 due to insufficient preliminary
evidence of clinical benefit. Other notable exclusion criteria
included antilymphoma therapy within 14 days, HDACi within
28 days, hematopoietic stem cell transplantation (SCT) or solid
organ transplantation within 60 days, or known central nervous
system lymphoma.

Phase 1b dose escalation used a modified 3+3 design; dose-
limiting toxicities (DLTs) were assessed in an initial 3 to 4
patients at each dose level during the first 28-day cycle, with
additional patients enrolled in the cohort if DLTs occurred (refer to
definitions of DLTs in supplemental Methods). Cohorts were
24 OCTOBER 2023 • VOLUME 7, NUMBER 20



Table 1. Phase 1b study dose cohorts (n = 25)

Cohort n Nanatinostat dose VGCV dose Responses DLTs

1 7* 10 mg BID 900 mg BID1 (n = 4)
450 mg BID2 (n = 3)

2 CR,
1 PR

G4 neutropenia (n = 1)
G4 thrombocytopenia (n = 1)
G3 thrombocytopenia (n = 2)

2a 5† 5 mg BID 450 mg BID 1 CR,
1 PR

No DLT

2b 4* 10 mg QD 450 mg BID 1 CR,
1 PR

No DLT

2c 4 10 mg QD 900 mg QD – No DLT

3‡ 5 20 mg QD
4 days on/3 days off schedule

900 mg QD 1 CR,
2 PR

No DLT

BID, twice daily; G, grade.
*One patient not evaluable.
†Two patients not evaluable.
‡This regimen chosen as the RP2D; nanatinostat given on days 1 to 4, 8 to 11, 15 to 18, and 22 to 25 of each cycle.
considered safe if ≤1 DLT occurred in 6 patients; ≥2 DLTs in an
expanded cohort signified that the maximum tolerated dose had
been exceeded, and the next lowest dose cohort was expanded.

For the first 43 patients enrolled, VGCV was given 1 hour before
Nstat on cycle 1 day 1 to confirm the tolerability of the antiviral
drug; thereafter, both drugs were taken simultaneously, and the
final 12 patients enrolled in phase 2 took both drugs together
throughout, following a protocol amendment. Nstat (5 mg cap-
sules) and VGCV were given in 28-day cycles according to the
regimens in Table 1. Treatment was continued for as long as the
patients experienced a clinical benefit in the opinion of the inves-
tigator and in the absence of unacceptable toxicity. The treatment
regimen was adapted between cohorts according to safety expe-
rience; Nstat and VGCV were given continuously in cohorts 1 and
2, but in cohort 3 (established as the RP2D cohort), Nstat was
given on a 4 days on/3 days off cycle with continuous daily oral
VGCV.38 After RP2D selection, 30 additional patients were
enrolled in the phase 2 RP2D expansion cohort.

Efficacy was assessed by the investigator using positron emission
tomography–computed tomography according to the Lugano
2014 criteria.39 Response assessments were performed every 2
cycles until disease progression or study withdrawal. Safety was
assessed by the investigator via adverse events (AEs) (NCI CTCAE
version 5.0) from the first administration of the study drug until
28 days after the last dose or until the start of a new anticancer
therapy. Laboratory values (hematology and biochemistry) were
monitored every 2 weeks, VGCV dose adjustment guidance for
creatinine clearance was followed per label, and sequential
boundaries were used to monitor the DLT rate during phase 2 and
reviewed by the Safety Review Committee (SRC). Blood samples
for PK investigations were taken during cycle 1 on day 1 predose
and at 1, 1.5, 2, 3, 5, and 7 hours after dose for VGCV when given
1 hour before Nstat (correlating to 0.5, 1, 2, 4, and 6 hours after
dose for Nstat). Plasma EBV and cytomegalovirus (CMV) DNA
levels were monitored by quantitative polymerase chain reaction
(Eurofins Viracor, Inc, MO; lower limit of detection 38 IU/mL
[plasma EBV] and 56 IU/mL [CMV]) at baseline, weekly during C1,
then on day 1 of cycles 2 to 12. This study was approved by the
Institutional Review Board of each site and conducted in accor-
dance with the Declaration of Helsinki. All patients gave written
informed consent.
24 OCTOBER 2023 • VOLUME 7, NUMBER 20
Statistical methods

The primary analysis was performed when all responding patients
in phase 2 were followed-up for up to 12 months. The RP2D was
determined by the SRC after the phase 1b study, and sequential
boundaries were used to monitor the DLT rate during phase 2.
The sample size calculation for phase 2 is detailed in the
supplemental Methods. Descriptive statistics were calculated for
all the end points. Duration of response (data cut on 1 September
2022) with an additional 10 months of follow-up is presented as
an updated analysis, as primary analysis data are presented in
abstract form.40

The safety data set included all patients who received Nstat, and
the efficacy data set included all patients from phase 1 and 2 with
evaluable/measurable disease and ≥1 after baseline tumor
assessment.

Results

Patients

Fifty-five patients were enrolled at 19 centers (14 in the United
States and 5 in Brazil) between March 2018 and March 2021,
25 in phase 1b, and 30 in phase 2 (supplemental Figure 1).
EBV-positivity in tumor tissue was locally determined (EBER-
ISH in 52 patients and LMP-1 IHC in 3 patients) and docu-
mented by the local investigator. Patient characteristics are
outlined in Table 2. Most patients (38%) had angioimmuno-
blastic T-cell lymphoma (T/NK)-NHL (n = 21: ENKTL [n = 9],
PTCL-NOS [n = 5], angioimmunoblastic T-cell lymphoma [AITL]
[n = 6], CTCL [n = 1]) or immunodeficiency–associated lym-
phoproliferative disorders (IA-LPD) (n = 13 [24%]), with the
remaining patients split between B-cell NHL (n = 10 [18%];
EBV+ DLBCL, NOS [n = 7] and other B-cell types [n = 3]) and
cHL (n = 11 [20%]). Patients had a median age of 60 years,
predominantly stage III to IV disease (84%), and were heavily
pretreated, with a median of 2 prior lines of therapy (range 1-
11), including brentuximab vedotin (n = 13, 24%), checkpoint
inhibitors (n = 9, 16%), and HDACi (n = 5, 9%). In addition,
13 patients (24%) underwent autologous (n = 9) or allogeneic
(n = 4) hematopoietic SCT, and 5 patients (9%) received EBV-
targeted cytotoxic T-cell therapy. Most of the patients (75%)
were refractory to the most recent prior therapy.
NANATINOSTAT PLUS VALGANCICLOVIR IN EBV+ LYMPHOMAS 6341



Table 2. Patient characteristics

All (N = 55) Phase 1b (n = 25) Phase 2 (N = 30)

Median age, y (range) 60 (19-84) 58 (19-84) 67 (23-81)

Male/female, n/n 35/20 17/8 18/12

ECOG performance status, n (%)

0-1 48 (87%) 23 (92%) 25 (83%)

2 7 (13%) 2 (8%) 5 (17%)

Stage

I-II 9 (16%) 6 (24%) 3 (10%)

III-IV 46 (84%) 19 (76%) 27 (90%)

Previous lines of antineoplastic therapy, n (%)

1 13 (24%) 5 (20%) 8 (27%)

2 19 (35%) 9 (36%) 10 (33%)

≥3 23 (42%) 11 (44%) 12 (40%)

Median, n (range) 2 (1-11) 2 (1-11) 2 (1-6)

Prior therapies

Brentuximab vedotin, n (%) 13 (24%) 7 (28%) 6 (20%)

AutoSCT/alloSCT, n (%) 13 (24%) 7 (28%) 6 (20%)

Checkpoint inhibitor, n (%) 9 (16%) 5 (20%) 4 (13%)

HDACi, n (%) 5 (9%) 3 (12%) 2 (7%)

EBV CTL 5 (9%) 2 (8%) 3 (10%)

Refractory to most recent regimen, n (%) 41 (75%) 17 (68%) 24 (80%)

EBV
+
lymphoma diagnosis

B-NHL, n (%) 10 (18%)

DLBCL, n 7

Other B-cell, n 3*

T/NK-NHL, n (%) 21 (38%)

Extranodal NK/T-cell lymphoma 9

PTCL NOS 5

Angioimmunoblastic T-cell lymphoma 6

Cutaneous T-cell lymphoma 1

Immunodeficiency-associated LPD, n (%) 13 (24%)

Posttransplant lymphoproliferative disorder 4

Systemic lupus erythematosus 2

Common variable immune deficiency 1

Primary immunodeficiency 1

HIV-associated lymphoma (PBL, DLBCL, HL) 5

Hodgkin lymphoma, n (%) 11 (20%)

alloSCT, allogeneic SCT; autoSCT, autologous SCT; CTL, cytotoxic T lymphocytes; ECOG, Eastern Cooperative Oncology Group; HL, Hodgkin lymphoma; LPD, lymphoproliferative disorder;
NHL, non-Hodgkin lymphoma; NK/T, natural killer/T-cell; PBL, plasmablastic lymphoma.
*CD30+ B-cell lymphoma, B-LPD, and PBL.
Phase 1b: determination of RP2D

Twenty-five patients were enrolled in phase 1b portion of the study
(Table 1). In cohort 1, following hematologic DLTs observed in 3 of
the first 4 patients enrolled (grade 4 neutropenia, grade 3 throm-
bocytopenia, and grade 4 thrombocytopenia), the VGCV dose was
reduced by 50% for the next 3 patients; 1 patient subsequently
had grade 3 thrombocytopenia lasting 7 days. No DLTs occurred in
cohorts 2 or 3. Because of the DLT in cohort 1, PK/progressive
disease data, and preclinical experience,38 a 4 days on/3 days off
schedule was explored for Nstat in cohort 3 at 20 mg daily (with
6342 HAVERKOS et al
VGCV 900 mg PO once daily [QD]). No DLTs occurred and the
SRC determined this to be RP2D (refer to supplemental Results
for further discussion of the rationale for RP2D selection). The
patients in phase 2 (n = 30) underwent RP2D.

Safety

Nstat in combination with VGCV therapy was generally well-
tolerated; the most frequent AEs (of any grade) were nausea
(38%), thrombocytopenia (36%), neutropenia (35%), anemia, and
constipation (both 31%) (Table 3). The most common grade 3 to 4
24 OCTOBER 2023 • VOLUME 7, NUMBER 20



Table 3. Treatment-emergent adverse events in greater than or equal

to 20% of patients

TEAE, n (%)

Primary analysis

Overall population

(N = 55) Phase 2 (n = 30)

All grades Grade 3-4 All grades Grade 3-4

Nausea 21 (38.2) 2 (3.6) 11 (36.7) 2 (6.7)

Platelet count decreased 20 (36.4) 11 (20.0) 7 (23.3) 3 (10.0)

Neutrophil count decreased 19 (34.5) 16 (29.1) 9 (30.0) 7 (23.3)

Anemia 17 (30.9) 11 (20.0) 8 (26.7) 7 (23.3)

Constipation 17 (30.9) 1 (1.8) 8 (26.7) 1 (3.3)

Serum creatinine increased 14 (25.5) 0 2 (6.7) 0

Diarrhea 14 (25.5) 1 (1.8) 6 (20.0) 1 (3.3)

Fatigue 14 (25.5) 1 (1.8) 8 (26.7) 0

Decreased appetite 12 (21.8) 0 6 (20.0) 0

Vomiting 11 (20.0) 1 (1.8) 5 (16.7) 1 (3.3)

TEAE, treatment-emergent adverse event.
events were cytopenias (thrombocytopenia, neutropenia, and
anemia), which were generally uncomplicated and reversible.
Serious AEs occurred in 16 patients (29%), including 8 patients
(27%) in phase 2. Serious AEs that occurred in more than 1 patient
were febrile neutropenia, pneumonia, sepsis, and acute kidney
injury (n = 2 each); only febrile neutropenia and 1 event of sepsis
were considered related to the study drug.

Dose reductions and interruptions due to treatment–related adverse
events (primarily decreased platelet or neutrophil count) were
reported in 14 (25%) and 16 (29%) patients, respectively. Six
patients (11%) reported a treatment-emergent AE that led to per-
manent treatment discontinuation (nosocomial COVID-19 pneu-
monia, pharyngitis, decreased neutrophil count, histiocytic sarcoma,
acute kidney injury, and embolism). Of these, 2 were considered to
be related to the study drug (neutrophil count decreased [G3;
resolved after 2 days with granulocyte colony-stimulating factor
support] and [potentially fungal] pharyngitis). There were no study
drug-related deaths during the treatment period.

Three of the 55 patients had detectable CMV DNA in their blood at
baseline with no signs of clinical CMV infection. In all 3 cases, CMV
DNA levels were undetectable after the initiation of therapy and
remained undetectable. None of the 55 patients developed CMV
reactivation or clinical CMV infection during the therapy.

Efficacy

Table 4 shows responses to treatment across the 4 lymphoma
categories (Table 1). Twelve patients were not evaluable for efficacy
(the reasons are described in supplemental Figure 1). The ORR for
43 evaluable patients (at least 1 after treatment response assess-
ment) was 40% (n = 17/43), with a complete response rate (CRR)
of 19% (n = 8/43) and a median time to response of 1.8 months
(33-162 days). All patients, except 3, achieved the best response in
their first disease response assessment (Figure 1). The highest ORR
and CRR were observed in patients with T/NK-NHL (n = 15; 60%
and 27%, respectively); 6 had received prior SCT, 3 had received
other HDACi therapy, 4 had received programmed cell death
24 OCTOBER 2023 • VOLUME 7, NUMBER 20
protein-1 inhibitors, and all were refractory to their most recent
therapy (supplemental Table 1); one of the CRs was achieved in a
patient who never responded to HDACi. Of the 6 evaluable patients
with DLBCL, 2 had CR (both with primary refractory DLBCL) and 2
had PR (Table 4); one of the CRs was achieved in a patient who did
not respond to first-line R-CHOP. Prior therapies and response
duration in these patients are shown in supplemental Table 1.

Responses lasting ≥6 months were observed for all lymphoma
types, except Hodgkin lymphoma (Figure 1). Five patients (2
DLBCL, 2 ENKTL, and 1 AITL) remained on the study treatment at
the data cutoff, and 4 had ongoing responses lasting >24 months.
One additional patient with AITL remained in CR 20.7 months after
discontinuing therapy (supplemental Table 1). The median duration
of response was 10.0 months in the updated analysis (Figure 2). Of
the 17 responders, 8 had responses lasting ≥6 months.

Three patients (2 with T/NK-NHL and 1 with Hodgkin lymphoma)
were withdrawn from the study after achieving a response to
undergo hematopoietic cell transplantation (HCT) (1 autologous
HCT and 1 allogeneic HCT) and chimeric antigen receptor (CAR)
T-cell therapy.

PK and exploratory end points

PK parameters for Nstat were derived from the individual plasma
concentration-time profiles and were consistent with dose-
exposure profiles from a previous phase 1 study of Nstat mono-
therapy in patients with solid tumors.37 The absorption was rapid,
with a median time to maximum observed concentration (Tmax) of
1.9 hours. For the 20 mg dose, Cmax was 186 ng/mL, with a
median t½ of 2.0 hours.

Longitudinal pEBVd data for the lymphoma subtypes are shown in
Figure 3. Baseline pEBVd values were available for 54/55 patients;
overall, elevated pEBVd levels were present in 39 patients (72%).
For patients with detectable viral load, the median level of pEBVd at
baseline was 2200 IU/mL (range 49-575 000 IU/mL). Across lym-
phoma subtypes, objective responses in 7 patients with elevated
pEBVd at baseline were accompanied by a decrease in EBV viral
load as early as C2 and C3, whereas radiological disease pro-
gression in 7 patients was accompanied by an increase (n = 5) or no
reduction (n = 2) in the level of pEBVd. In other patients, longitudinal
changes in pEBVd levels did not correlate with objective response.

To explore how various criteria for EBV+ lymphoma may impact
efficacy, we examined responses according to local (at enrollment)
vs centralized (after enrollment) EBV+ status (supplemental
Table 2). Among the 33 response-evaluable patients with central-
ized EBER-ISH determination, centralized estimates of EBER-ISH-
positivity were available for 25 patients. In 8 of the 33 patients,
centralized EBER-ISH assessment was not possible due to tech-
nical aspects (supplemental Table 3). In the remaining 25 patients,
responses were observed across a broad spectrum of EBER-ISH
positivity (supplemental Table 2).

Discussion

EBV+ DLBCL12 and PTCL41 are increasingly being recognized as
distinct subsets of aggressive, poor-risk non-Hodgkin lymphoma
with unique molecular hallmarks and tumor microenvironments. The
presence of EBV in DLBCL and PTCL, as in other well-known
EBV+ tumors such as ENKTL, cHL, and IA-LPD, offers an
NANATINOSTAT PLUS VALGANCICLOVIR IN EBV+ LYMPHOMAS 6343



Table 4. Responses in evaluable patients (n = 43)

Lymphoma subtype Responses ORR/ CR

B-NHL (n = 8)

DLBCL (n = 6) CR (2), PR (2), SD (1), PD (1) 67%/33%

Other B-cell (n = 2*) PD (2)

T/NK-NHL (n = 15)

Extranodal NK/T-cell lymphoma CR (1), PR (4), PD (3) 63%/13%

PTCL, NOS CR (1), PR (1), PD (1) 67%/50%

Angioimmunoblastic T-cell lymphoma CR (2), SD (1)

Cutaneous T-cell lymphoma PD (1)

Immunodeficiency-associated LPD (n = 10)

PTLD CR (1), PD (2) 50%/33%

Other (SLE, CVID, PI) CR (1), PR (1), PD (1)

HIV-associated lymphoma (PBL, DLBCL [2], HL) PD (4)

Hodgkin lymphoma (n = 10) PR (1), SD (5), PD (4) 10%/0%

Total (n = 43 evaluable patients) CR (8), PR (9), SD (7), PD (19) 40%/19%

CVID, common variable immune deficiency; HL, Hodgkin lymphoma; LPD, lymphoproliferative disorder; NHL, non-Hodgkin lymphoma; PBL, plasmablastic lymphoma; PD, progressive disease;
PI, primary immunodeficiency; SD, stable disease; SLE, systemic lupus erythematosus.
*CD30+ B-cell lymphoma and B-LPD.
actionable yet mostly untapped tumor-specific vulnerability. The
combination of lytic cycle activators and GCV has shown antitumor
activity in several preclinical models and in 1 clinical study of EBV+

cancers; however, clinical development has been hampered by an
inconvenient dosing schedule, suboptimal PK, or low lytic acti-
vating potency. This phase 1b/2 study represents an important
step forward by supporting the feasibility, safety, and preliminary
efficacy of the potent oral class I-selective HDACi Nstat in com-
bination with oral VGCV for the treatment of EBV+ lymphomas. The
RP2D of Nstat 20 mg QD on a 4 days on/3 days off schedule, with
VGCV 900 mg QD on a continuous basis, was identified and well
tolerated, with the most frequent AEs being low-grade nausea,
constipation, and cytopenias, which are typical for the individual
drugs. Additional safety data from the RP2D expansion cohort
revealed no new or unexpected safety signals. Importantly, the
combination was active across a broad spectrum of EBV+ lym-
phomas, with an ORR of 40% and CRR of 19%. Patients were
often refractory to their last therapy and had been exposed to
multiple active prior therapies, including SCT, HDACi, brentuximab
vedotin, and EBV-cytotoxic T lymphocytes, supporting the
hypothesis that EBV is a shared targetable vulnerability. ORRs to
single-agent HDACi in R/R DLBCL and R/R PTCL range between
5.6% and 28%42-44 and 25% and 29%,45,46 respectively, sug-
gesting that responses, particularly in DLBCL, were not just due to
Nstat. Most responses were observed at the time of the first dis-
ease response assessment, with CRs observed in DLBCL, ENKTL,
PTCL, and IA-LPD. Several durable responses were observed in
PTCL and DLBCL and 3 patients (PTCL, ENKTL, and HL), who at
the time of enrollment were not eligible for SCT or CAR T-cell
therapy, achieved adequate disease control and were able to
proceed to SCT (n = 1 autologous and n = 1 allogeneic) or CAR T-
cell therapy (n = 1). Therefore, Nstat and VGCV provided a novel
bridging therapy to potentially curative treatment.

EBV lytic cycle activation with HDACi in combination with GCV as
an effective approach to eliminate EBV-infected tumor cells has a
6344 HAVERKOS et al
strong mechanistic rationale and has been validated preclinically in
multiple studies.30,33,34,47-49 Therefore, the proposed mechanism
of action of the Nstat-VGCV combination in this study is Nstat-
induced expression of EBV-encoded viral kinases (in particular
BGLF4), followed by BLGF4-induced activation of the prodrug
GCV to its monophosphorylated form. Once triphosphorylated by
cellular kinases into the active drug, triphospho-GCV inhibits both
viral and cellular DNA polymerases, inducing DNA chain termina-
tion, dsDNA breaks, and tumor cell apoptosis.50,51 Noninduced
EBV- tumor cells can also become targets of activated GCV via the
bystander effect.52 Inhibition of EBV proliferation by GCV may also
play a role in preventing or mitigating EBV-induced hyper-
progression events, as observed in a small study of single-agent
romidepsin in ENKTL.53 No disease flares or fulminant EBV reac-
tivations were observed in this study, including in 9 patients with
ENKTL, suggesting that the addition of VGCV to Nstat not only
contributed to the efficacy of this combination but may also
enhance safety through its control of viral replication. The inter-
mittent Nstat dosing regimen also aligns with preclinical data
indicating that discontinuous exposure to HDACi was sufficient to
sensitize EBV+ Burkitt lymphoma cells (P3HR1) to GCV, intro-
ducing an opportunity to minimize potential toxicities while main-
taining efficacy in clinical regimens.33

Although all patients enrolled in this study had EBV+ lymphoma, as
defined locally by each site, a relationship between responses and
the percentage of EBV+ tumor cells was not apparent in the subset
in which EBER-ISH was performed centrally. However, this remains
an end point for further investigation. The lack of correlation
between clinical response and EBER-ISH positivity may be due to
technical components, such as variability in EBER expression
among tumor cells, stability of the RNA, and the efficiency of the
assay to detect EBER RNA in every EBV+ cell. In this heteroge-
neous population of multiple lymphoma subtypes, EBV-based
eligibility was intentionally defined in broad terms and left to each
site’s determination, as there is no universally accepted assay or
24 OCTOBER 2023 • VOLUME 7, NUMBER 20
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Figure 1. Response duration for evaluable patients (n = 43) according to the lymphoma subtype. AITL, angioimmunoblastic T-cell lymphoma; alloSCT, allogeneic

hematopoietic stem cell transplant; autoSCT, autologous hematopoietic stem cell transplant; B-LPD, B-cell lymphoproliferative disease; B-NHL, B-cell non-Hodgkin lymphoma;

CAR-T; chimeric antigen receptor T-cell therapy; cHL, classical Hodgkin lymphoma; CTCL, cutaneous T-cell lymphoma; DLBCL, diffuse large B-cell lymphoma; ENKTL, extranodal

natural killer/T-cell lymphoma; HIV-L, HIV-associated lymphoma; IA-LPD, immunodeficiency-associated lymphoproliferative disorder; PTCL NOS, peripheral T-cell lymphoma not

otherwise specified; PTLD, post-transplant lymphoproliferative disorder; T/NK-NHL, T-cell/natural killer cell non-Hodgkin lymphoma.
cutoff to define EBV+ lymphomas, with the goal of minimizing the
risk of excluding patients who may benefit from this therapy.

To gain insight into the patterns and range of tumor cell EBV-
positivity in this heterogeneous population, we performed post-
enrollment centralized EBER-ISH staining on all available tumor
specimens (supplemental Table 2). There was a very broad range of
positivity, with some lymphoma subtypes consistently displaying a
24 OCTOBER 2023 • VOLUME 7, NUMBER 20
very high percentage of EBER-ISH+ tumor cells (ENKTL), and others
showing variable positivity (HL, AITL, and PTLD). The centralized
analysis also showed that for 8 of the 33 cases of EBV+ lymphoma
(per local laboratory), EBER-ISH could not be assessed for a variety
of reasons (described in supplemental Table 3), highlighting the
challenge of assessing EBER-ISH status retrospectively. In addition
to technical issues, such as the lack of representative samples, tis-
sue necrosis, and RNA degradation,54,55 the lineage of EBER-ISH+
NANATINOSTAT PLUS VALGANCICLOVIR IN EBV+ LYMPHOMAS 6345
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cells often cannot be determined, as is well documented in DLBCL
and AITL.56,57 The fact that responses, including CRs, were
observed across a broad range of EBER-ISH-positivity and lym-
phoma types suggests that defining a cutoff as a predictive marker
for response remains challenging.

EBV “viral loads” measured in plasma or whole blood at baseline or
longitudinally are robust and clinically applicable prognostic bio-
markers in some EBV+ cancers such as ENKTL58-60 and nasopha-
ryngeal carcinoma,61 and have been studied in EBV+ HL,62,63

PTCL,14 and DLBCL.64 In ENKTL, the pEBVd is integrated into a
widely used prognostic score.65 In ENKTL and nasopharyngeal car-
cinoma, pEBVd represents circulating tumor (ct) DNA, and its
prognostic impact likely reflects a high tumor burden. With the
possible exception of PTLD, pEBVd may not reflect EBV lytic reac-
tivation and may therefore not be a valid predictive biomarker of the
response to Nstat-VGCV. Although limited, the pEBVd data obtained
in this study support published observations. First, only a fraction of
patients (39/54) had elevated pEBVd at baseline, confirming that
pEBVd is not a sensitive screening tool for EBV+ lymphoma in most
subtypes. Second, decreases and increases in pEBVd levels corre-
sponded to disease responses and progression, respectively, in
several patients. Third, patients with the highest baseline levels of
pEBVd were more often nonresponders and progressors (Figure 3),
suggesting that a high pEBVd level may reflect a high tumor burden.

The patient cohort enrolled in this phase 1b/2 study was very
heterogeneous. While safety and tolerability were good, and there
was a clear efficacy signal, any conclusion about which subset of
EBV+ lymphoma may benefit the most from this therapy would be
premature. Considering that responses were observed in nearly
all lymphoma subtypes, the Nstat-VGCV combination has the
potential to be used in patients with most types of EBV+ lym-
phoma, and an ongoing international phase 2 study with several
disease-specific cohorts (NAVAL-1, NCT05011058) is designed
to generate additional data, including assessing Nstat mono-
therapy in PTCL. The objective responses observed in 6 patients
with EBV+ DLBCL (2 CR, 2 PR) and in 15 patients with EBV+

T/NK-cell lymphomas (4 CR, 5 PR) (supplemental Table 1) and
the durability of the clinical benefit (Figure 1) are highly encour-
aging. Although EBV+ DLBCL represents only 5% to 14% of all
DLBCL, it is emerging as a very poor-risk subset, and the global
unmet need for R/R T/NK-cell lymphomas is also very high.
Therefore, the availability of an additional treatment option that is
safe, effective, and orally administered may have a high impact,
especially where access to care and resources is limited and
EBV+ lymphomas are the most prevalent.

This study has limitations. First, the study design did not allow for a
formal assessment of the relative contributions of Nstat and VGCV
to the observed antitumor responses. Although a large body of
preclinical data supports the concept that the combination of Nstat
and VGCV is necessary to achieve the “kick and kill” effect in EBV+

tumors, we cannot exclude the possibility that some of the efficacy
observed in this study may have been due to Nstat alone, because
HDACi have efficacy in lymphoma. However, the number, depth, and
durability of the responses observed in this heavily pretreated pop-
ulation suggest otherwise, particularly in DLBCL, where responses
to single-agent HDACi range between 5.6% and 28%.42-44 The
ongoing phase 2 VT3996-202 trial (NCT05011058; NAVAL-1)
addresses this question in PTCL by including a single-agent Nstat
24 OCTOBER 2023 • VOLUME 7, NUMBER 20
cohort. Second, we did not observe a signal that a certain cutoff for
EBER-ISH positivity could be explored as a biomarker for response.
This is not surprising, considering the heterogeneity of the study
population. We expect to gain insight into these important tumor
biology questions in the near future. Finally, as no efficacy assess-
ments were available for 12 of our 55 patients, we analyzed the
effect of including patients with no efficacy assessments in the ORR
calculation. In the worst-case scenario, assuming that all 12 subjects
were failures, the ORR would have been 31%. However, 3 subjects
either did not have EBV+ lymphoma (n = 2) or did not have
measurable disease (n = 1) and were therefore not the target
population. If the remaining subjects were conservatively included in
the ORR, it would have become 33%. In fact, the 95% exact con-
fidence interval for an ORR of 40% with n = 43 ranged from 25% to
56%, and for an ORR of 33% with n = 52 ranged from 20% to
47%. Both ranges include the current-estimated ORR of 40%.

In conclusion, targeted therapy with Nstat in combination with
VGCV is a promising novel approach with the potential to fill an
important gap in the complex treatment algorithm for lymphoma by
addressing a recently recognized and untapped tumor-specific
vulnerability shared by multiple lymphoma subtypes. Further
investigation of Nstat-VGCV in the ongoing phase 2 NAVAL-1
study will further highlight the prevalence and unmet needs of
patients with EBV+ lymphoma and the importance of routine EBV
screening in aggressive lymphomas.

Acknowledgments

The authors thank the patients and the study sites for their
participation in this study.

This study was funded by Viracta Therapeutics, Inc in part via a
National Cancer Institute (NCI) Small Business Innovation
Research/Small Business Technology Transfer grant (NCI
CA153474) from Phoenicia Biosciences, Inc. J.E.B. has received
funding via National Institutes of Health/National Center for
Advancing Translational Sciences grant KL2TR002734. Medical
writing assistance was provided by Martin Quinn (MQMED-
COMMS LTD, UK) and funded by Viracta Therapeutics, Inc.

Authorship

Contribution: P.P. and D.V.F. designed the study; B.H., P.P., and
L.R. analyzed the data and wrote the manuscript; A.K., R.M., I.R.,
D.V.F., and L.R. supervised the study; S.S. performed statistical
analyses; B.H., O.A., R.B., J.E.B., T.A.F., M.C., E.A.B., S.N., P.S.,
J.P., L.S., E.J., P.Y., and P.P. provided clinical data; and all authors
edited the manuscript and approved its final version.

Conflict-of-interest disclosure: B.H. reports consultancy fees
from Viracta Therapeutics. R.B. reports participation in scientific
advisory boards for Viracta Therapeutics and Atara; research
funding from CODIAK Biosciences; and contribution to product
development for Agenus. T.A.F. declares consultancy fees or
membership to the speakers’ bureaus for ADC Therapeutics,
Genmab, Seattle Genetics, Secura Bio, and Takeda. E.A.B. has
participated in advisory boards for ADC Therapeutics, Astra-
Zeneca, BeiGene, Pharmacyclics/Janssen, and X4 Pharma; has
participated in the speaker’s bureau for AstraZeneca, BeiGene,
Incyte/MorphoSys, Pharmacyclics/Janssen, and Seattle Genetics;
has been a steering committee member for Incyte/MorphoSys; and
NANATINOSTAT PLUS VALGANCICLOVIR IN EBV+ LYMPHOMAS 6347



has received consultancy fees from Acrotech Biopharma. S.N.
reports research funding from the Bristol Myers Squibb (BMS),
Merck Sharp & Dohme LLC, and Novartis. P.S. has been a clinical
investigator for studies by AstraZeneca, BioCryst, Novartis, Roche,
and Viracta Therapeutics; has given scientific presentations for
Amgen, Alexion, AstraZeneca, Novartis, Roche, and Janssen; has
received grants or research support from Alnylam and Pfizer; has
received consultancy fees from AbbVie, Alexion, AstraZeneca,
BioCryst, Janssen, Pfizer, and Roche; and has been a speaker for
Alexion, Amgen, AstraZeneca, BMS, Novartis, and Pfizer. E.J. has
received honoraria from AbbVie, BeiGene, and Takeda, and has
participated in advisory boards for AstraZeneca and Epizyme.
D.V.F. has received consultancy fees from Viracta Therapeutics;
holds stock in Viracta Therapeutics; discloses employment and
equity in Phoenicia Biosciences, Inc and Oryzon Genomics, Inc;
equity in Takeda Pharmaceuticals and Briacell Therapeutics, Inc;
and consulting fees from Molecular Partners, Inc and Briacell
Therapeutics, Inc. P.P. has received research funding from Viracta
Therapeutics, Inc and Teva Pharmaceuticals; honoraria from Vir-
acta Therapeutics, Inc, Innate Pharma, Daiichi, Kyowa, Teva Phar-
maceuticals, and DrenBio; has participated in scientific advisory
boards for Viracta Therapeutics, Inc, Innate Pharma, BeiGene,
Kyowa, MorphoSys, ADCT, Loxo, and ONO Pharmaceutical; and
6348 HAVERKOS et al
has received consultancy fees from DrenBio and Viracta Thera-
peutics, Inc. A.K., I.R., and L.R. are employed by Viracta Thera-
peutics, Inc, Cardiff, CA. I.R. serves on the Board of Directors for
and holds stock in Viracta Therapeutics, Inc, Cardiff, CA. R.M. and
D.V.F. were employed by Viracta Therapeutics, Inc, Cardiff, CA at
the time of this study. The remaining authors declare no competing
financial interests.

The current affiliation for D.V.F. is Oryzon Genomics, Boston,
MA.

ORCID profiles: B.H., 0000-0002-3872-0615; O.A., 0000-
0002-4832-5344; R.B., 0000-0002-1619-4853; E.A.B., 0000-
0002-3265-9841; J.P., 0000-0002-0655-2821; E.J., 0000-0002-
7883-289X; S.S., 0000-0002-0477-3305; P.P., 0000-0002-
8056-023X.

Correspondence: Bradley Haverkos, Division of Hematology,
University of Colorado, 1665 Aurora Ct, Aurora, CO 80045; email:
bradley.haverkos@cuanschutz.edu; and Pierluigi Porcu, Division of
Hematologic Malignancies and Hematopoetic Stem Cell Trans-
plantation, Department of Medical Oncology, Thomas Jefferson
University Hospital, 834 Chestnut St, Suite 320, Philadelphia, PA
19107; email: pierluigi.porcu@jefferson.edu.
References

1. Young LS, Yap LF, Murray PG. Epstein-Barr virus: more than 50 years old and still providing surprises. Nat Rev Cancer. 2016;16(12):789-802.

2. Damania B, Kenney SC, Raab-Traub N. Epstein-Barr virus: biology and clinical disease. Cell. 2022;185(20):3652-3670.

3. Bouvard V, Baan R, Straif K, et al. A review of human carcinogens–part B: biological agents. Lancet Oncol. 2009;10(4):321-322.

4. Mesri EA, Feitelson MA, Munger K. Human viral oncogenesis: a cancer hallmarks analysis. Cell Host Microbe. 2014;15(3):266-282.

5. Shannon-Lowe C, Rickinson A. The global landscape of EBV-associated tumors. Front Oncol. 2019;9:713.

6. Wong Y, Meehan MT, Burrows SR, Doolan DL, Miles JJ. Estimating the global burden of Epstein-Barr virus-related cancers. J Cancer Res Clin Oncol.
2022;148(1):31-46.

7. Plummer M, de Martel C, Vignat J, Ferlay J, Bray F, Franceschi S. Global burden of cancers attributable to infections in 2012: a synthetic analysis. Lancet
Glob Heal. 2016;4(9):e609-e616.

8. Küppers R. B cells under influence: transformation of B cells by Epstein-Barr virus. Nat Rev Immunol. 2003;3(10):801-812.

9. Murray PG, Young LS. An etiological role for the Epstein-Barr virus in the pathogenesis of classical Hodgkin lymphoma. Blood. 2019;134(7):591-596.

10. Rowe M, Kelly GL, Bell AI, Rickinson AB. Burkitt’s lymphoma: the Rosetta Stone deciphering Epstein-Barr virus biology. Semin Cancer Biol. 2009;
19(6):377-388.

11. Gru AA, Haverkos BH, Freud AG, et al. The Epstein-Barr virus (EBV) in T cell and NK cell lymphomas: time for a reassessment. Curr Hematol Malig Rep.
2015;10(4):456-467.

12. Malpica L, Marques-Piubelli ML, Beltran BE, Chavez JC, Miranda RN, Castillo JJ. EBV-positive diffuse large B-cell lymphoma, not otherwise specified:
2022 update on diagnosis, risk-stratification, and management. Am J Hematol. 2022;97(7):951-965.

13. Ding M, Gao J, Liu X, et al. Clinicopathological characteristics and prognostic analysis of epstein-barr virus-positive lymphoma: a meta-analysis. Int J Clin
Exp Med. 2016;9(6):11429-11438.

14. Haverkos BM, Huang Y, Gru A, et al. Frequency and clinical correlates of elevated plasma Epstein-Barr virus DNA at diagnosis in peripheral T-cell
lymphomas. Int J Cancer. 2017;140(8):1899-1906.

15. Bourbon E, Maucort-Boulch D, Fontaine J, et al. Clinicopathological features and survival in EBV-positive diffuse large B-cell lymphoma not otherwise
specified. Blood Adv. 2021;5(16):3227-3239.

16. Swerdlow SH, Campo E, Harris NL, Jaffe ES, Pileri SA, Stein H TJ. In:WHOClassification of Tumours of Haematopoietic and Lymphoid Tissues. IARC;
2017. Accessed 15 August 2023. https://publications.iarc.fr/Book-And-Report-Series/Who-Classification-Of-Tumours/WHO-Classification-Of-
Tumours-Of-Haematopoietic-And-Lymphoid-Tissues-2017

17. Tempera I, Lieberman PM. Oncogenic viruses as entropic drivers of cancer evolution. Front Virol. 2021;1:753366.

18. Shannon-Lowe C, Rickinson AB, Bell AI. Epstein-Barr virus-associated lymphomas. Philos Trans R Soc Lond B Biol Sci. 2017;372(1732):20160271.
24 OCTOBER 2023 • VOLUME 7, NUMBER 20

https://orcid.org/0000-0002-3872-0615
https://orcid.org/0000-0002-4832-5344
https://orcid.org/0000-0002-4832-5344
https://orcid.org/0000-0002-1619-4853
https://orcid.org/0000-0002-3265-9841
https://orcid.org/0000-0002-3265-9841
https://orcid.org/0000-0002-0655-2821
https://orcid.org/0000-0002-7883-289X
https://orcid.org/0000-0002-7883-289X
https://orcid.org/0000-0002-0477-3305
https://orcid.org/0000-0002-8056-023X
https://orcid.org/0000-0002-8056-023X
mailto:bradley.haverkos@cuanschutz.edu
mailto:pierluigi.porcu@jefferson.edu
http://refhub.elsevier.com/S2473-9529(23)00430-5/sref1
http://refhub.elsevier.com/S2473-9529(23)00430-5/sref2
http://refhub.elsevier.com/S2473-9529(23)00430-5/sref3
http://refhub.elsevier.com/S2473-9529(23)00430-5/sref4
http://refhub.elsevier.com/S2473-9529(23)00430-5/sref5
http://refhub.elsevier.com/S2473-9529(23)00430-5/sref6
http://refhub.elsevier.com/S2473-9529(23)00430-5/sref6
http://refhub.elsevier.com/S2473-9529(23)00430-5/sref7
http://refhub.elsevier.com/S2473-9529(23)00430-5/sref7
http://refhub.elsevier.com/S2473-9529(23)00430-5/sref8
http://refhub.elsevier.com/S2473-9529(23)00430-5/sref9
http://refhub.elsevier.com/S2473-9529(23)00430-5/sref10
http://refhub.elsevier.com/S2473-9529(23)00430-5/sref10
http://refhub.elsevier.com/S2473-9529(23)00430-5/sref11
http://refhub.elsevier.com/S2473-9529(23)00430-5/sref11
http://refhub.elsevier.com/S2473-9529(23)00430-5/sref12
http://refhub.elsevier.com/S2473-9529(23)00430-5/sref12
http://refhub.elsevier.com/S2473-9529(23)00430-5/sref13
http://refhub.elsevier.com/S2473-9529(23)00430-5/sref13
http://refhub.elsevier.com/S2473-9529(23)00430-5/sref14
http://refhub.elsevier.com/S2473-9529(23)00430-5/sref14
http://refhub.elsevier.com/S2473-9529(23)00430-5/sref15
http://refhub.elsevier.com/S2473-9529(23)00430-5/sref15
https://publications.iarc.fr/Book-And-Report-Series/Who-Classification-Of-Tumours/WHO-Classification-Of-Tumours-Of-Haematopoietic-And-Lymphoid-Tissues-2017
https://publications.iarc.fr/Book-And-Report-Series/Who-Classification-Of-Tumours/WHO-Classification-Of-Tumours-Of-Haematopoietic-And-Lymphoid-Tissues-2017
http://refhub.elsevier.com/S2473-9529(23)00430-5/sref17
http://refhub.elsevier.com/S2473-9529(23)00430-5/sref18


19. Keane C, Tobin J, Gunawardana J, et al. The tumour microenvironment is immuno-tolerogenic and a principal determinant of patient outcome in
EBV-positive diffuse large B-cell lymphoma. Eur J Haematol. 2019;103(3):200-207.

20. Lu TX, Liang JH, Miao Y, et al. Epstein-Barr virus positive diffuse large B-cell lymphoma predict poor outcome, regardless of the age. Sci Rep. 2015;5(1):
12168.

21. Okamoto A, Yanada M, Inaguma Y, et al. The prognostic significance of EBV DNA load and EBER status in diagnostic specimens from diffuse large
B-cell lymphoma patients. Hematol Oncol. 2017;35(1):87-93.

22. Gao X, Li J, Wang Y, Liu S, Yue B. Clinical characteristics and prognostic significance of EBER positivity in diffuse large B-cell lymphoma: a
meta-analysis. PLoS One. 2018;13(6):e0199398.

23. Dupuis J, Emile J-F, Mounier N, et al. Prognostic significance of Epstein-Barr virus in nodal peripheral T-cell lymphoma, unspecified: a Groupe d’Etude
des Lymphomes de l’Adulte (GELA) study. Blood. 2006;108(13):4163-4169.

24. Kanakry JA, Li H, Gellert LL, et al. Plasma Epstein-Barr virus DNA predicts outcome in advanced Hodgkin lymphoma: correlative analysis from a large
North American cooperative group trial. Blood. 2013;121(18):3547-3553.

25. Li J, Li J, Zhong M, Zhou H, Yu B. The clinical features and survival outcome of 107 newly diagnosed advanced stage extranodal NK/T-cell lymphoma
cases: a triple-center study. Cancer Manag Res. 2021;13:1541-1549.

26. Swerdlow SH, Campo E, Pileri SA, et al. The 2016 revision of the World Health Organization classification of lymphoid neoplasms. Blood. 2016;
127(20):2375-2390.

27. Campo E, Jaffe ES, Cook JR, et al. The International Consensus Classification of mature lymphoid neoplasms: a report from the Clinical Advisory
Committee. Blood. 2022;140(11):1229-1253.

28. Kang M-S, Kieff E. Epstein-Barr virus latent genes. Exp Mol Med. 2015;47(1):e131.

29. Tempera I, Lieberman PM. Epigenetic regulation of EBV persistence and oncogenesis. Semin Cancer Biol. 2014;26:22-29.

30. Hui KF, Cheung AKL, Choi CK, et al. Inhibition of class I histone deacetylases by romidepsin potently induces Epstein-Barr virus lytic cycle and mediates
enhanced cell death with ganciclovir. Int J Cancer. 2016;138(1):125-136.

31. Wildeman MA, Novalic Z, Verkuijlen SAWM, et al. Cytolytic virus activation therapy for Epstein-Barr virus-driven tumors. Clin Cancer Res. 2012;18(18):
5061-5070.

32. Jung EJ, Lee YM, Lee BL, Chang MS, Kim WH. Lytic induction and apoptosis of Epstein-Barr virus-associated gastric cancer cell line with epigenetic
modifiers and ganciclovir. Cancer Lett. 2007;247(1):77-83.

33. Ghosh SK, Forman LW, Akinsheye I, Perrine SP, Faller DV. Short, discontinuous exposure to butyrate effectively sensitizes latently EBV-infected
lymphoma cells to nucleoside analogue antiviral agents. Blood Cells Mol Dis. 2007;38(1):57-65.

34. Ghosh SK, Perrine SP, Williams RM, Faller DV. Histone deacetylase inhibitors are potent inducers of gene expression in latent EBV and sensitize
lymphoma cells to nucleoside antiviral agents. Blood. 2012;119(4):1008-1017.

35. Perrine SP, Hermine O, Small T, et al. A phase 1/2 trial of arginine butyrate and ganciclovir in patients with Epstein-Barr virus-associated lymphoid
malignancies. Blood. 2007;109(6):2571-2578.

36. Dugan JP, Haverkos BM, Villagomez L, et al. Complete and durable responses in primary central nervous system posttransplant lymphoproliferative
disorder with zidovudine, ganciclovir, rituximab, and dexamethasone. Clin Cancer Res. 2018;24(14):3273-3281.

37. Banerji U, Van Doorn L, Papadatos-Pastos D, et al. A phase I pharmacokinetic and pharmacodynamic study of CHR-3996, an oral class I selective
histone deacetylase inhibitor in refractory solid tumors. Clin Cancer Res. 2012;18(9):2687-2694.

38. Faller DV, Ghosh S, Feldman T, et al. Short-term exposure to arginine butyrate, in combination with ganciclovir, is as effective as continuous exposure for
virus-targeted therapy of EBV-positive lymphomas. Blood. 2009;114(22):4754.

39. Cheson BD, Fisher RI, Barrington SF, et al. Recommendations for initial evaluation, staging, and response assessment of Hodgkin and non-Hodgkin
lymphoma: the Lugano classification. J Clin Oncol. 2014;32(27):3059-3068.

40. Haverkos BM, Alpdogan O, Baiocchi R, et al. Nanatinostat (Nstat) and valganciclovir (VGCV) in relapsed/refractory (R/R) Epstein-Barr virus-positive
(EBV +) lymphomas: final results from the phase 1b/2 VT3996-201 Study. Blood. 2021;138(suppl 1):623.

41. Wai CMM, Chen S, Phyu T, et al. Immune pathway upregulation and lower genomic instability distinguish EBV-positive nodal T/NK-cell lymphoma from
ENKTL and PTCL-NOS. Haematologica. 2022;107(8):1864-1879.

42. Zaja F, Salvi F, Rossi M, et al. Single-agent panobinostat for relapsed/refractory diffuse large B-cell lymphoma: clinical outcome and correlation with
genomic data. A phase 2 study of the Fondazione Italiana Linfomi. Leuk Lymphoma. 2018;59(12):2904-2910.

43. Chen IC, Sethy B, Liou JP. Recent update of HDAC inhibitors in lymphoma. Front Cell Dev Biol. 2020;8:576391.

44. Assouline SE, Nielsen TH, Yu S, et al. Phase 2 study of panobinostat with or without rituximab in relapsed diffuse large B-cell lymphoma. Blood. 2016;
128(2):185-194.

45. Coiffier B, Pro B, Prince HM, et al. Results from a pivotal, open-label, phase II study of romidepsin in relapsed or refractory peripheral T-cell lymphoma
after prior systemic therapy. J Clin Oncol. 2012;30(6):631-636.

46. Bondarev AD, Attwood MM, Jonsson J, Chubarev VN, Tarasov VV, Schiöth HB. Recent developments of HDAC inhibitors: emerging indications and
novel molecules. Br J Clin Pharmacol. 2021;87(12):4577-4597.
24 OCTOBER 2023 • VOLUME 7, NUMBER 20 NANATINOSTAT PLUS VALGANCICLOVIR IN EBV+ LYMPHOMAS 6349

http://refhub.elsevier.com/S2473-9529(23)00430-5/sref19
http://refhub.elsevier.com/S2473-9529(23)00430-5/sref19
http://refhub.elsevier.com/S2473-9529(23)00430-5/sref20
http://refhub.elsevier.com/S2473-9529(23)00430-5/sref20
http://refhub.elsevier.com/S2473-9529(23)00430-5/sref21
http://refhub.elsevier.com/S2473-9529(23)00430-5/sref21
http://refhub.elsevier.com/S2473-9529(23)00430-5/sref22
http://refhub.elsevier.com/S2473-9529(23)00430-5/sref22
http://refhub.elsevier.com/S2473-9529(23)00430-5/sref23
http://refhub.elsevier.com/S2473-9529(23)00430-5/sref23
http://refhub.elsevier.com/S2473-9529(23)00430-5/sref24
http://refhub.elsevier.com/S2473-9529(23)00430-5/sref24
http://refhub.elsevier.com/S2473-9529(23)00430-5/sref25
http://refhub.elsevier.com/S2473-9529(23)00430-5/sref25
http://refhub.elsevier.com/S2473-9529(23)00430-5/sref26
http://refhub.elsevier.com/S2473-9529(23)00430-5/sref26
http://refhub.elsevier.com/S2473-9529(23)00430-5/sref27
http://refhub.elsevier.com/S2473-9529(23)00430-5/sref27
http://refhub.elsevier.com/S2473-9529(23)00430-5/sref28
http://refhub.elsevier.com/S2473-9529(23)00430-5/sref29
http://refhub.elsevier.com/S2473-9529(23)00430-5/sref30
http://refhub.elsevier.com/S2473-9529(23)00430-5/sref30
http://refhub.elsevier.com/S2473-9529(23)00430-5/sref31
http://refhub.elsevier.com/S2473-9529(23)00430-5/sref31
http://refhub.elsevier.com/S2473-9529(23)00430-5/sref32
http://refhub.elsevier.com/S2473-9529(23)00430-5/sref32
http://refhub.elsevier.com/S2473-9529(23)00430-5/sref33
http://refhub.elsevier.com/S2473-9529(23)00430-5/sref33
http://refhub.elsevier.com/S2473-9529(23)00430-5/sref34
http://refhub.elsevier.com/S2473-9529(23)00430-5/sref34
http://refhub.elsevier.com/S2473-9529(23)00430-5/sref35
http://refhub.elsevier.com/S2473-9529(23)00430-5/sref35
http://refhub.elsevier.com/S2473-9529(23)00430-5/sref36
http://refhub.elsevier.com/S2473-9529(23)00430-5/sref36
http://refhub.elsevier.com/S2473-9529(23)00430-5/sref37
http://refhub.elsevier.com/S2473-9529(23)00430-5/sref37
http://refhub.elsevier.com/S2473-9529(23)00430-5/sref38
http://refhub.elsevier.com/S2473-9529(23)00430-5/sref38
http://refhub.elsevier.com/S2473-9529(23)00430-5/sref39
http://refhub.elsevier.com/S2473-9529(23)00430-5/sref39
http://refhub.elsevier.com/S2473-9529(23)00430-5/sref40
http://refhub.elsevier.com/S2473-9529(23)00430-5/sref40
http://refhub.elsevier.com/S2473-9529(23)00430-5/sref41
http://refhub.elsevier.com/S2473-9529(23)00430-5/sref41
http://refhub.elsevier.com/S2473-9529(23)00430-5/sref42
http://refhub.elsevier.com/S2473-9529(23)00430-5/sref42
http://refhub.elsevier.com/S2473-9529(23)00430-5/sref43
http://refhub.elsevier.com/S2473-9529(23)00430-5/sref44
http://refhub.elsevier.com/S2473-9529(23)00430-5/sref44
http://refhub.elsevier.com/S2473-9529(23)00430-5/sref45
http://refhub.elsevier.com/S2473-9529(23)00430-5/sref45
http://refhub.elsevier.com/S2473-9529(23)00430-5/sref46
http://refhub.elsevier.com/S2473-9529(23)00430-5/sref46


47. Faller DV, Mentzer SJ, Perrine SP. Induction of the Epstein-Barr virus thymidine kinase gene with concomitant nucleoside antivirals as a therapeutic
strategy for Epstein-Barr virus-associated malignancies. Curr Opin Oncol. 2001;13(5):360-367.

48. Mentzer SJ, Fingeroth J, Reilly JJ, Perrine SP, Faller DV. Arginine butyrate-induced susceptibility to ganciclovir in an Epstein-Barr-virus-associated
lymphoma. Blood Cells Mol Dis. 1998;24(2):114-123.

49. Feng W, Hong G, Delecluse H-J, Kenney SC. Lytic induction therapy for Epstein-Barr virus-positive B-cell lymphomas. J Virol. 2004;78(4):1893-1902.

50. Ladd B, O’Konek JJ, Ostruszka LJ, Shewach DS. Unrepairable DNA double-strand breaks initiate cytotoxicity with HSV-TK/ganciclovir. Cancer Gene
Ther. 2011;18(10):751-759.

51. Beltinger C, Fulda S, Kammertoens T, Meyer E, Uckert W, Debatin KM. Herpes simplex virus thymidine kinase/ganciclovir-induced apoptosis involves
ligand-independent death receptor aggregation and activation of caspases. Proc Natl Acad Sci U S A. 1999;96(15):8699-8704.

52. Westphal EM, Blackstock W, FengW, Israel B, Kenney SC. Activation of lytic Epstein-Barr virus (EBV) infection by radiation and sodium butyrate in vitro
and in vivo: a potential method for treating EBV-positive malignancies. Cancer Res. 2000;60(20):5781-5788.

53. Kim SJ, Kim JH, Ki CS, Ko YH, Kim JS, Kim WS. Epstein-Barr virus reactivation in extranodal natural killer/T-cell lymphoma patients: a previously
unrecognized serious adverse event in a pilot study with romidepsin. Ann Oncol. 2016;27(3):508-513.

54. Bai Y, Xie T, Wang Z, et al. Efficacy and predictive biomarkers of immunotherapy in Epstein-Barr virus-associated gastric cancer. J Immunother cancer.
2022;10(3):e004080.

55. Gulley ML, Glaser SL, Craig FE, et al. Guidelines for interpreting EBER in situ hybridization and LMP1 immunohistochemical tests for detecting
Epstein-Barr virus in Hodgkin lymphoma. Am J Clin Pathol. 2002;117(2):259-267.

56. Ohashi A, Kato S, Okamoto A, et al. Reappraisal of Epstein-Barr virus (EBV) in diffuse large B-cell lymphoma (DLBCL): comparative analysis between
EBV-positive and EBV-negative DLBCL with EBV-positive bystander cells. Histopathology. 2017;71(1):89-97.

57. Anagnostopoulos I, Hummel M, Finn T, et al. Heterogeneous Epstein-Barr virus infection patterns in peripheral T-cell lymphoma of angioimmunoblastic
lymphadenopathy type. Blood. 1992;80(7):1804-1812.

58. Wang X-X, Li P-F, Bai B, et al. Differential clinical significance of pre-interim-and post-treatment plasma Epstein-Barr virus DNA load in NK/T-cell
lymphoma treated with P-GEMOX protocol. Leuk Lymphoma. 2019;60(8):1917-1925.

59. Suzuki R, Yamaguchi M, Izutsu K, et al. Prospective measurement of Epstein-Barr virus-DNA in plasma and peripheral blood mononuclear cells of
extranodal NK/T-cell lymphoma, nasal type. Blood. 2011;118(23):6018-6022.

60. Ha JY, Cho H, Sung H, et al. Superiority of Epstein-Barr virus DNA in the plasma over whole blood for prognostication of extranodal NK/T cell lymphoma.
Front Oncol. 2020;10:594692.

61. Lee VH-F, Adham M, Ben Kridis W, et al. International recommendations for plasma Epstein-Barr virus DNA measurement in nasopharyngeal carcinoma
in resource-constrained settings: lessons from the COVID-19 pandemic. Lancet Oncol. 2022;23(12):e544-e551.

62. Welch JJG, Schwartz CL, Higman M, et al. Epstein-Barr virus DNA in serum as an early prognostic marker in children and adolescents with Hodgkin
lymphoma. Blood Adv. 2017;1(11):681-684.

63. Spacek M, Hubacek P, Markova J, et al. Plasma EBV-DNA monitoring in Epstein-Barr virus-positive Hodgkin lymphoma patients. APMIS. 2011;119(1):
10-16.

64. Tisi MC, Cupelli E, Santangelo R, et al. Whole blood EBV-DNA predicts outcome in diffuse large B-cell lymphoma. Leuk Lymphoma. 2016;57(3):
628-634.

65. Kim SJ, Yoon DH, Jaccard A, et al. A prognostic index for natural killer cell lymphoma after non-anthracycline-based treatment: a multicentre,
retrospective analysis. Lancet Oncol. 2016;17(3):389-400.
6350 HAVERKOS et al 24 OCTOBER 2023 • VOLUME 7, NUMBER 20

http://refhub.elsevier.com/S2473-9529(23)00430-5/sref47
http://refhub.elsevier.com/S2473-9529(23)00430-5/sref47
http://refhub.elsevier.com/S2473-9529(23)00430-5/sref48
http://refhub.elsevier.com/S2473-9529(23)00430-5/sref48
http://refhub.elsevier.com/S2473-9529(23)00430-5/sref49
http://refhub.elsevier.com/S2473-9529(23)00430-5/sref50
http://refhub.elsevier.com/S2473-9529(23)00430-5/sref50
http://refhub.elsevier.com/S2473-9529(23)00430-5/sref51
http://refhub.elsevier.com/S2473-9529(23)00430-5/sref51
http://refhub.elsevier.com/S2473-9529(23)00430-5/sref52
http://refhub.elsevier.com/S2473-9529(23)00430-5/sref52
http://refhub.elsevier.com/S2473-9529(23)00430-5/sref53
http://refhub.elsevier.com/S2473-9529(23)00430-5/sref53
http://refhub.elsevier.com/S2473-9529(23)00430-5/sref54
http://refhub.elsevier.com/S2473-9529(23)00430-5/sref54
http://refhub.elsevier.com/S2473-9529(23)00430-5/sref55
http://refhub.elsevier.com/S2473-9529(23)00430-5/sref55
http://refhub.elsevier.com/S2473-9529(23)00430-5/sref56
http://refhub.elsevier.com/S2473-9529(23)00430-5/sref56
http://refhub.elsevier.com/S2473-9529(23)00430-5/sref57
http://refhub.elsevier.com/S2473-9529(23)00430-5/sref57
http://refhub.elsevier.com/S2473-9529(23)00430-5/sref58
http://refhub.elsevier.com/S2473-9529(23)00430-5/sref58
http://refhub.elsevier.com/S2473-9529(23)00430-5/sref59
http://refhub.elsevier.com/S2473-9529(23)00430-5/sref59
http://refhub.elsevier.com/S2473-9529(23)00430-5/sref60
http://refhub.elsevier.com/S2473-9529(23)00430-5/sref60
http://refhub.elsevier.com/S2473-9529(23)00430-5/sref61
http://refhub.elsevier.com/S2473-9529(23)00430-5/sref61
http://refhub.elsevier.com/S2473-9529(23)00430-5/sref62
http://refhub.elsevier.com/S2473-9529(23)00430-5/sref62
http://refhub.elsevier.com/S2473-9529(23)00430-5/sref63
http://refhub.elsevier.com/S2473-9529(23)00430-5/sref63
http://refhub.elsevier.com/S2473-9529(23)00430-5/sref64
http://refhub.elsevier.com/S2473-9529(23)00430-5/sref64
http://refhub.elsevier.com/S2473-9529(23)00430-5/sref65
http://refhub.elsevier.com/S2473-9529(23)00430-5/sref65

	Targeted therapy with nanatinostat and valganciclovir in recurrent EBV-positive lymphoid malignancies: a phase 1b/2 study
	Introduction
	Methods
	Statistical methods

	Results
	Patients
	Phase 1b: determination of RP2D
	Safety
	Efficacy
	PK and exploratory end points

	Discussion
	Authorship
	References




