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Hematopoietic stem cell transplantation: ASBMT/CIBMTR 2010
tandem meeting highlights and discussion

Noelle V. Frey and David L. Porter*

The American Society for Blood and Marrow Transplantation (ASBMT)
and the Center for International Blood and Marrow Transplantation
Research (CIBMTR) held their 12th Annual Tandem Meeting this Febru-
ary in Orlando, Florida. This International Transplant Meeting brought
together a record 2,570 attendees from 45 countries, and included the
state of the art educational and plenary sessions and 478 oral and poster
presentations. Recently, the American Journal of Hematology published a
series of articles reviewing the “Top 10 clinically oriented abstracts” pre-
sented at the 2009 American Society of Hematology meeting [1]. Given
how well this series was received, we believed it would be worthwhile
providing a similar review of relevant abstracts from this year's BMT
meetings. There has been dramatic progress in this field that we believe
is of great interest and importance to the hematology/oncology commun-
ity. There was an incredible body of work presented and it is misleading
to suggest that there is a “top 10” list. Many more abstracts than can be
presented here are worthy of discussion and recognition and any exclu-
sion of important studies is solely a reflection of space limitation rather
than quality of work. We tried to pick abstracts that were important,
novel, biologically interesting, and that address either changing or con-
troversial areas in the field. All 10 abstracts are published in full in the
February 2010 issue of Biology of Blood and Marrow Transplantation
(volume 16, No. 2) and are identified here by their abstract number.

Frequency of CD4"CD25"FOXP3* Regulatory T Cells Has
Diagnostic and Prognostic Value As a Biomarker for Acute
Graft-Versus-Host-Disease (#5)

Abstract Summary

The diagnosis and severity of acute graft versus host disease (GVHD) is
typically based on clinical and laboratory observations that are often subjec-
tive or inconclusive. For instance, a skin rash may be graded as GVHD by one
observer and attributed to an allergic drug reaction by a second observer. Biop-
sies of involved organs may be useful but can be associated with significant
risk and may also return conflicting or inconclusive results. For many years
investigators have attempted to identify biomarkers to predict and diagnose
GVHD [2,3] and ideally herald the onset and severity before clinical symptoms
develop allowing for early intervention and better, more effective, and targeted
immunosuppressive therapies. To date, however there are no validated diag-
nostic or prognostic noninvasive tests for acute GVHD.

Regulatory T cells (Tregs) have been found to be important mediators of
tolerance after experimental hematopoietic SCT, and have been used to pre-
vent and treat GVHD in murine models [4]. While there is great interest in
using Tregs therapeutically in clinical transplantation, just the presence and
number of Tregs could serve as a useful biomarker for GVHD. The study by
Magenau et al. uses flow cytometry to measure CD4+/CD25hi/FOXP3+
Tregs in 215 patients with (n = 60) and without (n = 155) GVHD.

Patients with GVHD (N = 60) had a Treg frequency that was 40% less
(0.66% +0.07, P < 0.001) than those without GVHD and Treg frequency
was identified as a significant independent biomarker of GVHD. Further-
more, Treg frequency correlated with the maximum overall grade of GVHD
(r = —0.33; P < 0.001), suggesting Treg values could predict severity and
potential prognosis of GVHD.

To test this they then divided patients according to the median Treg fre-
quency. Patients with Treg frequency below the median had significantly
higher nonrelapse mortality (largely attributable to GVHD) compared to
patients with Treg frequency above the median 41% vs. 8%, P = 0.03. This
translated into inferior 2 year survival of 38% versus 63% (P = 0.03). There
was no difference in relapse mortality according to Treg frequency.
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This analysis shows that the frequency of CD4"CD25"FOXP3* Tregs at
the onset of GVHD correlates with ultimate severity, nonrelapse mortality,
and overall survival. It will be of interest to determine whether Tregs can pre-
dict the onset of GVHD and whether therapy can be targeted depending on
the frequency of regulatory T cells identified at GVHD onset. This relatively
simple and rapid flow cytometry assay may have important diagnostic and
prognostic value in patients developing clinical findings consistent with graft-
versus-host disease after hematopoietic SCT.

CCR5 Expression on Circulating Blood DC Post Allogeneic
Hematopoietic Cell Transplant is Highly Predictive for the
Development of Clinically Significant Acute Graft versus Host
Disease (#23)

Abstract Summary

GVHD affects 20-70% of allogeneic SCT recipients and can result in sig-
nificant transplant-related morbidity and mortality due to tissue injury and
opportunistic infections from intensive and chronic immunosuppressive ther-
apy [5-7]. GVHD is initiated by both host and donor antigen presenting cells
[including dendritic cells (DC)] and mediated by memory and effector T cells
of donor origin. A better understanding of the pathogenesis of GVHD is
needed and could lead to more effective preventative or therapeutic inter-
ventions and better outcomes from SCT.

Sartor and colleagues report results of their investigations into the rela-
tionship between the severity of acute GVHD and the expression of the che-
mokine receptors CCR5 and CCR7 on dendritic cells, which are critical mol-
ecules for mediating DC trafficking into tissues. They evaluated serial periph-
eral blood samples from 32 patients after allogeneic SCT and 11 developed
grade II-IV GVHD. The percentage of DC expressing either CCR5 or CCR7
was calculated and correlated with the development of acute GVHD. CCR7
expression showed no association with GVHD. In contrast, higher CCR5
expression was detected on DC in patients developing grade II-IV GVHD
compared to DC in patients with grade 0-1 GVHD (P < 0.0001). All 11
patients with grade II-IV GVHD expressed CCR5 in over 35% of their DCs
while only 2 of 21 patients with grade 0-1 GVHD expressed CCR5 at this
high a percentage. Most importantly, the expression of CCR5 on DC pre-
ceded the development of moderate to severe GVHD by a median of 19
days (range 2—47 days; samples drawn twice weekly).

This is an exciting study which identifies a biologic marker which predicts
for the development of GVHD; if verified, this could result in preventative
modulation of immunosuppressive therapy for certain patients found to be at
higher and lower risk for GVHD. In addition this study highlights a specific
potential target for GVHD intervention (the CCR5 receptor), which has
gained notoriety as the site of entry for HIV into lymphocytes. Other studies
have suggested that CCR5 is important for development of GVHD [8,9]. For
this reason CCR5 antagonists such as maraviroc may be potential media-
tors of GVHD and should be studied in clinical trials.

Common Cold Viruses Early After HSCT Are Associated With
Life Threatening Alloimmune Lung Syndromes (#36)
Abstract Summary

Alloimmune lung syndromes after allogeneic SCT include Idiopathic Pneu-
monia Syndrome (IPS) and bronchiolitis obliterans (BO), and are major
causes of morbidity and mortality. The incidence appears higher after alloge-
neic stem cell transplant compared to autologous stem cell transplant sug-
gesting pulmonary toxicity is not solely related to high dose conditioning
therapy. Inflammatory cytokines have been implicated in the pathogenesis of
IPS and the risk of BO is higher in patients with chronic GVHD [10,11]
Nevertheless the precise etiology of pulmonary toxicity after transplant is not
well defined.
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Early infection with common respiratory viruses (RV) after lung transplant
has been associated with both acute and chronic rejection. To determine if an
infection with RVs was associated with alloimmune lung syndromes after hema-
topoietic SCT, Versluys et al. performed a prospective trial in 110 pediatric
patients receiving a variety of graft sources for both malignant and nonmalig-
nant diseases and conditions with either TBI (33) or chemotherapy based (77)
conditioning regimens. They used quantitative PCR of nasopharyngeal aspi-
rates to monitor for the most common RVs and found that 50% of patients had
evidence of infection at a median of day +16 after transplant (range: 7-100).
The most frequent infection was Rhinovirus (28), followed by Parainfluenzavirus
1-3, Coronavirus, Influenza A virus and Adenovirus. They reported that clinical
symptoms were mild and all patients recovered spontaneously.

During this time, patients were monitored for pulmonary toxicity and 16%
were diagnosed with IPS and 11% ultimately diagnosed with BO. Multivari-
able analysis showed that any RV infection was associated with subsequent
development of an alloimmune lung syndrome (P < 0.0001) independent of
the type of viral infection. Interestingly the development of acute GVHD was
associated with a lower risk of an alloimmune lung syndrome (P = 0.004),
perhaps related to the protective effects of prolonged immunosuppression.
Most striking was the finding that development of an alloimmune lung syn-
drome was the only predictor for mortality (P = 0.04). Overall survival was
73% for all patients but 53% for patients who developed pulmonary toxicity.

Although tissue damage, inflammatory cytokines, and an allogeneic “graft
vs. lung” effect have all been implicated in the development of IPS and BO,
the precise etiology of these syndromes is not well-defined. This study impli-
cated common RV as a major risk factor for alloimmune lung syndromes. It
is possible that these infections enhance local inflammation or changes that
make the lung a target for allogeneic recognition. This is supported by the
protective effects of acute graft vs. host disease perhaps related to the pro-
longed use of immunosuppression. This study is important for several rea-
sons. The high incidence of respiratory virus infection (50%) is concerning in
itself and may support the use of reverse isolation precautions so common
in many transplant centers. This study suggests a possible mechanism of
pulmonary toxicity after allogeneic transplant and should lead to further pro-
spective studies for early monitoring, protection, and intervention of patients
undergoing transplant. It would also be of interest to determine if early com-
mon RV infections occur with this frequency and are associated with pulmo-
nary toxicity and adult patients undergoing HSCT.

Prochymal Improves Response Rates in Patients with Steroid-
Refractory Acute Graft Versus Host Disease (SR-GVHD)
Involving the Liver and Gut: Results of a Randomized,
Placebo-Controlled, Multicenter Phase lll Trial in GVHD (41)

Abstract Summary

Treatment options for steroid-refractory GVHD (SR-GVHD) are unsatisfac-
tory and prognosis is poor. The use of conventional intensive therapies to
inhibit T-cells and inflammatory cytokines often result in high response rates
ranging between 30 and 70%, but consistently long-term survival is limited
ranging between 5 and 30% [12,13]. Available therapies are limited both by
lack of response as well as by high mortality from infectious complications
related to intensive immunosuppression. There is immediate need to
develop effective and safe therapies for SR-GVHD.

Martin et al. presented promising results of a phase lll study comparing
institutionally selected second line therapy with or without the addition of
Prochymal, a mesenchymal stem cell (MSC) product derived from unrelated
volunteer adult donors.

This was a large study enrolling 244 patients. Most patients have
advanced GVHD; IBMTR severity index grade for Prochymal vs. placebo
treated patients was B in 22 vs. 26%, C in 51 vs. 58%, and D in 27% vs.
16%. The groups were well matched and randomized in a 2: 1 fashion.
Although the intention to treat analysis showed no difference in durable com-
plete response (DCR) rates (35 vs. 30%, P = 0.3), there was a trend toward
better DCR in the treated population at 40% vs. 28% (P = 0.08). For the 22
patients with involvement of three organs, the rate of CR/PR at day 28 was
63% for the treatment group compared to 0% for the placebo group (P <
0.05). Importantly there was no significant difference in infections, relapse
(9% vs. 8%) or adverse events.

Various case reports and phase |l trials have demonstrated potential effi-
cacy with a good safety profile of MSCs for GVHD. This study can be com-
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mended simply for completing a randomized study in a large group of
patients with SR-GVHD. Response rates in the MSC-treated patients were
reasonable, and higher than placebo-treated patients. Nevertheless, despite
including such a large number of patients, many questions remain unan-
swered. Would MSCs be most effective combined with a specific consistent
second-line therapy? Numerous trials of SR-GVHD show high response
rates but ultimately limited survival due to recurrent GVHD, infections, and
even relapse; long-term outcomes beyond day 100 from this trial will be
important to report for the transplant community. Finally, given the sugges-
tion of important activity, further studying the role of MSCs for GVHD ther-
apy earlier in the course of the disease will be important.

Second Solid Cancers After Allogeneic Hematopoietic-Cell
Transplantation Using Busulfan-Cyclophosphamide
Conditioning (#59)

Abstract Summary

The number of patients undergoing autologous and allogeneic SCT has
continued to increase over time. This, in combination with improvements in
short-term treatment-related mortality rates has led to an increased preva-
lence of SCT recipients in the population who have unique long-term health
care needs related to their survivorship. A potentially devastating long-term
complication of SCT is the development of secondary malignancies [14].
Secondary myelodysplastic syndrome or acute myeloid leukemia usually
occur within the first 7 years after SCT [15]. The risk of developing solid
tumors however continues to increase with time and patients are often no
longer under the care of a transplant physician at the time of increased risk.
Secondary solid tumors predominantly occur in the upper Gl tract, oral cav-
ity, brain, soft tissues and skin. A clear dose response has been found with
the use of total body radiation and the incidence of solid tumors after SCT
[16,17]. In addition to increased risk from the direct cytotoxic effects of the
conditioning regimen, chronic inflammation (as in the setting of GVHD),
chronic immunosuppression (with increase risk of viral infection and
decreased tumor surveillance) and increased genetic susceptibility may also
play roles in the pathogenesis of these secondary tumors after allogeneic
SCT [14,17].

The authors in this study report the incidence and risk factors associated
with the development of solid tumors in 4349 pediatric and adult patients
who underwent allogeneic stem cell transplant (SCT) for acute myelogenous
leukemia (AML) in CR1 or chronic myelogenous leukemia (CML) in first
chronic phase. All subjects received chemotherapy only conditioning regi-
mens with busulfan and cyclophosphamide. The median time of follow-up for
survivors was 8.2 years; 47% of patients were alive and evaluable at 5 years
after SCT and 18% were alive and evaluable at 10 years after SCT. Sixty-six
solid cancers were reported; the cumulative incidence of solid tumors at 3, 5
and 10 years after SCT were 0.7, 0.9, and 2.0% for AML patients and 0.5,
1.1, and 3.4% for CML patients. These rates were higher than expected
rates in the general population. Significantly higher rates of solid tumors
were found [reported as observed to expected ratio (O/E)] for cancers of the
lip (O/E = 25.7), tongue (O/E = 9.1), mouth (O/E = 7.2), esophagus (O/E
= 10.3), lung (O/E = 2.6), soft tissue (O/E = 7.1) and brain (O/E = 4.7).
On Cox-regression analysis, risk factors for developing solid tumors included
older age, chronic GVHD and use of peripheral blood (as opposed to bone
marrow) as a stem cell source.

This study supports the fact that SCT recipients are at significant long-
term risk for the development of secondary solid tumors. Further longer
term reports from larger cohorts of SCT recipients are needed to better
define overall risk over time. It is important for patients and their physicians
to be aware of these risks to modify screening and preventative techniques
in this patient population.

Pre-Transplant Consolidation Chemotherapy Does Not
Improve Rates of Relapse Following Reduced Intensity
Conditioning (RIC) Hematopoietic Stem Cell Transplantation
(HCT) for AML in CR1 (#63)
Abstract Summary

Post remission chemotherapy with cytarabine before myeloablative alloge-
neic SCT has not been shown to affect outcomes for patients with AML
[18,19]. Transplants using a reduced intensity conditioning regimen (RIC-
SCT) are being used more frequently as post remission therapy for AML in
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an effort to limit transplant related toxicity and broaden potential treatment
options for older and sicker patient populations. The role of pretransplant
consolidative chemotherapy may be different in the RIC-SCT setting than
the myeloablative setting. One could hypothesize that with less intensive
conditioning therapy, additional rounds of cytarabine-based consolidation
chemotherapy before RIC-SCT would result in lower relapse rates by mini-
mizing residual disease. Alternatively, RIC-SCT recipients tend to be older
and sicker than myeloablative SCT recipients and increased rounds of ther-
apy before SCT may contribute to more treatment-related mortality.

In this report, McCormack and colleagues retrospectively reviewed out-
comes of 61 patients at their institution who underwent nonmyeloablative SCT
and evaluated the impact of pretransplant consolidation chemotherapy on out-
come. All patients had AML in CR1 at time of transplant and received either
HLA matched sibling (n = 18), cord blood (n = 42) or unrelated (n = 1) donor
grafts. Of these patients, 26 received pretransplant consolidation (73%
received 1 round; range 1-3) and 35 received none: 58% and 40% in each
group respectively had high-risk cytogenetics. In univariate analysis, exposure
to pre-SCT consolidation therapy had no impact on 2 year OS or relapse rates
and did not increase treatment related mortality rates (See Table I). In multi-
variate analysis (variables tested: comorbidity score, number of induction
cycles to achieve CR, high risk cytogenetics) exposure to consolidation ther-
apy still had no effect on relapse. The only variable significantly associated
with treatment related mortality was comorbidity score.

This study suggests that in the RIC-SCT setting, pre transplant consolida-
tion may not impact outcomes. It also further validates the value of the pre-
transplant comorbidity score on predicting treatment-related mortality. It is
important to point out that the numbers of patients evaluated in this study
are small and composed mostly of cord blood recipients. The study is likely
underpowered to detect a significant difference in outcomes and outcomes
from RIC-SCT cord recipients are likely different from recipients of RIC sib-
ling or unrelated SCTs. Nevertheless, this is an important topic that warrants
further investigation in the cord blood, sibling and unrelated setting using
larger cohorts of patients.

Multi Tumor Antigen Specific Cytotoxic T Lymphocytes for
Therapy of Hematologic Malignancies (#64)

Abstract Summary

Tumor-specific immunotherapy holds great promise, but in most cases
tumor-specific antigens are not well defined and numerous strategies have
been limited in part by the inability to generate functional tumor-specific T
cells. In some cases this is due to the low frequency of tumor-reactive T
cells. Furthermore, even when they can be isolated they may be anergized,
tolerized, or after allogeneic SCT, they may be senescent and unable to
expand [20]. The most successful use of targeted cellular therapy has been
with the generation of viral-specific T cells to treat viral-associated malignan-
cies such as EBV-associated Hodgkin’s disease or post-transplant lympho-
proliferative disorders [21].

Gerdemann et al. reported on an important technical advance in the
ability to generate tumor-specific T cells. T cells are activated in the pres-
ence of autologous dendritic cells (DCs) transfected with plasmids encod-

TABLE I. Two-Year Outcomes: Univariate Analysis

No Pre-HCT Pre-HCT
consolidation n = 35 consolidation N = 26 P-Value
(o) 48% (30-64%, 95% Cl) 35% (12-59%, 965% Cl) 0.74
Relapse 29% (14-45%, 95% Cl) 43% (23-62%, 95% ClI) 0.23
TRM 27% (30-64%, 95% Cl) 6% (30—-64%, 95% Cl) 0.05

TABLE Il. Response Rates to Mycophenolate Based on MPA Levels
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ing multiple potential tumor-associated antigens or pulsed with tumor-asso-
ciated antigen peptides. This permits generation of T cells specific for mul-
tiple antigens and multiple epitopes. Antigens and epitopes would not be
restricted to a specific HLA polymorphism as occurs when tumor-specific T
cells are generated against only 1 specific peptide that is expressed in an
HLA-restricted manner. Polyclonal T cell activation occurs by exposure to a
potent cocktail of cytokines developed to promote generation of Th1 cells
(IL12), inhibit expansion of Tregs (IL-6) and provide enhanced survival and
proliferative signals (IL15). To target lymphoma, they combined three
potential lymphoma associated antigens, SSX2, Survivin, and MAGEA4
and generated “multi-tumor associated antigen cytotoxic T cells” (multiTAA
CTL) against all three antigens from six healthy donors. They showed that
these cells had activity against autologous antigen pulsed targets and
whole antigen expressing fibroblasts and were not reactive against control
targets. Similarly to target myeloid leukemia they combined WT1, Prame,
PR3, and Survivin and generated multispecific T cells against all antigens
from two healthy donors.

To date, tumor-specific cellular therapy has been successful primarily
when well-defined viral associated antigens can be defined and targeted.
Multiple potential tumor-associated antigens have been identified but
development of targeted cellular therapy has been limited by inability to
generate sufficient, HLA-restricted T cells, and in the case of patients
who have had prior allogeneic SCT, donor T cell senescence has limited
ability to expand tumor-specific T cells [20]. This technical advance is
important since it permits generation of CTLs against multiple tumor-
associated antigens and therefore may reduce the risk of tumor escape;
it is likely that multiple antigens will need to be targeted for maximal
efficacy. Furthermore, the ability to generate CTLs with multiple specific-
ities markedly increases the efficiency of this approach and eliminates
the need for specific polymorphic HLA-restriction. It will be of interest to
see if activation by this method can reverse functional tolerance or sen-
escence in patients with primary disease or after allogeneic stem cell
transplantation.

Autologous Stem Cell Transplantation (ASCT) for HIV-Related
Lymphomas in the HAART Era: A Meta-Analysis of Response
and Survival Post Transplant (#114)

Abstract Summary

The prognosis for HIV-infected patients with non-Hodgkin lymphoma
(NHL) has improved dramatically since the consistent use of highly-active
anti-retroviral therapy (HAART) and conventional chemotherapy. Despite ini-
tial reports showing lower responses and higher mortality from combination
chemotherapy in HIV-infected patients, in the modern era HAART-treated
patients with diffuse large B-cell lymphoma treated with CHOP or rituximab-
CHOP have similar outcomes to patients without HIV infection [22]. Never-
theless, many patients relapse and lymphoma remains a significant cause of
death for patients with HIV-related lymphoma. In the past, HIV infection was
felt to be a contraindication to autologous SCT out of concern for excessive
toxicity and poor response rates. Currently, several reports suggest that HIV-
infected patients may tolerate autologous SCT similar to non-HIV-infected
patients [23].

Sunil et al. performed a meta-analysis that ultimately included five studies
and abstracts dealing with autologous SCT for patients with HIV related lym-
phoma. They were 35 patients with Hodgkin lymphoma and 83 with NHL.
Outcomes were as impressive as would be anticipated in a similar non-HIV
infected population. After transplant, 71% of patients (95%CI 60-80)
achieved complete remission (CR) and 2 year overall survival was 71%
(95%CI 61-79). A CR before transplant was highly predictive of a CR after
transplant in 2 year overall survival. Overall this meta-analysis confirms the

Mean MPA
trough weeks 1

Mean MPA
trough weeks 1

Mean unbound MPA
trough <0.015 mcg/mL

Mean unbound
MPA trough >0.015 mcg/mL

All patients and 2 >0.5 mg/mL and 2 <0.5 mg/mL trough weeks 1 and 2 trough weeks 1 and 2
Day 28 CR/PR 21 (65.6%)/5 19/19 (100%) 7113 (54%) 15/15 (100%) 11/17 (65%)
(15.6%) (P = 0.002 (P=0.02)
Notably there was no association between drug measurement and risk of infection by day 90 or overall survival at day 180.
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community opinion that autologous SCT for HIV infected patients should not
be contraindicated and is likely to result in comparable outcomes compared
to a non-HIV-infected group of patients.

There are caveats to this report as there are in any meta-analysis. This is
a retrospective analysis combining results of several case series. In addition
there is likely to be significant reporting bias in this field. However the review
of five studies including 111 patients support the conclusion that autologous
transplant should be offered to HIV-infected patients as clinically appropriate
and is not contraindicated. The authors appropriately conclude that prospec-
tive trials are necessary (and these data confirm that they are appropriate)
and the community should anxiously await results from a planned multicen-
ter prospective trial of autologous SCT in HIV-related lymphoma patients in
development by the Blood and Marrow Transplant Clinical Trials Network
(BMT CTN).

The Graft-Versus-Myeloma Effect Using Nonmyeloablative or
Reduced Intensity Allogeneic Hematopoietic Stem Cell
Transplantation (HSCT) (#204)

Abstract Summary

A graft vs. myeloma (GVM) effect has been suggested in transplant stud-
ies and has been demonstrated as a “proof of principle” concept using DLI
to treat relapsed myeloma [24]. However outcomes after DLI for relapsed
myeloma have been disappointing [25] calling in to question the potential
efficacy of nonmyeloablative allogeneic stem cell transplantation. Large ser-
ies of allogeneic SCT are not available to guide treatment decisions.

Dr. Ringden for the CIBMTR reported on outcomes for 177 recipients of
matched sibling allogeneic SCT conditioned with a nonmyeloablative or
reduced intensity conditioning (RIC) regimen for myeloma. The median age
of patients was 50 (range 24—69) and 105 patients received a planned tan-
dem autologous transplant followed by allogeneic SCT. With a median fol-
low-up of 55 months (range 3-98) for all patients, and 25 months (range 3—
76) for recipients of tandem autologous/allogeneic SCT, 3 year overall sur-
vival was quite reasonable at 45% (95% Cl 33-58) for recipients of a single
allogeneic SCT and 64% (53-75) for recipients of tandem autologous/alloge-
neic SCT. Treatment related mortality (TRM) at 3 years was 27 (17-38)%
and 16 (10-25)% respectively and relapse rates were 48 (36—-60)% and 41
(29-54)%. The 3 year progression free survival (PFS) was 25 (15-37)% and
42 (20-43)% demonstrating that long-term control was possible in some
patients. The multivariate analysis showed that chronic GVHD decreased
the probability of relapse (RR 0.43, P = 0.012), though this effect was lim-
ited to patients without IgG myeloma for reasons that are difficult to explain.
In addition, PFS was better with autologous + allogeneic HSCT compared
to allogeneic SCT (RR 3.6, P = 0.001), suggesting that dose intensive che-
motherapy still has a major role in care of these patients.

This report has many limitations. In particular it is a retrospective study
and it is not known how patients were selected for specific therapies. Some
findings are not easily explained, such as a benefit of chronic GVHD in
terms of relapse noted only in patients without IgG myeloma. Nevertheless,
it is a large study using available registry data demonstrating that at least in
some patients, a GVM effect can be generated and long-term disease con-
trol achieved. Defining the proper patient population, timing of transplant,
and the role for autologous/allogeneic SCT before RIC allogeneic SCT
remain important subjects for future studies that hopefully will someday har-
ness the GVM effect for maximal benefit.

Mycophenolate Pharmacokinetics and Association with
Response to Acute Graft vs. Host Disease (GVHD) Treatment
(#385)

Abstract Summary

Mycophenolate mofetil (MMF) is commonly used for GVHD prophylaxis, par-
ticularly in the setting of nonmyeloablative allogeneic SCT. It is also being used
with increasing frequency to treat GVHD and may be more effective in combina-
tion with steroids than other therapies [26]. However, increasing evidence sug-
gests that variable pharmacokinetics may be critical to efficacy of MMF.

As part of a randomized phase Il trial from the Bone Marrow Transplant
Clinical Trials Network (BMT-CTN), MMF 1 g twice daily plus corticosteroids
was given as 1 of 4 possible therapies; MMF pharmacokinetics were studied
in the context of acute GVHD response. This cohort included 32 patients and
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MMF pharmacokinetic sampling occurred in weeks 1 and 2. Targets for thera-
peutic concentration of the active metabolite mycophenolic acid (MPA) were
set at 0.5 mg/mL or unbound MPA at 0.015 mcg/mL. One of the most signifi-
cant findings was that approximately half of the patients did not achieve these
drug levels, and drug levels had a direct impact on response rates.

The overall response rate of acute GVHD at day 28 and day 56 for all
patients was impressive at 65.6 and 78% respectively as shown below. Single
mycophenolic acid (MPA) pharmacokinetic measurements during weeks 1
and 2 after treatment did not correlate with CR at either day 28 or 56 (P >
0.07). However, as shown in Table II, if the mean of weeks 1 and 2 are taken
together and the MPA trough was above the thresholds noted, more patients
achieved CR + PR compared to cases where the MPA trough was low.

There is increasing use of MMF for the prevention and treatment of acute
GVHD. Although direct comparative data is limited, there is an expectation
that this drug has significant activity and a favorable toxicity profile compared
to other immunosuppressive therapies for GVHD. However, the pharmacoki-
netics have not been well defined in this setting. This analysis from Jacob-
son and colleagues for the BMT-CTN is important since it shows that obtain-
ing therapeutic levels is important to optimize response rates for acute
GVHD without resulting in increased risk of infection or limited survival at
least by day 180. This should directly impact how transplant physicians use
MMF. Further pharmacokinetic studies will be needed to define the optimal
dose and schedule, but consideration should be given to either close drug
monitoring and/or altering dosing from 2 to 3 g/day or body weight dosing.
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Primary pulmonary non-Hodgkin’s lymphoma: A retrospective
analysis of 29 cases in a Chinese population

Jiajia Huang,''? Tongyu Lin,%? ZhiMing Li,**** Ruihua Xu,''? Huigiang Huang,'? and Wengi Jiang!:?

Primary pulmonary non-Hodgkin’s lymphoma (PPL) is a rare extrano-
dal lymphoid neoplasm. The present knowledge of this entity is vague
and minimal. A total of 29 patients diagnosed with PPL at Sun Yat-Sen
University Cancer Center in China were retrospectively analyzed. Nine-
teen patients had mucosa-associated lymphoid tissue (MALT) lym-
phoma, nine had diffuse large B-cell lymphoma (DLBCL), and one had
plasmacytic lymphoma. Six patients received PET/CT scans before
treatment, and mean maximum standardized uptake values (mSUVs)
were much higher in the DLBCL cases (n = 3) than in the MALT lym-
phoma cases (n = 3). The 3-year overall survival (OS) rate was 79.3%.
Cox regression analysis showed that hilar/mediastinal lymphadenop-
athy (LAP) was an independent predictor of survival (P = 0.029). The
mean survival time (MST) was 75.5 months for patients who underwent
surgery and 65.7 months for those who didn’t (P = 0.38). The MST was
77.4 months for patients treated with rituximab and 54.1 months for
those not treated with rituximab (P = 0.101). Clinical characteristics in
our study were partly similar to those previously reported. However,
we found that hilar/mediastinal LAP seemed to be an effective prog-
nostic factor in Chinese PPL patients. The role of surgery and rituxi-
mab in the management of PPL warrants further investigation.

PPL is quite rare and it is defined as clonal lymphoid proliferation involving
the lung parenchyma and/or bronchi but without extrathoracic extension at
the time of diagnosis or within the subsequent 3 months [1,2]. Patients diag-
nosed with PPL may present with hilar or mediastinal LAP, but most of the
tumor burden is in the lung [1]. PPL represents only 0.4% of all lymphomas,
and less than 1% of NHL [2—4]. The treatment for primary pulmonary lym-
phomas (whether surgery, radiotherapy, chemotherapy, or targeted therapy
alone or in combination) has not been clearly established. The role of rituxi-
mab in the treatment of PPL remains controversial [5].

In this study, we retrospectively reviewed 29 cases of newly diagnosed
PPL in the Sun Yat-Sen University Cancer Center in China from January
2001 to December 2008 to identify prognostic factors of PPL and optimal
treatment for PPL in the rituximab era. The clinical features of all patients
are presented in Table |. Nineteen patients (65.5%) had MALT lymphoma,
nine (31.0%) had DLBCL, and one (3.4%) had plasmacytic lymphoma. In
most of the patients in this series, surgery provided a definite diagnosis,
whereas bronchoscopic biopsy had a low-diagnostic yield. Of the 16 patients
with PPL who underwent bronchoscopic examination, only four had positive
results. Prior to treatment, all 29 patients were evaluated by CT scans, and
six patients underwent integrated '®F-FDG-PET/CT scanning. The radiologi-
cal findings for all patients are listed in Table |. Twenty patients (69.0%) had
unilateral lung involvement and nine (31.0%) had hilar/mediastinal LAP. Of
the six patients who underwent integrated '8F-FDG-PET/CT scanning, three
had DLBCL and three had MALT lymphoma. The maximal standardized
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uptake values (mSUVs) ranged from 2.0 to 7.6 (mean mSUV, 3.9 + 1.72) in
the three MALT lymphoma cases and from 10.5 to 16.9 (mean mSUV, 13.5
+ 2.74) in the three DLBCL cases.

Clinical characteristics of PPL (MALT vs non-MALT) are shown in Table I.
Patients with MALT lymphoma had a higher frequency of elevated LDH level
at diagnosis (15.8% vs 70.0%, P = 0.011) and B symptoms (21.1% vs
70.0%, P = 0.017). Moreover, a significant difference in the rate of hilar/
mediastinal LAP was found between the MALT type lymphoma group and
non-MALT lymphoma group (10.5% vs 70.0%, P = 0.002).

The primary treatment modalities of all patients were: (a) surgery alone (5
cases); (b) chemotherapy alone (6 cases); (c) surgery followed by chemother-
apy (8 cases); (d) chemotherapy followed by radiotherapy (10 cases). A total
of 13 patients received surgery, including two patients by VATS, one by wedge
resection thoracotomy, and 10 by lobectomy. Twenty-four patients treated with
chemotherapy (median: 5 cycles, range: 2-9 cycles). The most frequently
used first-line treatment were CHOP (cyclophosphamide, doxorubicin, vincris-

TABLE I. Baseline Characteristics of 29 Chinese Patients with PPL

MALT non-MALT
lymphoma  lymphoma

Characteristics (n=19) (n=10) Total (%)
Age (years)

Median (range) 50 40.5 50 (17-76)

> 60 6 1 7 (24.1)
Sex

Male 7 5 12 (41.4)

Female 12 5 17 (58.6)
History of smoking 4 3 7 (24.1)
Presenting symptoms

None 9 2 11 (37.9)

Respiratory symptoms 10 8 18 (62.1)

B symptoms 4 7 11 (37.9)

PS > 2 1 2 3(10.3)
Radiological findings at diagnosis

Unilateral 13 7 20 (69.0)

Bilateral 6 3 9 (31.0)

Lung nodule/mass 11 5 16 (55.2)

Infiltrates/consolidation 8 4 12 (41.4)

Hilar/mediastinal lymphadenopathy 2 7 9 (31.0)

Pleural effusion 2 3 5(17.2)

High-LDH level 3 7 10 (34.5)
Ann Arbor Stage

IE-IIE 16 7 23 (79.3)

HE-IVE 3 3 6 (20.7)
IPI scores

0-2 17 8 25 (86.2)

3-5 2 2 4 (13.8)
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Figure 1. Overall survival of patients with or without hilar/mediastinal lymphaden-
opathy (LAP).

tine, and prednisone) or CHOP-like regimens. Thirteen patients received ritux-
imab (median: 5 cycles, range: 2-9 cycles) in combination with chemother-
apy: seven had MALT lymphoma, five had DLBCL, and one had plasmacytic
lymphoma. The overall response rate to initial chemotherapy was 81%,
including complete remission in four cases and partial response in nine cases.
Ten patients underwent radiation. The total dose of radiotherapy ranged from
30 to 46 Gy. Pneumonia related to radiation was observed in one case.

In a median follow-up of 35 months (range: 5-95 months), 6 of 29 patients
(20.7%) died due to disease progression (3 cases), pneumonia related to
bone marrow suppression after chemotherapy (1 case), renal failure (1
case), and unknown causes (1 case). OS at 3 years was 79.3% and MST
was 73.7 months (95% confidence interval, Cl 59.4-88.0). MST was shorter
in patients with hilar/mediastinal LAP than in those without hilar/mediastinal
LAP (50.6 months vs 84.2 months, P = 0.006) (Fig. 1) and in patients with
non-MALT lymphoma than in those with MALT lymphoma (48.8 months vs
83.1 months; P = 0.009). Univariate analysis identified non-MALT type (P =
0.009), B symptoms (P = 0.012), high-LDH level (P = 0.011), advanced
Ann Arbor Stage (llIE-IVE) (P = 0.012), International Prognostic Index
scores (IPl) = 3-5 (P = 0.040), and hilar/mediastinal LAP (P = 0.006) as
indicators of poor prognosis. Multivariate Cox regression analysis identified
only hilar/mediastinal LAP as an independent predictor of OS (RR = 11.0,
95% Cl: 1.29-94.4, P = 0.029). The MST was 75.5 months for patients who
underwent surgery initially and 65.7 months for those who did not undergo
surgery (P = 0.38). The MST was 77.4 months for patients treated with rit-
uximab and 54.1 months for those not treated with rituximab (P = 0.101).

PPL is a very rare entity accounting for only 3.6% of all extranodal lym-
phoma cases [2]. The predominant pathologic subtype in our study was
MALT lymphoma, followed by DLBCL, confirming previous data [6,7]. PET/
CT imaging is a highly sensitive and specific tool for detection and localiza-
tion of HL and aggressive NHL, and it also superior to CT in differentiating
immunophenotypes of lymphoma [5,8-10]. PET scans may be able to reli-
ably distinguish between indolent and aggressive subtypes in lymphoma
patients. In our study, the mSUVs were much higher in DLBCL cases than
MALT lymphoma cases. DLBCL in contrast to MALT lymphoma often shows
aggressive growth, which may increase FDG uptake by the lesions. Further
clinical trials are warranted to determine whether the effectiveness of PET/
CT in PPL depends on the histological subtype.

MALT and non-MALT PPLs are reported to differ in clinical behavior and
prognosis [7,11-13]. In this series, hilar/mediastinal LAP, high-LDH eleva-
tion, and B symptoms were more frequent in non-MALT lymphoma. Our
data demonstrated that hilar/mediastinal LAP was the only independent
prognostic factor in PPL in multivariate analysis. Previous studies have pre-
sented little evidence indicating the prognostic significance of hilar/mediasti-
nal LAP in PPL [6]. Previous reports focused mainly on MALT lymphoma
and some studies did not include patients with hilar/mediastinal LAP
[7,14,15]. Until now, no risk factors have been clearly identified in PPL. Our
findings showed that patients with MALT type PPL survived longer than
those with non-MALT PPL, but unlike other authors [11-13,16].
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The optimal modality for the management of PPL has not been estab-
lished so far [16—18]. In patients with MALT primary lung non-Hodgkin’s lym-
phomas (NHL), surgical resection is commonly preferred for localized
tumors. A review of 17 primary pulmonary B-cell lymphoma cases by Fadel
and coworkers suggested that surgery was the treatment of choice in local-
ized PPL cases [13]. However, in our study, the difference in survival
between surgically treated and untreated groups did not reach statistical sig-
nificance, similar to some of the previous reports [6,19].

Although the results of rituximab (a chimeric anti-CD20 antibody) plus
chemotherapy for a wide variety of B-cell ymphomas, including DLBCL and
MALT lymphoma, have been encouraging [20,21], the role of rituximab in
PPL treatment is unclear. In this study, we did a preliminary evaluation of
the efficacy of rituximab in the management of primary pulmonary B-cell
lymphoma. Patients treated with rituximab tended to have better outcomes,
but no statistical difference. Most patients in our study were in early stages.
The impact of rituximab could not be demonstrated, possibly because the
results of surgery and conventional chemotherapy for early-stage disease
were excellent. Multicenter clinical trials will be needed to define the best
therapeutic strategies.

In conclusion, the clinical characteristics of Chinese patients with PPL in
our study were partly similar to those previously reported. PET/CT scan may
be helpful in differentiating immunophenotypes and clinical behaviors. Fur-
thermore, we found that hilar/mediastinal LAP could identify patients with sig-
nificantly worse outcomes in Chinese PPL patients. The role of surgery and
rituximab in the management of PPL patients warrants further investigation.

Methods

Patients and staging. The data from 29 patients with newly diagnosed PPL
in the Sun Yat-Sen University Cancer Center in China from January 2001 to
December 2008 were retrospectively analyzed. The study protocol was
approved by the Institutional Review Board of the Sun Yat-Sen University
Cancer Center. All patients consented to have their medical records
reviewed for research purposes. The diagnosis of PPL was based on the fol-
lowing criteria [2,11]: unilateral or bilateral lung involvement of NHL; no his-
tory of lymphoma; no evidence of extrathoracic lymphoma at the time of
diagnosis by clinical staging workup. No extrathoracic lymphoma was detect-
able within 3 months after the initial diagnosis. Cases with hilar/mediastinal
adenopathy or adjacent chest wall invasion were also included in our study,
as described in previous reports [6,11]. All patients were staged according
to the Ann Arbor staging system [22]. IPI scores were also measured [23].
All hematoxylin and eosin stained and immunohistochemically stained
slides were reviewed, and pathological subtypes were identified according to
the World Health Organization criteria by histopathologists [24]. Antibodies
to the following antigens were used to confirm the diagnosis in suspected
subtypes: leukocyte common antigen, cluster designation (CD)3, CD5,
CD10, CD19, CD20, CD30, CD45, CD79a, Ki-67, Cyclin D1, kappa and
lambda immunoglobulin, and anaplastic lymphoma kinase. For the cases
with inconclusive morphological features and immunophenotypic findings,
molecular genetic analysis was performed to detect rearrangements of
immunoglobulin heavy chain genes and T-cell receptor gamma chain genes.

Response criteria and statistical analysis. Response to treatment was
assessed according to the International Working Group Recommendations
for Response Criteria for NHL [25,26]. OS was calculated from the date of
diagnosis to the date of death from any cause or to the date of last follow-
up. Clinical characteristics of PPL cases were summarized by means,
medians, and percentages, and were compared using the > or Fisher's
exact test. The primary endpoint of our analysis was OS. Survival curves
were analyzed using the Kaplan-Meier method. The prognostic importance
of different variables in OS was estimated by multivariate analysis using the
Cox regression model. A two-tailed P < 0.05 assessed by the log-rank test
was considered statistically significant. Statistical analysis was performed
using SPSS 16.0 for Windows.
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The assessment of human organic cation transporter 1 (hOCT1)
MRNA expression in patients with chronic myelogenous leukemia
is affected by the proportion of different cells types in the

analyzed cell population

Zdenek Racil,'* Filip Razga,* Lucie Buresova,? Tomas Jurcek,! Dana Dvorakova,® Daniela Zackova,®

Shira Timilsina,®Petr Cetkovsky,* and Jiri Mayer?

The monitoring of hOCT1 mRNA expression in patients with chronic
myelogenous leukemia (CML) was used for predicting the response to
imatinib treatment. However, different cell populations from patients
who received various degrees of pretreatment were used for this anal-
ysis. Therefore, several biases in the results and their interpretation
may arise. We investigated hOCT1 mRNA expression in different cell
populations of peripheral blood (PB) from healthy volunteers and in
imatinib naive de novo CML patients by analyzing changes in hOCT1
mRNA expression during the first 6 months of imatinib therapy. The
hOCT1 mRNA expression was significantly higher in PB polymorpho-
nuclears compared to mononuclears. The hOCT1 mRNA expression in
total PB leukocytes is, therefore, preferentially determined by the per-
centage of polymorphonuclears. Expression in each analyzed group of
cells was always significantly lower in imatinib naive de novo CML
patients compared to healthy volunteers. This difference disappeared
after the initiation of imatinib therapy, suggesting that CML tumor bur-
den and the degree of pretreatment at the time of monitoring were
both influencing factors.

Imatinib (IMA) uptake is predominantly mediated by human organic cation
transporter 1 (hOCTT) [1]. Decreased expression or function of this protein
can lead to a reduction of the intracellular concentration of IMA and, there-
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fore, lead to pharmacokinetic resistance to the drug [1,2]. There are several
data suggesting a correlation between hOCT1 activity/expression and the
therapeutic outcome of CML patients treated with IMA [3-5]. Unfortunately,
this issue has several uncertainties in the literature that may lead to the mis-
interpretation of previously reported data and the interpretation of future
studies. First, hOCT1 activity, which is measured by a functional assay [1,2],
must be clearly differentiated from mRNA expression monitoring [1,3-5].
Second, the cell populations used for analysis vary widely in cell type, espe-
cially in studies that monitor mRNA hOCT1 expression [1,3-5]. Furthermore,
while some studies have monitored a well-defined group of patients with de
novo chronic phase CML [3], others make analyses on heterogeneous study
populations that contain pretreated patients [4,5].

We investigated differences in hOCT1 mRNA expression in different cell
populations of PB leukocytes (LEU) from healthy volunteers and patients
with de novo CML, a change in hOCT1 mRNA expression during the first 6
months of IMA treatment, and the relationship between hOCT7 mRNA
expression and the percentage of immature myeloid cells as well as BCR/
ABL transcript levels in PB (as indirect markers of disease burden).

The hOCT1 mRNA expression was measured in PB LEU (n = 66), PB
PMNC (n = 35), and PB MNC (n = 33) from 66 healthy volunteers. Figure
1 summarizes these results and clearly shows a wide range of hOCT1
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mRNA expression in total LEU as well as in PMNC and MNC. The hOCT1
mRNA expression was significantly higher in PMNC compared to MNC.
Therefore, the total LEU hOCT1 mRNA expression was preferentially deter-
mined by the percentage of PMNC in the total LEU.

Analogous measurements were performed in 23 patients with IMA naive
de novo CML. Similarly, a large distribution of expression was seen from
individual groups of cells (Fig. 1). Total hOCT1 mRNA expression in PB
LEU was again significantly influenced by the PMNC hOCT1 mRNA expres-
sion and PMNC percentage. The large variability in the percentage of
PMNC from total LEU in patients with IMA naive de novo CML (median:
75%; range: 33-93%) is, therefore, an important factor in the marked varia-
bility seen in hOCT1 mRNA expression in total LEU at the time of CML diag-
nosis. In addition, the hOCT1 mRNA expression from each analyzed group
of cells was always significantly lower in IMA naive de novo CML patients
compared to healthy volunteers (Fig. 1). This suggested that CML cells have
an additional effect on the observed hOCT1 mRNA expression level.

The hOCT1 mRNA expression was detected in total LEU and in MNC at
monthly intervals from IMA naive de novo CML patients from the time of
diagnosis until the 6th month of IMA therapy. The median hOCT1 mRNA
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expression level from total LEU was significantly lower in the CML patients
at the time of diagnosis compared to median expression levels in healthy
individuals ( Fig. 1; P < 0.001; nonparametric Mann Whitney test). However,
after 1 month of IMA treatment, the median hOCT1 mRNA expression level
in total LEU significantly increased (P = 0.031; nonparametric Wilcoxon
test) and reached the expression levels from healthy volunteers. Therefore,
the previously described difference in expression level disappeared during
this observation period (P = 0.769; nonparametric Mann Whitney test) (Fig.
2A). The same finding of hOCT1 mRNA expression was seen in the MNC
samples from patients under the same criteria (Figs. 1 and 2B).

The lower hOCT1 mRNA expression level in LEU from IMA naive de novo
CML patients compared to healthy volunteers as well as its progressive
increase after the start of IMA therapy could be explained by the initial pres-
ence and subsequent gradual disappearance of tumor cells from the meas-
ured cell population. To confirm this hypothesis, we performed an analysis
on the relationship of hOCT1 expression with the percentage of immature
myeloid cells in the LEU samples (as a marker of disease burden) obtained
from IMA naive de novo CML patients. In addition, because of the fact that
a majority of patients did not have immature myeloid cells present in PB
LEU samples after the first month of IMA therapy, we analyzed the depend-
ence of LEU hOCT1 mRNA expression on the amount of BCR /ABL tran-
scripts from these samples. We found a statistically significant relationship
between hOCT1 mRNA expression level and the percentage of immature
myeloid cells at the time of diagnosis as well as the BCR/ABL transcript
level at the first month after the start of IMA treatment (Fig. 3A,B).

Very limited data concerning hOCT1 mRNA expression in different cell
populations exist to date [6-8]. Bazeos et al. reported a higher hOCT1
mRNA expression level in PB PMNC compared to MNC from healthy individ-
uals [6]. In this study, we have enhanced these findings and described the
difference in expression level in IMA naive de novo CML patients as well.

Our finding of lower hOCT1 mRNA expression in total LEU from IMA naive de
novo CML patients that quickly reached the expression levels of healthy volun-
teers is in accordance with observations from Bazeos et al. [6]. However, the
authors from that study assumed that this finding was related to the achievement
of a complete cytogenetic response. According to our findings, the increase in
hOCT1 mRNA expression after the start of IMA treatment was not caused by the
suppression of inhibitory effects of the BCR/ABL oncogene, as suggested by
Bazeos et al., but rather was due to a significant effect of the lower hOCT1
mRNA expression in immature myeloid cells (mostly CML tumor cells), which
rapidly disappeared from the PB within the first month of IMA therapy.

Several studies have monitored hOCT1 mRNA expression in the MNC frac-
tion of the leukocytes [3,9]. However, the MNC is composed of several types of
cells (including immature myeloid precursors, mostly tumor cells in CML
patients). Although not analyzed, because of a low number of available samples
for hOCT mRNA measurement in MNC (required for statistical significance), we
expected that the impact of the cell composition found in total leukocytes on the
hOCT mRNA expression results would be similar when measured in MNC.
Therefore, it is not surprising that Labussiere et al. and White et al. did not dem-
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The hOCT1 mRNA expression level in total leukocytes (A) and mononuclear cells (B) in IMA naive de novo CML patients be