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Background: Extranodal natural killer/T-cell lymphoma (ENKL) is a rare subtype

ofmature T and natural killer cell lymphomas associated with Epstein-Barr virus.

Case: A 20-year-old presented with severe neurological symptoms and was

diagnosed with stage IV ENKL, nasal type, with CNS involvement. Overall, the

patient received nine treatment lines, including chemotherapy, craniospinal

irradiation, allogeneic stem cell transplant (alloSCT), donor lymphocyte

infusions, and novel agents (Nivolumab, Daratumumab, Thalidomide,

Lenalidomide, virus-specific T cells) combined with intrathecal chemotherapy.

The treatment effect was evaluated in both blood and CSF (cerebrospinal fluid).

First-line SMILE chemotherapy resulted in systemic and CNS remission. Later

Cytarabine-based chemotherapy and Daratumumab combination helped to

reinduce remission before alloSCT.

Conclusion: We show that efficacy monitoring should include both blood and

CSF analysis. High-dose Cytarabine-based chemotherapy in combination with

Daratumumab and intrathecal chemotherapy may be considered as salvage

CNS-directed therapies. We add to existing limited data that Daratumumab

penetrates the blood-brain barrier.
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Introduction

Extranodal natural killer/T-cell lymphoma (ENKL), nasal type, is a rare

subtype of mature T and natural killer cell lymphomas which is associated

with Epstein-Barr virus (EBV) (1). ENKL comprises only 1% of all lymphomas

in Western countries (2), and only 3% of all ENKL cases are associated with central

nervous system (CNS) involvement (3).
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Due to the expression of P-Glycoprotein by ENKL cells, non-

anthracycline based chemotherapy in combination with

radiotherapy remains the standard of care, however,

subsequent treatment lines are poorly described (1). Even

less data are available regarding therapeutic approaches

when extensive CNS involvement is present due to

variable ability to cross the blood-brain barrier (BBB).

Therefore, relapsed or refractory (R/R) ENKL involving

CNS usually leads to an unsatisfactory prognosis (1).

Herein we describe a case of highly resistant ENKL with

extensive CNS involvement treated with nine different

treatment lines including chemotherapy, radiotherapy,

allogeneic stem cell transplantation (alloSCT), and

multiple novel agents. In addition, we demonstrate the

effect of these therapies on both systemic and CNS disease

and provide new insights regarding the treatment of ENKL

with CNS involvement.

Case report

A previously healthy 20-year-old Caucasian female

presented with headache, nausea, vomiting, plegia of

both legs and left arm, urinary and faecal retention,

partial ophthalmoplegia, and hearing impairment in

April 2019. The symptoms had gradually worsened over

2 months.

Head MRI showed diffuse changes bilaterally (Figure 1).

Lumbar puncture was done and showed 1,944,000 EBV

copies/ml and increased cytosis of 2300 × 109/l with 81%

of abnormal lymphoid cells. Flow cytometry results (90% of

aberrant cells in cerebrospinal fluid expressing CD45+,

CD2+, CD8−/+, CD56+, CD38+, CD16−/+, CD94+, CD81+,

HLA-DR+) and sinus biopsy were consistent with a

diagnosis of stage IV ENKL, nasal type, with CNS

involvement.

During the treatment period of 1.5 years, the patient received

nine treatment lines, including SMILE chemotherapy with

following nasal and craniospinal irradiation, alloSCT, and

novel agents (Nivolumab, Daratumumab, Thalidomide,

Lenalidomide, virus-specific T cells) combined with

intrathecal chemotherapy as shown in Figure 2. After the

first line of SMILE chemotherapy with concomitant

intrathecal triplets, the patient’s neurological condition

improved significantly, ophthalmoplegia disappeared

(which resulted in regained vision), hearing improved,

pelvic organ function normalized, she regained full

control of both arms and started walking with some

assistance. Changes in MRI images during various

treatment lines can be seen in Figure 3. Neurological

improvement, with some fluctuation, lasted until the last

month before death due to disease progression in

October 2020.

Discussion

We report an extremely rare case of ENKL with CNS

involvement as the main presentation. Despite the poor

outcome, our efforts resulted in significantly improved

neurological condition and quality of life for 16 months.

Regarding the previously reported CNS ENKL outcomes,

survival of 1.5 years from the diagnosis is one of the best

published results. Previous cases and small studies have

shown survival of only 3–6 months when ENKL presents with

CNS involvement (3, 4). These reports used chemotherapy as the

main treatment approach.

Our case is unique due to the rarity of the disease and

numerous treatment lines used. This case is also the first one

directly comparing different treatment effects on systemic versus

CNS disease.

Monitoring treatment efficacy

It is well known that ENKL is associated with EBV copy

number in blood; therefore, it can be used to evaluate treatment

efficacy (1, 2, 5). We add that EBV CSF counts correlate well with

CSF flow cytometry and may be used for CNS ENKL disease

monitoring (Figure 2). To the best of our knowledge, the use of

CSF EBV counts for disease monitoring has not been described

before. In addition, CSF chimerism after alloSCT is another

useful marker, previously described only for different

diagnostic entities (6, 7).

First-line treatment

Currently, it is thought that the best possible first-line

treatment for ENKL is a combination of non-anthracycline

based chemotherapy and radiotherapy (1). The highest

response rates are seen with SMILE (Dexamethasone,

methotrexate, ifosfamide, L-asparaginase or pegasparaginase,

and etoposide) and a less toxic GDP (Gemcitabine,

Dexamethasone, Cisplatin) regimen (1, 5). We chose SMILE

because methotrexate penetrates BBB well, while agents included

in GDP do not. First-line therapy significantly improved

neurological condition and cleared EBV in both CSF and

blood. During the consolidation with craniospinal irradiation,

blood EBV remained undetectable, however, CSF EBV peaked

with concomitant radiological progression, establishing the R/R

CNS ENKL diagnosis.

Management of R/R ENKL

Options are scarce and ill-defined in R/R ENKL, especially

with CNS involvement.
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Nivolumab
Programmed cell death ligand 1 (PD-L1) is expressed

in >80% of ENKL patients; therefore, immune checkpoint

inhibitors may be a possible treatment option for R/R ENKL

(8). In one study, low-dose Nivolumab (40 mg every 2 weeks) was

used in three patients with R/R ENKL. Two patients responded,

but the last patient with CNS involvement achieved only

radiological disease stabilization (9). A few small studies

demonstrate the efficacy of Pembrolizumab in the R/R ENKL

with 11/14 patients achieving CR/PR (10, 11) Existing literature

demonstrates that Nivolumab crosses BBB (12–14). We

administered standard Nivolumab doses (200 mg every

2 weeks), which has not been previously described in ENKL

(9). Treatment was well tolerated, however, there was no

response in either systemic or CNS disease (Figure 2). This is

possibly due to the lack of PD-1/PDL-1 expression in diagnostic

samples. The relation between the expression of PD1-ligand and

clinical response remains unclear to date (10).

Daratumumab
The rationale to use anti-CD38 antibody Daratumumab is

based on the expression of CD38 in most ENKL cases. Several

case reports and a small phase 2 study demonstrated some

efficacy of Daratumumab in R/R ENKL (2, 15). Our patient

received Daratumumab in combination with DHAP and

intrathecal chemotherapy, which resulted in a good response

before alloSCT. It remains unclear if Daratumumab crosses the

BBB since CNS involvement was an exclusion criterion in the

registration studies (16). Interestingly, our patient lost

CD38 expression in the CSF after several Daratumumab

infusions, possibly indicating the ability of Daratumumab to

cross the BBB. This finding had also been reported in a single

multiple myeloma patient (16). After the loss of CD38,

Daratumumab became ineffective in controlling the disease

(Figure 2). Overall, Daratumumab either alone or in

combination with systemic chemotherapy may be used for

salvage therapy even if CNS is the main affected site in

ENKL, though monitoring of the CD38 expression is

recommended.

DHAP
Cisplatin/Carboplatin containing regimens (GDP, ESHAP,

DeVIC, etc.) are usually recommended for treating R/R ENKL

(1). We chose the less-used DHAP (Cytarabine, Cisplatin, and

Dexamethasone) regimen due to the ability of high-dose

Cytarabine to penetrate into the CNS (17). The combination

FIGURE 1
T2 FLAIR MR images show hyperintense right corticospinal tract (A), corona radiata, frontal and parietal lobes signal (B), corpus callosum dorsal
parts (C), cerebral peduncular, and hemisphere white matter (D,F). Contrast-enhanced T1-weighted axial MR image shows no visible contrast
enhancement or intraaxial changes (E). Diffusion-weighted axial MR images show slightly restricted diffusion (G). Contrast-enhanced T1-weighted
axial MR images show enlargement of cranial nerves bilaterally (n.oculomotorius, and n. trigeminus) (H). The differential of these MR findings
included viral encephalitis, demyelinating disease, lymphoma, and leptomeningeal metastases.
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of the backbone DHAP with intrathecal triplets and

Daratumumab resulted in the total elimination of ENKL cells

in the CSF (flow cytometry), blood EBV clearance, and one of the

lowest EBV counts in the CSF throughout the whole course of the

disease. This may indicate the efficacy of Cytarabine in the R/R

CNS ENKL setting.

Immunomodulators—Thalidomide and
Lenalidomide

Immunomodulators deactivate the NF-κB pathogenetic

pathway which is important in ENKL pathogenesis (18). One

study showed that adding Thalidomide to chemotherapy may

increase CR, PFS, and OS in T and NK lymphomas (19). A few

case reports also show positive results achieved with

Lenalidomide monotherapy (20, 21). Thalidomide and

Lenalidomide are known to cross BBB based on previous

primate experimental studies (22) and successful case reports

with multiple myeloma involving CNS (16, 23).

Therefore, after an early relapse post alloSCT, we initiated

Thalidomide in combination with donor lymphocyte infusions

(DLI). Thalidomide was firstly chosen over Lenalidomide due to

a lower risk of GVHD (graft-versus-host disease) and lower risk

of cytopenias. However, Thalidomide was discontinued after

3 weeks due to the increasing EBV counts. Two months later

FIGURE 2
Treatment regimens given to the patient and treatment effect on: (A) CNS disease. Evaluated as—EBV copy number in CSF (cerebrospinal fluid),
percent of ENKL cells in CNS flow cytometry, percent of recipient chimerism in CSF (after alloSCT). Everymeasurement point of CSF analysis was also
intrathecal prophylaxis with chemotherapeutic agents. (B) Systemic disease. Evaluated as—EBV copy number in blood, percent of recipient
chimerism in the blood (after alloSCT). SMILE, Etoposide, Ifosfamide, Methotrexate, Dexamethasone, and Peg-asparaginase; Radiotherapy,
nasal and craniospinal irradiation; DHAP, dexamethasone, cytarabine and cisplatin; alloSCT, allogeneic stem cell transplantation; DLI, donor
lymphocyte infusion; VST, virus-specific T cells; MRI, head magnetic resonance imaging.
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we added Lenalidomide. Despite the decrease of the EBV counts,

Lenalidomide was stopped after 3 weeks due to the rapid onset of

Grade 4 acute gastrointestinal and liver GVHD. Overall,

immunomodulators may have a role in CNS ENKL. While

Lenalidomide has stronger immunomodulatory properties

than Thalidomide, the higher risk of myelosuppression and

GVHD in the post alloSCT setting must be considered.

autoSCT/alloSCT
Current guidelines favour the use of autologous SCT as front-

line consolidation therapy for disseminated ENKL, whereas

alloSCT is mainly performed in the R/R ENKL setting

providing long-term remission in some patients (1). At the

time of alloSCT our patient had R/R disease and available

matched related donor, therefore, we performed an alloSCT

using reduced intensity conditioning with Fludarabine/

Cyclophosphamide/ATG + high-dose Cytarabine. It is

debatable whether the myeloablative conditioning with CNS

penetrating agents Busulphan and Thiotepa would have

eradicated the residual CNS disease, but the patient’s

condition was unsuitable for a more intensive conditioning

regimen at that moment.

VST
EBV-associated malignancies usually express latent membrane

proteins (LMPs) that are targeted by VST (virus-specific T cells).

Several small studies have reported durable ENKL remissions after

VST therapy, nevertheless, none of the patients had CNS

involvement (1). McLaughin et al. (24) suggest the rationale to

VST as maintenance rather than an active therapy for relapsed

disease. The efficacy of VST as a CNS-directed therapy remains

unknown, as only a few case reports demonstrated positive results in

FIGURE 3
Follow-up MRI scans during different periods of treatment. (A) T2 FLAIR, DWI, contrast-enhanced T1 axial MR images at the level of basal
ganglia. (B) T2 FLAIR, DWI, contrast-enhanced T1 axial MR images at the level of frontal horns of the lateral ventricles. 05 April 2019 PrimaryMRI scan.
12 June 2019 MRI follow-up examination after completion of first-line chemotherapy shows revisal of the hyperintensity lesions in the right parietal
lobe, corpus callosum, and corona radiata. 01 August 2019 MRI follow-up examination demonstrates the progression of the lesion in the right
parietal lobe. No additional lesions were found. 28 January 2020 MRI follow-up examination demonstrates enlarged enhancing lesion of the dorsal
part of the corpus callosumwith restricted diffusion. 10 August 2020MRI follow-up examination demonstrates T2 hyperintense contrast-enhancing
masses of the dorsal part of corpus callosum extending to basal ganglia with significantly restricted diffusion, perifocal edema, and compression of
the ventricle system.
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patients with progressive multifocal encephalopathy (25). Our

patient received three VST infusions without significant response

or toxicity. The lack of efficacy may be attributable to the imperfect

VST penetration into CSF, or the fact that we used it for a relapsed

disease instead of as a form of maintenance.

DLI
Efficacy data of systemic DLIs for CNS haematological

malignancies are lacking (26). In our case, systemic DLIs had

a fast positive effect on systemic disease, with barely any effect on

CNS involvement (Figure 2). Another debatable option is the

CNS-directed intrathecal DLIs. There are 7 case reports with

various CNS relapses demonstrating some efficacy and

acceptable toxicity (6, 7). In addition, three of these cases

presented successful treatment of EBV-associated CNS post-

transplant lymphoproliferative disorder resulting in the

disappearance of all radiological lesions, EBV clearance, and

clinical improvement (7). Due to the technical difficulties and

the high risk of GVHD we did not use intrathecal DLIs.

Nevertheless, this approach may be considered in the post-

alloSCT patients in case of CNS relapse.

Conclusion

ENKL with CNS involvement is a rare and aggressive disease.

Limited data exist on the efficacy of various treatment entities

especially with CNS disease in relapsed/refractory setting. To the

best of our knowledge, this is the first case directly comparing

nine different treatment lines (chemotherapy, radiotherapy,

alloSCT, and multiple novel agents) efficacy on both systemic

and CNS disease. We show that treatment efficacy monitoring

should include CSF flow cytometry, EBV copy number, and

donor/recipient chimerism (post alloSCT) in both blood and

CSF. High-dose Cytarabine-based chemotherapy in combination

with Daratumumab and intrathecal chemotherapy may be

considered as salvage CNS-directed therapies. We add to

existing limited data that Daratumumab penetrates the blood-

brain barrier. More studies are needed to define the best

approach in this rare, high-risk disease.
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