J Korean Med Sci. 2021 Jun 14;36(23):e151
https://doi.org/10.3346/jkms.2021.36.€151
eISSN 1598-6357-pISSN 1011-8934

JKMS

Original Article
Oncology & Hematology

‘ '.) Check for updates ‘

Received: Feb 24, 2021
Accepted: May 2, 2021

Address for Correspondence:
Kyoo-Hyung Lee, MD, PhD

Department of Hematology, Asan Medical
Center, University of Ulsan College of
Medicine, 88 Olympic-ro 43-gil, Songpa-gu,
Seoul 05505, Korea.

E-mail: khlee2@amc.seoul.kr

© 2021 The Korean Academy of Medical
Sciences.

This is an Open Access article distributed
under the terms of the Creative Commons
Attribution Non-Commercial License (https://
creativecommons.org/licenses/by-nc/4.0/)
which permits unrestricted non-commercial
use, distribution, and reproduction in any
medium, provided the original work is properly
cited.

ORCID iDs

Jun-Hong Park
https://orcid.org/0000-0002-8066-6720
Je-Hwan Lee
https://orcid.org/0000-0002-7060-1675
Jung-Hee Lee
https://orcid.org/0000-0002-3127-0068
Han-Seung Park
https://orcid.org/0000-0003-3577-0665
Eun-Ji Choi
https://orcid.org/0000-0002-9568-8877
Young-Ah Kang
https://orcid.org/0000-0002-7053-0723
Hyeran Kang
https://orcid.org/0000-0002-5645-2669
JiMin Woo
https://orcid.org/0000-0001-6720-6474
Young-Shin Lee
https://orcid.org/0000-0001-8204-7838

https://jkms.org

Incidence, Management, and
Prognosis of Graft Failure and
Autologous Reconstitution after
Allogeneic Hematopoietic Stem Cell
Transplantation

Jun-Hong Park (), Je-Hwan Lee (», Jung-Hee Lee (®, Han-Seung Park @,
Eun-Ji Choi (@, Young-Ah Kang (@, Hyeran Kang @, Ji Min Woo (), Young-Shin Lee @,
Mijin Jeon @, and Kyoo-Hyung Lee

Department of Hematology, Asan Medical Center, University of Ulsan College of Medicine, Seoul, Korea

ABSTRACT

Background: This study presents outcomes of management in graft failure (GF) after
allogeneic hematopoietic stem cell transplantation (HCT) and provides prognostic
information including rare cases of autologous reconstitution (AR).

Methods: We analyzed risk factors and outcomes of primary and secondary GF, and
occurrence of AR in 1,630 HCT recipients transplanted over period of 18 years (January 2000-
September 2017) at our center.

Results: Primary and secondary GF occurred in 13 (0.80%), and 69 patients (10-year
cumulative incidence, 4.5%) respectively. No peri-transplant variables predicted primary

GF, whereas reduced intensity conditioning (RIC) regimen (relative risk [RR], 0.97-28.0, P
<0.001) and lower CD34" cell dose (RR, 2.44-2.84, P=0.002) were associated with higher
risk of secondary GF in multivariate analysis. Primary GF demonstrated 100% mortality, in
the secondary GF group, the 5-year Kaplan-Meier survival rate was 28.8%, relapse ensued

in 18.8%, and AR was observed in 11.6% (n = 8). In survival analysis, diagnosis of aplastic
anemia (AA), chronic myeloid leukemia and use of RIC had a positive impact. There were

8 patients who experienced AR, which was rarely reported after transplantation for acute
leukemia. Patient shared common characteristics such as young age (median 25 years), use of
RIC regimen, absence of profound neutropenia, and had advantageous survival rate of 100%
during follow period without relapse.

Conclusion: Primary GF exhibited high mortality rate. Secondary GF had 4.5% 10-year
cumulative incidence, median onset of 3 months after HCT, and showed 5-year Kaplan-Meier
survival of 28.8%. Diagnosis of severe AA and use of RIC was both associated with higher
incidence and better survival rate in secondary GF group. AR occurred in 11.6% in secondary
GF, exhibited excellent prognosis.

Keywords: Autologous Reconstitution; Primary Graft Failure; Secondary Graft Failure;
Reduced-intensity Conditioning
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INTRODUCTION

Graft failure (GF) after allogeneic hematopoietic stem cell transplantation (HCT) is a vexing
problem with respect to adverse outcomes and the absence of established management
guidelines. In recent studies, the reported incidence of primary GF is 0.6-9.6% and
secondary GF is 1.7-5.0%.15 Recognized risk factors for development of GF are marrow
failure syndromes including severe aplastic anemia (AA) and myelofibrosis, low CD34" cell
yield, T-cell depleted graft, reduced-intensity conditioning (RIC) regimen, human leukocyte
antigen (HLA) mismatch, ABO disparity, and poor Karnofsky performance status at the time
of transplant.1,2,615 Expert opinion recommends rescue allogeneic transplantation as salvage
treatment in the setting of graft failure, however data drew comparison between different
types of management in GF is very limited.

A small proportion of patients achieve autologous reconstitution (AR) after GF, in which a
patient recovers from cytopenia with original recipient lineage without evidence of relapse.
Previous reports mentioning autologous recovery in GF associated with transplantation
for acute leukemia are very limited. In a retrospective study comprising 1,205 recipients
transplanted for severe AA, the cumulative incidence of AR was 4.2%.3 In another
retrospective cohort consisting of 1,726 allogeneic HCT recipients, 9 cases of AR occurred
after primary GF.5 In AR cases after HCT for chronic myeloid leukemia (CML) reported by
Brunstein et al.16, the AR group exhibited prolonged survival with a relapse rate of 80%.

This study reviewed a retrospective cohort of 1,630 patients who underwent allogeneic HCT
for malignant disease or severe AA in a single center during an 18-year period. We analyzed
pretransplant risk factors of GF, management, outcomes and AR after GF.

METHODS

Definitions

Primary GF

Primary GF is defined as the absence of absolute neutrophil count (ANC) recovery more than
500/uL in the first 28 days after HCT. Chimerism analysis using DNA short tandem repeat
(STR) polymerase chain reaction was performed to confirm graft loss at day 28 after HCT.

Onset of secondary GF
Onset of secondary GF was defined as the date of ANC became under 500/pL after donor cell
reconstitution, followed by confirmation with chimerism analysis.

AR

AR is recovery from cytopenia with the original recipient lineage (confirmed by chimerism
assay) without recurrence of previous hematological disease, defined by ANC of 500/uL or
greater, platelet count of 20,000/uL or greater, and freedom from red blood cell transfusion.

Follow-up duration

Overall survival (OS) length was defined as the time from HCT to the last follow-up or death.
Recurrence was recorded if applicable. Survival length after GF was calculated from the date
when ANC became less than 500/pL to the date of last follow-up or death.

https://doi.org/10.3346/jkms.2021.36.€151 2/14


https://orcid.org/0000-0003-1400-3029
https://orcid.org/0000-0003-1400-3029
https://orcid.org/0000-0002-2841-0779
https://orcid.org/0000-0002-2841-0779

Outcomes of Graft Failure

JKMS

https://jkms.org

Study population

Between January 2000 and September 2017, data of 1,798 consecutive patients were recorded
in the HCT registry of Asan Medical Center in Seoul, South Korea. After exclusion of early
mortality and relapse before reaching 1 month of HCT, the study population consisted of
1,630 patients. Thirteen patients were determined to experience primary engraftment failure.
Sixty-nine patients experienced secondary GF. The patient selection process is summarized
in Fig. 1.

Transplantation procedure

The conditioning regimen consisted of the myeloablative conditioning (MAC; busulfan-
cyclophosphamide, busulfan-fludarabine) and the RIC (busulfan-fludarabine-antithymocyte
globulin [ATG], cyclophosphamide-fludarabine-ATG). Graft-versus-host disease (GVHD)
prophylaxis was uniformly performed with intravenous cyclosporin and 3 doses of
intravenous methotrexate.

Patient monitoring

Dates with ANCs greater than 500/pL for 2 consecutive days and platelet counts greater
than 20,000/pL for 7 consecutive days without transfusion were recorded. If both the ANC
and platelet count were fulfilled as above, the patient's status was listed as either donor cell

AMC allogeneic HCT registry
January 2000 to September 2017

(n=1,798)
Early death during/shortly
after conditioning without HCT
(n=7)
HCT performed
(n=1,791)
Second allogeneic HCT
(n=1m2)
First allogeneic HCT
(n=1,679)
I
v ¥
Failed to achieve ANC > 500/pL Achieved initial ANC > 500/pL
(n=62) (n=1,617)
Early death
<1 month of HCT
(n = 49)?
) v v
Primary Secondary No
engraftment failure graft failure graft failure
(n=13) (n =69) (n =1,548)
I I I
v
Study patients
(n =1,630)

Fig. 1. Selection process of patients with graft failure.

AMC = Asan Medical Center, HCT = hematopoietic stem cell transplantation, ANC = absolute neutrophil count.
2Forty-nine patients died within 1 month after HCT without achieving ANC greater than 1,000/pL. Causes of death

in these patients were sepsis/organ failure (n = 23), progression of underlying malignancy (n = 23), cerebral
hemorrhage (n = 2), and encephalopathy (n =1).
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reconstitution or AR according to chimerism after recovery. Chimerism study measuring STR
of peripheral blood (PB) sample DNA was routinely done after cellular recovery.

Statistical analysis

Outcomes included primary GF, secondary GF, donor cell reconstitution, AR, no cellular
recovery, relapse, non-relapse mortality (NRM), and follow-up duration. The time to
secondary GF, recurrence of underlying disease, and NRM were measured from HCT,
estimated using the cumulative incidence function, and compared using the Gray method.1”
The recurrence of underlying disease and NRM were considered as mutually competing risks.
Event-free survival (EFS) was measured from HCT to recurrence, NRM, primary/secondary
GF, or last follow-up. EFS and OS were estimated using the Kaplan-Meier method and
compared using the log-rank test.18

To identify peri-transplant variables that might affect the HCT outcomes, univariate analysis
performed with y? analysis. For multivariate analysis based on the Cox regression model,
variables with a Pvalue 0.05 or less, as determined by univariate analysis, were considered
for entry in the model.19 The selection process was based on Gray's model for secondary
GF, recurrence, and NRM. In addition, the incidence and clinical characteristics of AR after
secondary GF was investigated. The cumulative incidence analysis was performed using R
statistical software, version 3.3.1 (The CRAN project). For other analysis, SPSS software,
version 21 (IBM Corp., Armonk, NY, USA) was used.

Ethics statement

This is a retrospective cohort study of Asan Medical Center HCT registry approved by the
Institutional Review Board of Asan Medical Center (approval No. 2020-0217). All patients and
donors in the study provided written informed consent.

RESULTS

Patient characteristics

Median age was 43 years (range, 15-75), and the pretransplant diagnosis was as follows:

acute myeloid leukemia (AML), 48.1%; acute lymphoblastic leukemia (ALL), 18.0%; CML,
3.9%; severe AA, 8.5%; myelodysplastic syndrome/myeloproliferative neoplasm (MPN),

13.9%; lymphoma/myeloma, 5.4%; and miscellaneous disorders, 2.3%. MAC was used in
37.2%, RIC was administered in 62.8%. Graft employed for HCT was bone marrow graft

in 27.0%, and peripherally collected stem cell graft in 73.0%. The type of donor-recipient
relationship consisted of matched sibling donors (39%), matched unrelated donors (35%), and
haploidentical donors (26%). The patient and donor characteristics are summarized in Table 1.

Graft failure

In 1,630 HCT recipients, the incidence of primary GF was 0.80% (n =13), and the 10-year
cumulative incidence of secondary GF was 4.5% (n = 69). The median follow-up duration
after HCT in patients with successful initial engraftment, primary GF, and secondary GF was
31.2 months, 2.15 months, and 14.1 months, respectively.

Primary GF

Of13 patients who experienced primary GF after HCT, the median age was 43 years, 84.6%
were diagnosed with malignant disease, and 2 (15.4%) underwent HCT for severe AA.
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Table 1. Patient and donor characteristics (n = 1,630)

Characteristics

No GF (n =1,548)

Primary GF (n =13)

Secondary GF (n = 69)

Patient age, yr
Median (range)
Patient age, yr
<35
36-55
> 55
Patient sex
Male
Female
Diagnosis
AML
ALL
CML
SAA
MDS/MPD
NHL/HL/MM
Others
Disease status®
Standard risk
High risk
Undefined
Transfusion before HCT
RBC
Platelet
Total
Prior transfusion, unit
<50
51-100
>100
Performance status
>90
80
70
<60
Comorbidity index
0
]
2
3
>4
Conditioning 1
Bu-Cy
Bu-flu
Bu-flu-ATG based
Cy-flu-ATG based
Mel-flu based
Others
Conditioning 2
Busulfan 4 days
Busulfan 3 days
Busulfan 2 days
Conditioning 3
ATG containing®
Non-ATG containing
Donors
Matched sibling
1-mismatched sibling
Matched unrelated
Haploidentical family

43 (15-75)

510 (33)
742 (48)
296 (19)

901 (58)
647 (42)

744 (48)
978 (18)
61(4)
131 (9)
215 (14)
83 (5)
36 (2)

936 (61)
608 (39)
3(0)

16 (0-411)
46 (0-1,381)
65 (0-1,872)

633 (41)
371 (24)
543 (35)

469 (30)
377 (24)
583 (38)
116 (8)

265 (17)
152 (10)
200 (13)
480 (31)
450 (29)

409 (26)
84 (5)
813 (53)
142 (9)
82 (5)
18 (1)

483 (37)
24 (2)
802 (61)

1,043 (67)
505 (33)

601 (39)

3(0)
541 (35)
398 (26)

40 (24-64)

5 (39)
5 (39)
3(23)

9 (69)
4 (31)

5 (39)
2 (15)
1(8)
2 (15)
2 (15)
0
1(8)

5 (39)
8 (62)

16 (0-149)
56 (0-286)
68 (0-389)

6 (46)
1(8)
6 (46)

2 (17)
2 (17)
5 (42)
3(25)

0
1(8)

3(23)
2 (15)
7 (54)

1(8)
2 (15)
8 (62)
1(8)
0
1(8)

3(27)
0
8 (73)

10 (77)
3 ()

3(23)
0

3(23)

7 (54)

37 (15-67)

33 (48)
26 (38)
10 (15)

47 (68)
29 (32)

30 (44)
5(7)
2(3)

21 (30)
1 (16)

0
0

52 (75)
17 (25)

13 (0-72)
36 (0-592)
59 (0-646)

34 (49)
14 (20)
21 (30)

29 (32)

19 (28)

97 (39)
(M

14 (20)
10 (15)
10 (15)
16 (23)
19 (28)

34)
4 (6)
41 (59)
18 (26)

(0]}
34

7(14)
1(2)
49 (34)

60 (87)
9 (13)

97 (39)
0

20 (29)

29 (32)
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Table 1. (Continued) Patient and donor characteristics (n = 1,630)

Characteristics

No GF (n = 1,548)

Primary GF (n =13)

Secondary GF (n = 69)

HLA A, B, DR mismatch
(0}
1
2
3
ND
Donor age, yr
Median (range)
Donor age, yr
<25
26-45
> 45
Donor gender
Male
Female
ABO mismatch
None
Major
Minor
Both
Graft
Bone marrow
Peripheral blood
Cell dose, TNC, x 10°/kg
Median (range)
Cell dose, TNC, x 10%/kg
<7
>7-12
>12
Cell dose, CD34, x 10°/kg
Median (range)
Cell dose, CD34", x 10°/kg
<5
5-10
>10

1,124 (73) 6 (46) 44 (64)
40 (3) 0 2(3)
93 (6) 1(8) 3(4)
275 (18) 6 (46) 20 (29)
15 (1) 0 0
33 (7-70) 33 (19-68) 35 (5-62)
327 (21) 3(!) 14 (20)
930 (60) 7 (54) 37 (54)
291 (19) 3(23) 18 (26)
1,059 (68) 9 (69) 49 (61)
489 (32) 4(31) 27 (39)
757 (49) 9 (69) 28 (41)
308 (20) 3(23) 16 (23)
342 (22) 1(8) 19 (28)
141 (9) 0 6(9)
413 (27) 3 (W) 23 (33)
1,134 (73) 10 (77) 46 (67)
9.8 (0.2-937.0) 9.3 (0.02-16.3) 7.8 (0.7-21.6)
483 (31) 4(31) 32 (46)
579 (37) 6 (46) 20 (29)
486 (31) 3(23) 17 (25)
6.1 (0-125.0) 2.9 (1.12-15.6) 5.5 (0.6-27.7)
610 (39) 8 (62) 29 (42)
571 (37) 4 (31) 32 (46)
367 (24) 1(8) 8 (12)

Values are presented as number (%).

GF = graft failure, AML = acute myeloid leukemia, ALL = acute lymphoblastic leukemia, CML = chronic myeloid leukemia, SAA = severe aplastic anemia, MDS
= myelodysplastic syndrome, MPD = myeloproliferative disorder, NHL = non-Hodgkin lymphoma, HL = Hodgkin lymphoma, MM = multiple myeloma, HCT =
hematopoietic stem cell transplantation, RBC = red blood cell, ATG = antithymocyte globulin, HLA = human leukocyte antigen, ND = not defined, TNC = total

nucleated cell.

High risk disease status is defined as follows: patients with acute leukemia in first remission by salvage chemotherapy, relapse or in second or subsequent
remission, CML in accelerated or blastic phase, drug resistant or relapsed NHL/HD/MM or solid tumor, MDS (bone marrow blasts > 5% at transplant), and non-
malignant hematologic disorder with active infection or bleeding; *Of 1,113 patients who received ATG, 1,041 received rabbit-ATG (thymoglobulin, genzyme) and 72
received horse-ATG (52 ATGAM, and 20 lymphoglobulin).

https://jkms.org

RIC was used in 69.2% and MAC was used in 30.8%. In univariate analysis, none of the
pretransplant variables significantly predicted the occurrence of primary GF. However, the
percentage of the following characteristics were prominently larger in the primary GF group
than the control group: diagnosis of severe AA (15.4% vs. 8.5%), high risk status at time

of HCT (61.5% vs. 39.3%), Karnofsky performance status of 60 or less (23.0% vs. 7.5%),
comorbidity index of 4 or higher (53.8% vs. 30.3%), 3 HLA mismatch (46.2% vs. 17.8%),
haploidentical HCT (53.8% vs. 25.7%), and CD34" cell dose infused with 5 x 10°/kg or less
(61.5% vs. 39.4%). Multivariate analysis was impossible on account of statistical insignificance
of univariate analysis.

The median survival after the onset of primary GF was 2.15 months (range, 0.1-14.0), and the
mortality rate was 100%. Regardless of the type of treatment given, patients had persistent

https://doi.org/10.3346/jkms.2021.36.€151 6/14
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profound cytopenia and eventually died in a short period. The most common causes of death
were progression (46.2%) and bacterial sepsis (38.5%). At the time of GF, 11 of 13 patients were
in a range of 0—2% of donor chimerism, and the other 2 patients had 100% donor chimerism.

Cumulative incidence of secondary GF

A total 69 cases of secondary GF occurred with a 10-year cumulative incidence of 4.5%

(95% confidence interval [CI], 3.5-5.7), which presented at a median of 3.0 months (range,
0.8-135.4) after HCT. The median patient age was 37 years, malignant disease and severe AA
counted for 70% and 30% of cases, respectively, and high-risk status at HCT comprised only
25%. RIC regimen was administered in 85%.

In univariate analysis (Supplementary Table 1), the 10-year cumulative incidence of secondary
GF was higher in the following subgroups (Fig. 2): patients aged < 35 years than those

aged 36-55 years and older than 55 years (5.9% vs. 3.4% and 3.3%, P=0.042), diagnosis of
severe AA compared with malignant disease (14.0% vs. 1.8-4.9%, P < 0.001). Cy-Flu-ATG
conditioning exhibited a significantly high cumulative incidence of secondary GF (11.4% vs.
0.7-5.8%, P < 0.001), which was intended for mostly transplantation for severe AA. MAC
with 4 days administration of busulfan (3.2 mg/kg/day) showed a lower cumulative incidence
of secondary GF than regimens containing 2 or 3 days (1.4% vs. 6.0% and 4.0%, P=0.003).
ATG administration was associated with higher cumulative incidence, which was mostly
employed in RIC regimens (6.1% vs. 1.8%, P < 0.001). Lower doses of mononuclear cells
(MNC) in graft (< 7 x 10%/kg) were associated with higher cumulative incidence compared
with the group that received 7-12 x 10%/kg or more than 12 x 108/kg of MNCs (6.4% vs. 3.3%
and 3.5%, P=0.049). There was a trend toward a protective effect in patients received CD34"
cell more than 10 x 10/kg compared with patients who received CD34" cells < 5 x 10°/kg, and
5-10 x 10%/kg (2.2% vs. 4.9% and 5.3%, P=0.052).

In multivariate analysis (Table 2), RIC regimens (RR, 9.965-28.007), lower CD34" cell dose (RR,
2.440-2.849, P=0.021) were associated with higher cumulative incidence of secondary GF.

Outcomes of secondary GF

Among 69 secondary GF cases, 22 patients (31.9%) survived with cellular recovery and the
remaining 47 patients (68.1%) had deceased. The median duration of follow-up for survivors
was 63.8 months (range, 4.9-172.5), and the 5-year Kaplan-Meier survival rate was 28.8%.
Chimerism study at the time of GF was 0% for donor in 77.6% of patients, and > 10% in
22.4% of patients. The most common causes of death were bacterial sepsis in 29.4%, relapse/
progression of underlying diseases in 16.2%, and GVHD in 7.4%. AR ensued in 8 patients
(11.6%) after secondary GF. Donor reconstitution was divided into recovery with first HCT
allograft (n = 4) and recovery with the second rescue HCT allograft (n = 8).

Management of secondary GF

As management of secondary GF, conservative care was given in 1.4%, support of growth
factors in 31.8%, immunosuppression in 8.7%, mobilized donor leukocyte infusion (DLI)
in 29.0%, and second HCT was conducted in 29.0%. The 5-year survival rate (5YSR)

for patients receiving conservative care was 0%, support of growth factors was 18.2%,
immunosuppression was 33.3%, mobilized DLI was 30.0%, and second HCT was 40.0%.

With administration of growth factors alone (n = 22), 18.2% of patients recovered with AR.
Immunosuppression (n = 6) resulted in a 33.3% rate of donor reconstitution and mobilized

https://doi.org/10.3346/jkms.2021.36.€151 7/14
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Fig. 2. Ten-year cumulative incidence of secondary graft failure. (A) Patient age group and cumulative incidence of secondary graft failure (P = 0.042). (B)
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failure (P < 0.007). Note that most of the Cy-flu-ATG recipients were diagnosed with severe aplastic anemia. (D) Total nuclear cell dose and cumulative incidence
of secondary graft failure (P = 0.049).

HCT = hematopoietic stem cell transplantation, SAA = severe aplastic anemia, MDS = myelodysplastic syndrome, MPD = myeloproliferative disorder, AML =
acute myeloid leukemia, CML = chronic myeloid leukemia, ALL = acute lymphoblastic leukemia, NHL = non-Hodgkin lymphoma, HL = Hodgkin lymphoma, MM =
multiple myeloma, ATG = antithymocyte globulin.
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Table 2. Multivariate analysis of pretransplant risk factors in secondary graft failure

Characteristics P value HR (95% CI)
Patient age, yr

<35 1.000

36-55 0.350 0.755 (0.421-1.355)

> 55 0.160 0.576 (0.265-1.253)
Diagnosis

AML 1.000

ALL 0.190 0.519 (0.194-1.385)

CML 0.640 1.428 (0.324-6.287)

SAA 0.230 2.326 (0.593-9.118)

MDS/MPD 0.570 1.237 (0.597-2.565)
Conditioning 1

Bu-Cy 1.000

Bu-flu 0.003 9.965 (2.203-45.074)

Bu-flu-ATG based <0.001 28.007 (5.460-143.660)

Cy-flu-ATG based 0.009 17.358 (2.057-146.477)
Conditioning 3

ATG containing 1.000

Non-ATG containing 0.220 92.142 (0.629-7.300)
Cell dose, TNC, x 10%/kg

<7 1.000

>7-12 0.001 0.351(0.185-0.666)

>12 0.007 0.409 (0.213-0.783)

HR = hazard ratio, Cl = confidence interval, AML = acute myeloid leukemia, ALL = acute lymphoblastic leukemia,
CML = chronic myeloid leukemia, SAA = severe aplastic anemia, MDS = myelodysplastic syndrome, MPD =
myeloproliferative disorder, ATG = antithymocyte globulin, TNC = total nucleated cell.

DLI (n = 20) resulted in a 20% rate of AR and a 10% rate of donor reconstitution. In patients
who received rescue HCT (n = 20) for secondary GF, 40% experienced donor reconstitution
with a second HCT allograft. Regardless of the management given, 45.5-66.7% of patients
(overall, 54.4%) did not recover from cytopenia and subsequently died. The relapse rate was
highest (36.4%) in the granulocyte colony-stimulating factor (G-CSF) treatment group and
was 0% to 10% in patients managed with immunosuppression, mobilized DLI, and second
HCT. A summary of management and outcomes of secondary GF is provided in Table 3.

Analysis of survival prognostic factors in patients with secondary GF

In the univariate analysis using the Kaplan-Meier survival rate, different type of management
did not result in a significant difference in 5YSR. However, diagnosis of severe AA, and CML
(45.7% and 50.0% vs. 0-28.9%, P =0.049), low risk status at HCT (38.9% vs. 0%, P < 0.001),
performance status > 70 (19.5-41.4% vs. 0%, P < 0.001), RIC regimens (25.1-47.5% vs. 0%, P
=0.001), and ATG administration (33.2% vs. 0%, P < 0.001) was associated with significant
survival benefit (Fig. 3). GF followed by MAC regimen exhibited a SYSR of 0%.

Table 3. Outcomes of secondary graft failure by types of management

Management Outcome Sum
No recovery AR 1st donor 2nd donor Relapse
reconstitution reconstitution
Conservative care 0 (o] 0 0 1 1
Growth factors 10 (45.5) 4 (18.2) 0 0 8 (36.4) 292
Immunosuppression 4 (66.7) 0 2(33.3) 0 0 6
Mobilized DLI 12 (60.0) 4 (20.0) 2 (10.0) 0 2 (10.0) 20
Second HCT 11 (55.0) 0 0 8 (40.0) 1(5.0) 20
Total 37 (53.6) 8 (11.6) 4 (5.8) 8 (11.6) 12 (17.4) 69

Values are presented as number (%).
AR = autologous reconstitution, DLI = donor leukocyte infusion, HCT = hematopoietic stem cell transplantation.
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Fig. 3. K-M survival rate in secondary graft failure. (A) K-M survival rate in patients with severe aplastic anemia and malignant disease (P = 0.049). (B) K-M
survival rate in patients with standard risk status compared with those in high-risk status at time of HCT (P < 0.001). (C) Performance status and K-M survival
rate (P < 0.001). (D) K-M survival rate compared between conditioning regimens. Patients experienced secondary graft failure after myeloablative conditioning

regimen had shorter survival (P = 0.007).

CML = chronic myeloid leukemia, SAA = severe aplastic anemia, AML = acute myeloid leukemia, ALL = acute lymphoblastic leukemia, MDS = myelodysplastic
syndrome, MPD = myeloproliferative disorder, ATG = antithymocyte globulin, K-M = Kaplan-Meier.

https://jkms.org

In multivariate analysis, a lower Karnofsky performance score negatively influenced the 5YSR:
score of 80 (odds ratio [OR], 0.119; 95% CI, 0.031-0.465; P = 0.002) and 70 (OR, 0.268; 95%
CI, 0.088-0.821; P=0.021). A full list of univariate and multivariate analysis of Kaplan-Meier
SYSR in secondary GF group is provided in Supplementary Tables 2 and 3.
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Table 4. Characteristics of 8 patients with autologous reconstitution

Characteristics Value

Median age 25 yr

Type of GF Secondary GF (100%)

Diagnosis AML 4, ALL 1, severe AA 3

Time to recovery Median, 6.95 mon (range, 2.3-16.7 mon)
Nadir WBC 62.5% without profound neutropenia
Conditioning ATG containing RIC 100%

Management received G-CSF 50%, mDLI 50%

Median follow-up duration 73.5 mon (5-year survival rate, 100%)

GF = graft failure, AML = acute myeloid leukemia, ALL = acute lymphoblastic leukemia, AA = aplastic anemia,
WBC = white blood cell, ATG = antithymocyte globulin, RIC = reduced intensity conditioning, G-CSF = granulocyte
colony-stimulating factor, mDLI = mobilized donor lymphocyte infusion.

Autologous reconstitution after secondary GF

In eighteen years of period, a total of 8 cases of AR occurred after secondary GF (Table 4). The
incidence of AR was 0.49% of the overall study population (n =1,630) and 11.6% among patients
with secondary GF (n = 69). The median onset of AR was 7.0 months (range, 2.3-16.7) after onset
of secondary GF. The median age in the AR group was 25 years (range, 17-60). Five patients
(62.5%) never experienced profound neutropenia with their nadir ANC > 500/pL. Five had a
diagnosis of malignancy (4 AML, 1 ALL), 3 patients underwent HCT for severe AA. All 8 cases
were of standard risk status at time of HCT. The entire group received an ATG containing RIC.
Five patients received a graft from a full-matched donor and 3 underwent haploidentical HCT.

Four patients were treated with growth factors only, and the remaining patients received
mobilized DLIs. At the time of recovery from cytopenia, all cases had donor chimerism less
than 10%. All patients who achieved AR were surviving at a median follow-up from secondary
GF of 73.5 months (range, 38.5-170). Univariate analysis of pretransplant variables using the
Gray method did not identify a significant predictive variable.

DISCUSSION

In this retrospective cohort study consisting of 1,630 allogenic HCT recipients, the
incidence of primary and secondary GF (10-year cumulative incidence) was 0.80% and
4.5%, respectively. RIC usage in 62% of recipients, which is larger than previous studies
RIC comprised of 31-43%, reflects relatively higher percentage of haploidentical HCTs.1,2
Compared with incidence of Primary GF reported in CIBMTR study of 5.5%, incidence of
Primary GF in this study 0.8% is significantly low.# More employment of PB graft (73.0% vs.
38.7%), G-CSF support (100% vs. 38.2%), and higher TNC counts in this study compared
with CIBMTR registry, seem to have contributed to discrepancy in incidence of Primary GF.
Moreover, PB graft is known to have higher engraftment rate, thought as a result of higher
T-cell component and TNC counts. The insufficient statistic power in univariate analysis for
predictors of primary GF is thought to be partly due to the small number of primary GF (n =
13). The mortality rate in primary GF was 100%, with 1-year survival of 7.7% was considerably
worse outcome compared with previous studies that reported 1-year survival as 11-45%.5,20
This finding is speculated as a result of profound neutropenia and a high proportion of poor
risk status at time of HCT.

Higher 10-year cumulative incidence of secondary GF was associated with age < 35 years,
diagnosis of AA, RIC regimen, and low MNC count. On the contrary, MAC regimen and high
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CD34 count appeared to be protective of secondary GF. These findings are in concordance
with previous studies. However, in the setting of GF, RIC regimen was associated with better
survival, compared with 0% of 5YSR in GF after MAC. In addition, in the survival analysis of
EFS and OS in the whole cohort, RIC had better outcomes compared with MAC. Therefore,
it is erroneous to conclude that the outcomes of RIC regimen are inferior to myeloablative
regimen, which is in line with previous studies.15,21

The rate of cellular recovery was better in patients managed with mobilized DLI or rescue
allogeneic HCT than conservative care. However, this interpretation should be cautious,
because a considerable number of patients probably had no choice but to receive growth
factor due to their comorbidities. As a salvage therapy for GF, Harada et al.22 reported
outcomes of salvage haploidentical HCT was associated with better ANC recovery and lower
NRM compared with cord blood graft HCT. Rudakova et al.23 reported a 48% response and
prolonged survival with thrombopoietin agonists in GF after HCT.

Interpretation of data in patients experienced AR is limited due to very small numbers.
These patients had common advantageous host factors, such as young median age, moderate
neutropenia and favorable risk status at time of HCT. It appears that these host factors
allowed the patients to avoid death due to severe infection. In a previous study reporting

45 AR cases in 1,205 severe AA patients, AR cases had better long-term OS than even
patients with successful engraftment.> This is also concordant with our study. A nationwide
registry review in Japan consisting 42 survivors experienced AR with residual chromosomal
abnormalities described late relapse of underlying malignancy in minority of patients.24

There are several notable limitations in this study. First, this is a retrospective study
conducted in a single referral center. Second, there was heterogeneity in diagnosis of HCT
recipients including severe AA, MPN, lymphoma, and multiple myeloma, which have
different nature of prognosis and outcome after allogeneic HCTs compared with acute
leukemia. Third, a significant portion (26%) of recipients underwent HLA-haploidentical
transplants, which has a slightly different pattern of outcomes of HCTs from matched
transplantations. Lastly, decisions of type of treatment for graft failure (e.g., G-CSF support
only vs. second transplantation) were based on individual clinical scenario and judgement,
we could not clarify the standard criteria for selection of salvage therapy.

In the absence of established guidelines, management of patients with GF presents

a predicament, and GF is associated with poor prognosis. Nevertheless, aggressive
management such as mobilized DLI and rescue second HCT resulted in the most favorable
outcome. AR may be expected in a small number of younger patients without severe
cytopenia in the setting of secondary graft failure. Because the incidence of GF is not very
prevalent and heterogeneity of management differs between centers exists, a multicenter
study with a controlled treatment arm is necessary in the future.
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