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Outcomes of patients with persistent high-risk leukemia or myelodys-
plasia prior to allogeneic hematopoietic cell transplantation are dis-
mal. We therefore conducted a phase I trial evaluating the use of

CD45-targeted radiotherapy preceding hematopoietic cell transplantation
with the goal of improving outcomes for this high-risk scenario. Fifteen
patients, median age 62 (range 37-76) years, were treated: ten with advanced
acute myeloid leukemia, five with high-risk myelodysplastic syndrome. All
patients had evidence of disease prior to treatment including nine with mar-
row blast counts ranging from 7-84% and six with minimal residual disease.
Patients received escalating doses of yttrium-90-labeled anti-CD45 antibody
followed by fludarabine and 2 Gy total body irradiation prior to human
leukocyte antigen-matched, related or unrelated hematopoietic cell trans-
plantation. Although a maximum dose of 30 Gy was delivered to the liver,
no dose-limiting toxicity was observed. Therefore, the maximum-tolerated
dose could not be estimated. Treatment led to complete remission in 13
patients (87%). All patients engrafted by day 28. Six patients relapsed, medi-
an of 59 (range 6-351) days, after transplantation. The 1-year estimate of
relapse was 41%. Eight patients (53%) are surviving with median follow up
of 1.8 (range 0.9-5.9) years. Estimated overall survival at one and two years
was 66% and 46%, respectively, with progression-free survival estimated to
be 46% at each time point. In conclusion, the combination of 90Y-DOTA-
BC8 with an allogeneic hematopoietic cell transplantation regimen was fea-
sible and tolerable. This approach appears promising in this high-risk
leukemia/myelodysplasia patient population with active disease. (Trial reg-
istered at clinicaltrials.gov identifier: NCT01300572.)
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ABSTRACT

Introduction

Allogeneic hematopoietic cell transplantation (HCT) is a commonly used therapy
for patients with refractory/relapsed acute leukemia and myelodysplastic syndrome
(MDS) with unfavorable genetics. Although HCT is the most effective treatment for
these patients, the procedure is associated with significant toxicities, especially for
elderly patients. Reduced-intensity preparative regimens have been developed as an
alternative approach for older patients and those with comorbidities that might pre-
vent them from undergoing a myeloablative HCT. Standard reduced-intensity condi-
tioning regimens, however, have been commonly associated with higher relapse rates



in patients with an advanced burden of active leukemia at
the time of transplantation.1 We previously combined
iodine-131-labeled anti-CD45 monoclonal antibody (131I-
BC8) with a reduced-intensity conditioning regimen to
decrease relapse in older patients with advanced or refrac-
tory myeloid malignancies.2 While the study was not
designed to examine potential efficacy, the 3-year disease-
free survival was 38% for 58 patients with active
relapsed/refractory leukemia, a rate superior to historical
experience where the 3-year overall and disease-free sur-
vival estimates of these patients were only 23% and 13%,
respectively.1,3 Furthermore, 86% of the patients had acute
myeloid leukemia (AML) in active relapse or MDS with
more than 5% blasts in their marrow by morphology at the
time of HCT. All patients achieved a complete remission as
well as 100% donor chimerism in the CD3 and CD33 com-
partments by day 28. The maximum-tolerated dose (MTD)
was estimated to be 24 Gy delivered by 131I-BC8 to the nor-
mal organ receiving the highest dose (liver), with renal
insufficiency and cardiopulmonary toxicities being dose-
limiting.  
We used 131I as the therapeutic radionuclide in our prior

clinical studies because it was readily available, there was
extensive experience with its medical use,  the technology
for directly radiolabeling antibodies with iodine has been
well established, and its gamma-ray component allowed
direct determination of labeled antibody biodistribution in
the patient after a tracer infusion. However, the high abun-
dance gamma radiation component of 131I requires that
patients be treated and sequestered in radiation isolation
and poses a potential radiation exposure risk for staff and
family, presenting a major limitation to the wide-spread
exportability of this modality. As an alternative, ytrium-90
(90Y) has been explored as a pure β-emitter that has been
available in high specific activity and purity. Moreover, the
β particles from 90Y have a high energy (Emax =2.28 MeV)
with greater tissue penetrating range (up to 11 mm) that
may be more favorable for near-uniform deposition of radi-
ation energy in tumor masses.4
In this current study, we evaluated the safety and poten-

tial efficacy of 90Y-labeled anti-CD45 antibody (90Y-DOTA-
BC8) followed by a standard reduced-intensity regimen
with fludarabine (FLU) and 2 Gy total body irradiation (TBI)
as a means of developing an improved HCT strategy for
high-risk acute leukemia or MDS patients.

Methods

Patient and donor selection
Patients aged 18 years and older were eligible if they had

advanced AML (beyond first remission, primary refractory,
relapsed with >5% marrow blasts by morphology, or evolved from
previous myeloproliferative neoplasm or MDS), MDS with >5%
blasts in the marrow, or chronic myelomonocytic leukemia-2, and
if they had an HLA-matched donor. Patients were excluded if they
had evidence of major organ dysfunction, seropositivity for human
immunodeficiency virus, allergies to mouse protein, or human
antibody specific for mouse immunoglobulin (HAMA). All patients
signed consent forms approved by the institutional review board of
Fred Hutchinson Cancer Research Center. (NCI Clinical Trials
Network registration: clinicaltrials.gov identifier: NCT01300572.)

Treatment plan
The patients received an infusion of 0.5 mg/kg ideal body

weight of anti-CD45 antibody (DOTA-BC8) trace-labeled with 5-
10 mCi of the imaging radionuclide indium-111 (111In), which pro-
vides gamma photons (0.171 and 0.245 MeV) for imaging (not
provided by 90Y), to evaluate the biodistribution of the anti-CD45
antibody and calculate the radiation-absorbed doses delivered to
normal organs and the whole body, as described previously.2 The
subsequent therapy infusion of 90Y-DOTA-BC8 was calculated to
not exceed a maximum value dose to the critical normal organ.
The therapy dose was administered on approximately day -12 of
the preparative regimen. FLU 30 mg/kg/day was given intra-
venously (i.v.) on days -4 through -2, followed by TBI (2 Gy) and
subsequent infusion of unmanipulated, G-CSF-mobilized periph-
eral blood stem cells on day 0. Mycophenolate mofetil and
cyclosporine was given for graft-versus-host-disease (GvHD) pro-
phylaxis.5

Dose-adjustment schema and statistical analysis
The primary objective of this study was to estimate the MTD

of 90Y-DOTA-BC8 used in combination with FLU/2-Gy TBI. The
MTD was defined as the radiation dose to the normal organ asso-
ciated with a dose-limiting toxicity (DLT) rate of 25% using
Bearman criteria, developed specifically for HCT patients.6 A DLT
was defined as a Bearman grade III or IV regimen-related toxicity
occurring up to day 100 after HCT.6 A two-stage approach
described by Storer et al. was planned for dose adjustment.7 In
stage I, single patient cohorts were enrolled, and each successive
patient received 2 Gy more radiation to the dose-limiting normal
organ than the previous patient until the first DLT was observed.
Dose escalation could proceed only if the patient receiving the pre-
vious dose was observed for at least 30 days after HCT; if not, the
newly enrolled patient had to be treated at the same dose level as
the previous patient. If a DLT was observed, stage II would be ini-
tiated at the next lower dose level, treating patients in cohorts of
four patients each; this cohort size was dictated by the target DLT
rate of 25%. 
Secondary objectives included evaluation of potential efficacy in

the context of a dose-finding study. Overall survival (OS) and
relapse-free survival (RFS) were estimated according to the
Kaplan-Meier method, and relapse and non-relapse mortality
(NRM) were summarized using cumulative incidence estimates.
NRM was considered a competing risk for relapse, and relapse
was treated as a competing risk for NRM.

Results

Patients’ characteristics
Sixteen patients with high-risk leukemia/MDS were

enrolled to the study. One patient was withdrawn from
the study due to HAMA seroconversion after receiving
the 111In-DOTA-BC8 test dose. Thus, fifteen patients,
median age 62 years (range 37-76 years) years, were treat-
ed: ten patients had advanced AML and five had high-risk
MDS. At the time of HCT, nine patients had refractory
active diseases (pre-HCT marrow blast range 7-83.9%),
while six had minimal residual disease documented by
flow cytometry and cytogenetics (Table 1). Among the
ten AML patients, three patients with de novo AML had
relapsed disease and were refractory to a median of four
lines of previous chemo-induction (range 3-6). Seven
patients with secondary AML had received a median of
three (range 1-6) induction chemotherapies prior to the
HCT. Three of the 15 patients had failed previous allo-
HCT. According to Southwest Oncology Group criteria,8
eight patients had high-risk/unfavorable cytogenetic
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abnormalities, and the remaining seven patients had
intermediate-risk cytogenetic abnormalities. The median
HCT-comorbidity index of the 15 treated patients was
three (range 0-7). 
Three patients had HLA-matched related donors, and 12

had unrelated donors, of which ten were 10/10 HLA-
matched, one was HLA-A antigen mismatched, and one
had an allele mismatch at HLA-DQ.
The patients received an average of 78.6 mCi of 90Y

(range 22.8-151.2 mCi), with average delivered doses of
10.5 Gy to marrow, 70 Gy to spleen, and 17.9 Gy to liver
through complete radionuclide decay. Although a maxi-
mum dose of 30 Gy was delivered to the liver, no DLT
was observed; therefore, the MTD could not be estimat-
ed. Despite the lack of any DLT observed among the 15
patients treated, the BC8 antibody was not labeled with
higher amounts of 90Y that would deliver more than 30 Gy
to any critical normal organ because of concerns of poten-
tial damage to the antibody avidity and function.

Dosimetry, biodistribution and engraftment
Since the biokinetics of 90Y-labeled anti-CD45 antibody

vary substantially from one patient to another, treatment
planning based on individualized patient dosimetry
enables a therapy that maximizes therapeutic efficacy
without exceeding normal organ toxicity. The mean
absorbed dose per unit administered activity (cGy/mCi
±standard deviation) for the 15 treated patients was:
15.25±7.05 to the bone marrow, 24.99 ± 6.76 to liver,
106.1 ± 33.19 to spleen, 8.14 ± 4.79 to kidney, 6.69 ± 19.5
to lung, and 2.16 ± 0.55 to the total body (Figure 1 and
Online Supplementary Table S1). The calculated absorbed
doses of 90Y to liver, marrow and spleen are summarized
in Table 2. 
Median CD34+ cell dose of the 15 transplanted patients

was 9.03 (range 2.14-15.86) x106/kg. Median time to neu-
trophil engraftment [absolute neutrophil count (ANC)
>0.5 x 109/L for 3 consecutive days] was 15 (range 12-26)
days. Median time to platelet engraftment (platelets >20
x109/L for 7 consecutive days without transfusion support)
was 16.5 (range 12-74) days. All patients engrafted with
median donor-derived CD3 chimerisms of 99% and

CD33 chimerisms of 100% by day 28, with 100% median
donor-derived CD3 and CD33 chimerisms for both by
day 84 after HCT.
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Figure 1. Estimated radiation absorbed
doses per millicurie of 90Y administered
for 15 patients who received a therapeu-
tic dose of 90Y-DOTA-BC8.

Table 1. Characteristics of 15 patients who received a therapeutic
dose of 90Y-DOTA-BC8.
Median age, [years (range)]                                           62 (37-76)

Sex      
      Male                                                                                                     8
      Female                                                                                                 7
Diagnosis at HCT                                                                                     
      AML, total n                                                                                       10
             Secondary AML, total n                                                            7
                    Refractory disease                                                             1
                    In CR1 with (+) MRD                                                        4
                    In CR2 with (+) MRD                                                        1
                    Rel 1                                                                                       1
             Primary AML, total n                                                                 3
                    Rel 1                                                                                       1
                    Rel 2                                                                                       2
      MDS-RAEB, total n                                                                            4
             Refractory disease                                                                   3
             In CR1 with (+) MRD                                                              1
      Untreated CMML                                                                              1
History of previous allo-HCT                                                               3
Cytogenetic risk                                                                                      
      Intermediate                                                                                      7
      High/unfavorable                                                                               8
Donor status                                                                                            
      Related                                                                                                3
      Unrelated                                                                                           12
Median n. pre-HCT induction chemotherapy [n, (range)]          
      AML      
             Secondary                                                                              3 (1-6)
             Primary                                                                                   4 (3-6)
      MDS-RAEB                                                                                    1 (1-2)
      CMML                                                                                                  0

HCT: allogeneic hematopoietic cell transplantation; AML: acute myeloid leukemia;
CR1: first complete remission; CR2: second CR; MRD: measurable residual disease; CR:
complete remission; Rel: relapse; MDS-RAEB: myelodysplastic syndrome-refractory
anemia with excess blasts; CMML: chronic myelomonocytic leukemia; n: number. 



Toxicities and graft-versus-host disease
Despite premedication, grade 1-2 antibody-related infu-

sion reactions (e.g. fever and chills) were observed in 6 of
15 patients; however, the reactions resolved by the end of
each infusion. Notably, no grade 4 Common Toxicity
Criteria Adverse Event (CTCAE) was observed. Ten (67%)
patients experienced grade 3 non-hematologic events
(Table 3). Hepatic veno-occlusive disease was not
observed, despite delivering an average of 17.9 Gy to the
liver. Ten patients (67%) developed grade II-IV acute
GvHD (grade II: n=8; III: n=1; IV: n=1) (Table 4). Five
patients (33%) developed chronic GvHD, most commonly
involving skin and mouth.

Overall and relapse-free survival, non-relapse mortality,
and relapse
Treatment led to complete remission in 13 patients

(87%) based on a day-28 BM evaluation, whereas two
patients had persistent disease documented by peripheral
blood flow cytometry assessment on day 6 and day 20
after HCT (Table 5). Of note, the two patients with persist-
ent disease had 83.9% and 70% marrow blasts before
transplant, respectively. One of these two patients had also
failed a previous allogeneic HCT. Among the 15 patients
who received a therapy dose infusion of 90Y-DOTA-BC8,
eight patients are still alive with a median follow up of 1.8
(range 0.9-5.9) years. Estimated OS at one and two years
were 66% (confidence interval, CI: 36-84) and 46% (CI:
17-71), respectively, with RFS estimated to be 46% (CI: 20-
68) at each of these time points. The 1-year estimate of
relapse was 41% (16-65%). Figure 2 summarizes the prob-
abilities of OS, RFS, and relapse among all 15 patients. Six
patients relapsed, five of whom subsequently died due to
progression of disease. The median time to relapse among
these six patients was 59 days (range 6-351 days). One
patient died from grade IV steroid-refractory GvHD in
remission at day 71, which resulted in a 6.6% day-100
NRM. One patient died also in remission from acute renal
failure seven months after HCT while receiving foscarnet
for cytomegalovirus reactivation.

Discussion

Although allogeneic HCT is an important and frequent-
ly used treatment for advanced AML and high-risk MDS,
many patients have recurrent disease.9,10 In a randomized
study of patients with AML in first complete remission,
the relapse rate was 12% after 15.75 Gy TBI, compared
with 35% after 12 Gy TBI.11 Although this study showed
improved leukemia control with escalated doses of TBI,
the higher doses of TBI were associated with increased
NRM, resulting in no improvement in survival. The find-
ing also confirmed that the high-dose TBI preparative reg-
imens were at the limit of normal organ tolerance. 
The results reported from studies that used reduced-

intensity conditioning suggest that a graft-versus-malig-
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Table 2. 90Y activity administered and total radiation absorbed doses* to dose-limiting organ (liver), marrow, and spleen.
Dose level (targeted            Patient number      Therapy dose delivered,                   Dose to liver,                     Dose to marrow,        Dose to spleen, 
dose,† Gy)                                                                     mCi (MBq)                                     cGy                                       cGy                            cGy

1 (6)                                                            1                              22.80 (843.60)                                           570                                             247.38                               2508
2 (8)                                                            2                             27.06 (1001.22)                                       838.86                                           534.43                            2814.24
3 (10)                                                         3                             30.30 (1121.10)                                       951.42                                           601.45                             3120.9
4 (12)                                                         4                             45.50 (1683.50)                                       978.25                                            51.87                              3676.4
5 (14)                                                         5                             38.40 (1420.80)                                      1413.12                                         1019.52                            7219.2
6 (16)                                                         6                             53.70 (1986.90)                                      1594.89                                          622.92                                 0‡

6 (16)                                                         7                             65.10 (2408.70)                                      1660.05                                          823.51                             6379.8
7 (18)                                                         8                            128.30 (4747.10)                                     1783.37                                         1321.49                           6568.96
8 (20)                                                         9                             70.80 (2619.60)                                      1932.84                                          730.65                             7929.6
9 (22)                                                        10                           141.20 (5224.40)                                     2230.96                                         3897.12                           14402.4
10 (24)                                                      11                           112.40 (4158.80)                                     2326.68                                        1354.42                            9891.2
10 (24)                                                      12                           151.20 (5594.40)                                     2358.72                                         1670.76                            8542.8
11 (26)                                                      13                            81.50 (3015.50)                                      2583.55                                          1662.6                                 0‡

12 (28)                                                      14                           104.00 (3848.00)                                      2797.6                                           1632.8                              12376
13 (30)                                                      15                           104.70 (3873.90)                                     2858.31                                          961.14                            13506.3

*Among patients who received a therapeutic dose of 90Y-DOTA-BC8. †Targeted radiation dose to normal organ receiving highest dose (liver). ‡Patients with splenectomy. 

Table 3. Grades 3 and 4 non-hematologic adverse events of the 15
patients who received a therapeutic dose of 90Y-DOTA-BC8.
NCI CTCAE term                               Grade 3                     Grade 4

Febrile neutropenia                                      7                                      0
Infection                                                          2                                      0
Blood bilirubin increased                            2                                      0
Hyperglycemia                                                1                                      0
Rash                                                                  4                                      0
Skeletal muscular pain                                 4                                      0
Hypoxia                                                            1                                      0
Atrial fibrillation                                            1                                      0
Nausea/vomiting                                            3                                      0
Diarrhea                                                           2                                      0
Hematoma                                                       1                                      0
Mucositis                                                         1                                      0
Hematoma                                                       1                                      0
Edema                                                              1                                      0
NCI CTCAE: National Cancer Institute Common Terminology Criteria for Adverse
Events, version 4.0.



nancy effect is most effective in patients with a low bur-
den of malignant cells.1,12,13 In a study of 274 patients who
had allogeneic HCT after non-myeloablative conditioning
using FLU and 2 Gy TBI for the treatment of AML,
patients in first and second complete remission had better
5-year survival rates than patients with more advanced
disease (37% and 34% vs. 18%, respectively). Most treat-
ment failures were caused by recurrent AML.14 These data
suggest that a graft-versus-leukemia effect alone may be
inadequate for patients with AML/MDS in relapse or with
refractory disease, whereas additional targeted
antileukemic therapy may be beneficial. Our group previ-
ously explored the safety and feasibility of 131I-BC8 anti-
body to deliver targeted radiation to malignant cells in the
marrow and spleen, and combined this approach with the
non-myeloablative conditioning regimen of 2 Gy TBI and
FLU in patients with advanced myeloid malignancies.2,15

While results were encouraging, one major limitation of
this approach was the medium energy gamma component
of 131I and 8-day physical half-life that required patients to
be treated in radiation isolation due to the exposure risk
for staff and family. 90Y was selected as the therapeutic
radionuclide for this current clinical trial because it is a
pure β-emitter that is available in high specific activity and
purity. Moreover, the β particles from 90Y have a high ener-
gy (Emax =2.28 MeV) with greater tissue penetrating
range (up to 11 mm) than β particles from 131I, characteris-
tics that may be more favorable for therapy of large tumor
masses.4 Finally, replacement of 131I with 90Y may be more
feasible for studies at additional centers.
As a phase I dose-finding trial, the current study was not

designed to determine the efficacy of the conditioning reg-
imen of 90Y-DOTA-BC8 combined with FLU/TBI.
However, the experience reported in this dose-escalation
study suggests that the delivery of supplemental doses of
90Y–DOTA-BC8 could improve 2-year OS and RFS of very
high-risk AML/MDS patients to 46% and 46%, respec-
tively, compared with patients who received HCT with
the use of the FLU/TBI conditioning regimen alone.1,3,14
Although the estimated probability of relapse at one year
remains high at 41%, these results are encouraging, con-
sidering that all of the patients in our study had either
active AML/MDS or measurable residual disease (MRD)
prior to the beginning of the conditioning regimen.
Patients with detectable disease have historically dismal

Table 4. Acute graft-versus-host disease overall grading with organ
staging of the 15 patients.
Grade/stage     Overall (n)             Gut (n)        Liver (n)             Skin (n)

I/1                                   1                              9                      2                             1
II/2                                  8                              0                      0                             2
III/3                                1                              0                      1                             4
IV/4                                 1                              1                      0                             0

Table 5. Outcomes of the 15 patients who received a therapeutic dose of 90Y-DOTA-BC8.
Pt        Age/                 Diagnosis at                 Disease status    Pre-HCT BM/PB   Cytogenetic         CR†            Donor      Grade      Current status, days 
n.       Gender                      HCT                          at transplant           blast (%)              risk*       Achievement    status      acute       after HCT
                                                                                                                                                       post HCT                       GvHD       

1           51/M         Relapsed secondary AML          Active disease                83.9/0                     high                   No                 URD             0            Persistent disease; died 
                                                                                                                                                                                                                                                        day 23
2           69/M        Refractory secondary AML              MRD (+)                      0/0‡                       high                  Yes               URD§            2            Alive and in CR: 2137 d
3           74/M                      MDS-RAEB                            MRD (+)                     1.4/0                       Int.                   Yes                URD             0            Died day 218 due to renal 
                                                                                                                                                                                                                                                        failure (in CR)
4           76/M                      MDS-RAEB                        Active disease                13.6/0                      Int.                   Yes               URD‖            4            Died day 80 due to steroid 
                                                                                                                                                                                                                                                        refractory aGvHD (in CR)
5            52/F         Refractory secondary AML              MRD (+)                     3.5/0                       Int.                   Yes                URD             2            Died day 694 due to relapse
6           65/M        Refractory secondary AML              MRD (+)                   0.22/1.1                     Int.                   Yes                URD             2            Alive and in CR: 1234 d
7            48/F          Relapsed secondary AML               MRD (+)                    0.17/0                     high        Yes, with MRD      URD             2            Died day 395 due to relapse
8           60/M        Refractory secondary AML         Active disease              17.6/3.6                    high                  Yes                URD             0            Alive and in CR: 767 d
9            56/F           Relapse/refractory AML            Active disease                31.6/0                      Int.                   Yes                URD             2            Alive and in CR: 727 d
10          37/F           Relapse/refractory AML            Active disease                70.0/0                      Int.                   No                 URD             3            Persistent disease; died 
                                                                                                                                                                                                                                                        day 109
11         71/M                      MDS-RAEB                        Active disease                 7.0/0                      high        Yes, with MRD       RD              0            Alive, on azacytidine, 
                                                                                                                                                                                                                                                        achieved CR with MRD (-): 
                                                                                                                                                                                                                                                        583 d
12         72/M                  Secondary AML                        MRD (+)                    2.5/1.5                     high                  Yes                URD             2            Died day 318 due to relapse
13          65/F                 Untreated CMML                  Active disease                0.89/0                      Int.                   Yes                  RD              2            Alive: relapsed on day 
                                                                                                                                                                                                                                                        351. Currently on azacytidine 
                                                                                                                                                                                                                                                        and now CR with MRD (-)
14          62/F                       MDS-RAEB                        Active disease             11.4/0.38                   high                  Yes                  RD              1            Alive and in CR: 394 d
15          37/F           Relapse/refractory AML            Active disease              43.0/4.0                    high        Yes, with MRD      URD             2            Alive and in CR with MRD (+):
                                                                                                                                                                                                                                                        316 d

BM: bone marrow; CMML: chronic myelomonocytic leukemia; CR: complete remission; F: female; Int.: intermediate; M: male; MDS-RAEB: myelodysplastic syndrome-refractory anemia with
excess blast; MRD: measurable residual disease; PB: peripheral blood; RD: HLA-matched related donor; URD: unrelated donor. *According to Southwest Oncology Group criteria.8
†Protocol-defined CR as bone marrow with blasts <5% by morphology with blood count recovery. ‡MRD by cytogenetics. §Patient had a DQ allele mismatch unrelated donor. ‖Patient had
an HLA-A antigen mismatch unrelated donor.
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outcomes even with myeloablative HCT, with 3-year esti-
mates of relapse of 65%.3,16 Our study establishes proof of
principle that radioimmunoconjugates can deliver supple-
mental doses of radiation to sites of leukemic involvement
and have the potential to improve the cure rate by
decreasing the risk of relapse in these high-risk patients. 
More importantly, the results presented here show the

feasibility of using 90Y-DOTA-BC8 combined with
reduced-intensity allogeneic HCT for patients with high-
risk MDS and AML. Engraftment was not delayed after
delivery of 90Y-DOTA-BC8, and infusion-related toxicities
were mild and manageable. Intensified conditioning with
90Y-DOTA-BC8 resulted in few toxicities beyond those
expected with FLU and TBI alone with no grade 4 adverse
events reported. Most commonly seen grade 3 adverse
events were neutropenic fever with or without identified
sources of infection and constitutional symptoms. There
was one case of NRM in the first 100 days after transplan-
tation that was not attributed to the investigational thera-
py among the 15 patients treated. Taken altogether, these
findings suggest that this transplantation-conditioning
strategy has acceptable toxicity profiles while comple-
menting the efficacy of reduced-intensity conditioning,
and demonstrates the potential exportability of this
approach to other patient populations with hematologic
malignancies. 
The overall incidence of grades II to IV acute GvHD in

this study was 67%. This incidence is similar to that seen
with FLU or TBI alone at our center.17 The incidence of
chronic GvHD (33%) in the current study is comparable
to that among patients who received reduced intensity
conditioning without targeted radiotherapy, suggesting
that the radiolabeled antibody has no demonstrative effect
on the risk of chronic GvHD.18,19
Although we previously estimated an MTD of 24 Gy in

our study using 131I-BC8,2 no grade III or IV DLT were
observed when the same antibody was conjugated to 90Y,
despite targeted doses of up to 30 Gy to the liver (median
dose 19 Gy), suggesting that higher doses of radiation may
be tolerated in the marrow or spleen. Nonetheless, theoret-
ical concerns persist about both the short- and long-term
consequences of 90Y at higher doses due to its long path-

length. After treating these 15 patients, grant funding was
exhausted, and in seeking renewed funding, we chose
instead to pursue α emitters for two reasons. First, given
the lack of DLT even after reaching 30 Gy to liver, it
seemed unlikely that we would be able to load enough 90Y
onto the amount of antibody that provides optimal biodis-
tribution without damaging the antibody itself.20 Secondly,
α-emitting radionuclides have a higher linear energy trans-
fer that is coupled with a short path length capable of
killing the target cells with only a few cell traversals, there-
by potentially providing even greater specificity at high
radiation doses.21 Ongoing studies are evaluating the use of
an α emitter, astatine-211, conjugated to anti-CD45 anti-
body BC8 as part of an HCT conditioning regimen for
patients with advanced leukemia or high-risk MDS.
In summary, the delivery of supplemental radiation to

bone marrow and spleen by 90Y-DOTA-BC8 was well tol-
erated when combined with FLU/TBI in patients undergo-
ing HCT for advanced AML and high-risk MDS who were
not candidates for myeloablative HCT. The encouraging
results from this study support more clinical trials using
radioimmunotherapy as part of the conditioning regimen
for allo-HCT. The antileukemic potential of this approach,
combined with the promise of reduced toxicity, may
improve outcomes after allogeneic HCT for patients with
advanced hematologic malignancies.
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