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Abstract

Malignant diseases induce immune responses against them which have variable success in
controlling progression of disease. A variety of congenital and acquired disorders provide
evidence in support of T cell or NK cell immune surveillance mechanisms in human
hematological malignancies. Furthermore clinical experience with stem cell transplantation
underlines the potential for both T and NK cell mediated anti-leukemia effects. Animal models of
tumor surveillance and viral driven lymphoproliferative diseases in man emphasize the dynamic
nature of the equilibrium between tumors and the immune system which can lead to tumor escape
in individuals with normal immune function. In hematological malignancies the implication of a
dynamic immune surveillance model is that chemotherapy may disrupt potentially competent
immune surveillance mechanisms leading to disease recurrence following successful tumor bulk
reduction by chemotherapy. This possibility deserves further investigation with a view to
developing strategies to boost immune function following chemotherapy so as to combine the
beneficial effect of chemotherapy with an immune response capable of sustaining remissions.
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Introduction

The concept that the immune system can protect the host against cancer was proposed by
Ehrlich in 1909 and again, in modern terms, by Thomas and Burnet in the 1960s 13 who
suggested that lymphocytes continually identify and eliminate newly arising cancer cells
through a process they called “immune surveillance” Immunodeficient mice were indeed
found to be at greater risk for spontaneous tumor development 4 and in man, both congenital
and acquired T cell immunodeficiency predispose to malignancies, often driven by DNA
viral proliferation uncontrolled by the immune system.*® Finally, evidence for immune
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surveillance in cancers comes from numerous observations correlating lymphocyte tumor
infiltration with a more favorable prognosis.6-8

More recently the concept of immune surveillance has broadened with the realization that
the interaction of the immune system with the malignancy ? is a ongoing dynamic process
where the immune system is modified by the tumor and the tumor in turn is modified by the
immune system (immune editing).19 The immune control of malignancy is thus best
understood as an equilibrium, which when perturbed, may adversely cause tumor escape or
favorably re-establish tumor control and eventual elimination.* A recent study of
carcinogen-induced spontaneous tumors in mice supports this model as the most likely for
cancers developing in individuals with normal immune competence.! When carcinogens
were given to a large population of mice, the subsequent evolution of the cancer was
variable. About 40% of mice did not develop overt cancer, but on further investigation were
found to have occult tumors which grew poorly in the presence of a competent immune
system. In some mice, tumor cells in equilibrium underwent clonal selection and then
escaped immune control to develop into lethal cancers, however many animals remained
tumor-progression free unless they received immunosuppression with cyclosporine. Finally
interferon gamma treatment re-established immune control over the tumor. This dynamic
model of immune surveillance raises practical questions about standard treatment
approaches to malignant disease and to hematological malignancies in particular: is it
possible that the tumor bulk reduction or remission induction of leukemia achieved by
chemotherapy and radiation therapy might lose some of its benefit by compromising
immune surveillance causing subsequent tumor escape? Here we review immune
surveillance as it occurs in leukemia and lymphoma, explore the concept of equilibrium as
reflected in the treatment of hematological malignancies and discuss the implications for
improving treatment outcomes by combining chemotherapy with immunotherapeutic
strategies. We will discuss conditions which lead to tumor escape in individuals who
originally have competent immune systems. Not discussed further here, but cited in support
of the control of malignancy by T cells or natural killer (NK) cells are the congenital
immune deficiency syndromes where impaired immunity leads to hematologic
malignancies.®

Immune surveillance in hematological malignancies

Itis likely that individual malignancies have specific interactions with the immune system
and further refinement of the concept of immune surveillance demands descriptions of
immune interactions with specific tumor types. In this regard hematopoietic malignancies
have unique features distinguishing them immunologically from non-hematopoietic cancers;
NK cells specifically target normal and malignant cells of the hematopoietic lineage 12714,
and both myeloid and B cell lineages include professional antigen-presenting cells, favoring
the recognition of myeloid and B cell malignancies by T lymphocytes. Clinical experience
with allogeneic stem cell transplantation provides ample evidence for the existence of strong
immune responses against leukemias and lymphomas mediated by alloreacting T cells and
NK cells through graft-versus-leukemia (GVL) effects. While GVL is predominantly driven
by allo-responses to non-self antigens not present in the stem cell donor, it can provide a
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realistic model of how T cells and NK cells can successfully engage and destroy
hematological malignancies.

Immune surveillance in specific hematological disease states

EBV lymphoproliferative disease

Epstein-Barr virus (EBV) B cell lymphoproliferative disease is one of the best characterized
interactions between the immune system and a human hematologic malignancy. The
interaction between the immune system and the B lymphoproliferative process is driven by
viral antigens and may be considered a special case. However, it is instructive to observe
how in normal health, controlled by a large repertoire of memory T lymphocytes, lifelong
suppression of a viral driven B cell proliferation is achieved. Suppression of T cell reactivity
to EBV in HIV infection, after solid organ or stem cell transplantation and rarely after
chemotherapy or anti T lymphocyte antibody-mediated immunosuppression results in an
outgrowth of an EBV-driven B cell tumor.15 These rapidly proliferating bulky tumors can
regress after the withdrawal of immunosuppression, if that was the predisposing factor for
lymphoproliferation, or more dramatically (with an accompanying cytokine storm) by the
adoptive transfer of EBV-specific T cells.1® The tumor may undergo further adaptive
mutations which escape T cell control and downregulation of the major EBV antigen
(Epstein-Barr nuclear antigen) EBNA results in the outgrowth of a lymphoma uncontrolled
by T lymphocytes.1” The EBV lymphoproliferative disease model has implications for
immune surveillance in other hematological malignancies. First, the fact that a large
memory T cell pool is needed to maintain a viral-driven proliferative process indicates that
even strongly antigenic malignancies may require a large immune repertoire to control them.
Second the inverse relationship between immune competence and B cell proliferation clearly
defines the limits to effective immune control caused by immunosuppressive treatments and
supports the possibility that T cell mediated immune responses to other hematological
malignancies are significantly suppressed by routine chemotherapy treatments.

Infiltrating lymphocytes in lymphomas

The observation that lymphocyte-rich Hodgkin’s disease 18 have a less aggressive or more
favorable outcome than T cell poor pathologies conforms to a large body of data in non-
hematological malignancies indicating at least a partial relationship between tumor
infiltrating lymphocytes and tumor growth control. However T cell rich non-Hodgkins
lymphomas do not appear to have a more favorable outcome 19 Recent evidence in solid
tumors that the proportion of regulatory T cells to effector T cells determines prognosis has
not yet been evaluated in lymphomas.2%:21

Myelosuppressive T cells in myelodysplastic syndromes (MDS)

There is evidence that T lymphocytes contribute to the marrow failure of some patients with
MDS. About 30% of patients with early stages of MDS will respond to immunosuppression
with an increase in blood counts and a loss on transfusion dependence.?2:23 |t is
hypothesized that the patient’s CD8+ T cells recognize antigens expressed on MDS stem
cells resulting in apoptosis and bystander suppression of residual normal stem cells through
production of cytokines such as TNF-a and IFN-y.24 Such T cell suppression of a malignant

Leukemia. Author manuscript; available in PMC 2014 September 22.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Barrett and Savani

Page 4

clone, while causing complications from poor marrow function could nevertheless represent
a functional form of immune regulation of a pre-leukemic stem cell. However long-term
follow-up has not revealed an increased rate of leukemic transformation in patients treated
with antithymocyte globulin (ATG) immunosuppression. In fact ATG responders who lost
transfusion dependence almost never progressed to AML in comparison with similar
patients (under the age of 60 years with IPSS Int-1) who did not receive immunosuppressive
treatment.23 Thus, while there is evidence for a specific T cell mediated control over MDS
in some patients, ATG used to reverse the T cell mediated cytopenia did not result in tumor
escape.?®> We have therefore to conclude that in MDS the T cell regulation of dysplastic
hematopoiesis is sometimes harmful, and of no significance in preventing leukemic
progression.

Tumor specific T cells in leukemia

Leukemia cells present a diversity of antigens which can elicit leukemia-specific T cell
responses. They include well characterized tumor-specific antigens such as Wilms tumor 1
(WT1) H-tert and PRAME, fusion proteins products of chromosomal translocation such as
BCR-ABL in chronic myeloid leukemia, and peptides from primary granule proteins
(including PR1 from proteinase 3) in myeloid leukemias.26-30 Low frequencies of
circulating CD8+ T cells recognizing peptides of, PR1 and Wilms tumor-1, have been
identified in normal individuals which are increased in patients with leukemia.29:30
Somewhat surprisingly the antigen-specific T cells to PR1, WT-1 in leukemia patients have
characteristics that suggest immune competence rather than immunoediting by the
malignancy: Unlike T cells from non-leukemic individuals, T cells from leukemia patients
frequently recognize more than one peptide from the parent protein (epitope spreading), they
retain high antigen affinity T cell responses, and occupy both central memory and effector
memory compartments suggesting a persisting functional memory for leukemia antigens.30
Thus, leukemias frequently appear to coexist with some form of immune control which was,
nevertheless, inadequate to prevent the development of overt leukemia. The higher
frequencies of tumor-specific T cells with similar features to those in leukemia patients
which occur in patients in remission after allogeneic stem cell transplantation would suggest
that the immune equilibrium can be shifted favorably by allogeneic stem cell
transplantation.29-31 It is therefore of great interest to study such leukemia-specific T cell
responses to determine whether remission induction chemotherapy for acute leukemia also
results in a favorable adjustment of the immune-leukemia equilibrium, and whether the
attainment of a favorable equilibrium results in sustained remission.

Immune surveillance and treatment of hematological malignancies

GVL in autologous and identical twin stem cell transplants

In contrast to the potent GVL effects seen in allogeneic SCT for leukemia, evidence for
immune control of leukemia following transplant from an identical twin donor is scanty.
Some form of graft-versus-host reaction does occur following a syngeneic donor SCT which
may represent a cytokine effect from immune dysregulation rather than an alloresponse to
the recipient?®. Large databases indicate that relapse rates for leukemia after identical twin
transplants are significantly higher than in transplants from allogeneic donors. However
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relapse rates in recipients of T cell depleted HLA matched sibling transplants are still higher,
suggesting a modest protective effect from the (T cell replete) syngeneic transplant.32
However, syngeneic SCT for multiple myeloma appear to have a probability of relapse no
higher than that of HLA identical sibling donors.33:34 Furthermore relapse risk in identical
twin SCT is reduced significantly if the transplanted nucleated cell dose exceeds 108/kg,
suggesting a GVL dose effect from either the donor lymphocytes or from NK cells derived
from donor CD34 cells.3® Thus the curative potential of identical twin SCT does not depend
solely on the intensive conditioning regimen used to treat the leukemia, but may reflect
some form of “non-allogeneic” GVL effect, reflecting the potential of a healthy immune
system, not previously tolerized to the leukemia to confer protection against relapse when
the disease is reduced to a minimal load by a myeloablative conditioning regimen.

In contrast to the syngeneic SCT data it is debatable whether a GVL effect can be discerned
after autologous SCT. Despite the occurrence of an autologous GVHD syndrome,36 GVL
effects have not clearly been defined. However there appears to be some relationship
between rapid lymphocyte recovery after stem cell transplantation and freedom from
relapse, which is discussed further below.

Chronic myeloid leukemia - imatinib, interferon, and vaccines

The experience from allogeneic SCT and the efficacy of donor lymphocyte infusions would
suggest that chronic myelogenous leukemia (CML) is the most susceptible of all leukemias
to immune regulation. We were unable to demonstrate any overt reactivity of autologous T
cells against leukemia or against the BCR-ABL fusion peptide in a series of CML patients at
various stages in disease evolution,3” but subsequently, increased frequencies of CD8+ T
cells recognizing WT-1, and PR1 peptide have been identified in CML.2%:30 Recent studies
show that patients with CML lose high affinity PR1 specific T cells which may coincide
with loss of leukemia control. However, when leukemia was controlled by interferon, high
affinity PR1 specific T cells with greater cytotoxicity against leukemia recover.38:39 These
observations are of great interest since they provide evidence of immune sculpting as well as
showing that immune control can be reasserted by achieving minimal residual disease state
and boosting immune function with interferon. While the introduction of tyrosine kinase
inhibitors (TkI) like imatinib has dramatically altered the natural history of CML, it is now
clear that CML persists at a molecular detection level despite years of treatment with Tkl 40
raising the question whether the disease could be eradicated at a minimal residual disease
stage by immunological means. 41 Both interferon and BCR-ABL vaccines appear
promising treatments to switch the equilibrium in favor of immune regulation.*2 Whether
successful immunotherapy will eradicate quiescent leukemia stem cells or simply maintain
control of minimal residual disease remains to be determined.

Lymphocyte recovery after allogeneic stem cell transplantation

A growing body of data links prompt lymphocyte recovery after both HLA identical sibling
and matched unrelated donor SCT with a more favorable outcome - notably less leukemic
relapse, less GVHD and lower transplant related mortality, resulting in significantly higher
survivals for patients who achieve more than the median total lymphocyte count around 3-6
weeks after transplant.#3-46 In a recent analysis we identified absolute NK cell count and not
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CD3+ T cell count as the lymphocyte subset responsible for determining outcome.*6 The
major impact was upon relapse: above the median NK cell count of 150/l patients had <5%
relapse compared with >75% for the group who had less than the median count. However
the effect was observed only in the subset of patients with myeloid malignancies (MDS,
CML, AML) and not lymphoid leukemias. Favorable NK recovery correlated directly with
CD34 cell dose and inversely with T cell dose at transplant and was significantly more
common in transplants from donors with a particular KIR haplotype (KIR 2DL2, 2DL3 and
2 DL5A).46 Whether NK recovery was directly associated with the beneficial effect on
relapse, or whether it is a surrogate marker for some other effect associated with immune
recovery is not known for certain but these results suggest a possible role for NK cells in
controlling residual disease after allogeneic SCT.

Lymphocyte recovery after autologous stem cell transplantation (ASCT)

ASCT is an effective treatment strategy for many hematological malignancies especially
lymphomas and myeloma. Absolute lymphocyte count (ALC) recovery >500 cells/ul at day
15 (ALC-15) after ASCT is a powerful and independent prognostic factor for clinical
outcome in NHL,47:48 Hodgkins lymphoma,*® multiple myeloma (MM),*” and acute
myelogenous leukemia,® The fact that the recovery of lymphocytes after ASCT influences
survival, points to the clinical presence of an autologous graft-vs-tumor effect, implicating
immune reconstitution after ASCT in the antitumor response.>!

In all these studies higher early lymphocyte recovery was a strong and independent
favorable prognostic factor for sustained remission after ASCT. Observations that immune
recovery after ASCT in several malignancies (hematological and non-hematological) has
been shown to be an independent prognostic factor for survival provide evidence for an
autologous GVL effect.5!

Lymphocyte recovery after chemotherapy

Very similar relationships between lymphocyte recovery and disease control have also been
reported after chemotherapy remission induction for acute leukemia. Behl et al>2 evaluated
the impact of ALC recovery after induction chemotherapy in newly diagnosed AML patients
treated with standard induction and consolidation chemotherapy. ALC recovery was studied
at days 15, 21, 28 after induction chemotherapy and before the first consolidation
chemotherapy. Superior leukemia-free survivals (LFS) were observed at all time-points
between day 15-28 when the ALC exceeded 500 cells/ul. Compared with patients with a
lower lymphocyte count who had a LFS of 11 months, the median LFS was not reached in
the subset with counts >500 cells/ul. Multivariate analysis demonstrated ALC=500 cells/ul
at all time points to be an independent prognostic factor for survival. Other investigators also
report an association of good ALC recovery with more favorable outcome in children with
acute lymphoblastic leukemia (ALL) and AML after chemotherapy. 3-55

The mechanism underlying this association and the specific lymphocyte subset responsible
for the effect is currently being investigated. Exploring whether a comparable protective
effect of fast immune recovery after chemotherapy is observed after chemotherapy in other
diseases such as MDS is of great importance in determining whether the relationship
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between disease control and lymphocyte recovery is a general phenomenon, especially
because it might be possible to enhance lymphocyte recovery with appropriate use of
cytokines, or to minimize chemotherapy-induced damage to the immune system.

Conclusions: can we improve treatment outcomes by restoring immune
competence after chemotherapy?

The original concept of immune surveillance of malignancy has been considerably refined
since the first proposals over 50 years ago. In particular we now have a working model of
the interplay between malignant cells and immune cells and some clues as to what controls
the balance between the immune system and the cancer, leading either to tumor control or
tumor escape. Despite a wide body of evidence of immune control of malignant tumors in
animal models, the evidence for immune surveillance and control of human hematological
malignancies is largely circumstantial. Clearly, the occurrence of a hematological
malignancy is an indication that immune regulation has failed. However the observation that
robust lymphocyte recovery after chemotherapy is associated with less relapse suggests that
after chemotherapy immune regulation may be more or less favorably reset in favor of
leukemia control. How chemotherapy interacts with tumor surveillance and control now
becomes an important question. Chemotherapy damage to lymphocytes might be offset by
the massive reduction in tumor mass achieved favoring a high effector-target ratio, and also
by strong regenerative stimuli induced by lymphopenia. The impact of the homeostatic drive
to recover from lymphopenia after chemotherapy was dramatically demonstrated by Dudley
et al °6 who found that after fludarabine and cyclophosphamide chemotherapy, infused TIL
clones proliferated and persisted in the recipient with melanoma for months, correlating with
regression of metastatic disease in about half the patients. Fludarabine has emerged as an
effective drug in the treatment of leukemia. It is also a powerful immunosuppressant. Could
it be that some of its efficacy is due to its ability to induce profound lymphopenia leading to
an exaggerated homeostatic drive and an enhanced lymphocyte recovery? Are there
chemotherapy regimens that could favorably protect immune function? It would be
important to study recovery of immune cells after standard chemotherapy regimens for acute
leukemias and lymphomas, as well as with novel agents such as thalidomide and its
derivatives to determine relationship between lymphocyte recovery and outcome in these
diverse settings. Recent studies have reported that NHL patients treated with lenalidomide
experienced higher response rate to lenalidomide if the patients had a higher ALC at the
time of treatment. 57:58

If the association of lymphocyte recovery and outcome after chemotherapy and SCT is
validated, therapeutic options to further enhance immune anti-malignant effects and restore
the balance between immune cells and leukemia become of great interest. Firstly, to improve
lymphocyte function, patients could undergo an apheresis prior to chemotherapy to collect
lymphocytes which could be cryopreserved and transfused in aliquots after each
chemotherapy block. Second, lymphocyte growth factors such as IL-2, IL-7, IL-12 or IL-15
could be used to boost immune recovery after chemotherapy. Lastly, the period of immune
recovery and lymphocyte expansion may represent a favorable time for inducing antigen-
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specific T cell expansion with vaccines given early after chemotherapy during the
lymphopenic phase.

It is a sobering possibility that we may have overlooked the possibility that the increasing
successes achieved with chemotherapy for hematological malignancies over the last 50 years
may be ultimately limited by the collateral damage caused by chemotherapy to the immune
system, reducing its ability to re-establish control over residual disease. In future it may be
possible to enhance the curative effect of existing regimens by developing methods to
conserve or enhance the immune component of disease control.

Reference List

1.

Ehrlich P. Ueber den jetzigen Stand der Karzinomforschung. Ned Tijdschr Geneeskd. 1909; 5:273—
290.

. Thomas, L. Reactions to homologous tissue antigens in relation to hypersensitivity [discussion]. In:

Lawrence, HS., editor. Cellullar and humoral aspects of the hyperseisitive states. New York, New
York, USA: Hoeber-Harper; 1959. p. 529-532.

. Burnet FM. The concept of immunological surveillance. Prog Exp Tumor Res. 1970; 13:1-27.

[PubMed: 4921480]

. Dunn GP, Old LJ, Schreiber RD. The three Es of cancer immunoediting. Annu Rev Immunol. 2004;

22:329-360. [PubMed: 15032581]

. Filipovich AH, Mathur A, Kamat D, Kersey JH, Shapiro RS. Lymphoproliferative disorders and

other tumors complicating immunodeficiencies. Immunodeficiency. 1994; 5:91-112. [PubMed:
8032367]

. Galon J, Costes A, Sanchez-Cabo F, Kirilovsky A, Mlecnik B, Lagorce-Pages C, et al. Type,

density, and location of immune cells within human colorectal tumors predict clinical outcome.
Science. 2006; 313:1960-1964. [PubMed: 17008531]

. Swann JB, Smyth MJ. Immune surveillance of tumors. J Clin Invest. 2007; 117:1137-1146.

[PubMed: 17476343]

. Street SE, Hayakawa Y, Zhan Y, Lew AM, MacGregor D, Jamieson AM, et al. Innate immune

surveillance of spontaneous B cell lymphomas by natural killer cells and gammadelta T cells. J Exp
Med. 2004; 199:879-884. [PubMed: 15007091]

. Imai K, Matsuyama S, Miyake S, Suga K, Nakachi K. Natural cytotoxic activity of peripheral-blood

lymphocytes and cancer incidence: an 11-year follow-up study of a general population. Lancet.
2000; 356:1795-1799. [PubMed: 11117911]

10. Smyth MJ, Dunn GP, Schreiber RD. Cancer immunosurveillance and immunoediting: the roles of

immunity in suppressing tumor development and shaping tumor immunogenicity. Adv Immunol.
2006; 90:1-50. [PubMed: 16730260]

11. Koebel CM, Vermi W, Swann JB, Zerafa N, Rodig SJ, Old LJ, et al. Adaptive immunity maintains

occult cancer in an equilibrium state. Nature. 2007; 450:903-907. [PubMed: 18026089]

12. Farag SS, Fehniger TA, Ruggeri L, Velardi A, Caligiuri MA. Natural killer cell receptors: new

biology and insights into the graft-versus-leukemia effect. Blood. 2002; 100:1935-1947.
[PubMed: 12200350]

13. Palmer S, Hanson CA, Zent CS, Porrata LF, Laplant B, Geyer SM, et al. Prognostic importance of

T and NK-cells in a consecutive series of newly diagnosed patients with chronic lymphocytic
leukaemia. Br J Haematol. 2008; 141:607-614. [PubMed: 18384436]

14. Lowdell MW, Craston R, Samuel D, Wood ME, O’Neill E, Saha V, et al. Evidence that continued

remission in patients treated for acute leukaemia is dependent upon autologous natural Killer cells.
Br J Haematol. 2002; 117:821-827. [PubMed: 12060116]

15. Dolcetti R. B lymphocytes and Epstein-Barr virus: the lesson of post-transplant

lymphoproliferative disorders. Autoimmun Rev. 2007; 7:96-101. [PubMed: 18035317]

Leukemia. Author manuscript; available in PMC 2014 September 22.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Barrett and Savani

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

Page 9

Gottschalk S, Heslop HE, Rooney CM. Adoptive immunotherapy for EBV-associated
malignancies. Leuk Lymphoma. 2005; 46:1-10. [PubMed: 15621775]

Gottschalk S, Ng CY, Perez M, Smith CA, Sample C, Brenner MK, et al. An Epstein-Barr virus
deletion mutant associated with fatal lymphoproliferative disease unresponsive to therapy with
virus-specific CTLs. Blood. 2001; 97:835-843. [PubMed: 11159505]

Franklin J, Tesch H, Hansmann ML, Diehl V. Lymphocyte predominant Hodgkin’s disease:
pathology and clinical implication. Ann Oncol. 1998; 9 (Suppl 5):S39-S44. [PubMed: 9926236]
El WA, Akhtar S, Mourad WA, Ajarim D, Abdelsalm M, Khafaga Y, et al. T-cell/histiocyte-rich
B-cell lymphoma: Clinical presentation, management and prognostic factors: report on 61 patients
and review of literature. Leuk Lymphoma. 2007; 48:1764-1773. [PubMed: 17786712]

Sato E, Olson SH, Ahn J, Bundy B, Nishikawa H, Qian F, et al. Intraepithelial CD8+ tumor-
infiltrating lymphocytes and a high CD8+/regulatory T cell ratio are associated with favorable
prognosis in ovarian cancer. Proc Natl Acad Sci USA. 2005; 102:18538-18543. [PubMed:
16344461]

Ohtani H. Focus on TILs: prognostic significance of tumor infiltrating lymphocytes in human
colorectal cancer. Cancer Immun. 2007; 7:4. [PubMed: 17311363]

Molldrem JJ, Leifer E, Bahceci E, Saunthararajah Y, Rivera M, Dunbar C, et al. Antithymocyte
globulin for treatment of the bone marrow failure associated with myelodysplastic syndromes.
Ann Intern Med. 2002; 137:156-163. [PubMed: 12160363]

Sloand EM, Wu CO, Greenberg P, Young N, Barrett J. Factors affecting response and survival in
patients with myelodysplasia treated with immunosuppressive therapy. J Clin Oncol. 2008;
26:2505-2511. [PubMed: 18413642]

Sloand EM, Rezvani K. The role of the immune system in myelodysplasia: implications for
therapy. Semin Hematol. 2008; 45:39-48. [PubMed: 18179968]

Barrett AJ. Myelodysplastic syndrome--an example of misguided immune surveillance? Leuk Res.
2004; 28:1123-1124. [PubMed: 15380334]

Gannage M, Abel M, Michallet AS, Delluc S, Lambert M, Giraudier S, et al. Ex vivo
characterization of multiepitopic tumor-specific CD8 T cells in patients with chronic myeloid
leukemia: implications for vaccine development and adoptive cellular immunotherapy. J Immunol.
2005; 174:8210-8218. [PubMed: 15944330]

Barrett AJ, Rezvani K. Translational mini-review series on vaccines: Peptide vaccines for myeloid
leukaemias. Clin Exp Immunol. 2007; 148:189-198. [PubMed: 17437417]

Molldrem JJ. Vaccination for leukemia. Biol Blood Marrow Transplant. 2006; 12:13-18.
[PubMed: 16399579]

Rezvani K, Grube M, Brenchley JM, Sconocchia G, Fujiwara H, Price DA, et al. Functional
leukemia-associated antigen-specific memory CD8+ T cells exist in healthy individuals and in
patients with chronic myelogenous leukemia before and after stem cell transplantation. Blood.
2003; 102:2892-2900. [PubMed: 12829610]

Rezvani K, Brenchley JM, Price DA, Kilical Y, Gostick E, Sewell AK, et al. T-cell responses
directed against multiple HLA-A*0201-restricted epitopes derived from Wilms’ tumor 1 protein in
patients with leukemia and healthy donors: identification, quantification, and characterization. Clin
Cancer Res. 2005; 11:8799-8807. [PubMed: 16361568]

Morita Y, Heike Y, Kawakami M, Miura O, Nakatsuka S, Ebisawa M, et al. Monitoring of WT1-
specific cytotoxic T lymphocytes after allogeneic hematopoietic stem cell transplantation. Int J
Cancer. 2006; 119:1360-1367. [PubMed: 16596644]

Einsele H, Ehninger G, Schneider EM, Kruger GF, Vallbracht A, Dopfer R, et al. High frequency
of graft-versus-host-like syndromes following syngeneic bone marrow transplantation.
Transplantation. 1988; 45:579-585. [PubMed: 3279584]

Horowitz MM, Gale RP, Sondel PM, Goldman JM, Kersey J, Kolb HJ, et al. Graft-versus-
leukemia reactions after bone marrow transplantation. Blood. 1990; 75:555-562. [PubMed:
2297567]

Gahrton G, Svensson H, Bjorkstrand B, Apperley J, Carlson K, Cavo M, et al. Syngeneic
transplantation in multiple myeloma - a case-matched comparison with autologous and allogeneic

Leukemia. Author manuscript; available in PMC 2014 September 22.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Barrett and Savani

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

Page 10

transplantation. European Group for Blood and Marrow Transplantation. Bone Marrow
Transplant. 1999; 24:741-745. [PubMed: 10516677]

Barrett AJ, Ringden O, Zhang MJ, Bashey A, Cahn JY, Cairo MS, et al. Effect of nucleated
marrow cell dose on relapse and survival in identical twin bone marrow transplants for leukemia.
Blood. 2000; 95:3323-3327. [PubMed: 10828011]

Hess AD, Jones RJ, Morris LE, Noga SJ, Vogelsang GB, Santos GW. Autologous graft-versus-
host disease: a novel approach for antitumor immunotherapy. Hum Immunol. 1992; 34:219-224.
[PubMed: 1429045]

Lewalle P, Hensel N, Guimaraes A, Couriel D, Jiang YZ, Mavroudis D, et al. Helper and cytotoxic
lymphocyte responses to chronic myeloid leukaemia: implications for adoptive immunotherapy
with T cells. Br J Haematol. 1996; 92:587-594. [PubMed: 8616022]

Molldrem JJ, Lee PP, Kant S, Wieder E, Jiang W, Lu S, et al. Chronic myelogenous leukemia
shapes host immunity by selective deletion of high-avidity leukemia-specific T cells. J Clin Invest.
2003; 111:639-647. [PubMed: 12618518]

Molldrem JJ, Lee PP, Wang C, Felio K, Kantarjian HM, Champlin RE, et al. Evidence that specific
T lymphocytes may participate in the elimination of chronic myelogenous leukemia. Nat Med.
2000; 6:1018-1023. [PubMed: 10973322]

Marin D, Kaeda J, Szydlo R, Saunders S, Fleming A, Howard J, et al. Monitoring patients in
complete cytogenetic remission after treatment of CML in chronic phase with imatinib: patterns of
residual leukaemia and prognostic factors for cytogenetic relapse. Leukemia. 2005; 19:507-512.
[PubMed: 15703781]

Mustjoki S, Lundan T, Knuutila S, Porkka K. Appearance of bone marrow lymphocytosis predicts
an optimal response to imatinib therapy in patients with chronic myeloid leukemia. Leukemia.
2007; 21:2363-2368. [PubMed: 17568811]

Mughal TI, Goldman JM. Molecularly targeted treatment of chronic myeloid leukemia: beyond the
imatinib era. Front Biosci. 2006; 11:209-220. [PubMed: 16146726]

Powles R, Singhal S, Treleaven J, Kulkarni S, Horton C, Mehta J. Identification of patients who
may benefit from prophylactic immunotherapy after bone marrow transplantation for acute
myeloid leukemia on the basis of lymphocyte recovery early after transplantation. Blood. 1998;
91:3481-3486. [PubMed: 9558408]

Savani BN, Rezvani K, Mielke S, Montero A, Kurlander R, Carter CS, et al. Factors associated
with early molecular remission after T cell-depleted allogeneic stem cell transplantation for
chronic myelogenous leukemia. Blood. 2006; 107:1688-1695. [PubMed: 16131570]

Savani BN, Mielke S, Rezvani K, Montero A, Yong AS, Wish L, et al. Absolute lymphocyte count
on day 30 is a surrogate for robust hematopoietic recovery and strongly predicts outcome after T
cell-depleted allogeneic stem cell transplantation. Biol Blood Marrow Transplant. 2007; 13:1216—
1223. [PubMed: 17889359]

Savani BN, Mielke S, Adams S, Uribe M, Rezvani K, Yong AS, et al. Rapid natural killer cell
recovery determines outcome after T-cell-depleted HLA-identical stem cell transplantation in
patients with myeloid leukemias but not with acute lymphoblastic leukemia. Leukemia. 2007,
21:2145-2152. [PubMed: 17673900]

Porrata LF, Gertz MA, Inwards DJ, Litzow MR, Lacy MQ, Tefferi A, et al. Early lymphocyte
recovery predicts superior survival after autologous hematopoietic stem cell transplantation in
multiple myeloma or non-Hodgkin lymphoma. Blood. 2001; 98:579-585. [PubMed: 11468153]
Porrata LF, Inwards DJ, Ansell SM, Micallef IN, Johnston PB, Gastineau DA, et al. Early
lymphocyte recovery predicts superior survival after autologous stem cell transplantation in non-
Hodgkin lymphoma: a prospective study. Biol Blood Marrow Transplant. 2008; 14:807-816.
[PubMed: 18541201]

Porrata LF, Inwards DJ, Micallef IN, Ansell SM, Geyer SM, Markovic SN. Early lymphocyte
recovery post-autologous haematopoietic stem cell transplantation is associated with better
survival in Hodgkin’s disease. Br J Haematol. 2002; 117:629-633. [PubMed: 12028034]
Porrata LF, Litzow MR, Tefferi A, Letendre L, Kumar S, Geyer SM, et al. Early lymphocyte
recovery is a predictive factor for prolonged survival after autologous hematopoietic stem cell

Leukemia. Author manuscript; available in PMC 2014 September 22.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Barrett and Savani

51.

52.

53.

54.

55.

56.

57.

58.

Page 11

transplantation for acute myelogenous leukemia. Leukemia. 2002; 16:1311-1318. [PubMed:
12094255]

Porrata LF, Markovic SN. Timely reconstitution of immune competence affects clinical outcome
following autologous stem cell transplantation. Clin Exp Med. 2004; 4:78-85. [PubMed:
15672944]

Behl D, Porrata LF, Markovic SN, Letendre L, Pruthi RK, Hook CC, et al. Absolute lymphocyte
count recovery after induction chemotherapy predicts superior survival in acute myelogenous
leukemia. Leukemia. 2006; 20:29-34. [PubMed: 16281063]

De Angulo G, Yuen C, Palla SL, Anderson PM, Zweidler-McKay PA. Absolute lymphocyte count
is a novel prognostic indicator in ALL and AML.: implications for risk stratification and future
studies. Cancer. 2008; 112:407-415. [PubMed: 18058809]

Hudson G, Lomas C, Manley S, Caswell M, McDowell H, Pizer B, et al. Early Lymphocyte
Regeneration Predicts Improved Survival in Childhood Acute Lymphoblastic Leukaemia
[abstract]. Blood. 2003; 102:1391.

Lomas C, Hudson G, Manley S, Caswell M, McDowell H, Pizer B, et al. Early Lymphocyte
Regeneration Predicts Improved Survival in Childhood Acute Myeloid Leukaemia. [abstract].
Blood. 2003; 102:3250.

Dudley ME, Wunderlich JR, Robbins PF, Yang JC, Hwu P, Schwartzentruber DJ, et al. Cancer
regression and autoimmunity in patients after clonal repopulation with antitumor lymphocytes.
Science. 2002; 298:850-854. [PubMed: 12242449]

Wiernik PH, Lossos IS, Tuscano JM, Justice G, Vose JM, Cole CE, et al. Lenalidomide Response
in Relapsed/Refractory Aggressive Non-Hodgkin’s Lymphoma Is Related to Tumor Burden and
Time from Rituximab Treatment. ASH Annual Meeting Abstracts. 2007; 110:2565.

Witzig TE, Reeder CB, Polikoff J, Chowhan NM, Esseessee |, Greenberg R, et al. Initial Results
from an International Study in Relapsed/Refractory Aggressive Non-Hodgkin’s Lymphoma To
Confirm the Activity, Safety and Criteria for Predicting Response to Lenalidomide Monotherapy.
ASH Annual Meeting Abstracts. 2007; 110:2572.

Leukemia. Author manuscript; available in PMC 2014 September 22.



