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Teniposide-intensified hematopoietic stem cell transplantation
with acute graft versus host disease prophylaxis with
anti-thymocyte globulin provides good results in high-risk or
refractory recurrent hematopoietic malignant diseases
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Background: Teniposide, as a more potent inhibitor of topoisomerase II compared with etoposide, shows
less damage on hematopoietic stem cells. Few data are available on teniposide in hematopoietic stem cell
transplantation (HSCT) for high-risk or refractory recurrent hematopoietic malignant diseases, particularly
for acute myeloid leukemia (AML).

Methods: A retrospective single arm study was conducted to confirm the feasibility of teniposide
(300 mg/m”) -intensified FISCT in the treatment of high-risk or refractory recurrent hematopoietic
malignant disease by analysing the outcomes of 32 patients, who received transplantation between January
2016 and December 2018. Univariate and multivariate analyses were performed to evaluate prognostic
factors of the endpoints. Statistically significant factors (P<0.05) in multivariate analyses were regarded to be
predictive.

Results: All patients achieved myeloid engraftment at a median of 13 days (range, 9-28 days), platelet
engraftment at 15.5 days (range, 6-142 days), with a cumulative incidence (CI) of platelet engraftment of
93.75%+0.26%. The CI of grade II-IV acute graft versus host disease (aGVHD) was 43.75%+0.80% and
that of grade III-IV aGVHD 12.50%=0.35%. The CI of chronic (¢)GVHD was 74.07%=+0.82% and that
of extensive cGVHD 33.33%+0.87%. The CI of relapse was 35.03%=0.76%. The one-year probability of
overall survival (OS) was 62.50%+0.09%, while 2-year OS was 46.90%x0.09%, and those of 1- and 2-year
leukemia-free-survival (LFS) were 56.30%=0.09% and 46.90%x0.09%, respectively. Generally, the OS and
LFS until the end of our follow up were 43.50%=0.09% and 34.80%=0.11%, respectively. The probability
of GVHD-free and relapse-free survival (GRFS) was 24.60%+0.08%. Multivariate analysis indicated that
the probability of OS was significantly lower in patients with a disease duration of more than 280 days before
receiving HSCT and in those with fewer mononuclear cells. For LES, other than the above two factors,
failure to achieve complete response (CR) before HSCT was another independent risk factor. Similarly, the
probability of GRFS was significantly lower in patients with longer disease duration (=280 days) and those
receiving stem cells from female donors.

Conclusions: For patients with high-risk or refractory recurrent hematopoietic malignant disease,
teniposide-based conditioning regimens followed by allo-HSCT can be considered as an alternative therapy

with encouraging prognoses.
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Introduction

The treatment of high-risk or refractory recurrent
hematopoietic malignant diseases, which are defined as a
state of persistent leukemia with >5% blasts after at least 2
cycles of intensive induction therapy or hematologic relapse
after initial clearance, including the detection of 5% or
greater leukemic blasts in the bone marrow, the presence of
blasts in the peripheral blood fulfills criteria for morphologic
relapse, or the emergence of extramedullary disease, is one
of the greatest challenges in medicine. With a disease-free
survival of only approximately 30% to 40% after standard
chemotherapy, disease persistence or recurrence occurs
in most patients. The outlook for patients diagnosed as
having high-risk or refractory recurrent hematopoietic
malignant disease is poor, with a 3-year overall survival (OS)
estimated at less than 10% (1,2). Allogeneic hematopoietic
stem cell transplantation (allo-HSCT) is the only curative
treatment in patients with high-risk or refractory recurrent
hematopoietic malignant disease (3,4). Nevertheless,
relapse remains the most common causes of therapeutic
failure in HSCT, particularly when treating patients with
high-risk or refractory recurrent hematopoietic malignant
disease (5,6). Studies based on nonmyeloablative (NMA)
conditioning regimens report high relapse incidences
and poor survival, especially for patients who fail to
achieve complete remission at the time of transplantation
(5,7-9). Intensification of myeloablative conditioning
(MAC) seems to bring better tumor loading reduction with
acceptable mortality during the transplantation process
(9-11). Nonetheless, in patients transplanted with high-risk
or refractory recurrent hematopoietic malignant disease,
there is still scope for improvement. For the current study,
we selected teniposide as a conditioning reginem to enhance
prognosis.

Teniposide and etoposide are semisynthetic analogues
of podophyllotoxin, and they are used in the treatment
of leukemia, lymphoma, and certain sorts of solid
tumors, usually in combination with other antineoplastic
agents. Teniposide is a antineoplastic agent, which
exerts its therapeutic effect by binding to and inhibiting
topoisomerase II and, in addition, by preventing the
healing of DNA breaks, which occur as a result of the
action of topoisomerase II during cell replication (12).
Furthermore, teniposide, as a more potent inhibitor of
topoisomerase Il compared with etoposide, shows less
damage on hematopoietic stem cells. The dose-dependent
antineoplastic activity of teniposide has advanced its use
in conditioning regimens in HSCT for leukemias and
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lymphomas (13). However, to date, there have been no
studies to determine whether teniposide-based conditioning
regimens followed by allo-HSCT can be considered as an
alternative therapy in the treatment of refractory recurrent
hematopoietic malignant disease, particularly for acute
myeloid leukemia (AML).

Here, we report on the outcomes of teniposide-
intensified HSCT with GvHD prophylaxis with anti-
thymocyte globulin (ATG) in high-risk or refractory
recurrent hematopoietic malignant disease at our
institution.

We present the following article in accordance with the
STROBE reporting checklist (available at https://dx.doi.
org/10.21037/apm-21-3122).

Methods
Patients

A retrospective single arm study was conducted to confirm
the feasibility of teniposide (300 mg/m’)-intensified HSCT
in the treatment of high-risk or refractory recurrent
hematopoietic malignant disease by following-up the patients
meeting the inclusion criteria and analysing the outcomes.
A total of 32 consecutive patients, who were diagnosed
with high-risk or refractory recurrent hematopoietic
malignant diseases and underwent teniposide-intensified
HSCT with GvHD prophylaxis with ATG were enrolled
through the Department of Hematology, Aerospace Center
Hospital. Enrollment began on January 1, 2016, and ended
on December 31, 2018, and the endpoint was defined as
January 1, 2021, or death. Of the 32 consecutively recruited
patients, one case was diagnosed with lymphoma, while
five cases were diagnosed with acute lymphocytic leukemia
(ALL), and 26 with AML. Four cases had undergone
matched related-donor HSCT (MRD-HSCT), and 28
cases had undergone haploidentical HSCT (haplo-HSCT).
The follow-up duration of alive patients was 1,007 days
(range, 788-1,796 days). The research was approved by the
institutional review board of Aerospace Center Hospital (No.
20200707-AMHTG-07), and written informed consent was
obtained from all the subjects. All procedures performed in
this study involving human participants were in accordance
with the Declaration of Helsinki (as revised in 2013).

Conditioning regimen

The myeloablative conditioning regimens consisted of
teniposide (300 mg/m’), ATG plus other agents with
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Table 1 Details of conditioning regimens

Conditioning regimens N
VM26 + CLAG + BU + CY + ATG 4
VM26 + TBI + CLAG + ATG 3
VM26 + TBI + CLAG + ME-CCNU + CY + ATG 1
VM26 + BCNU + CLAG + BU + CY + ATG 1
VM26 + ME-CCNU + CLAG + BU + CY + ATG 3
VM26 + TBI + ME-CCNU + CY + ATG 1
VM26 + DAC + BU + CY + ATG 1
VM26 + DAC + Ara-C + BU + CY + ATG 1
VM26 + TBI + DAC + Ara-C + CY + ATG 1
VM26 + TBI + FLAG + ME-CCNU + ATG 1
VM26 + TBI + DAC + ME-CCNU + CY + ATG 1
VM26 + TBI + DAC + FLAG + ME-CCNU + BU + ATG 1
VM26 + Ara-C + BCNU + BU + CY + ATG 2
VM26 + TBI + RTX + BCNU + ATG 1
VM26 + TBI + FLAG + BCNU + ATG 2
VM26 + TBI + FLAG + ME-CCNU + ATG 2
VM26 + TBI + FLAG + BU + ATG 1
VM26 + TBI + Thiotepa + FLAG + BCNU + ATG 1
VM26 + TBI + 6-MP + BCNU + CY + ALG 1

VM26 + TBI + 6-MP + Ara-C + ME-CCNU + CY + ATG 1
VM26 + Ara-C + BU + CY + ATG 2

VMZ26, teniposide; CLAG, cladribine, cytarabine, and granulocyte
colony stimulating factor; BU, Busulfan; CY, Cyclophosphamide;
ATG, anti-thymocyte globulin; TBI, total body irradiation; ME-
CCNU, semustine; BCBU, carmustine; DAC, decitabine; FLAG,
fludarabine, cytarabine, and granulocyte colony stimulating
factor; RTX, rituximab; 6-MP, 6-mercaptopurine.

either total body irradiation (TBI) or busulfan (7uble 1).
The applied chemotherapeutic agents including CLAG
(cladribine, cytarabine, and granulocyte colony stimulating
factor), cyclophosphamide, semustine, carmustine,
decitabine, FLAG (fludarabine, cytarabine, and granulocyte

colony stimulating factor), rituximab, 6-mercaptopurine.
Stem cell mobilization and collection

Thirty of the 32 patients received granulocyte colony-
stimulating factor (G-CSF)-primed bone marrow (BM)
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combined with peripheral blood (PB) HSC, and the
remaining two patients received only PB HSC from a
haploidentical cousin and matched sister, respectively.
Donor stem cell mobilization was performed using
subcutaneous G-CSF (Filgrastim, Kirin, Japan or
Granocyte, Chugai, Japan) at 5-10 pg/kg/day from day
-3 until the last day of collection in patients who received
both BM and PB HSCs, while for patients receiving PB
HSC:s solely, mobilization was brought forward to day -3.
Bone marrow grafts were acquired on day 1. The target
mononuclear cell (MNC) count from bone marrow was
2x10°-4x10*/kg recipient weight. Plasma reduction was
performed in the case of minor Landsteiner’s blood
grouping system (ABO) incompatibilities, when donors
had high-titer isoagglutinin exceeding 1:128, or recipients
could not tolerate large volumes of infused plasma, while
red blood cell count reduction was performed in those with
major ABO incompatibilities. On day 2, peripheral blood
stem cell (PBSCs) grafts were harvested by COBE Blood
Cell Separator (Gambro BCT, Lakewood, CO, USA). The
target MNC count was 8x10°-10x10°/kg recipient weight.
Peripheral blood stem cells harvest was performed on the
following day if the target was not achieved.

GVHD prophylaxis

Patients received GVHD prophylaxis including cyclosporine
A (CsA) or tacrolimus for patients who were allergic to
CsA, mycophenolate mofetil (MMF), or methotrexate
(MTX). Cyclosporine A (1.25 mg/kg, q12h, intravenous)
was administered from the start of the conditioning regime.
Meanwhile, MMF (0.5 g, q12h) was administered orally
when recipient bowel function remained normal, otherwise
we switched drug delivery to intravenous. Methotrexate
(15 mg/m’, intravenous) was delivered on day +1, followed
by a reduced dose (10 mg/m’, intravenous) on days +3, +5,
and +11 for haplo-HSCT, or followed by the same reduced
dose on days +3 and +6 for MRD HSCT.

Definitions

Disease evaluation was defined according to standard
criteria (14). Presence of refractory hematopoietic
malignant disease was defined as bone marrow blasts >5%
and/or the detection of extramedullary leukemia and/or
manifestation of leukemic blasts in the peripheral blood
after induction treatment (primary refractory hematopoietic
malignant diseases) or, in the case of relapsed hematopoietic
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malignant diseases, after intensive salvage therapy
(secondary refractory hematopoietic malignant diseases).

Myeloid engraftment was defined as the first of three
consecutive days when an absolute neutrophil count (ANC)
>0.5x10°/L was achieved, while platelet engraftment
was defined as the first of seven consecutive days when a
platelet count >20x10°/L was achieved without transfusion.
The primary endpoint was relapse. Secondary endpoints
were GvHD, including acute (aGvHD) and chronic GvHD
(cGvHD), OS, leukemia-free survival (LFS), and GvHD-
free, relapse-free survival (GRES). In our study, relapse was
defined as the appearance of blasts in the peripheral blood
or BM (>5%), and/or the detection of extramedullary
leukemia after complete response (CR). Acute GvHD
was graded according to the modified Seattle Glucksberg
criteria (15) and ¢cGvHD according to the revised Seattle
criteria (16). LFS was calculated until the date of first
relapse or death from any cause. Relapse-free survival
was defined as survival without grade 3-4 acute GvHD,
extensive cGvHD, relapse, or death after HSCT.

Statistical analysis

Mann-Whitney and chi-square tests were used for the
analysis of continuous and categorical variables, respectively.
The Kaplan-Meier method was used for log-rank tests,
which were used for the time-to-event analyses (OS, LES
and GRFS). Cumulative incidences were used to estimate
the competing risks of engraftment, GvHD, and early
infection. Death was a competing risk for engraftment,
GVHD, and early infection. Univariate and multivariate
analyses were performed to evaluate prognostic factors
of the study endpoints for selected factors. Continuous
variables were divided into two groups on the basis of the
medians. Factors with P<0.1 in univariate analyses were
further evaluated in Cox multivariate regression models
with a backward stepwise model selection approach.
Statistically significant factors (P<0.05) in multivariate
analyses were regarded to be predictive of outcomes. All
statistical analyses were performed using SPSS Version 13.0
(IBM, Armonk, NJ, USA) and R software package (version
2.6.1; http://www.r-project.org).

Results
Basic characteristics

Detailed information regarding patient, disease, and
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transplantation characteristics are summarized in Table 2.
The median follow-up of all patients was 479 days (range,
40-1,461 days), whereas for the survivors it was 1,007 days
(range, 788-1,796 days). The most common diagnoses were
AML (26 cases), followed by ALL (5 cases) and lymphoma
(1 case). The median age at HSCT was 24.5 years (range,
3-55 years), and 23 patients (72%) were aged >18 years.
Twenty-five patients (78%) were categorized as non-
responders before HSCT. Most patients (28 of 32), received
stem cells from haploidentical donors (14 fathers, 1 mother,
9 siblings, 2 children, and 2 collateral relatives) and four
patients from MRD.

Engraftment

All patients achieved myeloid engraftment at a median
of 13 days (range, 9-28 days). Platelet engraftment at
15.5 days occurred in 30 of 32 patients (range, 6-142 days),
with cumulative incidences of platelet engraftment of
93.75%+0.26%.

GVHD

The cumulative incidence of grade II-IV aGVHD at
100 days was 43.75%+0.80% (Figure 1) and that of grade
III-IV aGVHD was 12.50%+0.35% (Figure 2). The
cumulative incidence of cGVHD was 74.07%+0.82%
(Figure 3) and that of extensive cGVHD 33.33%2+0.87%
(Figure 4). Multivariate analysis identified no significant
factors associated with either aGVHD or cGVHD (Table 3).

Survival outcomes

The cumulative incidence of relapse was 35.03%=+0.76%
(Figure 5). The l-year probability of OS was
62.50%=x0.09%, while the 2-year OS was 46.90%x0.09%,
and the 1- and 2-year probability of LFS were
56.30%+0.09% and 46.90%+0.09%, respectively.
The OS and LFS until the end of our follow-up were
43.50%0.09% (Figure 6) and 34.80%=+0.11% (Figure 7),
respectively. Combining the survival outcomes and the
cumulative incidence of GVHD, the probability of GRFS
was 24.60%=0.08% (Figure 8) respectively.

In multivariate analyses (7able 3), the probability of OS
was significantly lower in patients whose disease duration
was more than 280 days before receiving HSCT [hazard
ratio (HR) =0.147, 95% CI: 0.043-0.507, P=0.002] and
in those with fewer MNC cells (<9x10%kg, HR =0.219,
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Table 2 Patient characteristics
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Table 2 (continued)

Variable Value Variable Value
Patients, n 32 Donor-recipient gender, n
Disease type, n Male to male 14
AML 26 Male to female 14
ALL 5 Female to female 4
Lymphoma ! Donor gender, n
Patient gender (male/female), n 13/19 Male 8
Age Female 4
Median [range], years 24.5 [3-55] Donor age
<18 years, n 9 Median [range], years 37 [10-58]
218 years, n 23 <37 years, n 16
Disease course 37 years, n 16
Median [range], months 280.5 [90-816] Donor-recipient ABO match status
<280 d 15 Match 18
2280 d 17 Minor mismatch 4
Number of chemotherapy courses Major mismatch 8
Median [range], times 4[1-13] Bidirectional mismatch 2
=4 l Number of MNGC cells
>4 15 Median (range), x10%/kg 9.01 (8.50-11.53)
CNS leukemia pre-HSCT <9x10%kg 16
No 21 >9x10%kg 16
Yes 3 Number of CD34" cells
Leukemia status pre-HSCT Median (range), x10%/kg 3.37 (0.80-8.07)
CR 7 <3x10%kg 13
NR 25 >3x10%/kg 19
HCT-CI, median [range] 1(0-3] ABO, Landsteiner’s blood grouping system; AML, acute myeloid
<1 29 leukemia; ALL, acute lymphoblastic leukemia; CNS, central
] 3 nervous system; HCT-CI, hematopoietic cell transplantation-
> specific comorbidity; haplo-HSCT, HLA-haploidentical allogeneic
HLA matching type hematopoietic stem cell transplantation; MRD, matched related
Haplo-HSCT o8 donor; MNC, mononuclear cells.
MRD HSCT 4
Donor source, n 95% CI: 0.073-0.653, P=0.006). For LFS, other than
Father 14 longer disease duration (>280 days, HR =0.174, 95% CI:
Voth ; 0.054-0.555, P=0.003) and presence of fewer MINC cells
other
(£9x108/kg, HR =0.210, 95% CI: 0.068-0.644, P=0.006),
Siblings 13 failure to achieve CR before HSCT (HR =0.126, 95% CI:
Child 2 0.017-0.962, P=0.046) was another independent risk factor.
Other 5 Similarly, the probability of GRFS was significantly lower

in patients with longer disease duration (>280 days, HR

Table 2 (contimued) ~0.263, 95% CI: 0.104-0.667, P=0.005) and those receiving
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stem cells from female donors (HR =0.108, 95% CI: 0.029-
0.397, P=0.001).

Discussion

To the best of our knowledge, we are the first to research
and discuss the impact of a teniposide-intensified
conditioning regimen on the outcomes of high-risk or
refractory recurrent hematopoietic malignant disease in
patients receiving HSCT. We achieved satisfactory results
for OS and LFS, acceptable relapse rates, and GRFS, which
was superior compared to most studies assessing high-risk
or refractory recurrent hematopoietic malignant disease.
The treatment of high-risk or refractory recurrent
hematopoietic malignant disease has a poor prognosis, and
allo-HSCT may provide an effective method for affected
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patients. However, the prognosis after HSCT following
common conditioning regimens is still disappointing
(17-19). Therefore, the research on a variety of
chemotherapeutics as conditioning regimens for allo-HSCT
has been developing. Schmid et 4l. reported a prospective
study on myelodysplastic syndrome (MDS) and high-risk
AML. Fludarabine, cytarabine, and amsacrine were used for
cytoreduction, followed by a conditioning regimen including
4 Gy total-body irradiation, antithymocyte globulin, and
cyclophosphamide. Two-year OS and LFS achieved were
42% and 40%, respectively (20). Schmid ez 4/. introduced
a sequential conditioning regimen for patients with high-
risk AML and MDS, consisting of fludarabine, cytarabine,
and amsacrine, followed by reduced intensity conditioning,
comprising 4 Gy total body irradiation, cyclophosphamide,
and antithymocyte globulin. OS at 1, 2, and 4 years was
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Table 3 Multivariate analysis of hazard factors

Outcomes Hazard ratio (95% confidence interval) P value
0os
Disease course before HSCT (=280 vs. <280 d) 0.147 (0.043-0.507) 0.002
Number of MNC cells (<9x10° vs. >9x10%kg) 0.219 (0.073-0.653) 0.006
LFS
Disease course before HSCT (=280 vs. <280 d) 0.174 (0.054-0.555) 0.003
Tumor burden before HSCT (NR vs. CR) 0.126 (0.017-0.962) 0.046
Number of MNC cells (<9x10° vs. >9x10%kg) 0.210 (0.068-0.644) 0.006
GRFS
Disease course before HSCT (=280 vs. <280 d) 0.263 (0.104-0.667) 0.005
Donor gender (female vs. male) 0.108 (0.029-0.397) 0.001

OS, overall survival; MNCs, mononuclear cells; LFS, leukemia-free survival; NR, non-remission; CR, complete remission; GRFS, graft

versus host disease-free, relapse-free survival.
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Figure 5 Cumulative incidence of relapse.

54%, 40%, and 32%, respectively; while LFS was 47%,
37%, and 30%, respectively (21). Steckel et al. reported that
for adult patients with relapsed or refractory acute myeloid
leukaemia, megadoses of melphalan-based conditioning
chemotherapy followed by allo-HSCT enabled long-term
remission to be achieved: 1- and 3-year OS were 46% and
34%, respectively. LFS 1 and 3 years after transplantation
were 41% and 31%, respectively (22).

In our study on 32 patients with high-risk or refractory
recurrent hematopoietic malignant disease treated with
different teniposide-based conditioning regimens followed
by allogeneic HSCT, the prognoses were encouraging,
considering that OS was 43.50%x0.09% (follow-up period:
1,007 days; range, 788-1,796 days), while the 1-year
probability of OS was 62.5%=0.09%, and the 2-year OS
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was 46.90%+0.09%, and those of LFS were 34.80%+0.11%,
56.30%%0.09%, and 46.90%x0.09%, respectively. Thus,
the cumulative incidences of OS and LFS in our study
were comparable, if not superior, to those published on
comparable patient cohorts.

Teniposide, which shows a less toxic effect on
hematopoietic progenitor cells, has been used in conditioning
in HSCT for both leukemias and lymphomas (13). As early
as in 1987, Krance et al. reported on a pilot regimen, which
included teniposide. Ten patients with acute lymphoblastic
leukemia in relapse underwent allo-HSCT. All patients
engrafted. Toxicity and primary mucositis were manageable.
"Two patients survived for 1,547 and 1,988 days and continued
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to be remission. Eight patients died: three from sepsis in
the immediate posttransplant period, four from recurrent
leukemia, and one from ¢cGVHD and pneumonia (23).
However, few data are available on teniposide in HSCT for
high-risk or refractory recurrent hematopoietic malignant
disease apart from the data reported here. Thus, selection of
an ideal conditioning therapy appears to be a crucial step.

In our study, longer duration of illness (more than
280 days before receiving HSCT) and fewer MNC cells
(29x10°/kg) were associated with inferior OS. For LFS,
other than longer duration and fewer MNC cells, a higher
tumor burden (patients who failed to achieve CR before
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receiving HSCT) was also an independent risk factor.
Longer duration of illness before HSCT and having a
female donor were factors related to poorer GRFS. These
factors indicate that further attention to improve future
transplantation strategies is required.

We found that tumor burden before receiving HSCT
indicated unfavourable LFS outcomes, which is in
accordance with previous research (1,24-26). However,
to date, a large number of patients show incomplete
response to induction chemotherapy or relapse after
initial CR, and further salvage regimens are unlikely to
significantly improve remission status for these patients
(27,28). Moreover, as our study proved, the time before
transplantation should be reduced for patients with high-
risk or refractory recurrent hematopoietic malignant disease,
because it increases the risk of leukemia cells becoming
more resistant to available antineoplastic agents and the
risk of accumulated damage to organ function, thus leading
to inferior OS, LFS, and GRFS. Moreover, in most cases,
more chemotherapy courses and longer disease duration
before receiving HSCT are accompanied by increased
thrombocytopenia and neutropenia with significant risks of
bleeding and iron overload associated with excessive blood
transfusion; notably, increased infection risks eventually
cause fewer opportunitie for a disease-free outcome.
Therefore, considering the disappointing response rates to
salvage chemotherapies and their frequently unfavourable
toxicity profiles, timely allogeneic transplantation to shorten
the duration before HSTC, instead of more chemotherapy
courses, has demonstrated the potential to superior survival
outcomes for these patients.

Furthermore, our study found that fewer MNC cells
(£9x10%kg) were associated with inferior OS and LFS,
while having a female donor was an independent risk factor
for GRFS, which is in accordance with many previous
studies (29-31).

Our study has several limitations. It is retrospective
and may be affected by the limited number of patients.
Furthermore, as a single arm study, parallel comparison
trial was absent, which appears to be insufficient to
obtain a definitive conclusion. However, to achieve more
precious results, we compared the outcomes with historical
controlled studies.

In conclusion, firstly, our findings suggest that for
patients with high-risk or refractory recurrent hematopoietic
malignant disease, teniposide-based conditioning regimens
followed by allo-HSCT can be considered an alternative
therapy, with encouraging prognoses. Secondly, we suggest
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that whenever feasible, excessive chemotherapy courses
should be avoided for patients with insufficient response to
induction therapy or relapse after CR, and receiving HSCT
without delay for better prognosis. Thirdly, demand for
adequate number of MNC cells (>9x10°/kg) should be met
in order to achieving superior OS and LFS. Finally, female
donors should be avoided if possible to prevent inferior
GRES. Further studies with larger sample sizes are required
to confirm these findings and assess the factors influencing
clinical outcomes after HSCT.

Acknowledgments

Funding: None.

Footnote

Reporting Checklist: The authors have completed the
STROBE reporting checklist. Available at https://dx.doi.
org/10.21037/apm-21-3122

Data Sharing Statement: Available at https://dx.doi.
org/10.21037/apm-21-3122

Conflicts of Interest: All authors have completed the ICMJE
uniform disclosure form (available at https://dx.doi.
org/10.21037/apm-21-3122). The authors have no conflicts
of interest to declare.

Ethical Statement: The authors are accountable for all aspects
of the work in ensuring that questions related to the accuracy
or integrity of any part of the work are appropriately
investigated and resolved. All procedures performed in this
study involving human participants were in accordance with
the Declaration of Helsinki (as revised in 2013). The study
was approved by the institutional review board of Aerospace
Center Hospital (No. 20200707-AMHTG-07) and informed

consent was taken from all the patients.

Open Access Statement: This is an Open Access article
distributed in accordance with the Creative Commons
Attribution-NonCommercial-NoDerivs 4.0 International
License (CC BY-NC-ND 4.0), which permits the non-
commercial replication and distribution of the article with
the strict proviso that no changes or edits are made and the
original work is properly cited (including links to both the
formal publication through the relevant DOI and the license).
See: https://creativecommons.org/licenses/by-nc-nd/4.0/.

© Annals of Palliative Medicine. All rights reserved.

References

1. Déohner H, Weisdorf D], Bloomfield CD. Acute Myeloid
Leukemia. N Engl ] Med 2015;373:1136-52.

2. Rowe JM, Tallman MS. How I treat acute myeloid
leukemia. Blood 2010;116:3147-56.

3. Duval M, Klein JP, He W, et al. Hematopoietic stem-cell
transplantation for acute leukemia in relapse or primary
induction failure. J Clin Oncol 2010;28:3730-8.

4. de Witte T, Bowen D, Robin M, et al. Allogeneic
hematopoietic stem cell transplantation for MDS and
CMML: recommendations from an international expert
panel. Blood 2017;129:1753-62.

5. McCurdy SR, Kanakry JA, Showel MM, et al. Risk-
stratified outcomes of nonmyeloablative HLA-
haploidentical BM'T with high-dose posttransplantation
cyclophosphamide. Blood 2015;125:3024-31.

6. Armand P, Kim HT, Logan BR, et al. Validation and
refinement of the Disease Risk Index for allogeneic stem
cell transplantation. Blood 2014;123:3664-71.

7. Luznik L, O'Donnell PV, Symons HJ, et al. HLA-
haploidentical bone marrow transplantation for
hematologic malignancies using nonmyeloablative
conditioning and high-dose, posttransplantation
cyclophosphamide. Biol Blood Marrow Transplant
2008;14:641-50.

8. Munchel A, Kesserwan C, Symons H]J, et al.
Nonmyeloablative, HLA-haploidentical bone marrow
transplantation with high dose, post-transplantation
cyclophosphamide. Pediatr Rep 2011;3 Suppl 2:e15.

9. Ciurea SO, Zhang MJ, Bacigalupo AA, et al.
Haploidentical transplant with posttransplant
cyclophosphamide vs matched unrelated donor transplant
for acute myeloid leukemia. Blood 2015;126:1033-40.

10. Solomon SR, Sizemore CA, Sanacore M, et al.
Haploidentical transplantation using T cell replete
peripheral blood stem cells and myeloablative conditioning
in patients with high-risk hematologic malignancies who
lack conventional donors is well tolerated and produces
excellent relapse-free survival: results of a prospective phase
II trial. Biol Blood Marrow Transplant 2012;18:1859-66.

11. Chiusolo P, Bug G, Olivieri A, et al. A Modified
Post-Transplant Cyclophosphamide Regimen, for
Unmanipulated Haploidentical Marrow Transplantation,
in Acute Myeloid Leukemia: A Multicenter Study. Biol
Blood Marrow Transplant 2018;24:1243-9.

12. Etoposide. 2012. No authors listed, Clinical and Research
Information on Drug-Induced Liver Injury. Bethesda

Ann Palliat Med 2021;10(11):11798-11807 | https://dx.doi.org/10.21037/apm-21-3122


https://dx.doi.org/10.21037/apm-21-3122
https://dx.doi.org/10.21037/apm-21-3122
https://dx.doi.org/10.21037/apm-21-3122
https://dx.doi.org/10.21037/apm-21-3122
https://dx.doi.org/10.21037/apm-21-3122
https://dx.doi.org/10.21037/apm-21-3122
https://creativecommons.org/licenses/by-nc-nd/4.0/

Annals of Palliative Medicine, Vol 10, No 11 November 2021

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

© Annals of Palliative Medicine. All rights reserved.

(MD): National Institute of Diabetes and Digestive and
Kidney Disease; 2012-2018 FEB 25.

Sonneveld P. Teniposide in lymphomas and leukemias.
Semin Oncol 1992;19:59-64.

Cheson BD, Bennett JM, Kopecky KJ, et al. Revised
recommendations of the International Working Group for
Diagnosis, Standardization of Response Criteria, Treatment
Outcomes, and Reporting Standards for Therapeutic Trials
in Acute Myeloid Leukemia. J Clin Oncol 2003;21:4642-9.
Przepiorka D, Weisdorf D, Martin P, et al. 1994
Consensus Conference on Acute GVHD Grading. Bone
Marrow Transplant 1995;15:825-8.

Lee SJ, Vogelsang G, Flowers ME. Chronic graft-versus-
host disease. Biol Blood Marrow Transplant 2003;9:215-33.
Stelljes M, Bornhauser M, Kroger M, et al. Conditioning
with 8-Gy total body irradiation and fludarabine for
allogeneic hematopoietic stem cell transplantation in acute
myeloid leukemia. Blood 2005;106:3314-21.

Ringdén O, Labopin M, Ehninger G, et al. Reduced
intensity conditioning compared with myeloablative
conditioning using unrelated donor transplants in patients
with acute myeloid leukemia. ] Clin Oncol 2009;27:4570-7.
Luger SM, Ringdén O, Zhang M], et al. Similar outcomes
using myeloablative vs reduced-intensity allogeneic
transplant preparative regimens for AML or MDS. Bone
Marrow Transplant 2012;47:203-11.

Schmid C, Schleuning M, Ledderose G, et al. Sequential
regimen of chemotherapy, reduced-intensity conditioning
for allogeneic stem-cell transplantation, and prophylactic
donor lymphocyte transfusion in high-risk acute myeloid
leukemia and myelodysplastic syndrome. ] Clin Oncol
2005;23:5675-87.

Schmid C, Schleuning M, Schwerdtfeger R, et al. Long-
term survival in refractory acute myeloid leukemia

after sequential treatment with chemotherapy and
reduced-intensity conditioning for allogeneic stem cell
transplantation. Blood 2006;108:1092-9.

Steckel NK, Groth C, Mikesch JH, et al. High-dose
melphalan-based sequential conditioning chemotherapy
followed by allogeneic haematopoietic stem cell
transplantation in adult patients with relapsed or refractory
acute myeloid leukaemia. Br ] Haematol 2018;180:840-53.
Krance RA, Forman SJ, Blume KG. Total-body
irradiation and high-dose teniposide: a pilot study in bone
marrow transplantation for patients with relapsed acute
lymphoblastic leukemia. Cancer Treat Rep 1987;71:645-7.

24.

25.

26.

27.

28.

29.

30.

31.

11807

Shabbir-Moosajee M, Lombardi L, Ciurea SO. An
overview of conditioning regimens for haploidentical
stem cell transplantation with post-transplantation
cyclophosphamide. Am J Hematol 2015;90:541-8.
Schlenk RE, Déhner K, Mack S, et al. Prospective
evaluation of allogeneic hematopoietic stem-cell
transplantation from matched related and matched
unrelated donors in younger adults with high-risk acute
myeloid leukemia: German-Austrian trial AMLHD98A. J
Clin Oncol 2010;28:4642-8.

Sierra J, Storer B, Hansen JA, et al. Transplantation of
marrow cells from unrelated donors for treatment of
high-risk acute leukemia: the effect of leukemic burden,
donor HLA-matching, and marrow cell dose. Blood
1997;89:4226-35.

Dohner H, Estey EH, Amadori S, et al. Diagnosis

and management of acute myeloid leukemia in adults:
recommendations from an international expert panel,
on behalf of the European LeukemiaNet. Blood
2010;115:453-74.

Dohner H, Estey E, Grimwade D, et al. Diagnosis

and management of AML in adults: 2017 ELN
recommendations from an international expert panel.
Blood 2017;129:424-47.

Chang Y], Luznik L, Fuchs EJ, et al. How do we choose
the best donor for T-cell-replete, HLA-haploidentical
transplantation? ] Hematol Oncol 2016;9:35.

Wang Y, Chang YJ, Xu LP, et al. Who is the best donor
for a related HLA haplotype-mismatched transplant?
Blood 2014;124:843-50.

Grubovic RM, Georgievski B, Cevreska L, et al. Analysis
of Factors that Influence Hematopoietic Recovery in
Autologous Transplanted Patients with Hematopoietic
Stem Cells from Peripheral Blood. Open Access Maced J
Med Sci 2017;5:324-31.

(English Language Editor: B. Meiser)

Cite this article as: Wang W], Cheng HY, Yang F, Li
TT, Yang YX, Zhang YF, Wang JB. Teniposide-intensified
hematopoietic stem cell transplantation with acute graft versus
host disease prophylaxis with anti-thymocyte globulin provides
good results in high-risk or refractory recurrent hematopoietic
malignant diseases. Ann Palliat Med 2021;10(11):11798-11807. doi:
10.21037/apm-21-3122

Ann Palliat Med 2021;10(11):11798-11807 | https://dx.doi.org/10.21037/apm-21-3122



