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T-cell Immunotherapies for Non-Hodgkin’s Lymphoma and Hodgkin’s Disease

While chemotherapy and radiation remain the mainstays in the initial

treatment of Hodgkin’s disease (HD) and non-Hodgkin’s lymphomas (NHL),

patients with relapsed disease or those who fail to enter remission are rarely

cured using these conventional methods.1,2 Therefore, approaches using

adoptive immunotherapies offer attractive alternative options for this

subgroup of patients. While infused monoclonal antibodies have been

proved to offer success as cancer immunotherapies, it is much more difficult

to exploit the equivalent promise of T-cell immunotherapy. This dilemma is

two-fold, comprising the significant time required to generate T cells for

infusion and the relative lack of persistent in vivo expansion of the

adoptively transferred cells, making it difficult to achieve sustained clinical

responses. This article will focus on the T-cell therapies available in the

treatment of multiple-relapsed or refractory lymphomas, and some of 

the strategies in place to overcome these obstacles.

Immunotherapeutic Options

Adoptive T-cell immunotherapy approaches to treating lymphomas have

been evaluated in both the allogeneic and autologous settings. Durable

clinical responses following allogeneic stem cell transplantation (SCT) for

lymphomas imply the presence of a graft-versus-lymphoma (GvL) effect. In

order to facilitate the generation of specific T-cell therapies for lymphomas,

target antigens capable of T-cell recognition must first be identified, such

as viral antigens present on tumor cells, or alloantigens, such as minor

histocompatibility antigens. Thus, T-cell therapies targeting lymphomas can

be divided into two major categories: non-specific T cells, including the use

of unmanipulated donor T cells or autologously non-specifically expanded

T cells; and antigen-directed cytotoxic T cells, including Epstein-Barr virus

(EBV)-specific T cells and chimeric T cells (see Table 1).

Unmanipulated Allogeneic T Cells 

(Donor Lymphocyte Infusion)

Perhaps the best known and most widely utilized form of immunotherapy

for any malignancy is the use of unmanipulated allogeneic T cells,

otherwise known as donor lymphocyte infusions (DLI), following

allogeneic hematopoietic SCT. It is now understood that lymphomas can

be sensitive to the effects of DLI with varying success rates.3–7 In general,

response rates are higher in patients with HD or low-grade lymphoma

than in those with high-grade lymphoma. Unfortunately, DLI is limited by

potentially fatal complications that arise from alloreactive T cells also

present in the lymphocyte infusion,8 as the benefit of any GvL effect is

often directly associated with graft-versus-host disease (GvHD). 

The first reports of successful DLI in lymphoma patients were in those

who developed EBV-post-transplant lymphoproliferative disorder (EBV-

LPD) following allogeneic SCT.9 DLI was ideal in this setting because this

malignancy is normally controlled by an EBV-specific T-cell response.

Since most EBV-seropositive individuals have a high frequency of EBV-

specific precursors, the transfer of unmanipulated DLI should be able to

restore the immune response to EBV. When DLI was used in this setting,

the overall response rate was high, with 20 of 22 patients achieving

complete remissions in one study.10 However, other centers have seen

lower response rates to DLI, possibly reflecting differing patient

populations or suboptimal EBV-specific immune responses in donors.11

There have also been several groups who have used DLI for the treatment of

residual HD or NHL following allogeneic SCT, with better successes reported in

low-grade (over 60%) compared with high-grade lymphomas.3,6,7,12 The

presence of any significant graft-versus-Hodgkin lymphoma activity following

allogeneic SCT has proved difficult to establish, and may be hampered by the

high treatment-related mortality rates in this heavily pre-treated patient

population. However, transplant registry-based studies report that relapse rates

are lower in HD patients who develop GvHD than in those who do not.13,14

Based on this information, Peggs et al. administered DLI to 16 patients

with residual disease or disease progression of HD following a reduced-

intensity conditioning regimen resulting in nine disease responses,

including eight complete responses. However, severe, acute GvHD

developed in six and chronic GvHD in five.4 More recently, Anderlini et al.
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reported a response rate of 44% for nine patients with advanced HD

who received DLI (median CD3+ cell dose, 77.5x106/kg) for persistent or

progressive disease; however, all but one developed GvHD following DLI

and no correlation was observed between CD3+ cell dose and disease

response.15 Further investigations of DLI approaches in lymphomas are

clearly warranted; however, the development of strategies to maximize

efficacy and minimize toxicity is crucial if this therapy is to play a major

role in the treatment of lymphomas.

Autologously Expanded Non-specific T Cells

Enhanced recovery of lymphocyte counts has been correlated with improved

outcome following autologous SCT for both HD and NHL.16 To expand on this

concept, one group recently administered anti-CD3 and anti-CD28 ex vivo

expanded T cells in a dose-escalation study to 16 patients with refractory or

relapsed NHL 14 days after autologous SCT.17 Despite T-cell dysfunction prior

to T-cell infusion, all of the infused T cells had normal function and cytokine

secretion profiles. Clinical responses included four complete remissions, seven

partial remissions, and four with stable disease,17 suggesting that adoptive

transfer of autologous CD3/28-stimulated T cells is feasible in heavily pre-

treated patients with advanced NHL and warrants further study.

Cytokine-induced killer cells (CIK) are a unique population of cytotoxic 

T lymphocytes (CTL) with phenotypic and functional attributes of T and

natural killer (NK) cells. They are a characteristic CD3+ CD56+ phenotype that

have been used in the autologous setting to treat relapse or minimal residual

disease. In a phase I dose-escalation study, nine patients with relapsed HD or

NHL received up to three infusions of autologous CIK, resulting in two partial

responses and one stable disease; however, all clinical responses were only

transient.18 While it is not clear whether this approach will be efficacious in

permitting durable clinical responses of relapsed disease, there may be some

benefit in the setting of minimal residual disease.

Cytotoxic T-lymphocyte Therapies

Epstein-Barr Virus-specific Cytotoxic T-lymphocyte Therapies

Viral-associated tumor antigens have an important role as potential

immunotherapeutic targets because they may have several unique epitopes

that are highly immunogenic targets for a T-cell response. Virus-transformed

tumor cells can express an array of viral antigens to be presented for CTL

recognition, making these cells more susceptible to T-lymphocyte-mediated

immunotherapy than many malignant cells, which may express only small

quantities of a single modified peptide as a CTL target. For example, latent

EBV infection may be associated with a subset of HD, as well as a variety of

NHL, including Burkitt’s lymphoma, NK/T cell lymphoma, and LPD.19–21 Three

distinct types of EBV latency with varying expression of EBV latent proteins

have been characterized. Tumor cells expressing latency type 1, found in EBV-

positive Burkitt’s lymphoma, are not a good target for immunotherapy

approaches because EBV nuclear antigen (EBNA)-1, which is the major protein

expressed in these tumors, is not well processed by the class I processing

machinery.22 In contrast, type 2 latency, which is the hallmark of EBV-positive

HD, has a slightly less restricted array of proteins, including EBNA-1 and latent

membrane proteins (LMP)-1 and LMP2, the latter two of which are potential

T-cell targets. Finally, type 3 latency is seen in EBV-LPD following solid-organ

transplantation (SOT) or SCT, and is the ideal model to evaluate the utility of

immunotherapy using EBV-specific CTL. This is because the tumor cells are

highly immunogenic, expressing all nine latent cycle EBV antigens, including

the immunodominant EBNA3 and EBNA2 antigens, as well as the two viral

membrane proteins LMP1 and LMP2.

The successful generation of antigen-specific CTL ex vivo requires an

antigen-presenting cell (APC), which can effectively present the antigen

to T cells as well as a defined antigen. Due to the challenge in generating

T cells specific for tumor antigens in which the malignant cell presents

antigen poorly and the target antigens are weak, the first studies using

antigen-specific CTL focused on targeting type 3 latent EBV antigens,

which are expressed in lymphoblastoid cell lines (LCL) that can be readily

produced by infecting B cells in vitro with a laboratory strain of EBV. 

Post-transplant Lymphoproliferative Disease

Recipients of Stem Cell Transplants

Consequently, our group and others have used EBV-specific CTL (EBV-CTL)

generated using donor lymphocytes stimulated with EBV-transformed B cells

to expand an EBV-specific CTL population.19,23–26 We have now used donor-

Table 1: Adoptive T-cell Therapies for Lymphomas

Adoptive Immunotherapy Disease Type Number of Patients Results References

Donor lymphocyte infusions
Post reduced-intensity SCT Relapsed lymphomas 9 4 CR/PR Anderlini et al.15

8 GvHD

Escalating CD3+ T-cell doses Relapsed lymphomas 16 9 initial CR/PR, 6 acute GvHD Peggs et al.4

3 extensive, chronic GvHD

Autologously expanded non-specific T cells
Anti-CD3/28 co-stimulated T cells Relapsed/refractory NHL 16 5 CR, 7 PR, 4 SD Laport et al.17

Cytokine-induced killer cells Relapsed HD or NHL 9 2 PR, 1 SD, 5 NR Leemhuis et al.18

EBV-CTL
Allogeneic EBV-CTL EBV-HD and NHL 4 1 CR, 1 CRU, 1 PR, 1 NR Sun et al.33

Allogeneic EBV-CTL pre-treated with fludarabine Relapsed EBV-HD 6 1 CR, 4 PR, 1 NR Lucas et al.35

Autologous EBV-CTL Relapsed EBV-HD 14 5 CR, 1 PR, 5 SD, 3 NR Bollard et al.34

Autologous LMP-2-CTLs Relapsed EBV-HD and NHL 10 6 CR, 2 PR, 2 NR Bollard et al.37

T = thymus; CD = clusters of differentiation; SCT = stem cell transplantation; CR = complete response; CRU = clinical response undetermined; PR = partial response; NR = no response; 
GvHD = graft-versus-host disease; HD = Hodgkin’s disease; NHL = non-Hodgkin’s lymphoma; EBV = Epstein-Barr virus; LMP = latent membrane proteins; CTL = cytotoxic T lymphocytes.
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derived EBV-CTL as prophylaxis for EBV-induced lymphomas in over 60

patients post-SCT who received an ex vivo T-cell-depleted SCT or those

transplanted for an EBV-related malignancy.19,25,27 None of the patients

developed EBV-LPD compared with 11.5% in a historical non-treated control

group.25 Gene marking confirmed the persistence of these CTL in vivo for as

long as seven years post-infusion.28 Similar results were seen by another

group, who used EBV-CTL as prophylaxis in six T-cell depleted SCT recipients,

with five of the six achieving a reduction in viral load.26 Immunotherapy using

EBV-CTL has also been used to treat overt lymphoma, with five of six patients

treated successfully.25

Recipients of Solid-organ Transplants

Generating EBV-CTL for clinical use after SOT offers a unique dilemma in

that the SOT donor is not human leukocyte antigen (HLA)-matched, and

the EBV-associated LPD/lymphoma arises from recipient lymphocytes

rather than being donor-derived. Therefore, the vast majority of studies

have used autologously generated EBV-CTL.29–31 While many of these

studies indicate that autologous EBV-CTL can induce remissions of EBV-

LPD, the persistence of these CTL appears to be less than that observed

using donor-derived CTLs, implying that long-term immunosuppressive

therapy in the SOT recipients may compromise CTL persistence and

function. Since autologous CTL generation is a time-consuming process,

two groups have used banked allogeneic partially HLA-matched EBV-CTL

with some success. However, these results were confounded as some

patients received additional antiviral therapies and some had dose

reductions of their immunosuppressives, leaving the contribution of the

allogeneic CTL in question.32,33

Epstein-Barr Virus-associated Lymphomas 

Expressing Type 2 Latency

EBV-positive HD (EBV-HD) and NHL develop in the immunocompetent

host where viral gene expression is limited to immunosubdominant

proteins, including LMP1 and LMP2, which are weak targets for CTL

activity, thereby allowing malignant cells to evade the immune system.

Nevertheless, immunotherapy approaches targeting these subdominant

EBV antigens have met with some success. In a phase I dose-escalation

study, our group evaluated the use of autologous EBV-CTL for 14

patients with relapsed EBV-HD, retrovirally marking CTL in seven of 

the patients. Clinically, the EBV-CTL were well tolerated and showed

antitumor activity, as evidenced by five complete remissions (two of

whom had detectable disease at the time of CTL infusion), one partial

response, and five with stable disease. Tetramer and functional analyses

revealed that T cells reactive with LMP2 were present in the infused lines,

expanded in peripheral blood following infusion, and could track to the

sites of the disease.34 Gene-marking studies proved that infused effector

cells could further expand by several logarithms in vivo with persistence

up to 12 months.34

As it is difficult to generate autologous CTL in sufficient enough numbers

for heavily pre-treated patients, partially HLA-matched allogeneic 

CTL were produced for use in a phase I study in patients with relapsed

EBV-HD. Five of six patients experienced a reduction in measurable

disease with a maximum duration of response of 22 months. However,

these patients also received fludarabine conditioning prior to CTL

infusion, making it difficult to interpret the role of CTL in the clinical

response. Additionally, this approach may be limited by the short-term

persistence of the allogeneic cells as donor EBV-CTL could not be

detected in vivo.35

Since our previous experience using EBV-CTL for relapsed EBV-HD

generated CTL lines with low frequencies of cells specific for LMP2, we

have now focused our efforts on using genetically modified tumor APCs

that overexpress LMP2 as a strategy to increase the frequency of 

LMP2-specific EBV-CTL. To do this, we replaced the LCLs as APCs with

dendritic cells (DCs) engineered to express LMP2 from an adenovirus (Ad)

vector for the primary stimulation, and then used the LCLs overexpressing

LMP2 with the same Ad vector for subsequent stimulations (see Figure

1).36 We have now used these genetically engineered LMP2-specific CTL in

a dose-escalation study for 16 patients with high-risk EBV-HD and NHL.

Ten patients received CTL as adjuvant therapy with nine remaining in

Figure 1: Method to Increase Frequency of Latent-membrane-
protein-2-specific Epstein-Barr Virus-Cytoxic T Lymphocytes

Ad5F35LMP2a vector

Ad5F35LMP2 DCsPBMCs DCs

5 days 2 days

GM-CSF IL-4 PGE1TNF-α
GM-CSF IL-4

Step 1. Ad5F35LMP2-transduced DC generation. DCs are generated from PBMCs in the presence
of GM-CSF and IL-4 for five days. These immature DCs are then transduced with an
Ad5F35LMP2a vector and culture for two additional days in the presence of GM-CSF, TNFα, IL-4,
and PGE1. The newly generated Ad5F35LMP2-transduced DCs are then irradiated and used in
Step 3 as the first stimulation for LMP2-CTL generation.

Ad5F35LMP2a vector

Ad5F35LMP2 LCLsPBMCs LCLs

4 to 6 weeks

B95-8
Laboratory strain of EBV

LMP2A

2 days

Step 2. Ad5F35LMP2-transduced LCL generation. An LCL line is generated from infecting PBMCs
with a laboratory strain of EBV (B95-8). These LCLs are then transduced with the Ad5F35LMP2a
vector and cultured for two days before being ready to be irradiated for use as the second and
subsequent stimulators for LMP-specific CTL generation.

LMP2-specific CTLsPBMCs
10 days

IL-2 IL-2

3 to 4 weeks

Step 3. LMP2-specific CTL generation. PBMCs are co-cultured with autologous, irradiated
transduced DCs at a ratio of 40 PBMCs to 1 DC. Cultures are then re-stimulated on day 10 with
irradiated Ad5F35LMP2-transduced LCL at a ratio of 4:1, and then weekly in the presence of 
IL-2 until a sufficient number of LMP2-specific CTL are generated.36

Ad = adenovirus; LMP = latent membrane protein; DC = dendritic cells; PBMC = peripheral
blood mononuclear cell; CTL = cytoxic T lymphocytes; IL = interleukin; LCL = lymphoblastoid cell
line; GM-CSF = granulocyte-macrophage colony-stimulating factor; TNFα = tumor necrosis factor
alpha; PGE1 = prostaglandin E1, EBV = Epstein-Barr virus.
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complete remission for up to 37 months.37 In addition, five of six patients

with active, relapsed disease at the time of LMP2-specific CTL

administration showed a tumor response, which was complete in four and

sustained for more than nine months. No short- or long-term toxicities

were observed after CTL infusion.37 To expand on this concept, we are

now extending these studies using autologous T cells enriched for both

LMP1 and LMP2 for the treatment of EBV-positive lymphoma, with a

clinical trial under way.

Chimeric T-cell Therapies

Following CTL therapy, subpopulations of EBV-positive HD tumor cells

may lack or lose expression of the weak immunogenic antigens (LMP1,

LMP2, and EBNA-1), allowing tumor escape and subsequent treatment

failure. To overcome this dilemma, our group has generated EBV-CTL

grafted with a chimeric antigen receptor (CAR) targeting the CD30

molecule, which is overexpressed on malignant Hodgkin Reed-Sternberg

cells found in HD tumors.29 We have shown that these CD30CAR+ EBV-

CTL retain their ability to kill EBV-positive tumors and acquire the ability

to recognize and kill CD30-positive HD tumor cells in vitro and in a severe

combined immuno-deficiency (SCID) mouse model in vivo. This work is

now being translated into the clinical setting, and may enhance

immunotherapy of patients with EBV-positive and EBV-negative HD.29

Strategies to Improve Ex Vivo Generation of T Cells

Perhaps the greatest limitation of CTL therapy is the time needed for ex

vivo expansion. The rate-limiting step in the generation of these CTL is

the time necessary to generate sufficient numbers of APCs that are used

to generate antigen-specific CTL. A number of approaches using artificial

antigen-specific cells, such as grafting ligands for the T-cell receptor and

co-stimulatory surface molecules onto mice fibroblasts or beads, have

been evaluated.38–40 Another limitation is the lack of in vivo persistence of

infused cells. Several groups have tried to identify the optimal phenotype

of infused T cells, which likely contains CD4 and CD8 effector and

memory cells. Meanwhile, it is imperative to correlate in vivo function

with the source of antigen-presenting cells and T-cell culture conditions. 

Depletion of Regulatory T Cells

Recently, focus has turned to a subpopulation of CD4 cells known as

regulatory T cells, which co-express intracellular Forkhead box (FoxP)3

and the alpha chain of the IL-2 receptor, CD25. These cells are crucial in

controlling the response to foreign antigens, allowing protection against

autoimmune diseases.41 Increasing evidence also suggests a role for these

cells in offering an immune escape mechanism in HD, by suppressing

antitumor immune responses. In HD tumors, a substantial percentage of

the T-cell infiltrate consists of Tregs,42 and the number of these cells,

marked by expression of FoxP3, is associated with survival in HD patients.

Tregs have been shown to be elevated in the peripheral blood of patients

with newly diagnosed and relapsed HD compared with healthy controls.43

It is also known that Tregs suppress interferon-gamma production by

lymphocytes, including the EBV-specific CD8+ T-cells. For this reason,

several groups have evaluated strategies to deplete this immune-

suppressive population prior to the administration of tumor-specific

cytotoxic T cells. 

Lymphodepletion Strategies

Methods allowing for depletion of Tregs, such as selective depletion of

CD25 or the use of T- and B-cell-depleting antibodies such as

alemtuzumab, could be beneficial in the lymphoma setting. Several

groups have also evaluated whether administering lymphodepleting

chemotherapy, such as fludarabine or monoclonal antibodies, may not

only deplete Tregs but also encourage a better environment to promote

homeostatic expansion of infused T cells.44,45 Clinical studies had already

shown expansion of T cells specifically for antigens expressed on solid

tumors such as melanoma following lymphodepletion.46 In the lymphoma

setting, Peggs et al. recently reported results of two phase II national

prospective studies of matched sibling donor SCTs in 67 patients with

multiple-relapsed HD comparing reduced-intensity conditioning

consisting of fludarabine and melphalan with differing GvHD

prophylaxis.5 One group received alemtuzumab (anti-CD52) with

cyclosporine and the other short-course methotrexate with cyclosporine.

Progression-free survival was superior in the group receiving

alemtuzumab (four-year progression-free survival (PFS) 39 versus 25%),

with significantly lower incidences of non-relapse mortality and GvHD;

the authors attributed these results to durable responses to DLI following

inclusion of alemtuzumab in the conditioning protocol.5

Escaping Immune Evasion Mechanisms

Immune escape by tumor cells is made possible by a variety of

mechanisms, such as the secretion of inhibitory cytokines by the

malignant cells or downregulation of major histocompatibility complex

and co-stimulatory molecules. For example, transforming growth factor-

β (TGF-β), which is secreted by a wide variety of tumors, has detrimental

effects on CTL proliferation and function.47,48 In fact, transgenic mice

genetically engineered so that their T cells are insensitive to TGF signaling

are able to eradicate tumors.49

Our group has been interested in the role of dominant-negative TGF-β

type 2 receptor (DNR)-transduced CTL in eradicating tumors given that

others have shown that the adoptive transfer of such cells is able to

eradicate tumor cells in murine models.50 We have shown in human in

Perhaps the greatest limitation of

cytotoxic T lymphocytes therapy is the

time needed for ex vivo expansion.

Clinical studies had already shown

expansion of T cells specifically for

antigens expressed on solid tumors such

as melanoma following lymphodepletion.
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vitro studies that DNR-transduced CTL were resistant to the

antiproliferative effects of recombinant TGF-β and long-term expression

of this construct had no deleterious effects on the function, phenotype,

or growth characteristics of the transduced lines.51 Thus, CTL expressing

the DNR may have a selective advantage in vivo in TGF-β secreting

tumors. We will shortly open a phase I trial to test this hypothesis now

that murine safety studies have been completed.52

Conclusions

Adoptive immunotherapy offers an avenue of potentially curative therapy for

patients with multiple relapsed or refractory lymphomas, ranging from the

simple transfer of unmanipulated donor T cells to time-consuming and

complex CTL therapies. As researchers optimize the generation of these cells

ex vivo, allowing for enhanced in vivo persistence and expansion, we will

begin to see more durable responses in this heavily pre-treated population. ■

1. Baker KS, Gordon BG, Gross TG, et al., Autologous hematopoietic
stem-cell transplantation for relapsed or refractory Hodgkin’s
disease in children and adolescents, J Clin Oncol, 1999;17: 825–31.

2. Ladenstein R, Pearce R, Hartmann O, et al., High-dose
chemotherapy with autologous bone marrow rescue in children
with poor-risk Burkitt’s lymphoma: a report from the European
Lymphoma Bone Marrow Transplantation Registry, Blood, 1997;
90:2921–30.

3. Morris E, Thomson K, Craddock C, et al., Outcomes after
alemtuzumab-containing reduced-intensity allogeneic
transplantation regimen for relapsed and refractory non-Hodgkin
lymphoma, Blood, 2004;104:3865–71.

4. Peggs KS, Hunter A, Chopra R, et al., Clinical evidence of a graft-
versus-Hodgkin’s-lymphoma effect after reduced-intensity allogeneic
transplantation, Lancet, 2005;365:1934–41.

5. Peggs KS, Sureda A, Qian W, et al., Reduced-intensity conditioning
for allogeneic haematopoietic stem cell transplantation in relapsed
and refractory Hodgkin lymphoma: impact of alemtuzumab and
donor lymphocyte infusions on long-term outcomes, Br J Haematol,
2007;139:70–80.

6. Marks DI, Lush R, Cavenagh J, et al., The toxicity and efficacy of
donor lymphocyte infusions given after reduced-intensity
conditioning allogeneic stem cell transplantation, Blood, 2002;
100:3108–14.

7. Russell NH, Byrne JL, Faulkner RD, et al., Donor lymphocyte
infusions can result in sustained remissions in patients with residual
or relapsed lymphoid malignancy following allogeneic haemopoietic
stem cell transplantation, Bone Marrow Transplant, 2005;36:
437–41.

8. Kolb HJ, Simoes B, Schmid C, Cellular immunotherapy after
allogeneic stem cell transplantation in hematologic malignancies,
Curr Opin Oncol, 2004;16:167–73.

9. Papadopoulos EB, Ladanyi M, Emanuel D, et al., Infusions of donor
leukocytes to treat Epstein-Barr virus-associated lymphoproliferative
disorders after allogeneic bone marrow transplantation, N Engl J
Med, 1994;330:1185–91.

10. O’Reilly RJ, Small TN, Papadopoulos E, et al., Adoptive
immunotherapy for Epstein-Barr virus-associated lymphoproliferative
disorders complicating marrow allografts, Springer Semin
Immunopathol, 1998;20:455–91.

11. Lucas KG, Burton RL, Zimmerman SE, et al., Semiquantitative
Epstein-Barr virus (EBV) polymerase chain reaction for the
determination of patients at risk for EBV-induced
lymphoproliferative disease after stem cell transplantation, Blood,
1998;91:3654–61.

12. Mandigers CM, Verdonck LF, Meijerink JP, et al., Graft-versus-
lymphoma effect of donor lymphocyte infusion in indolent
lymphomas relapsed after allogeneic stem cell transplantation, Bone
Marrow Transplant, 2003;32:1159–63.

13. Gajewski JL, Phillips GL, Sobocinski KA, et al., Bone marrow
transplants from HLA-identical siblings in advanced Hodgkin’s
disease, J Clin Oncol, 1996;14:572–8.

14. Milpied N, Fielding AK, Pearce RM, et al., Allogeneic bone marrow
transplant is not better than autologous transplant for patients with
relapsed Hodgkin’s disease. European Group for Blood and Bone
Marrow Transplantation, J Clin Oncol, 1996;14:1291–6.

15. Anderlini P, Acholonu SA, Okoroji GJ, et al., Donor leukocyte
infusions in relapsed Hodgkin’s lymphoma following allogeneic stem
cell transplantation: CD3+ cell dose, GVHD and disease response,
Bone Marrow Transplant, 2004;34:511–14.

16. Porrata LF, Gertz MA, Inwards DJ, et al., Early lymphocyte recovery
predicts superior survival after autologous hematopoietic stem cell
transplantation in multiple myeloma or non-Hodgkin lymphoma,

Blood, 2001;98:579–85.
17. Laport GG, Levine BL, Stadtmauer EA, et al., Adoptive transfer of

costimulated T cells induces lymphocytosis in patients with
relapsed/refractory non-Hodgkin lymphoma following CD34+-
selected hematopoietic cell transplantation, Blood, 2003;102:
2004–13.

18. Leemhuis T, Wells S, Scheffold C, et al., A phase I trial of autologous
cytokine-induced killer cells for the treatment of relapsed Hodgkin
disease and non-Hodgkin lymphoma, Biol Blood Marrow Transplant,
2005;11:181–7.

19. Gottschalk S, Rooney CM, Heslop HE, Post-transplant lympho-
proliferative disorders, Annu Rev Med, 2005;56:29–44.

20. Young LS, Rickinson AB, Epstein-Barr virus: 40 years on, Nat Rev
Cancer, 2004;4:757–68.

21. Cohen JI, Benign and malignant Epstein-Barr virus-associated 
B-cell lymphoproliferative diseases, Semin Hematol, 2003;40:
116–23.

22. Levitskaya J, Coram M, Levitsky V, et al., Inhibition of antigen
processing by the internal repeat region of the Epstein-Barr virus
nuclear antigen-1, Nature, 1995;375:685–88.

23. Haque T, Wilkie GM, Jones MM, et al., Allogeneic cytotoxic T-cell
therapy for EBV-positive posttransplantation lymphoproliferative
disease: results of a phase 2 multicenter clinical trial, Blood, 2007;
110:1123–31.

24. Straathof KC, Savoldo B, Heslop HE, Rooney CM, Immunotherapy
for post-transplant lymphoproliferative disease, Br J Haematol,
2002;118:728–40.

25. Rooney CM, Smith CA, Ng CY, et al., Infusion of cytotoxic T cells for
the prevention and treatment of Epstein-Barr virus-induced
lymphoma in allogeneic transplant recipients, Blood, 1998;92:
1549–55.

26. Gustafsson A, Levitsky V, Zou J Z, et al., Epstein-Barr virus (EBV)
load in bone marrow transplant recipients at risk to develop
posttransplant lymphoproliferative disease: prophylactic infusion of
EBV-specific cytotoxic T cells, Blood, 2000;95:807–14.

27. Heslop HE, Ng CY, Li C, et al., Long-term restoration of immunity
against Epstein-Barr virus infection by adoptive transfer of gene-
modified virus-specific T lymphocytes, Nat Med, 1996;2:551–5.

28. Pule M, Rousseau A, Bollard CM, et al., Long-term safety and
persistence data after infusion of retrovirally marked EBV-CTLs
[abstract], Blood, 2003;102:75.

29. Savoldo B, Goss J, Liu Z, et al., Generation of autologous Epstein-
Barr virus-specific cytotoxic T cells for adoptive immunotherapy in
solid organ transplant recipients, Transplantation, 2001;72:
1078–86.

30. Comoli P, De Palma R, Siena S, et al., Adoptive transfer of allogeneic
Epstein-Barr virus (EBV)-specific cytotoxic T cells with in vitro
antitumor activity boosts LMP2-specific immune response in a
patient with EBV-related nasopharyngeal carcinoma, Ann Oncol,
2004;15:113–17.

31. Comoli P, Maccario R, Locatelli F, et al., Treatment of EBV-related
post-renal transplant lymphoproliferative disease with a tailored
regimen including EBV-specific T cells, Am J Transplant, 2005;5:
1415–22.

32. Haque T, Wilkie GM, Taylor C, et al., Treatment of Epstein-Barr-virus-
positive post-transplantation lymphoproliferative disease with partly
HLA-matched allogeneic cytotoxic T cells, Lancet, 2002;360:436–42.

33. Sun Q, Burton R, Reddy V, Lucas KG, Safety of allogeneic Epstein-
Barr virus (EBV)-specific cytotoxic T lymphocytes for patients with
refractory EBV-related lymphoma, Br J Haematol, 2002;118:
799–808.

34. Bollard CM, Aguilar L, Straathof KC, et al., Cytotoxic T lymphocyte
therapy for Epstein-Barr virus+ Hodgkin’s disease, J Exp Med,

2004;200:1623–33.
35. Lucas KG, Salzman D, Garcia A, Sun Q, Adoptive immunotherapy

with allogeneic Epstein-Barr virus (EBV)-specific cytotoxic 
T-lymphocytes for recurrent, EBV-positive Hodgkin disease, Cancer,
2004;100:1892–1901.

36. Bollard CM, Straathof KC, Huls MH, et al., The generation and
characterization of LMP2-specific CTLs for use as adoptive transfer
from patients with relapsed EBV-positive Hodgkin disease,
J Immunother, 2004;27:317–27.

37. Bollard CM, Gottschalk S, Leen A M, et al., Complete responses of
relapsed lymphoma following genetic modification of tumor-antigen
presenting cells and T-lymphocyte transfer, Blood, 2007;
110:2838–45.

38. Oelke M, Maus MV, Didiano D, et al., Ex vivo induction and
expansion of antigen-specific cytotoxic T cells by HLA-Ig-coated
artificial antigen-presenting cells, Nat Med, 2003;9:619–24.

39. Maus MV, Thomas AK, Leonard DG, et al., Ex vivo expansion of
polyclonal and antigen-specific cytotoxic T lymphocytes by artificial
APCs expressing ligands for the T-cell receptor, CD28 and 4-1BB,
Nat Biotechnol, 2002;20:143–8.

40. Latouche JB, Sadelain M, Induction of human cytotoxic T
lymphocytes by artificial antigen-presenting cells, Nat Biotechnol,
2000;18:405–9.

41. Shevach EM, Regulatory T cells in autoimmmunity*, Annu Rev
Immunol, 2000;18:423–49.

42. Marshall NA, Christie LE, Munro LR, et al., Immunosuppressive
regulatory T cells are abundant in the reactive lymphocytes of
Hodgkin lymphoma, Blood, 2004;103:1755–62.

43. Liu L, Yao JX, Ding Q, Huang SA, CD4+ CD25 high regulatory T cells
in peripheral blood of patients with B cell non-Hodgkin’s lymphoma,
Zhongguo Shi Yan Xue Ye Xue Za Zhi, 2006;14: 119–22.

44. Klebanoff CA, Khong HT, Antony PA, et al., Sinks, suppressors and
antigen presenters: how lymphodepletion enhances T cell-mediated
tumor immunotherapy, Trends Immunol, 2005;26: 111–17.

45. Dudley ME, Rosenberg SA, Adoptive-cell-transfer therapy for the
treatment of patients with cancer, Nat Rev Cancer, 2003;3: 666–75.

46. Dudley ME, Wunderlich JR, Robbins PF, et al., Cancer regression and
autoimmunity in patients after clonal repopulation with antitumor
lymphocytes, Science, 2002;298:850–54.

47. Dukers DF, Jaspars LH, Vos W, et al., Quantitative immuno-
histochemical analysis of cytokine profiles in Epstein-Barr virus-
positive and negative cases of Hodgkin’s disease, J Pathol,
2000;190:143–9.

48. Skinnider BF, Elia AJ, Gascoyne RD, et al., Interleukin 13 and
interleukin 13 receptor are frequently expressed by Hodgkin and
Reed-Sternberg cells of Hodgkin lymphoma, Blood, 2001;97:
250–55.

49. Gorelik L, Flavell RA, Immune-mediated eradication of tumors
through the blockade of transforming growth factor-beta signaling
in T cells, Nat Med, 2001;7:1118–22.

50. Zhang Q, Yang X, Pins M, et al., Adoptive transfer of tumor-reactive
transforming growth factor-beta-insensitive CD8+ T cells:
eradication of autologous mouse prostate cancer, Cancer Res,
2005;65:1761–9.

51. Bollard CM, Rossig C, Calonge MJ, et al., Adapting a transforming
growth factor beta-related tumor protection strategy to enhance
antitumor immunity, Blood, 2002;99:3179–87.

52. Lacuesta K, Buza E, Hauser H, et al., Assessing the safety of
cytotoxic T lymphocytes transduced with a dominant negative
transforming growth factor-beta receptor, J Immunother,2006;29:
250–60.

bollard.qxp  9/5/08  11:32  Page 52




