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Abstract

Discovering prognostic factors that simultaneously describe tumor characteristics and improve risk 

stratification is a priority in cutaneous T-cell lymphoma (CTCL). More than a third of advanced 

stage CTCL patients in this cohort had detectable cell free plasma Epstein–Barr virus (EBV)-DNA 

(pEBVd) using quantitative real-time polymerase chain reaction. An increased level of pEBVd 

was highly concordant with EBV (ie, Epstein–Barr virus RNAs) in tumor tissue and was 

associated with inferior survival.

Introduction—Outcomes in advanced stage (AS) cutaneous T-cell lymphomas (CTCL) are poor 

but with great variability. Epstein–Barr virus (EBV) is associated with a subset of non-Hodgkin 
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lymphomas. Frequency of plasma EBV-DNA (pEBVd) detection, concordance with EBV RNA 

(EBER) in tumor tissue, codetection of plasma cytomegalovirus DNA (pCMVd), and prognostic 

effect in AS CTCL are unknown.

Patients and Methods—Patients (n = 46; 2006–2013) with AS CTCL (≥IIB) were 

retrospectively studied. pEBVd and pCMVd were longitudinally measured using quantitative real-

time polymerase chain reaction. EBER in situ hybridization (ISH) was performed on tumor 

samples. Survival from time of diagnosis (ToD) and time of progression to AS was assessed.

Results—Plasma EBV-DNA and pCMVd were detected in 37% (17 of 46) and 17% (8 of 46) of 

AS CTCL patients, respectively. pCMVd detection was significantly more frequent in pEBVd-

positive (pEBVd+) than pEBVd− patients (35% vs. 7%; P = .038). Tumor tissue for EBER-ISH 

was available in 14 of 17 pEBVd+ and 22 of 29 pEBVd− patients; 12 of 14 (85.7%) pEBVd+ 

patients were EBER+ versus 0 of 22 pEBVd− patients. Frequency of large cell transformation 

(LCT) tended to be greater in pEBVd+ patients, but was not significant (10 of 14 pEBVd+ vs. 10 

of 23 pEBVd−; P = .17). No notable differences in rates of increased levels of serum lactate 

dehydrogenase (LDH) were observed (17 of 17 pEBVd+ vs. 27 of 29 pEBVd−). pEBVd detection 

was associated with significantly worse survival from ToD (P = .021) and time of progression to 

AS (P = .0098).

Conclusion—Detection of cell-free plasma EBV-DNA was highly concordant with the presence 

of EBERs in tumor tissue, predicted survival independent of LDH and LCT, and should be further 

studied as a biomarker in AS CTCL.

Clinical Practice Points

Biomarker; CTCL; EBV; Mycosis fungoides; MF; biomarker

Introduction

Cutaneous T-cell lymphomas (CTCLs) are a heterogeneous group of extranodal non-

Hodgkin lymphomas of mature T cells. The most common types of CTCL (approximately 

70%) are mycosis fungoides (MF) and Sezary syndrome (SS). MF is characterized by an 

indolent course, generally with a stepwise progression toward greater tumor burden in the 

skin, followed in some cases by extracutaneous dissemination and rarely evolution to SS.1 

SS is characterized by erythroderma, lymphadenopathy, and circulating clonal atypical T 

cells. Evolution from MF to SS, and vice versa, is infrequent but well documented and this 

clinical plasticity is reflected by a substantial molecular overlap.2

Survival in MF/SS is strongly influenced by stage (Supplemental Tables 1 and 2 in the 

online version).3 Patients with “early stage” (stages IA–IIA) have a low tumor burden in the 

skin, with superficial patches or plaques, and an expected survival of >10 years.4–7 Patients 

with “advanced stage” (AS; stages ≥ IIB, including SS) have skin tumors, erythroderma, 

and/or extracutaneous involvement, and a poor, albeit variable, median survival of <5 

years.4–7 Factors responsible for variability within AS CTCL are not well known.8 Although 

survival outcomes are generally assessed on the basis of stage at diagnosis, the chronic and 

recurring natural history of MF/SS implies that stage, insofar as it is used as a reflection of 

tumor burden, is also a time-dependent covariate, and the same might be true for other 
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prognostic factors. The identification of new variables that predict outcome independent of 

or better than stage alone, is an important priority.9

Epstein–Barr virus (EBV) and cytomegalovirus (CMV) are ubiquitous human herpesviruses 

that infect leukocytes and are characterized by a biological cycle of primary infection, 

latency, and lytic reactivation.10,11 EBV is associated with a broad variety of 

lymphoproliferative disorders.12 EBV-associated cancers are canonically identified on the 

basis of the detection of EBV-encoded RNA (EBER) in tumor tissue using in situ 

hybridization (ISH).12 In some EBV-associated lymphomas, detectable cell-free plasma 

EBV-DNA (pEBVd) is prognostic and a biomarker of disease status.13–15 A number of 

groups have looked for the presence of EBV in the skin and blood of CTCL patients, mostly 

in small series, using different methodologies, with conflicting results.16–38 In the largest 

study,39 conducted in a cohort of patients of all stages, Novelli et al observed that detection 

of EBV-DNA using quantitative real-time (qRT)-polymerase chain reaction (PCR) in 

lesional skin and/or peripheral blood mononuclear cells (PBMCs) predicted a worse survival 

compared with EBV-negative patients.38 No follow-up study to confirm and expand these 

observations has been published.

In light of the conflicting literature about the presence and clinical effect of EBV in CTCL 

and need for better risk stratification in AS CTCL, we conducted a retrospective study of 

longitudinal pEBVd monitoring in AS CTCL patients at The Ohio State University (OSU). 

We also explored plasma CMV-DNA (pCMVd) as a surrogate marker of impaired immune 

surveillance, especially treatment-related. The primary objectives of this study were: (1) to 

estimate the frequency of pEBVd detection in AS CTCL patients; (2) to assess concordance 

between pEBVd and EBER in tumor tissue; and (3) to estimate the possible prognostic 

effect of detectable pEBVd.

Patients and Methods

Patient Selection and End Points

Numerous instances of detectable pCMVd and/or pEBVd in patients with T-cell lymphoma 

prompted us to integrate the measurement of pEBVd and pCMVd in parallel via qRT-PCR 

in the OSU Clinical Laboratory Improvement Amendments (CLIA)-approved molecular 

microbiology laboratory as a standard of care for patients with T-cell lymphoma. pEBVd 

and pCMVd are measured at each follow up, before initiation of new systemic therapies, and 

also when clinically indicated. Detection of pEBVd or pCMVd prompts a clinical 

assessment of the patient, but in a non-transplant setting antiviral therapy is initiated only in 

the presence of symptomatic infection, without predefined cut off values for therapy. Data 

from the electronic medical record (EMR) were reviewed, and patients with AS CTCL 

(≥IIB) who were followed at OSU James Cancer Hospital between November 1, 2006 and 

October 24, 2013 were identified. Patients who had at least 1 paired pEBVd and pCMVd 

measurement at any time after having reached stage ≥ IIB and a pathologically confirmed 

diagnosis of CTCL according to World Health Organization-European Organization of 

Research and Treatment of Cancer (EORTC) criteria, were included in the analysis.40,41 

Pathology was reviewed in all cases by 1 of the authors (A.A.G.). Stage was defined 

according to the tumor-node-metastasis-blood (TNMB) classification, as modified by the 
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International Society for Cutaneous Lymphomas (ISCL)/EORTC.3 Time of diagnosis (ToD) 

was defined as the date of the first skin biopsy showing a diagnosis of CTCL. Time of 

progression to AS (ToAS) was defined as the date when the patient was first documented to 

have stage ≥ IIB. Disease progression post-ToAS was defined as any disease-specific event, 

such as the development of new cutaneous, nodal, or visceral disease, or an increase in blood 

stage (ISCL B0–2) that necessitated a change in systemic therapy. Dates of death were 

confirmed using our institutional EMR as well as the Social Security Death Index. The OSU 

institutional review board approved the analysis of patient clinical course, outcomes and 

laboratory studies (2013C0125). Supplemental methods describes plasma EBV and CMV 

DNA quantification by qRT-PCR and EBER in situ hybridization testing on tissue 

specimens.

Statistical Analysis

Epstein–Barr virus RNA, pEBVd, and pCMVd status were calculated as dichotomous 

outcomes of positive versus negative. Clinical characteristics and outcomes as well as the 

markers of interest were all descriptively summarized over the entire cohort as well as within 

subgroups of interest. Differences in rates between groups (eg, pEBVd-positive [pEBVd+] 

vs. pEBVd−) were calculated using Fisher exact test. Differential distributions in continuous 

measures between groups were calculated using Wilcoxon rank sum tests. Concordance 

between EBER and pEBVd status was assessed using the McNemar test for paired data. The 

primary clinical outcome of interest was overall survival (OS), where this was defined in 2 

ways: from the ToD and from the ToAS. Because 1 of our goals was to further stratify AS 

patients and better clarify prognosis for this patient population, our primary focus was on OS 

from ToAS. For all OS analyses, an event was defined as death from any cause; data for 

patients alive at last follow-up were censored at that time point. Kaplan–Meier analyses and 

Log-rank statistics were used to evaluate and compare survival differences between groups 

of interest. Because of the limited number of deaths, multivariable Cox regression analyses 

were restricted to two-covariate models and were seen as exploratory. Statistical significance 

was defined as P < .05. SAS version 9.3 for Windows (SAS Institute Inc) was used for these 

analyses.

Results

Patient Characteristics and pEBVd and pCMVd Measurements

Of a total of 59 AS CTCL patients (stage ≥ IIB) entered in the OSU database between 2006 

and 2013, 46 patients had at least 1 set of pEBVd and pCMVd measurements obtained using 

qRT-PCR during the longitudinal observation period of this study (Figure 1). Thus, 46 

patients were assessable for the key primary objective (ie, to determine the number of 

instances of detection of increased levels of pEBVd in the study population at any time 

during the course of their disease). Any episode of pEBVd detection was scored as pEBVd+ 

even if detection occurred only once during the entire longitudinal observation time.

Demographic and clinical features of the entire cohort and of the pEBVd+ and pEBVd− 

subsets are listed in Table 1. Most patients (42 of 46) had MF or SS, whereas 4 were 

diagnosed with other types of CTCL but had a disease course clinically indistinguishable 
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from MF. One was diagnosed with primary cutaneous CD4+ medium/small-sized T-cell 

lymphoma, and 3 were diagnosed with peripheral T-cell lymphoma but had only skin and 

superficial lymph node involvement. No patient had features of extranodal natural killer 

(NK)-/T-cell lymphoma. Of the study cohort, 21 patients (47%) had AS disease at the time 

of initial diagnosis (Table 1). The remaining 24 patients (53%) initially presented with early 

stage disease (<IIB), but subsequently progressed to AS. Median age of the patients at ToD 

was 63 (range 29–89) years and 27 (59%) were male. Median time from ToD to ToAS was 

32 (range 0–171) months, but was skewed by the 21 (47%) diagnosed with AS. Serological 

status for CMV was available in 59% of the patients (27 of 46) and 21 (78%) were 

seropositive. Patients were heavily pretreated with a variety of skin-directed and systemic 

therapies (Table 1 and Supplemental Table 3 in the online version). The median number of 

systemic regimens was 3 (range, 0–9). Median follow-up for the entire cohort was 55 

months (range, 6–302 months) and at the time of these analyses 14 patients had died.

As stated, there was no formal schedule for pEBVd testing. The frequency and longitudinal 

duration of pEBVd testing for each patient varied, ranging from weekly (during 

alemtuzumab therapy) to every 2 to 3 months (during surveillance). As expected, there were 

more measurements in the pEBVd+ cohort (median, 17; range, 7–35) compared with the 

pEBVd− cohort (median, 11; range, 1–65); however, even patients who repeatedly tested 

negative for pEBVd continued to have longitudinal measurements for the duration of the 

observation time. Overall, with a median of 13 pEBVd measurements per patient (range, 1–

65), 17 of 46 patients (37%) had at least one instance of detectable pEBVd whereas 29/46 

(63%) never had detectable pEBVd. In the pEBVd+ cohort, the median number of pEBVd+ 

measurements was 2 (range, 1–8) and the median pEBVd viral load was 4773 copies/mL 

(range, 1500–111,035 copies/mL). There were no significant differences between the 

pEBVd+ and pEBVd− cohorts with regard to age, sex, subtype of CTCL, stage, number of 

previous treatments, frequency of increased levels of lactate dehydrogenase (LDH), and 

large cell transformation (LCT; Table 1).

Exposure to chemotherapy, T–cell-depleting monoclonal antibodies, and epigenetic agents 

are known to affect viral latency and induce lytic reactivation of EBV and CMV.42,43 

Therefore, we looked at previous therapy in relation to time of first measurable pEBVd to 

estimate if detection of pEBVd might be treatment-related. Supplemental Table 3 (in the 

online version) shows systemic therapies received in the pEBVd+ cohort before the first 

measurable pEBVd compared with the EBV− cohort. In the entire cohort, 15 patients 

received alemtuzumab and 21 received histone deacetylase inhibitor (HDACi), of which 8 of 

15 and 10 of 21, respectively, were pEBVd+ (Table 1). However, pEBVd detection predated 

exposure to alemtuzumab in 2 of 8 and to HDACi in 4 of 10 (Supplemental Figure 1 in the 

online version).

Because pCMVd was measured in parallel with pEBVd we explored CMV viremia as a 

surrogate marker of immune competence, in particular in relation to alemtuzumab therapy, 

which often leads to CMV reactivation. Of the entire AS CTCL cohort, only 8 of 46 (17%) 

had detectable pCMVd, although a significantly higher percentage of pEBVd+ than pEBVd− 

patients had detectable pCMVd (N = 6; 35% vs. N = 2; 7%; P = .038; Table 1). The pCMVd 

viral load ranged from 284 to 27,872 copies/mL (median, 1024 copies/mL; upper limit of 
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normal [ULN] <250 copies/mL). Of the pEBVd+ patients who were pCMVd+, 4 of 6 were 

treated with alemtuzumab and had synchronous pEBVd and pCMVd detection. In summary 

(Supplemental Figure 2 in the online version), although more than 50% (9 of 17) of the 

pEBVd+ patients were alemtuzumab-naive, only 22% (2 of 8) of the pCMVd+ patients were 

alemtuzumab-naive. Although the numbers are small and the data set is incomplete, these 

data suggest a degree of discordance between detection of pEBVd versus pCMVd, at least in 

relation to alemtuzumab exposure, which might reflect different mechanisms of release of 

pEBVd and pCMVd and needs to be further explored.

Concordance Between pEBVd and EBER

To assess the concordance between detectable pEBVd and EBER in tumor tissue, EBER-

ISH was performed on all patients who had tumor samples available for analysis at any time 

(n = 14 of 17 pEBVd+; n = 22 of 29 pEBVd−). Overall, 50 tumor samples from the 36 

patients were available for EBER-ISH analysis (46 skin, 3 lymph node, and 1 lung). In the 

pEBVd+ cohort, there were a total of 28 EBER-assessable samples from 14 patients, 

acquired at different times during the observation period. We observed that 16 of 28 samples 

(57%) from the pEBVd+ group were EBER+ (12 skin, 3 lymph node, and 1 lung). In the 

pEBVd− cohort, there were a total of 22 samples from 29 patients, acquired at different 

times during the observation period, and none were EBER+. Thus, in summary, 12 of 14 

pEBVd+ patients (85.7%) were EBER+ versus 0 of 22 pEBVd− patients. With regard to the 

degree of positivity for EBER-ISH, 10 samples were 1+ (9 skin and 1 lymph node), 2 were 

2+ (1 skin and 1 lung), and 4 were 3+ (2 skin and 2 lymph node). There was a trend for 

higher pEBVd levels in patients with ≥2+ EBER-ISH (for definition of EBER 1+, 2+, and 

3+, see Supplemental Figure 3 in the online version).

These results show a high level of concordance between pEBVd and EBER status, with 12 

(86%) of the 14 EBER-assessable, pEBVd+ patients had at least 1 EBER+ sample. 

Specificity for this cohort was 100%, in which none of the patients classified as pEBVd− 

were EBER+. There are some caveats with this assessment in that the number of samples 

analyzed per patient was more limited in the pEBVd− cohort and the tissue analyzed for 

EBER was not always obtained at the same time as the pEBVd measurements. Regardless, 

there was still a high level of concordance between these 2 markers (McNemar test P = .48), 

with only 2 patients who had discordant results (pEBVd+ but EBER−). Despite the 

variability in timing, our data indicate that pEBVd and EBER positivity are highly 

concordant markers in AS CTCL.

Effect of pEBVd on Outcome

Since discovering prognostic factors with more discriminating power than stage alone is a 

priority in CTCL, one of the goals in this study was to ask whether pEBVd was prognostic 

for survival invariant of stage, and specifically if it provided further prognostic insight within 

those classified as. Therefore, we focused our multivariable analyses only on patients with 

AS CTCL (≥IIB), and evaluated the potential utility of pEBVd as a prognostic marker in 

relation to other putative prognostic factors such as LCT and increased levels of serum LDH 

after controlling for stage. In the 46 AS CTCL patients, pEBVd positivity was significantly 

associated with worse OS from ToD (P = .021) and from ToAS (P = .0098; Figure 2). With a 
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median follow-up of 35.2 months from ToAS and 14 deaths reported to date, the estimated 

2-year, 3-year, and 4-year OS rates from ToAS for pEBVd+ patients were 69.7%, 61.9%, 

and 44.2%, respectively, versus 87.7%, 81%, and 81%, respectively, for the pEBVd− 

patients.

No notable differences in rates of increased levels of serum LDH were observed (17 of 17 

pEBVd+ vs. 27 of 29 pEBVd−). Having observed that detectable pEBVd was highly 

concordant with EBER in AS CTCL and that pEBVd detection identified a poor-risk subset, 

we asked if pEBVd might be associated with LCT. Sixty-two tumor samples from 37 

patients (14 pEBVd+ and 23 pEBVd−) were available and were examined for the presence of 

LCT. Ten of 14 (71%) pEBVd+ patients had evidence of LCT compared with 10 of 23 (43%) 

pEBVd− patients (P = .17). We did not see significant differences in OS in the subset of AS 

CTCL patients (N = 20, 54%) with LCT (P = .20). Because CD30 is often associated with 

LCT and is upregulated in EBV-infected cells, we evaluated CD30 expression in 40 

available samples from 32 patients (12 pEBVd+, 20 pEBVd−). Overall, approximately half 

of the samples analyzed had CD30+ cells, with no notable difference between pEBVd+ and 

pEBVd− cases. In the pEBVd+ subset, CD30 was detected only in EBER+ samples with 

concomitant LCT, and was expressed by large atypical T-cells in 4 cases (representative case 

shown in Figure 3).

Finally, we explored the possible role of pEBVd as an indicator of disease activity. The 

display of longitudinal pEBVd measurements in a subset of patients (Figure 4 and 

Supplemental Figure 1 in the online version) shows that pEBVd corresponded to periods of 

disease activity, with detection around the time of progression and lack of detection during 

response, with a trend for higher pEBVd levels in the setting of blood and nodal 

involvement. This supports prospective study of pEBVd as a prognostic and predictive 

biomarker.

Discussion

In the search for new prognostic markers in CTCL, we studied the frequency of plasma cell-

free EBV-DNA (pEBVd) detection and association with outcomes in a cohort of AS CTCL 

patients. Our emphasis on pEBVd, as opposed to EBER, derives from the fact that peripheral 

blood is a more practical and adaptable biosample for longitudinal biomarker studies. An 

easily attainable prognostic marker provides opportunity to identify patients in transition 

from a period of indolent disease to an aggressive AS disease. The selection of plasma 

versus PBMC to measure EBV-DNA levels is justified by studies showing that the latter 

does not correlate well with EBER-ISH, disease burden, or prognosis in other EBV-

associated neoplasms.14,44–46

In our retrospective study, we show that more than a third (N = 17, 37%) of the 46 patients 

in this AS CTCL cohort had increased levels of pEBVd and often at multiple time points 

(median, 2; range, 1–8). The detection of pEBVd was associated with worse OS from ToD 

(P = .021) and ToAS (P = .0098), differentiating prognosis independent of LDH and better 

than LCT. The difference in outcome for the 2 groups is remarkable: the 4-year OS from 

ToAS for pEBVd− patients was nearly double that of pEBVd+ patients (81% vs. 44.2%). We 
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showed concordance between EBER and pEBVd, suggesting that detection of pEBVd 

reflects the presence of EBV in tumor tissue; in light of the availability of EBV-targeting 

therapies, pEBVd monitoring could have a significant clinical effect. To our knowledge, this 

is the largest study to analyze the association between EBV and AS CTCL and the first to 

longitudinally assess pEBVd. Despite the limitations of the 2-covariate model (LDH and 

LCT), our data suggest that pEBVd is a candidate as an independent prognostic marker in 

AS CTCL. Interestingly, the highest levels of pEBVd, and stronger EBER positivity, were 

observed in the setting of blood and nodal involvement and appeared to coincide with 

disease progression. pEBVd might, therefore be a marker of extracutaneous and visceral 

progression in CTCL and identify patients transitioning to an “accelerated” phase.

Our results advance the observations made by Novelli et al39 and offer some perspective on 

the conflicting reports about EBV and CTCL in the literature. The longitudinal analysis 

shows that pEBVd is a time-dependent covariate in CTCL and the level might be increased 

or undetectable at different time points in the same patient during the course of AS disease. 

A similar phenomenon was also observed by Kanakry et al in pEBVd+ Hodgkin’s 

lymphoma patients, where a small subset was negative at diagnosis but positive at 6 

months.14 Thus, the acquisition time of blood and tissue samples from CTCL patients, in 

relation to stage, disease progression and therapy is important in determining whether EBV 

(EBER or pEBVd) will be detected. To our knowledge, this is also the first study to 

longitudinally measure pEBVd and pCMVd in AS CTCL in parallel. The main goal of the 

CMV analysis was to provide context to the pEBVd data by offering a surrogate view of 

immune surveillance against a related human herpesvirus in the same patient. Despite 

similarly high CMV seroprevalences in the pEBVd+ (71%) and pEBVd− (85%) subsets, 

most of the pEBVd+ patients did not have detectable pCMVd and only 8 (17%) patient in 

the entire cohort had increased levels of pCMVd, suggesting a more frequent association 

with EBV.

A number of weaknesses limit the value of this study to hypothesis generation. The lack of a 

standardized sampling schedule for pEBVd measurements prevents conclusive inferences 

about the relationship with EBER status and clinical end points. The multivariable Cox 

regression modeling of pEBVd as an independent prognostic factor was restricted to 

evaluation in 2-covariate models (adjusting for LDH and LCT). The significance of defining 

pEBVd status as a binary value (pEBVd+ vs. pEBVd−) on the basis of the detection of 

pEBVd above a CLIA-approved threshold at a single time point over a prolonged 

observation time can be questioned, although in most cases there was more than 1 

occurrence. Lastly, all patients in this study were heavily pretreated, therefore we were not 

able to rigorously asses the effect of therapy on pEBVd and ascertain whether differences 

might exist in the frequency of pEBVd detection between AS CTCL patients and 

appropriate control subjects, including those with early stage CTCL. It should be noted, 

however, that even if pEBVd was to be detected in control groups, it would not disprove our 

current hypothesis, which is that pEBVd distinguishes subsets with different outcome within 

AS CTCL, and not that pEBVd is a specific marker for AS CTCL.

Although detection of increased pEBVd levels in AS CTCL might have prognostic value 

regardless of the specific mechanisms leading to its increase, we did not address the issue of 
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latency and lineage of the EBV-infected cells, which are critical to understand if the virus is 

a true tumor marker or simply reflects lytic reactivation secondary to immune suppression. 

These questions cannot be addressed by the quantitative measurement of pEBVd alone. It is 

well known that in some EBV-associated cancers, detectable pEBVd (colloquially known as 

“viral load”) reflects a degree of lytic EBV reactivation and release of intact infectious 

particles, and in others it is predominantly because of shedding of cell-free, tumor-associated 

EBV-DNA fragments from latently infected, neoplastic cells. The former is typically seen 

with florid immune deficiency, as in post-transplant and HIV-associated lymphomas. The 

latter is seen in nasopharyngeal carcinoma and EBV-associated Hodgkin lymphoma. In 

many EBV-associated neoplasms, including CTCL and other T-/NK-cell lymphomas, the 

latency type, the cellular sources, and the process by which EBV-DNA is released into the 

plasma are unknown. Unfortunately, because of limitations of available biospecimens we 

were unable to investigate this further in our AS CTCL cohort.

In conclusion, pEBVd was detected in more than a third of AS CTCL patients and was 

associated with significantly worse survival, independent of LDH and LCT. Even if the 

prevalence and clinical effect of pEBVd detection are confirmed, a number of challenges 

remain. Although the association between lymphoma and EBV is relatively well understood 

in B-cell lymphomas, the role of EBV in hematologic neoplasms derived from cell types that 

are not the virus’ natural reservoir remains unclear.47 The rate of infection, the 

transcriptional programs, and the effect of EBV on the tumor microenvironment in T-/NK-

cell lymphomas are unknown. In that regard, methodologies to address questions about 

latency and disease burden in the same biospecimen would represent an important 

innovation. Finally, it is possible that most, if not all, of the EBV-infected cells detected in 

T-/NK-cell lymphomas are B cells rather than T cells.48 Some have suggested that tumor-

infiltrating B cells might have a role in sustaining the growth and survival of neoplastic T 

cells in CTCL; B cell depletion with anti-CD20 monoclonal antibodies was shown to have 

clinical benefit in a small number of patients.49 Although pEBVd and EBER status were not 

assessed in those patients, these observations highlight the value of characterizing the 

interplay between B cells, neoplastic T-cells, and EBV in the tumor microenvironment of 

T-/NK-cell lymphomas.

Conclusions

Improved risk stratification is needed in AS CTCL. Easily attainable biomarkers that define 

risk groups independent of stage and at the same time identify patients who might benefit 

from specific therapies would be ideal. The EBV causes B-cell lymphoma in immune-

suppressed as well as in immune-competent patients, is the target of increasingly effective 

treatment strategies, and is found in a variable subset of patients with T-/NK-cell 

lymphomas. We observed that the level of pEBVd was measurably increased in 

approximately a third of patients with AS CTCL, was highly concordant with EBV (EBER) 

in tumor tissue (skin and lymph nodes), and was increased in active disease. Furthermore, 

survival was worse in the patients identified as being pEBVd+ independent of LDH and 

better than LCT. These data support further study of pEBVd as a potential biomarker for risk 

stratification, disease monitoring, and targeted therapy in AS CTCL.
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Clinical Practice Points

• Although the prognosis of patients with AS CTCL is poor, compared 

with those with early stage disease, there is significant variability in 

survival. Easily attainable biomarkers that define risk groups 

independent of stage are needed.

• A number of groups have looked for the presence of EBV in the skin 

and blood of patients with CTCL, mostly in small series, using 

different methodologies, and with conflicting results. Previous studies 

also suggest a worse survival in EBV+ patients and that detection of 

EBV-DNA is more common in patients with AS disease.

• We observed that the level of pEBVd was increased in approximately a 

third of patients with AS-CTCL (ie, ≥IIB), and was highly concordant 

with EBV (EBER) in tumor tissue (skin and lymph nodes), and was 

increased during active disease.

• Survival was twice as short in AS CTCL patients with increased levels 

of cell free plasma EBV-DNA and was independently prognostic 

compared with LDH and LCT.

• These data support further study of pEBVd as a potential biomarker for 

risk stratification, disease monitoring, and targeted therapy in AS 

CTCL.
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Figure 1. 
Patient Selection and Study Overview

Abbreviations: AS = advanced stage; CTCL = cutaneous T-cell lymphoma; EBER = 

Epstein–Barr virus RNA; pCMVd = plasma cytomegalovirus DNA; pEBVd = plasma 

Epstein–Barr virus DNA; pts = patients.
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Figure 2. 
Overall Survival From Time of Diagnosis (ToD) and From Time of Progression to Advanced 

Stage (ToAS) Cutaneous T-Cell Lymphoma (ie, ≥IIIB) in Patients With Detectable Plasma 

Epstein–Barr Virus DNA (pEBV+) Compared With Patients With No Detectable Plasma 

Epstein–Barr Virus DNA (pEBVd−)
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Figure 3. 
Skin Biopsy From a Patient With Detectable Plasma Epstein–Barr Virus DNA. Epstein–Barr 

Virus RNA (EBER) In Situ Hybridization Is Positive in Medium and Large Cells, Which 

Are Strong and Diffusely Positive for CD3. Immunohistochemical Stains Also Show a 

Subset of Cells Positive for CD30. CD20 Is Negative in Most of the Lymphocytes, Including 

the EBER-Positive Cells
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Figure 4. 
Patterns of Plasma Epstein–Barr Virus DNA (pEBVd) Detection in Relation to Disease 

Activity In 4 Representative Patients. The X-Axis Is the Time From Diagnosis to Last 

Follow-Up. The Y-Axis Is pEBVd Copies/mL Measured Using quantitative real-time (qRT)-

Polymerase Chain Reaction (Note the Different Y-Axis Ranges). In 14 of 17 Patients With 

Detectable pEBVd (pEBVd+) We Observed Similar Patterns of pEBVd Detection in These 

Examples. These 14 of 17 Patients All Had pEBVd >2000 Copies/mL. The Remaining 3 of 

17 pEBVd+ Patients Had pEBVd Ranges of 1500 to 2000 Copies/mL and the Time of 

pEBVd Detection Did Not Track Disease Activity

Abbreviations: Dx = diagnosis; prog = time of progressive disease defined as measurable 

progression requiring change in therapy (type of progression in parentheses [ie, nodal, tumor 

stage, or to SS (Sezary syndrome)]); ToAS = time of progression to advanced stage.
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Table 1

Patient Characteristics According to pEBVd Status

Characteristic All Patients (n = 46) pEBVd+ (n = 17) pEBVd− (n = 29) Fisher Exact/Rank Sum P

Stage Breakdowna

  IIB 15 (33) 4 (24) 11 (38) .35

  III/IV 31 (67) 13 (76) 18 (62)

Sex

  Male 27 (59) 11 (65) 16 (55) .55

  Female 19 (41) 6 (35) 13 (45)

Median Age at ToD (Range),
Years

63 (29–89) 71 (41–84) 62 (29–89) .14

Initial Diagnosis

  MF 33 (72) 10 (59) 23 (79) .15

  SS 9 (20) 6 (35) 3 (10)

  Other 4 (9) 1 (6) 3 (10)

Stage at ToDb

  <IIB 24 (53) 11 (65) 13 (46) .36

  ≥IIB 21 (47) 6 (35) 15 (54)

Median Time From ToD to
ToAS, Months (Range)

31.5 (0–171) 32.7 (11–171) 18 (0–97) .14

Median OS in Months (Range)

  From ToD 302.5 (68–302) 58 (40–176) 302.5 (NR-NR) .021

  From ToAS 302.5 (42–303) 42.3 (10-NR) 302.5 (NR-NR) .0098

Status at Last Follow-Up

  Death/hospice/advancing
  disease

23 (50) 13 (76) 10 (34) .013

  Stable/no evidence of disease 23 (50) 4 (24) 19 (66)

Elevated LDH Level

  Yes 44 (96) 17 (100) 27 (93) .52

  No 2 (4) 0 2 (7)

Large Cell Transformation

  Yes 20 (54) 10 (71) 10 (43)

  No 17 (46) 4 (29) 13 (57) .17

  Not available 9 3 6

EBER-ISH+

  Yes 12 (33) 12 (86) 0

  No 24 (67) 2 (14) 22 (100) .48

  Not available 10 3 7

Number of pEBVd
Measurements

  Median (range) 13 (1–65) 17 (7–35) 11 (1–65) .043
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Characteristic All Patients (n = 46) pEBVd+ (n = 17) pEBVd− (n = 29) Fisher Exact/Rank Sum P

CMV IgG Serology

  Positive 21 (78) 10 (71) 11 (85) .65

  Negative 6 (22) 4 (29) 2 (15)

  Not tested 19 3 16

pCMVd Detection

  Yes 8 (17) 6 (35) 2 (7) .038

  No 38 (83) 11 (65) 27 (93)

Alemtuzumab Exposure

  Yes 15 (33) 8 (47) 7 (24) .19

  No 31 (67) 9 (53) 22 (76)

HDACi Exposure

  Yes 21 (46) 10 (59) 11 (38) .23

  No 25 (54) 7 (41) 18 (62)

Median Number of Systemic
Treatments (Range)

3 (0–9) 3 (1–9) 3 (0–9) .41

Data are presented as n (%) except where otherwise stated. Significant p-values are italicized.

Abbreviations: CMV = cytomegalovirus; EBER-ISH+ = Epstein–Barr virus RNA detected using in situ hybridization; HDACi = histone 
deacetylase inhibitor; LDH = lactate dehydrogenase; MF = mycosis fungoides; OS = overall survival; pCMVd = plasma cytomegalovirus DNA; 
pEBVd = plasma Epstein–Barr virus DNA; SS = Sezary syndrome; ToAS = Time/date of progression to advanced stage; ToD = Time/date of initial 
diagnosis.

a
Stage breakdown according to tumor-node-metastasis-blood (TNMB) at study entry.

b
One patient had an unclear stage at the time of diagnosis.
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