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Abstract

Large alternative donor pools provide the potential for selecting a different donor for a second
allogeneic transplant (alloBMT). As HLA disparity may contribute to the graft versus tumor
effect, potentially utilizing new mismatched haplotype donors could improve the antitumor
activity for relapsed hematologic malignancies despite a previous alloBMT. Data from patients
who received a second alloBMT for relapsed hematologic malignancies at Johns Hopkins were
analyzed. Outcomes were compared between patients who received a second allograft with the
same MHC composition and those who received an allograft with a new mismatched haplotype.
Loss of heterozygosity analysis was performed for patients with AML whose first allograft was
haploidentical. Between 2005 and 2015, 40 patients received a second BMT for a relapsed
hematologic malignancy. The median follow up is 750 (range 26—2950) days. The median OS in
the cohort is 928 days (95% CI 602 — NR); median event-free survival (EFS) for the cohort is 500
days (95% CI 355-NR). The 4-year OS is 40% (95% CI 25-64%), and the 4-year EFS is 36%
(95% CI 24-55%). The cumulative incidence of non-relapsed mortality NRM by 2 years was 27%
(95% CI 13-42%). The cumulative incidence of grade 3—-4 aGVHD at 100 days was 15% (95% ClI
4-26); the cumulative incidence of extensive cGVHD at 2 years was 22% (95% CI 9-36%). The
median survival was 552 days (95% CI 376-2950+) in the group transplanted with a second
allograft that did not harbor a new mismatched haplotype, while it was not reached in the group
whose allograft contained a new mismatched haplotype (HR 0.36, 95% CI 0.14 — 0.9; p=0.02).
EFS was also longer in the group who received an allograft containing a new mismatched
haplotype, (NR versus 401 days, HR 0.50, 95% CI .22-1.14, p=0.09). Although the allograft for
this patient’s second BMT contained a new mismatched haplotype, AML nevertheless relapsed a
second time. Second BMTSs are feasible and provide a reasonable chance of long-term survival. An
allograft with a new mismatched haplotype may improve outcomes after second BMTs for
relapsed hematologic malignancies.
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Introduction

Methods

Hematologic malignancies that recur after allogeneic blood or marrow transplantation
(alloBMT) typically cannot be cured with chemotherapy or radiationl. Donor lymphocyte
infusions can allow the allograft to reestablish disease control and provide long term
survival, though with the exception of chronic myelogenous leukemia and post-transplant
lymphoproliferative disease, response rates are low and toxicity is high2-8. Long term
survival also has been reported after a second allogeneic BMT, as the allograft promotes a
sustained graft versus tumor (GVT) effect®16. Limitations to a second transplant include
cumulative toxicities of prior therapy and conditioning, active opportunistic infections,
biologically more aggressive disease, and graft-versus-host disease (GVHD)’. Earlier use
of BMT, improvements in supportive care, and non-myeloablative conditioning strategies
have led to better overall health in many patients who experience relapse. As a result, more
patients are eligible to undergo second BMT.

Our group has been performing related HLA-haploidentical BMT (haploBMT) with high-
dose post-transplantation cyclophosphamide (PTCy) for GVHD prophylaxis for many
years!®19, The average patient has multiple potential related donors that are at least
haploidentical2. There are several potential advantages for choosing a different donor when
treating relapse with a second allogeneic BMT. Vago and colleagues reported a failure to
detect host-specific HLA alleles on relapsed AML cells in five patients who had received
haploidentical BMT?2L. These data suggested that major HLA mismatch provided an
important anti-leukemic function. However, many groups have reported no difference when
a different donor is used versus the same donorl0:13.14.16.22.23 ‘and at least one group
reported that using the same donor results in improved outcomes?4. These studies typically
included very few or no haploidentical allografts. Thus, several years ago, our group decided
to choose a different related donor, when possible, for second allogeneic BMT for relapse.
We hypothesized that if loss of heterozygosity is a mechanism for relapse after haploBMT,
then utilizing a donor allograft that recognized the recipient haplotype shared with the first
donor as non-self may improve antitumor activity and thus overall survival (OS). Even in the
absence of tumor haplotype loss, utilizing a donor with a different haplotype match might
enhance an allogeneic antitumor effect by having a T cell repertoire with a greater potency
or efficacy for specific tumor neoantigens. In the case of a failed HLA matched transplant,
when haplotype loss would not be favored through selective pressure and thus would not
provide a mechanism of relapse, switching to a different haploidentical donor may be
beneficial by increasing major histocompatibility mismatch.

We queried the Sidney Kimmel Comprehensive Cancer Center at Johns Hopkins BMT
database to identify cases with multiple allogeneic transplants between 2005 and 2014, after
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approval by the Johns Hopkins IRB for this retrospective review. Inclusion criteria included
patients who underwent allogeneic BMT for relapsed hematologic malignancy. Relapse was
diagnosed based on published consensus definitions for respective diseases. Second
transplants performed for graft failure and those performed for benign diseases were
excluded. Data was then collected from clinical charts. Outcomes were censored on 26 Oct
2016.

HLA data was obtained for all BMT recipients and their donors. Three patients received
their first transplants at outside institutions and did not have precise HLA typing for their
first donor available, but the degree of match could be inferred from clinical documentation.
Donors were categorized for the purpose of analyses as matched or haploidentical in discrete
categories; matched unrelated donor or umbilical cord grafts with one or two HLA allele
mismatched were categorized as “matched”. GVHD scoring was determined by chart
review. Acute GVHD is reported as Glucksberg grades 1-42°, Several of the patients
included were treated before the common adoption of the NIH consensus criteria2®;
therefore chronic GVHD is reported as limited or extensive.

Statistical methods

Characteristics of patients were summarized and compared by whether the patient received a
second transplant with a new haplotype mismatch or not with Wilcoxon rank sum tests for
continuous measures and Fisher's exact test for categorical measures. OS was calculated as
the time from second transplant to death or last known follow-up. Event-free survival (EFS)
was calculated as the time from second transplant to death, relapse, or last known follow-up,
whichever came first. OS and EFS were estimated using the Kaplan Meier method.
Differences in time to event outcomes between patient groups were estimated using Cox
proportional hazards models. Time to relapse was calculated as the time from second
transplant to relapse (event), death (competing event), or last known follow-up. Non-relapse
mortality (NRM) was calculated as the time from second transplant to death not due to
relapse (event), death due to relapse (competing event), or last known follow-up.
Comparisons of time to relapse and time to NRM between patient groups were summarized
with cumulative incidence estimates and proportional subdistribution hazards calculated
using Fine and Gray's method?’.

Loss of heterozygosity analysis

Chimerism samples were obtained from the Johns Hopkins Genomics Laboratory that were
banked at the time of chimerism detection. HLA typing was performed by HLA locus
specific PCR amplification from genomic DNA followed by reverse sequence specific
oligonucleotide probe (rSSOP) hybridization using the LABType® rSSO typing assay, One
Lambda, Inc. (Part of Thermo Fisher Scientific).

Results

Patients and first transplant characteristics

Between 2005 and 2014, 40 consecutive patients underwent second allogeneic BMT for a
relapsed hematologic malignancy (Table 1). The median age at second transplant was 43.9
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(range 1 -to 74). Myeloablative conditioning was used for the first transplant in fifteen
patients (38%), and 35 (88%) received (PTCy) as part of their GVHD prophylaxis. The
cumulative probability of grade 2—-4 aGVHD after the first transplant was 13% (95% CI 2—
23%), and limited cGVHD was 13% (95% CI 2-23%). There was no extensive cGVHD.
Nineteen patients received matched allografts for their first transplant, and 21 received
haploidentical allografts.

Characteristics of second transplants

The characteristics of salvage therapy and the second transplants are presented in Table 2.
Progressive disease was diagnosed before six months in nine patients (23%) and before one
year in twenty patients (50%). Complete remission or responsive disease was achieved in
80% of patients prior to receipt of a second allograft. Second transplants were performed a
median of 568 (range 146—2335) days from the first BMT.

The same donor was selected in four (10%) second transplants. The source of the graft was
bone marrow in 23 (58%), peripheral blood stem cells in 15 (38%), and umbilical cord blood
in 2 (5%) cases. Most patients received reduced intensity conditioning regimen consisting of
fludarabine, cyclophosphamide, and total body irradiation (Table 2). GVHD prophylaxis
included PTCy in 83% of cases.

Outcomes, including GVHD

The median follow up is 750 (range 26-2950) days. The median OS in the cohort is 928
days (95% CI 602 — NR); median EFS for the cohort is 500 days (95% CI 355-NR) (Figure
1). The 4 year OS is 40% (95% CI 25-64%), and the 4-year EFS is 36% (95% CI 24-55%).
The cumulative incidence of NRM by 2 years was 27% (95% CIl 13-42%). The cumulative
incidence of grade 3—-4 aGVHD at 100 days was 15% (95% CI 4-26); the cumulative
incidence of extensive cGVHD at 2 years was 22% (95% CI 9-36%). There was no
relationship between the development of acute GVHD and overall survival (data not shown).
The cumulative incidences of NRM and relapse are shown in Figure 2. The causes of non-
relapse mortality are detailed in Table 3.

HLA matching and outcomes

Twenty-one patients received their first allograft from a haploidentical donor. Of those, 14
received a second haploidentical transplant: 8 from a donor sharing the same shared
haplotype as the first donor, and 6 from a second donor sharing the other haplotype.
Nineteen patients received their first allograft from a fully matched donor. Of those, 14
received a haploidentical allograft at the second transplant, and 5 received a second matched
allograft. Thus, 20 of the patients had a new mismatched haplotype in the second allograft:
14 who received a haploidentical donor allograft after a first matched one, and 6 whose
second haploidentical donor shared the haplotype that was mismatched in the first
transplant. The other 20 second donors were from a second donor that did not harbor a new
mismatched haplotype: 10 whose second donor was HLA-matched, 8 sharing the same
haplotype as the first donor, and 2 unrelated umbilical cord grafts (Figure 3). There was no
significant difference regarding age, gender, disease status, time from first transplant to
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relapse, lines of therapy, or incidence of acute or chronic GVHD from the first transplant
between the groups (Table 4).

The median survival was 552 days (95% CI 376-2950+) in the group transplanted with a
second graft that did not harbor a new mismatched haplotype, while it was not reached in the
group whose allograft contained a new mismatched haplotype (HR 0.36, 95% CI1 0.14 - 0.9;
p=0.02) (figure 4a). Moreover, the same trend held when just looking at the patients who
received two haploidentical allografts. The median OS for the 6 patients who were
retransplanted with an HLA-haploidentical donor sharing the different haplotype from the
first haploidentical donor has not been reached, while the median OS was 502 days (95% CI
317-2950+) among the 8 whose second haplo allograft shared the same haplotype (HR 0.37,
95% CI 0.08-1.7, p=0.16). Median EFS was also longer in the group that received an
allograft containing a new mismatched haplotype, (NR versus 401 days, HR 0.50, 95% CI .
22-1.14, p=0.09) (figure 4b). We analyzed the effect of choosing a second haploidentical
donor. Compared to other graft sources with an OS of 404 days, patients with a
haploidentical donor for second BMT had a median overall survival of 1308 days (HR 0.42,
95% CI 0.18-1.0, p=0.05).

Univariate predictors of outcome

Univariate predictors of outcome are listed in table 5. Increased risk of mortality was
observed when relapse was diagnosed within 6 months of the first transplant (HR 2.49 [1,
6.2]; p=0.07) and with progressive or refractory disease before the start of the second
alloBMT(HR 2.56 [1.03 — 6.25]; p=0.06). These effects were mirrored in EFS: relapse
within 6 months (HR 2.53 [1.03-6.22]; p=0.06); refractory or progressive disease HR 2.44
(1.0-5.88, p=0.07). There was one long-term survivor among the eight patients who were
neither in remission nor had responsive disease at the time of second transplant. This patient
had therapy related myeloid neoplasm that persisted after azacitidine and FLAM induction,
though blasts were less than 5% at the time of transplant. Acute GVHD diagnosed during
the first transplant was associated with an increased risk of NRM (HR 3.44 [1.19-9.94];
p=0.02).

Loss of Heterozygosity

Of the twelve patients who received second transplants for AML, five had sufficient tissue
from specimens with relapsed disease after their first BMT to test for loss of heterozygosity.
Of these five, one patient had detectable loss of heterozygosity (this case was reported
previously?8). This patient received a second allograft that shared the other haplotype, but
nevertheless experienced relapse 524 days after their second transplant.

Discussion

Approximately a quarter of patients relapsing after allogeneic BMT can achieve long-term
disease free survival with a second alloBMT10:16.29.30 Most published experience with
second alloBMT have reported results using the same HLA-identical donor as the first;
moreover, a donor change, usually with a different HLA-matched related or unrelated donor,
has not appeared to improve results10.13.14.16.22.23 oy single institution retrospective
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analysis includes the largest cohort of second haploidentical transplants with PTCy
published to date. Our overall results with second allografts are similar to the published
experience in other second BMT series: we confirmed the dismal prognosis for those
experiencing early relapse; and a graft versus tumor effect did not control progressive
disease. Thus, every effort to deliver effective salvage therapy should be made, even if it
takes multiple lines of therapy. GVHD rates using PTCy are low and in keeping with the
rates seen with first transplants. Acute GVHD observed during the first transplant predicted
an increased risk of NRM after second allogeneic BMT, either because of exposure to
increased immunosuppressive medication or a predisposition to a GVVH reaction to the
second allograft.

Although our numbers are small, there appeared to be an advantage to selecting a donor with
a new mismatched haplotype, in contrast to previous publications. Confidence intervals are
too wide to attribute the beneficial effect to decreased relapse (and therefore a more potent
graft versus tumor effect) or decreased NRM. Although the present study was neither
prospective nor randomized, systemic bias between patients who have a related
haploidentical donor and those who do not is unlikely, as we have not used degree of match
as a primary factor in donor choice3L. However, patient heterogeneity or statistical chance
could play a role in the apparent difference especially in a small, retrospective analysis.

Haplotype loss can be seen in relapsed AML after haploBMT, but it is unlikely to explain
why switching to a donor sharing the different haplotype appeared to improve outcome. Not
only was haplotype loss after first haplo BMT not common in our series, but the benefit was
also seen with second haploBMTs after first HLA-matched allografts. The frequency of T
cells specific for a particular tumor neoantigen has been estimated at 1 in 50,000 T cells in
peripheral blood, whereas the proportion of T cells reactive against mismatched HLA is as
high as 1 in 20.32 Alternatively, there may be other biologic differences between different
donors, such as KIR mismatches33, that make switching from the unsuccessful donor
attractive.

In summary, second allogeneic haploBMT is a feasible strategy for patients relapsing after
their first transplant. In particular, using a second haploidentical donor after failure of a
HLA-matched allograft, or sharing a different haplotype in the case of relapse after
haploBMT, may be beneficial. For patients who relapse more than 6 months after a bone
marrow transplant and who achieve remission with salvage therapy, results are very
encouraging. Although a randomized trial to study selecting donors with a new mismatched
haplotype may be impractical, larger numbers should provide additional information on the
effectiveness of such an approach.
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Highlights
. Second BMTs are feasible and provide a reasonable chance of long-term
survival.
. Allografts with a new mismatched haplotype may improve outcomes after

second BMTs for relapsed hematologic malignancies.

. Major histocompatibility may be an important driver of the graft versus tumor
effect.
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Figure 2.
Cumulative incidence of relapse at 2 years was 33% (95% CI 18-48%), and the cumulative

incidence of NRM by 2 years was 27% (95% CI 13-42%) for the cohort
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Figure 4.

OS (A) and EFS (B) by exposure to new haplotype. The median survival was 552 days (95%

Cl 376-2950+) in the group transplanted with a second graft that did not harbor a new

mismatched haplotype, while it was not reached in the group whose allograft contained a
new mismatched haplotype (HR 0.36, 95% CI 0.14 — 0.9; p=0.02). The median event free
survival was also longer in the group who received an allograft containing a new
mismatched haplotype (NR versus 401 days, HR 0.50, 95% CI .22-1.14, p=0.09)
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Table 1
Patient, disease, and first transplant characteristics.
Subjects 40
median age (range) 43.9 (1-74)
Female 14
Disease type
AML 12
ALL 12
HL 4
DLBCL 2
MDS 2
Biphenotypic acute leukemia 2
CML 2
CMML 1
MM 1
MCL 1
FL 1
First Transplant History
Conditioning Intensity
Myeloablative 17
Reduced intensity 3
Non-myeloablative 20
Conditioning Regimens
Flu/Cy/TBI 19
Bu/Cy 11
Bu/Flu 4
Cy/TT/TBI 3
Cy/TBI 2
Flu/TBI 1
Allograft Match
Haploidentical 21
MSD 9
MUD 7
Umbilical Cord 2
MMUD (9/10) 1
GVHD Prophylaxis
PTCy, Tacrolimus, MMF 24
PTCy 10
MTX, Tacrolimus 4
PTCY, Tacrolimus, Sirolimus 1
T cell depletion 1

Incidence of GVHD *
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Subjects 40
Acute
none or grade 1 34
grades 2-4 5
grades 3-4 1
Chronic
none 34
limited 5
extensive 0

*
One patient, who received the first transplant at another institution, had GVHD of an unknown type and grade.

Page 15

MSD - matched sibling donor; MUD — matched unrelated donor; MMUD - mismatched unrelated donor (9/10 HLA matched); PTCy - high-dose
posttransplantation cyclophosphamide; MMF — mycophenolate mofetil.
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Second transplant characteristics.

Characteristic
Lines of re-induction therapy
none
1
2
23
Disease state pre-transplant
CR
Responsive
Refractory or PD
Match of second donor
Haploidentical
Full match
Umbilical Cord
Same donor first transplant
Yes
No
Conditioning regimens#
Flu/Cy/TBI
Bu/Cy
Cy/TBI
Flu/Bu
Flu/Mel
Mel/TBI
Bu/Cy/ATG
GVHD prophylaxis

PTCy, MMF, Tacrolimus

MTX/CSA
Tacrolimus, MMF
PTCy

PTCy, CSA, MMF

18
15

23

28
10

36

27

PPN W O

30

N W

PTCy - posttransplantation cyclophosphamide; MMF — mycophenolate mofetil.

#For umbilical cord grafts (2 total), one patient received Bu/Cy conditioning, and one received Bu/Cy/ATG.
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Causes of non-relapse mortality

Table 3

Patient Disease 2nd Day of | Cause of Death

Transplant | Death
1yo/M Bi-lineage leukemia | MAC MUD | +130 PJP pneumonia while receiving high dose corticosteroids for GVHD
9yo/M AML MAC MUD | +101 pneumonia
12yo/M | AML MAC MUD | +404 GVHD
l4yoM | B-ALL NMA MUD | +317 GVHD
32yoF NS HL NMA haplo | +200 GVHD
36yoF AML NMA haplo | +26 VOD, Multi-organ failure
45yoM | MCL MAC MUD | +145 graft failure/fungal pneumonia
51yoM | Follicular lymphoma | NMA haplo | +170 graft failure/fungal sinusitis
54yoM | Ph+B-ALL NMA haplo | +500 idiopathic pneumonitis
64yoM | CMML NMA haplo | +928 lung cancer
66 yo F Ph+ B-ALL NMA haplo | +376 Intracranial hemorrhage after a fall
74yoM | T-PLL NMA haplo | +466 pneumonia

Page 17

MAC: Myeloablative conditioning; NMA: non-myeloablative; MUD: matched unrelated donor; haplo: haploidentical related donor; GVHD: graft
versus host disease; VOD: vasooclusive disease of the liver
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Table 4

Characteristics of patients, by receipt of a new mismatched haplotype.

No New Haplotype | New Mismatched Haplotype P
(n=20) (n=20)
Age — mean (SD) 38.3(20.9) 43.1(19.8) 0.46
Sex —no. (%)
Female 6 (30) 8 (40) 0.74
Male 14 (70) 12 (60)
Disease status— no. (%)
Refractory or Progressive 6 (30) 2 (10) 0.24
Responsive or in Remission 14 (70) 18 (90)
Relapsed < 6 months - no. (%)
Yes 4(20) 5 (25) >0.99
No 16 (80) 15 (75)
aGVHD Grade 2-4, 1% Transplant - no. (%)
No 14 (70) 13 (65) >0.99
Yes 6 (30) 7(35)
cGVHD, 1%t Transplant - no. (%)
No 16 (80) 15 (75) >0.99
Yes 4 (20) 5(25)

Biol Blood Marrow Transplant. Author manuscript; available in PMC 2018 November 01.

Page 18



Page 19

Imus et al.

Author Manuscript

60'C
80¢
60T
6L'T
c9'¢

180
144\
ev'T
19T
6¢'S
T
9.0

050
05T
€5¢
e
[44
68'T
ST

9€'0
[4%4
6v'¢
98¢
81

8’1
1e¢

dH

(syuow 9 < *
(dd 104D
(p>-
(ST0Z-0T0Z *
(Jouop Jualaylp

(adAy01dey mau ou
(@HAD ou
(syuow 9 <

(4d 104D

(st>

(STOCZ-0T0Z *
COCOU UBIBYIP

(adAi01dey mau ou
(@HAD ou
(syuow 9 <

(4d 104D

(p>-

(5T0Z-010Z *

(Jouop ualayIp *

(adAjo)dey mau ou
(@HAD ou
(syuow 9 < *

(dd 104D

(p>-

(ST0Z-0T0Z *
(Jouop Jualaylp

syuow 9 ulyim pasoubelp asdejay
aseasiq anIssalbold Jo Alojoeiyey
Gy < aby

600¢—S00¢ pawlo}lsd

15414 S JOUOp BWes

Aujeno 8sdejay-UoN 40 32UspIoU| BAIRINWIND

adAl0]dey mau paurejuod yeih puodss
Jue|dsues) 1114 Woly AHAD NIy
syuow 9 ulyim pasoubelp asdejay
aseasiq anissalfiold Jo Aiojoelsey

G < aby

6002—S00¢ pawiojiad

18114 SB Jouop awes

asde|ay JO 82UBPIOU| BAIRINWND

adA101dey mau paurejuod e puodss
jue[dsues 1114 Woly AHAD amNdyY
syluow 9 ulym pasoubelp asdejey
aseasiq anIssalfold Jo Alojoelyay

Sy < 9bv

6002-G00C pawiokiad

18114 Se Jouop awes

adAjojdey mau paurejuod el puodss
juedsue) 3s1y Woiy AHAD 3INdY
syluow 9 uiym pasouBelp asdejay
aseasiq anIssalbold Jo Alojoeiyey

Sy < 9bv

6002-S00¢ Paw.iojiad

1511} Se Jouop awes

S43

SO

sdnoub juaned Aq juejdsuel) puodas Buiaizdal syuaited Jo SaW0ANO

veo <L 190
120 199 990
180 8T¢ 8€0
o ¥TL w0
G600 TL9 <01
€L0 69¢ SC0
120 /87 170
650 T¥s 8€0
o G629  S¥0
€00 wvlve €1
680 9¢G €20
L0 TSv  €T0
600 ¥T'T ¢co
G€'0 wre 990
900 ¢¢9 €01
100 88G 1T
G600 ¥¥rS 660
§¢0 Wl <0
9v'0 Sv ¢S50
¢00 60 ¥1°0
110 LTS /80
100 29 0T
900 S¢9 €01
6T0 <¢vv €LO
8¢0 09 590
910 ¢6'9  LL0
d 10 %56
G 9lqeL

Author Manuscript

Author Manuscript

Author Manuscript

Biol Blood Marrow Transplant. Author manuscript; available in PMC 2018 November 01.



Page 20

Imus et al.

€70
¢00

d

€T 210 ¥0 (adf0]dey mau ou "A)
v6'6  6T'T ¥¥e (@HAD ou A)

10 %56 dH

adAjo1dey mau paurejuod yelb puodss
ejdsuesy 1811y Woty AHAD aINdy
SO

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Biol Blood Marrow Transplant. Author manuscript; available in PMC 2018 November 01.



	Abstract
	Introduction
	Methods
	Statistical methods
	Loss of heterozygosity analysis

	Results
	Patients and first transplant characteristics
	Characteristics of second transplants
	Outcomes, including GVHD
	HLA matching and outcomes
	Univariate predictors of outcome
	Loss of Heterozygosity

	Discussion
	References
	Figure 1
	Figure 2
	Figure 3
	Figure 4
	Table 1
	Table 2
	Table 3
	Table 4
	Table 5

