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ABSTRACT

Matched related and unrelated allogeneic non-
myeloablative hematopoietic transplantation (NMT)
is increasingly being used in patients with hema-
tologic malignancies. Conditioning regimens and
indications for NMT vary considerably from centre
to centre. Our institution uses intravenous fludara-
bine and cyclophosphamide, plus graft-versus-host
disease (GvHD) prophylaxis with tacrolimus and my-
cophenolate mofetil. We retrospectively analyzed 89
consecutive patients who underwent NmT (65 related,
24 unrelated) at our institution from October 2002
to September 2011. The most frequent indications
for NMT were acute myelocytic leukemia (high-risk
in first complete or subsequent remission: n = 20,
22.5%) and relapsed follicular lymphoma (n = 18,
20.2%). The cumulative incidence of acute GvVHD
(grades 2—4) was 28.1% (n = 25), and rates were
similar for related (n» = 18, 28%) and unrelated
(n =17, 29%) nMT. At a median follow-up of 22.6
months, the cumulative incidence of chronic GvHD
(limited and extensive) was 68% (n = 61): 68.5%
(n = 44) for related and 71% (n = 17) for unrelated
NMT. The 100-day transplant-related mortality rate
was 2.2%: 1.5% for related and 4.2% for unrelated
NMT. Of the 89 patients, 30 (33.7%) have relapsed:
41.5% after related and 12.5% after unrelated NmT.
Relapse rates were similar in patients with myeloid
and lymphoid malignancies (36.4% vs. 33.3%). The
3-year overall and progression-free survival rates
were 50.0% and 43.4% respectively, with multivari-
ate analysis showing that neither rate was affected
by age, disease group, status at transplantation, or
related compared with unrelated NmT1. Our findings
indicate that, despite its limitations, including the
incidence of chronic GVHD, NMT is an important treat-
ment modality for a selected subgroup of patients
with hematologic malignancies.
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1. INTRODUCTION

Non-myeloablative allogeneic hematopoietic trans-
plantation (NMT) is increasingly being used as a
treatment strategy in patients with hematologic
malignancies. Its scientific premise is that a less-
intensive preparative regimen would likely result in
less toxicity to organs and would therefore be bet-
ter tolerated by patients otherwise precluded from
standard myeloablative transplantation because of
advanced age or comorbidities' 3.

Despite the more frequent use of NmT, the tech-
nique might be associated with a high incidence of
chronic graft-versus-host disease (GvHD)—in some
settings, higher than that with standard myeloabla-
tive transplantation. Although the incidence of GvHD
can be lowered with the use of alemtuzumab, that
agent has been associated with a higher incidence
of cytomegalovirus reactivation. Additionally, NMT
patients will often require donor lymphocyte infusion
to control their disease.

After transplantation, GvHD is a major deter-
minant of morbidity, quality of life, and survival®.
However, a graft-versus-tumour (GvT) effect can
also play a major role in lowering the risk of cancer
relapse. Chronic GvHD has been associated with
improvements in relapse-free survival, particularly
in more indolent malignancies, including low-grade
lymphoma and chronic leukemia®. Relapse rates
were shown to be lower in patients receiving alloge-
neic than autologous hematopoietic stem-cell trans-
plants, particularly from unrelated donors’®, with
higher relapse rates in patients receiving syngeneic®
or T-cell-depleted!? allografts.
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The present study describes our experience
of patients who have undergone NMT at our centre
over a 9-year period, especially rates of survival
and GvHD. In particular, we retrospectively assessed
the effects on patient outcomes of donor—recipient
relatedness and type of malignancy.

2. METHODS
2.1 Patient Population

This retrospective analysis enrolled consecutive
patients who underwent NMT at our institution dur-
ing a 9-year period between October 1, 2002, and
September 30, 2011. Eligibility requirements for NMT
included an Eastern Cooperative Oncology Group
performance status of 0—2, absence of active infec-
tion at the time of transplantation, and normal or
near-normal lung, renal, and cardiac function.

2.2 Donors

All donors included in this analysis were matched
for human leukocyte antigens at the A, B, and DR
loci. Unrelated donors were low-resolution molecu-
lar matches at those loci. Donor peripheral blood
stem cells were mobilized with filgrastim (10 png/kg
daily, given subcutaneously for 4 days), with stem-
cell collection initiated on the 5th day of filgrastim
treatment. Apheresis was continued until at least 2.5
million CD34 cells per kilogram recipient weight
were collected (1 or 2 procedures).

2.3 Conditioning Regimens and Graft-Versus-Host
Donor Prophylaxis

The conditioning regime for recipients consisted of in-
travenous fludarabine (30 mg/m?) plus cyclophospha-
mide (300 mg/m?) daily for 5 days. The NMT regimen,
designed to minimize cytopenia and not requiring
stem-cell rescue, has previously been described'!.

Prophylaxis for GvHD consisted of oral mycophe-
nolate mofetil (500 mg twice daily) from day 1 to
day 50) and tacrolimus from day 1 to day 5 at doses
to ensure trough levels between 5 pg/mL and 15 pg/
mL!2. If gvup did not occur by day 50, tacrolimus was
tapered over the next 2—3 months. Supportive care
included prophylactic transfusion of red blood cells
if hemoglobin dropped below 80 g/L and of platelets
if platelet count dropped below 10x103/mm?

2.4 Statistical Considerations

Descriptive statistics are used to describe the baseline
characteristics of patients, disease, and disease status
at conditioning. Categorical variables in patients un-
dergoing related and unrelated NMT were compared
using two-sided Fisher exact tests, and continuous
variables were compared using the Student 7-test.

The number of relapses per person—year was calcu-
lated by dividing the number of relapses in a cohort
(or overall) by the total number of person—years in
the cohort (or overall). Cox regression by the Bre-
slow method was used to analyze specific cohort
relapses, and log-rank p values were determined.
Overall survival (0s) and progression-free survival
(prs) were calculated using the Kaplan—Meier method
and compared using the log-rank test. Progression-
free survival was defined as the time from stem-cell
infusion to relapse or death from any cause. Overall
survival was defined as the time from infusion to
death from any cause. Cox regression analysis was
performed separately for os and prs. All variables
included in the model were appropriately selected
based on clinical judgment. All continuous variables
were tested for linearity on the log-hazard scale. The
proportional hazards assumption was tested using
plots of residuals and including an interaction term
with the log time-to-event.

3. RESULTS
3.1 Patient Characteristics

Table 1 shows the demographic and clinical charac-
teristics of the 89 patients who underwent NMT at our
institution during the study period. The median age
of the recipients was 59 years (range: 17—69 years)
and of the donors, 57 years (range: 35—71 years).
Most donors (n = 51, 57.3%) and recipients (n = 61,
68.5%) were men. The most frequent indications for
NMT were acute myelocytic leukemia [aML (high-risk
in first complete or subsequent remission): n = 20,
22.5%] and relapsed follicular lymphoma (n = 18,
20.2%). Other indications were chronic lymphocytic
leukemia (n = 6), diffuse large B-cell lymphoma
(n=7), Hodgkin lymphoma (n = 6), mantle cell lym-
phoma (n = 6), multiple myeloma (n = 8), plasma cell
leukemia (n = 2), myelodysplasia (n = 6), myeloprolif-
erative disorders (n = 3), and chronic myelomonocytic
leukemia (n = 4). All patients received immunosup-
pressive medication as GVHD prophylaxis.

3.2 GvHD

The overall cumulative incidence of acute GvuD (all
grades) was 36.0% (7 = 32): 35% (n = 23) in patients
undergoing related NnmMT and 37% (n = 9) in patients
undergoing unrelated nMT (p = 0.85). The overall
cumulative incidence of grades 2—4 acute GVHD was
28.1% (n = 25): 28% (n = 18) for related and 29%
(n = 7) for unrelated nmT (p = 1.000, Figure 1).

At a median follow-up of 1.88 years (range:
0.09—-8.45 years), the cumulative incidence of chronic
GvHD (limited and extensive) was 68.5% (n = 61): 67%
(n = 44) for related and 79% (n = 19) for unrelated
NMT (p = 0.21). The cumulative incidence of extensive
chronic GvHaD was 47.2% (n = 42): 45% (n = 29) for
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Myelodysplastic syndrome
Myeloproliferative disorder
Chronic myelomonocytic leukemia

crl
CR2
Progression

Other leukemia or lymphoma

TABLE 1  Characteristics of the study patients
Characteristic Value
Patients (n) 89
Age (years)
Recipients
Median 59
Range 17-69
Donors
Median 57
Range 35-71
Sex (n men:women)
Recipients 61:28
Donors 52:37
Disease type and status at conditioning ()
Acute myeloid leukemia 20
crl 8
CR2 11
>CRr2 2
Follicular lymphoma 18
crl 1
CR2 6
>CRr2 11
Multiple myeloma 8
crl 1
CR2 5
>CRr2 2
Diffuse large B-cell lymphoma 7
crl 0
CR2 1
>CRr2 6
Chronic lymphocytic leukemia 6
crl 1
CR2 1
>CR2 4
Hodgkin lymphoma 6
CR2 1
>CR2 4
Relapse 1
Mantle cell lymphoma 6
crl 1
CR2 1
PR2 4
Plasma-cell leukemia 2
CR2 1
>CR2 1
6
3
4
1
1
2
3
3

>CR2

crn = complete response n; PRn = partial response n.
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FIGURE 1 Cumulative rates of acute and chronic graft-versus-
host disease (GvHD) in patients receiving non-myeloablative
transplantation.

related and 54% (n = 13) for unrelated nmT (p = 0.42,
Figure 1).

3.3 Transplant-Related Mortality and Relapse

The overall 100-day transplant-related mortality
rate in patients undergoing NMT was 2.2%. Of the 89
patients, 30 (33.7%) relapsed with a follow-up time
of 1.55 years on average (range: 0.016—8.4 years). Of
the 30 relapsed patients, 3 had unrelated transplants,
and 27, related transplants (p = 0.06, Figure 2.)

3.4 OS

The 1-year os rate was 70.3% in recipients of related
transplants and 72.0% in recipients of unrelated
transplants. The 3-year os rates were 50.2% and
45.0% respectively (p = 0.8). Patients with myeloid
and lymphoid malignancies had similar 1-year (63.7%
vs. 74.8%) and 3-year (42.3% vs. 52.9%) os rates (p =
0.1, Figure 3).

3.5 PFS

The 1-year prs rate in patients undergoing related and
unrelated NMT was 51.8% and 68.6% respectively. The
3-year prs rate was 41.5% and 42.9% (p = 0.4). Pa-
tients with myeloid and lymphoid malignancies had
similar 1-year (50.5% vs. 58.1%) and 3-year (44.2%
vs. 42.0%) prs rates (p = 0.4, Figure 4).

3.6 Factors Associated with Outcome

Multivariate Cox regression analysis was performed
to estimate hazard ratios and 95% confidence inter-
vals for potential predictors associated with os, PFs,
or transplant-related mortality. Factors analyzed
included recipient age, donor type (related vs. un-
related), disease group at conditioning (myeloid vs.
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lymphoid), and disease status at conditioning. Of
those factors, none were significantly associated with
either os or prs (Table ).
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FIGURE 2 Time to relapse for all patients by (A) disease type and
(B) donor type (matched related vs. unrelated). Number of relapses
per person-year (ppy) is calculated by dividing the number of re-
lapse in a cohort (or overall) by the total number of person—years
in the cohort (or overall).

4. DISCUSSION

This retrospective analysis of 89 patients suggests
that NMT is an important treatment modality for
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FIGURE 3 Kaplan—Meier curves for overall survival in patients
receiving non-myeloablative transplantation, by (A) disease type
and (B) donor type (matched related vs. unrelated).
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a selected subgroup of patients with hematologic
malignancies. Our centre performs allogeneic
transplants for the Atlantic provinces of Canada,
consisting of New Brunswick, Nova Scotia, Prince
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FIGURE 4 Kaplan—Meier curves for progression-free survival in

patients receiving non-myeloablative transplantation, by (A) dis-
ease type and (B) donor type (matched related vs. unrelated).

Edward Island, and Newfoundland and Labrador,
encompassing a total population of about 2.5 mil-
lion. Currently, 25% of the transplants performed in
patients with these malignancies are non-myeloab-
lative. Data about the proportion of patients with
AML aged 55—65 years who undergo transplantation
are not available. During the study period, NMT was
used in all patients 55—65 years of age receiving an
allogeneic transplant, and also in patients less than
55 years of age with impaired performance status
(although there were few of the latter). The most fre-
quent indications for NMT in our series were AML and
indolent relapsed lymphoma. In keeping with other
reports, the 100-day mortality rate in our study was
less than would be expected for a myeloablative
transplant strategy; however, os and PFs rates were
similar to those previously observed!'3-17.

We observed high rates of NMT-associated overall
and extensive chronic GVHD in our patient cohort.
Those findings accord with results in previous stud-
ies, which found that the incidence of GvHD was
high in patients undergoing NmT and suggested that
the incidence might be higher in patients undergo-
ing NMT than in patients undergoing conventional
myeloablative allografting!3-'429-23_ The difference
might in part relate to the characteristics of patients
who undergo NwMT, in that they are generally older
and receive mobilized peripheral blood grafts rather
than bone marrow grafts (peripheral blood grafts
being associated with a higher incidence of GvHD in
the myeloablative setting3-24).

Our multivariate regression analysis found that
recipient age, disease group at conditioning (myeloid
vs. lymphoid), and disease status at conditioning were
not significantly associated with os or prs. In agree-
ment with earlier results?3, no statistically significant
difference in survival outcomes was observed in
patients who underwent transplantation from related
and unrelated donors. Patients receiving transplants
from unrelated donors might have experienced lon-
ger delays to transplantation, suggesting more stable
disease. Although the precise biology of such a re-
sponse is unclear, it is believed to involve reactions

TABLE I Multivariate Cox regression analysis of factors associated
with overall survival and progression-free survival

Factor Survival type
Overall Progression-free
p Value HR p Value HR

Age 0.5092 0.987 0.1262 0.973
Disease group 0.1222 0.484 0.5559 0.772
cr1/pr1 0.4596 0.506 0.9755 0.976
CR2/PR2 0.6052 0.666 0.6203 0.720
Donor type 0.6248 1.257 0.4335 0.708

crn = complete response n; PRn = partial response 7.

CURRENT ONCOLOGY—VOLUME 21, NUMBER 3, JUnE 2014

e438

Copyright © 2014 Multimed Inc. Following publication in Current Oncology, the full text of each article is available immediately and archived in PubMed Central (PMC).



ALJOHANI et al.

to polymorphic minor histocompatibility antigens
expressed either specifically on hematopoietic cells
or more widely on a number of tissue cells. Graft-
versus-tumour was first described in 1956, following
from the observation that transplanted immunocom-
petent cells could eliminate leukemic cells in mice,
independent of chemotherapy?®. Since then, studies
in humans have demonstrated that donor lymphocyte
infusions can induce complete remission in some pa-
tients with hematologic malignancies?®27. Our study
lends further support to the concept and suggests the
need for further exploration of the potential benefits
of using unrelated donors.

Notably, we observed a statistically nonsignificant
trend toward improved os in patients with lymphopro-
liferative diseases, suggesting that those patients ben-
efit more than patients with myeloid disease from an
immune-mediated GvT effect, although the latter group
might have had higher-risk disease®®. That finding ac-
cords with results suggesting that GvT effects might be
more beneficial in diseases that progress slowly, but
are less effective in rapidly-growing cancers!%192%,
Malignancies showing high sensitivity to GvT effects
have been found to share a number of characteristics.
They are, in general, indolent disorders that are not im-
mediately life-threatening, thereby providing a longer
window for a GvT effect to develop. In addition, these
malignancies often arise from antigen-presenting
cells, suggesting that their responsiveness might be
partly related to effective in vivo presentation®’. Insen-
sitive malignancies, including high-grade lymphomas
and AML, typically proliferate at a rapid rate, outpacing
a developing immune response, and generally lack
co-stimulatory molecules to effectively stimulate an
immune response.

A major limitation of our study is its retrospective
design. In addition, our sample size was relatively
small, precluding accurate comparisons—especially
between recipients from matched related and unre-
lated donors. In addition, the study was restricted to
patients at a single centre, all of whom were received
the same conditioning regimen. Earlier studies have
suggested that outcomes might be influenced by the
conditioning regimen!41718 suggesting the need for
studies to determine the optimal conditioning regi-
men for NMT.

5. CONCLUSIONS

Our results indicate that, despite its limitations
(including a higher risk of relapse3!), nmT yields
encouraging os and prs results in selected high-risk
patients. Acute and chronic GvHD remain significant
concerns, suggesting the need for additional studies
to reduce the incidence of chronic Gvap. However,
the apparently improved survival rates associated
with gvT effects suggest a need to identify strategies
that eliminate the risk of Gvap while maintaining the
beneficial effects of allogeneic NMT. Such strategies

might include alternative conditioning regimens,
different graft content, and new immunosuppressive
therapies for both prophylaxis and treatment of GvHD.

6. CONFLICT OF INTEREST DISCLOSURES

All authors declare that no financial conflict of inter-
est exists.

7. REFERENCES

1. Deeg HJ, Appelbaum FR. Hematopoietic stem cell transplan-
tation in patients with myelodysplastic syndrome. Leuk Res
2000;24:653—63.

2. Horowitz MM, Loberiza FR, Bredeson CN, Rizzo JD, Nugent
ML. Transplant registries: guiding clinical decisions and im-
proving outcomes. Oncology (Williston Park) 2001;15:649-59.

3. McSweeney PA, Niederwieser D, Shizuru JA, ef al. Hemato-
poietic cell transplantation in older patients with hematologic
malignancies: replacing high-dose cytotoxic therapy with
graft-versus-tumor effects. Blood 2001;97:3390—400.

4. Mielcarek M, Martin PJ, Leisenring W, et al. Graft-versus-host
disease after nonmyeloablative versus conventional hemato-
poietic stem cell transplantation. Blood 2003;102:756—62.

5. Weiden PL, Flournoy N, Thomas ED, et al. Antileukemic
effect of graft-versus-host disease in human recipients of
allogeneic-marrow grafts. N Engl J Med 1979;300:1068—73.

6. Weiden PL, Sullivan KM, Flournoy N, Storb R, Thomas ED.
Antileukemic effect of chronic graft-versus-host disease:
contribution to improved survival after allogeneic marrow
transplantation. N Engl J Med 1981;304:1529-33.

7. Gorin NC, Labopin M, Fouillard L, et al. Retrospective evalu-
ation of autologous bone marrow transplantation vs allogeneic
bone marrow transplantation from an HrLA identical related
donor in acute myelocytic leukemia. A study of the European
Cooperative Group for Blood and Marrow Transplantation
(EBMT). Bone Marrow Transplant 1996;18:111-17.

8. Zittoun RA, Mandelli F, Willemze R, et al. Autologous or
allogeneic bone marrow transplantation compared with inten-
sive chemotherapy in acute myelogenous leukemia. European
Organization for Research and Treatment of Cancer (EORTC)
and the Gruppo Italiano Malattie Ematologiche Maligne
dell’Adulto (ciMEMA) Leukemia Cooperative Groups. N Engl
J Med 1995;332:217-23.

9. Fefer A, Sullivan KM, Weiden P, et al. Graft versus leukemia
effect in man: the relapse rate of acute leukemia is lower after
allogeneic than after syngeneic marrow transplantation. Prog
Clin Biol Res 1987;244:401-8.

10. Horowitz MM, Gale RP, Sondel PM, et al. Graft-versus-
leukemia reactions after bone marrow transplantation. Blood
1990;75:555—-62.

11. Bacigalupo A, Ballen K, Rizzo D, et al. Defining the intensity
of conditioning regimens: working definitions. Biol Blood
Marrow Transplant 2009;15:1628-33.

12. Nieto Y, Patton N, Hawkins T, ef al. Tacrolimus and myco-
phenolate mofetil after nonmyeloablative matched-sibling
donor allogeneic stem-cell transplantations conditioned with
fludarabine and low-dose total body irradiation. Biol Blood
Marrow Transplant 2006;12:217-25.

CURRENT ONCOLOGY—VOLUME 21, NUMBER 3, JUNE 2014

Copyright © 2014 Multimed Inc. Following publication in Current Oncology, the full text of each article is available immediately and archived in PubMed Central (PMC).



13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

e440

NON-MYELOABLATIVE ALLOGENEIC TRANSPLANTATION IN HEMATOLOGIC MALIGNANCY

Spitzer TR, McAfee S, Sackstein R, ez a/. Intentional induction
of mixed chimerism and achievement of antitumor responses
after nonmyeloablative conditioning therapy and HLA-matched
donor bone marrow transplantation for refractory hematologic
malignancies. Biol Blood Marrow Transplant 2000;6:309-20.
Childs R, Clave E, Contentin N, et al. Engraftment kinetics
after nonmyeloablative allogeneic peripheral blood stem cell
transplantation: full donor T-cell chimerism precedes alloim-
mune responses. Blood 1999;94:3234—41.

Nagler A, Slavin S, Varadi G, Naparstek E, Samuel S, Or R.
Allogeneic peripheral blood stem cell transplantation using a
fludarabine-based low intensity conditioning regimen for ma-
lignant lymphoma. Bone Marrow Transplant 2000;25:1021-8.
Slavin S, Nagler A, Naparstek E, et al. Nonmyeloablative
stem cell transplantation and cell therapy as an alternative to
conventional bone marrow transplantation with lethal cyto-
reduction for the treatment of malignant and nonmalignant
hematologic diseases. Blood 1998;91:756—63.

Giralt S, Thall PF, Khouri I, et al. Melphalan and purine
analog-containing preparative regimens: reduced-intensity
conditioning for patients with hematologic malignancies
undergoing allogeneic progenitor cell transplantation. Blood
2001;97:631-7.

Giralt S, Estey E, Albitar M, et al. Engraftment of allogeneic
hematopoietic progenitor cells with purine analog-containing
chemotherapy: harnessing graft-versus-leukemia without
myeloablative therapy. Blood 1997;89:4531-6.

Khouri IF, Keating M, Korbling M, et al. Transplant-lite:
induction of graft-versus-malignancy using fludarabine-based
nonablative chemotherapy and allogeneic blood progenitor-
cell transplantation as treatment for lymphoid malignancies.
J Clin Oncol 1998;16:2817-24.

Storb RF, Champlin R, Riddell SR, Murata M, Bryant S, War-
ren EH. Non-myeloablative transplants for malignant disease.
Hematology Am Soc Hematol Educ Program 2001;:375-91.
Maloney DG, Sandmaier BM, Mackinnon S, Shizuru JA. Non-
myeloablative transplantation. Hematology Am Soc Hematol
Educ Program 2002:392—-421.

Lazarus HM, Laughlin MJ, eds. Allogeneic Stem Cell Trans-
plantation. New York, N'Y: Springer; 2010.

Bishop MR, ed. Hematopoietic Stem Cell Transplantation.
New York, NY: Springer; 2009.

24.

25.

26.

27.

28.

29.

30.

31.

Weissinger F, Sandmaier BM, Maloney DG, Bensinger W1,
Gooley T, Storb R. Decreased transfusion requirements for
patients receiving nonmyeloablative compared with conven-
tional peripheral blood stem cell transplants from HLA-identical
siblings. Blood 2001;98:3584-8.

Barnes DW, Corp MJ, Loutit JF, Neal FE. Treatment of mu-
rine leukaemia with X rays and homologous bone marrow;
preliminary communication. Br Med J 1956;2:626—7.

Kolb HJ, Schattenberg A, Goldman JM, et al. Graft-versus-
leukemia effect of donor lymphocyte transfusions in marrow
grafted patients. Blood 1995;86:2041-50.

Collins RH Jr, Shpilberg O, Drobyski WR, et al. Donor leu-
kocyte infusions in 140 patients with relapsed malignancy
after allogeneic bone marrow transplantation. J Clin Oncol
1997;15:433—-44.

Perez—Simon JA, Kottaridis PD, Martino R, et al. Nonmy-
eloablative transplantation with or without alemtuzumab:
comparison between 2 prospective studies in patients with
lymphoproliferative disorders. Blood 2002;100:3121-7.

van Besien KW, de Lima M, Giralt SA, et al. Management
of lymphoma recurrence after allogeneic transplantation: the
relevance of graft-versus-lymphoma effect. Bone Marrow
Transplant 1997;19:977-82.

Choudhury A, Gajewski JL, Liang JC, et al. Use of leukemic
dendritic cells for the generation of antileukemic cellular cy-
totoxicity against Philadelphia chromosome—positive chronic
myelogenous leukemia. Blood 1997;89:1133-42.

Soiffer RJ, ed. Hematopoietic Stem Cell Transplantation. 2nd
ed. New York, NY: Springer; 2008.

Correspondence to: Naif AlJohani, 1157 Wheathill
Street, Kingston, Ontario K7M 0A1.
E-mail: dr.naif.alj@gmail.com

%

CURRENT ONCOLOGY—VOLUME 21, NUMBER 3, JUnE 2014

Division of Hematology, Department of Medi-
cine, Dalhousie University, and Capital District
Health Authority, Halifax, NS.

Research Methods Unit, Department of Medi-
cine, Centre for Clinical Research, Dalhousie
University, and Capital District Health Authority,
Halifax, NS.

Copyright © 2014 Multimed Inc. Following publication in Current Oncology, the full text of each article is available immediately and archived in PubMed Central (PMC).


mailto:dr.naif.alj@gmail.com

