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Abstract

To investigate the effect of chronic graft-versus-host disease (¢cGVHD) on the outcomes of acute myeloid leukemia (AML)
patients who relapsed after allogenic hematopoietic cell transplantation, we performed a retrospective analysis on 218 patients
with a median follow-up of 21.4 (3.4-179.6) months. A total of 103 patients developed cGVHD, with a 2-year cumulative
incidence 0f 48.9% (95% C142.1-55.7%). The estimated 3-year overall survival was 85.7% (95% CI175.7-95.7%), 48.8% (95%
CI 31.7-66.0%), and 54.1% (95% CI 44.3—63.8%) for patients with limited cGVHD, extensive cGVHD, and without cGVHD
(P <0.001). The 3-year event-free survival were 75.5% (95% CI 63.7-87.4%), 46.0% (95% CI 28.8-63.2%), and 45.0% (95%
CI35.6-54.4%) (P < 0.001), while the 3-year cumulative relapse rates were 22.8% (95% CI 11.0-34.6%), 11.6% (95% C1 5.3—
22.6%), and 40.3% (95% CI 31.0-49.6%), respectively (P < 0.001). At the last evaluation, 62 patients relapsed with 17 patients
having active cGVHD and 45 without. Compared to patients relapsing without cGVHD, patients who relapsed with cGVHD had
a longer duration of remission and a better 2-year post-relapse survival [10.9 months (3.7-42.2) versus 4.4 months (2.2-28.3);
P <0.0017; [32.8% (95% CI 8.2-57.4%) versus 4.5% (95% CI 0-12.8%); P = 0.043]. For patients who relapsed with cGVHD,
the remission rates were both 60% after salvage chemotherapy with or without donor lymphocyte infusion (P=1.000). In
conclusion, cGVHD may exert a stronger graft-versus-leukemia effect, which may decrease the post-transplantation relapse rate
and may also benefit those patients who eventually relapsed after transplantation in terms of prolong post-relapse survival.
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a curative treatment for acute myeloid leukemia (AML) not only
due to the eradication of leukemic cells by conditioning regimen,
which is composed of high-dose chemotherapy or irradiation, but
also due to the immune-mediated graft-versus-leukemia (GVL)
effect. Most studies have shown lower incidence of disease re-
lapse with the presence of chronic graft-versus-host disease
(cGVHD) [1-4]. Although cGVHD is generally considered be-
ing associated with GVL effect, approximately 15-25% of pa-
tients relapse with active cGVHD [5, 6]. Thanarajasingam et al.
reported that history of GVHD in AML patients relapsed after
allo-HSCT is an adverse factor for post-relapse survival [7].
However, Schmid et al. found that acute GVHD (aGVHD)
was an adverse factor, and cGVHD had no correlation with
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post-relapse survival [8]. The impact of cGVHD on post-relapse
survival, especially the presence of active cGVHD at the time of
relapse, is not clarified. Treatment for relapsed patients after allo-
HSCT remains difficult. The treatment options include rapid ta-
pering or stop of immunosuppression, donor lymphocyte infu-
sions (DLI) with or without chemotherapy or second allo-HSCT
[9]. It is more difficult for those patients relapsing with active
c¢GVHD due to the risk of exacerbation of GVHD. To investigate
the influence of cGVHD on relapse and survival after relapse, we
performed a retrospective analysis of prognostic factors for the
relapse rate and post-relapse overall survival (prOS) in 218 AML
patients. We found that cGVHD is associated with improved
prOS in AML patients. However, we failed to see the difference
between salvage therapy with DLI or without for patients relaps-
ing with cGVHD.

Patients and methods
Patients

In this retrospective analysis, a total of 228 AML patients
received their first allo-HSCT from HLA-matched sibling,
unrelated donor or haplo-identical related donor in Changhai
Hospital or Ruijin Hospital between March 2001 and August
2015 were included. Among these 228 patients, 10 patients
were excluded due to early death within 100 days after trans-
plantation, and the remaining 218 patients were included in
this retrospective analysis with a median follow-up time of
21.40 months (range 3.43 to 179.63 months). Detailed infor-
mation about the patients and transplant characteristics are
summarized in Table 1. All patients or their agents signed
informed consent forms before transplantation.

Transplantation protocol

Of the 218 patients, a total of 111 patients received granulocyte
colony-stimulating factor (G-CSF)-mobilized peripheral blood
stem cells (PBSCs) from HLA-matched related donors, and the
other 96 patients received PBSCs from HLA-matched unrelat-
ed donors (> 8/10 loci). The conditioning regimen included Cy-
TBI (60 mg/kg/day IV cyclophosphamide on days — 5 to — 4;
total body irradiation with 3 Gy twice daily on days — 3 to —2);
the BuCy regimen (0.8 mg/kg IV busulfan q6h on days — 8 to
—5 and 60 mg/kg/day IV cyclophosphamide on days —4 to —
3); or the FBA regimen [10] (30 mg/m?/day IV fludarabine for
2 h on days — 10 to — 6; 1.5 g/m*/day IV cytarabine on days —
10 to — 6 started 4 h after fludarabine and continued for 3 h; and
0.8 mg/kg IV busulfan q6h on days — 5 to — 3). For 11 patients
received haplo-identical donor transplantation with a modified
BuCy conditioning regimen (4 g/m*/day IV cytarabine on days
—10 to —9; 3.2 mg/kg/day IV busulfan on days —8 to —6;
1.8 g/m*/day IV cyclophosphamide on days —5 to —4;
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250 mg/m*/day methyl chloride hexamethylene urea nitrate
orally once on day — 3; and 5 mg/kg/day anti-thymocyte glob-
ulin-Fresenius or 2 mg/kg/day thymoglobulin IV on days — 5 to
—2)[11], G-CSF-mobilized PBSC and bone marrow stem cells
were infused on day 0. For 13 refractory/relapse patients, se-
quential chemotherapy followed by reduced-intensity condi-
tioning regimen (fludarabine 30 mg/m? on days — 20 to — 16,
cytarabine 2 g/m” on days — 20 to — 16, and idarubicin 12 mg/
m? on days — 16 to — 14 followed by fludarabine 30 mg/m* on
days — 6 to — 2 and busulfan 3.2 mg/kg on days — 5 to —3) [12]
were given before related or unrelated donor transplantation. If
an unrelated donor was used, the patient also received anti-
thymocyte globulin (ATG) (Fresenius, Germany, 5 mg/kg/
day, IV from days —4 to — 1). All patients received cyclospor-
ine, short-term methotrexate, and mycophenolate mofetil as
GVHD prophylaxis [13]. DLI was recommended according
to donor chimerism, minimal residual disease (MRD), and the
presence of acute GVHD (aGVHD) or cGVHD. Prostaglandin
E1 was used to prevent hepatic veno-occlusive disease. G-CSF
was administered starting on day + 5 until neutrophil engraft-
ment. All patients received blood products when necessary
according to institutional guidelines. Fluconazole, ganciclovir,
and sulfamethoxazole were used as infection prophylaxis from
days — 10 to — 1 before transplantation. After neutrophil and
platelet engraftment, the following drugs were administered
individually in turn for 7 days, until the termination of immu-
nosuppression, in the following sequence: fluconazole, ganci-
clovir, and sulfamethoxazole. When a suspected infection hap-
pened, appropriate antibiotics or antifungal agents were admin-
istered according to institutional guidelines.

Definitions and statistical analysis

Complete remission (CR) was defined as less than 5% blasts
in the bone marrow and normalization of the peripheral blood
count without circulating blasts. Relapse was defined accord-
ing to cytological criteria as reappearance of leukemic blasts
in the peripheral blood or the finding of equal to or more than
5% blasts in the bone marrow not attributable to other causes
or extramedullary relapse (EMR). aGVHD and cGVHD were
graded according to established criteria [14, 15]. Overall sur-
vival (OS) was defined as the time from transplantation to
death. Event-free survival (EFS) was defined as the time from
transplantation to relapse or death resulting from any cause.
Post-relapse OS was defined as the time from relapse to death.

Wilcoxon’s rank sum test was used to compare continuous
variables, and the chi-squared test was used to compare cate-
gorical variables. The cumulative incidences of relapse,
transplant-related mortality (TRM), and GVHD were estimated
using competing risk analysis with non-relapse mortality, with
relapse and with death from any cause as competing risks. OS,
prOS, and EFS were calculated by the Kaplan-Meier method
and were compared using the log-rank test. Cox proportional
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Table 1 Patients characteristics

Characteristics N (%)
Age, year, median (range) 36 (14-62)
Sex
Male 123 (56.42)
Female 95 (43.58)
Disease status before HSCT
CR1 164 (75.23)
CR2/CR3 25 (11.47)
NR 29 (13.30)
Cytogenetics at diagnosis
Favorable 13 (5.96)
Intermediate 72 (33.03)
Adverse 21 (9.63)
NA 112 (51.38)
Hyperleukocytosis at diagnosis® 14 (6.42)
Extramedullary involvement before HSCT 7(3.21)
Donor type
Matched related 111 (50.92)
Unrelated 96 (44.04)
Haploidentical 11 (5.05)
Donor-patient sex matching
Male to male 75 (34.40)
Male to female 63 (28.90)
Female to male 45 (20.64)
Female to female 35 (16.06)
Conditioning regimen
Myeloablative conditioning regimen 132 (60.55)
Reduced-intensity conditioning regimen 73 (33.49)
Sequential chemotherapy followed by reduced-intensity conditioning regimen 13 (5.96)

Median MNC, x 10¥/kg (range)
Median CD34+, x 10%kg (range)
Relapse site

Isolated extramedullary

Bone marrow

Systematic

5.68 (1.8-26.64)
338 (0.1-25.36)

50

NA not available, MNC mononuclear cell

25100 10°/L

hazard models were used to estimate hazard ratios with a 95%
confidence interval (CI) for prognostic factors. When analyzing
the influence of cGVHD on relapse and survival, the three
patients who developed cGVHD after relapse and salvage
DLI were both classified in the no-GVHD group. When ana-
lyzing the response for salvage therapies, these three patients
were classified to the group of relapse without cGVHD, while
comparing prOS between patients relapsing with or without
cGVHD, these three patients were excluded. Patient character-
istics that were significant in the univariate models at the 0.10
level were included in the multivariate analysis. A P value of
0.05 or less was considered statistically significant. SAS

software, version 9.4 (SAS Institute Inc., Cary, NC, USA),
and R 3.4.4 were used for data analysis.

Results

The overall HSCT outcomes

The 3-year OS, EFS, and cumulative incidence of relapse
were 62.0% (95% CI 55.0-69.0%), 54.9% (95% CI1 47.9—

61.9%), and 30.2% (95% CI 23.7-36.7%) for the whole co-
hort. The 100-day cumulative incidence of grades II-1V
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Table 2 Involvement of

organs or sites for Organ or site* Na
chronic GVHD
Skin 47
Nail 7
Mouth 56
Eyes 25
Gastrointestinal tract 7
Liver 43
Lung 10
Muscles, fascia, joints 2
Others
Thyroid 1

*Multiple involvement may appear in one
patient diagnosed with cGVHD

aGVHD was 22.9% (95% CI 17.3-28.5%). A total of 103
patients developed cGVHD, including three cases that oc-
curred after relapse; 65 cases were limited and 38 were exten-
sive cGVHD. The organs involved are listed in Table 2. The 2-
year cumulative incidence of cGVHD was 48.9% (95% CI
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42.1-55.7%) and that of extensive cGVHD was 18.1% (95%
CI 12.9-23.3%).

Impact of cGVHD on relapse

A total of 62 patients relapsed after allo-HSCT with a median
time of 5.23 months (range 2.17 to 42.20 months). For patients
with limited, extensive cGVHD, and without cGVHD, the cu-
mulative 3-year OS were 85.7% (95% CI 75.7-95.7%), 48.8%
(95% CI 31.7-66.0%), and 54.1% (95% CI 44.3-63.8%), re-
spectively (P<0.001) (Fig. 1a); the 3-year EFS were 75.5%
(95% CI 63.7-87.4%), 46.0% (95% CI 28.8-63.2%), and
45.0% (95% CI 35.6-54.4%), respectively (P<0.001) (Fig.
1b); and the 3-year cumulative relapse rates were 22.8% (95%
CI 11.0-34.6%), 11.6% (95% CI1 5.3-22.6%), and 40.3% (95%
CI 31.0-49.6%) (Fig. 1c), respectively (P < 0.001). We analyzed
the variables using the Cox proportional hazard model to identify
risk factors for relapse. In the multivariate analysis, limited and
extensive cGVHD were both related to decreased relapse rates
[HR 0.40 (95% CI 0.21-0.77), P=0.006; HR 0.33 (95% CI
0.13-0.82), P=0.018] (Table 3).
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Fig. 1 Prognosis of patients with limited cGVHD (N = 65), with extensive cGVHD (N =38) and without cGVHD (N=115). a Overall survival
(P<0.001). b Event-free survival (P <0.001). ¢ Cumulative incidence of relapse rate (P < 0.001)
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Table 3 Univariate and
multivariate analysis of risk Factors Univariate HR Pvalue  Multivariate HR P value
factors for relapse (95% CI) (95% CI)
Age 0.99 (0.97-1.02) 0.465
Sex
Male 1
Female 0.64 (0.37-1.11) 0.111
Disease status
CR1 1 1
CR2/CR3 3.85(2.01-7.38) <0.001 4.62 (2.37-8.99)  <0.001
NR 3.25 (1.73-6.13) <0.001 3.31(1.75-6.24)  <0.001
Cytogenetic risk
Favorable 1
Intermediate 1.79 (0.42-7.69) 0.434
Adverse 1.21 (0.22-6.61) 0.825
Donor type
Matched related 1
Unrelated 1.26 (0.74-2.16) 0.400
Haploidentical 2.37 (0.91-6.18) 0.078
Donor-patient sex matching
Male to male 1
Male to female 0.54 (0.28-1.06) 0.073
Female to male 0.62 (0.31-1.23) 0.169
Female to female 0.55(0.24-1.28) 0.165
Usage of ATG
No 1
Yes 1.30 (0.77—2.17)  0.327
Conditioning regimen
Myeloablative 1
Reduced-intensity 0.72 (0.41-1.28) 0.267
Sequential chemotherapy followed by RIC ~ 1.15 (0.41-3.21) 0.797
Acute GVHD
No/Grade I 1
Grade 1T 0.69 (0.33-1.46) 0.332
Grades [II-IV 0.42 (0.10-1.72) 0.226
Chronic GVHD
No 1 1
Limited 0.37 (0.20-0.70) 0.002 0.40 (0.21-0.77)  0.006
Extensive 0.28 (0.11-0.71) 0.007 0.33(0.13-0.82)  0.018
Median MNC 0.88 (0.78-0.99) 0.048

MNC mononuclear cell

Impact of cGVHD on prOS

A total of 42 patients relapsed without cGVHD all the
time, 17 patients relapsed with active cGVHD (12 lim-
ited and 5 extensive cases), and 3 developed cGVHD
after salvage DLI (detailed information in Table S1). In
patients relapsed without cGVHD, only one (1/42) ex-
perienced isolated extramedullary involvement, while
there were 8 (8/17) in patients relapsed with active

cGVHD (P<0.001). The 2-year prOS were 32.8%
(95% CI1 8.2-57.4%) for patients relapsing with active
¢cGVHD (N=17) and 4.5% (95% CI 0-12.8%) for pa-
tients without cGVHD (N=42) (P=0.043; Fig. 2). In
the multivariate analysis, patients who relapsed with ac-
tive ¢cGVHD had superior prOS [HR 0.23 (95% CI
0.10-0.52), P<0.001] (Table 4). Moreover, late relapse
was also associated with superior prOS [HR 0.11 (95%
CI 0.03-0.43), P=0.001].
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Fig. 2 Post-relapse overall survival of patients relapsing with active
c¢GVHD (N =17) and without cGVHD (N=42) (P=0.043)

Post-relapse salvage therapy and the outcome

We also compared the remission rates after salvage therapy
separately for patients who relapsed with active cGVHD and
for patients without active cGVHD. Four patients relapsing
without cGVHD (4/45) received supportive care only.
Twenty-eight patients (28/45) in this group received DLI,
and 15 achieved remission (53.6%), while only 2 of 13 pa-
tients (16.7%) who received chemotherapy or radiotherapy
(13/45) achieved remission (P =0.021). Three patients relaps-
ing without cGVHD who received DLI developed cGVHD
after salvage therapy, and all with sustained CR (3/15) and 2
of'them (2/3) are still alive. Two patients in the group of those
relapsing with cGVHD (2/17) received supportive care only.
Three of five patients (60%) in this group achieved CR with
DLI, while six of ten patients (60%) who received chemother-
apy or radiotherapy achieved remission (P = 1.000).

Discussion

Advances in allogeneic stem cell transplantation have im-
proved the safety of the procedure and significantly broadened
its application during the past two decades. However, approx-
imately 30~40% of AML patients receiving allo-HSCT will
relapse, and their outcomes are generally dismal [16, 17].
Relapse remained as a leading cause of treatment failure in
allo-HSCT setting [17—19]. Most studies have reported de-
creased relapse rate with the presence of cGVHD suggesting
an association with GVL effect [1-4], while an analysis re-
ported by our institution a few years ago failed to find the
protective effect of cGVHD in relapse/refractory AML which
most likely due to the limited number of patients involved
[13]. As a result, for many years, the primary strategy for
preventing and treatment of relapse after transplantation is to
induce GVL effect in the expense of increased GVHD.
Meanwhile, the impact of cGVHD occurring before relapse
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in those patients who eventually relapsed after allo-HSCT is
still controversial. Our data showed that active cGVHD is a
protective factor not only against relapse after allo-HSCT but
also for prOS in AML patients. Schmid et al. reported no
correlation between cGVHD and prOS based on the hypoth-
esis of a close correlation between cGVHD and longer remis-
sion after transplantation [8]. However, we found that longer
remission was also an independent protective factor for prOS,
which was similar to the results of most of the previous studies
[7, 20, 21]. This discrepancy may be due to the difference in
conditioning regimens. Thanarajasingam et al. reported that a
history of GVHD was an adverse factor for prOS [7].
However, their analysis did not separate the influences of
aGVHD and ¢cGVHD. In addition, the primary diseases they
included were more heterogeneous. Another study from
CIBMTR also reported GVHD as an adverse factor for
AML patients relapsing after allo-HSCT [21]. The author
speculated that the poor outcome for patients relapsing with
active GVHD may be due to the preclusion of cell-based ther-
apy and the increasing risk of infectious complications. In
their study, the influences of aGVHD and ¢cGVHD were also
analyzed together. In the current study, we analyzed the influ-
ence of active cGVHD alone on relapse and prOS. We found
more isolated extramedullary relapse and longer remission
duration for patients relapsing with active cGVHD. In both
univariate and multivariate analysis, active cGVHD and lon-
ger remission duration were protective factors for prOS, while
relapse site had no significant influence. Patients relapsing
with active cGVHD maybe had a stronger GVL effect which
decreased marrow relapse and postponed time to recurrence.
As a result, extramedullary relapse accounted for a larger pro-
portion for these patients. Some studies have reported better
prOS for patients with isolated extramedullary relapse com-
pared with those had bone marrow involvement [22-24]. So,
the better prognosis for patients relapsing with active cGVHD
may be associated with stronger GVL effect at least in bone
marrow. Furthermore, the relatively higher relapse rate after
transplantation in the current study compared with other re-
ports may be attributed to the higher proportion of late stage
disease status before transplantation.

Treatment for patients who relapse with active cGVHD is
more complicated since the attempts to enhance the GVL effect
are usually associated with aggravation of cGVHD. We found
that patients who relapsed without cGVHD may benefit from
DLI after intensive chemotherapy in comparison with those with
c¢GVHD. Although no definite conclusion could be drawn from
this observation due to the limited number of patients, the influ-
ence of DLI on patients relapsing with cGVHD deserves further
verification in larger cohorts in the future.

The limitation of this study was the retrospective nature
with limited number of patients actually relapsed after allo-
HSCT. There was variation of donor type, and conditioning
regimens with lack of MRD data in patients made it difficult to
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Table 4 Univariate and
multivariate analyses of risk Factors Univariate HR Pvalue  Multivariate HR P value
factors for post-relapse overall (95% CI) (95% CI)
survival
Age 0.99 (0.97-1.03)  0.938
Sex
Male 1
Female 1.34 (0.72-2.50)  0.352
Disease status
CR1 1
CR2/CR3 1.92 (0.83-4.45)  0.128
NR 2.34 (1.08-5.08)  0.032
Cytogenetic risk
Favorable 1
Intermediate 0.12 (0.02-0.75) 0.023
Adverse 0.12 (0.02-0.98)  0.048
Donor type
Matched related 1
Unrelated 1.32 (0.7-2.48) 0.392
Haploidentical 2.66 (0.88-8.06)  0.084
Donor-patient sex
matching 1
Male to male 1.04 0.917
Male to female (0.51-2.14) 0.047
Female to male 0.40 (0.16-0.99) 0.893
Female to female 0.93 (0.32-2.73)
Conditioning regimen
Myeloablative 1
Reduced-intensity 0.54 (0.27-1.09) 0.086
Sequential chemotherapy followed by RIC 1.33(0.39-4.51)  0.644
Acute GVHD
No 1
Yes 1.63 (0.76-3.46)  0.208
Chronic GVHD
Without 1 1
With 0.32 (0.16-0.66)  0.002 0.23 (0.10-0.52)  <0.001
Time to relapse
<2 year 1 1
>2 year 0.26 (0.09-0.74)  0.012 0.11 (0.03-0.43) 0.001
Relapse site
Bone marrow 1
Isolated extramedullary 0.59 (0.26-1.36) 0.216
Systematic 0.81 (0.19-3.37) 0.767
Salvage therapy
Chemo/radio 1
Chemo and DLI 1.09 (0.58-2.05)  0.801

Chemo chemotherapy, Radio radiotherapy

reach solid conclusion. But, our data still provide evidence to
support the association of cGVHD with GVL effect in AML

patients undergoing allo-HSCT in terms of significant reduced
relapse rate. The protective effect was also observed in
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patients relapsed with active cGVHD. Though DLI may have
limited role in the treatment of these patients, the overall sur-
vival after relapse was better than patients relapsed without
active cGVHD. These findings are worth to verify in a larger
cohort of patients.
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