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Background: To investigate whether the administration of amifostine in the stage of remission induction
can benefit patients with hematological malignancy in autologous stem cell transplantation (ASCT).
Methods: Two historical groups of patients who received prophylactic amifostine in the stage of remission
induction and ASCT (group A, n=95) or amifostine in ASCT only (group B, n=73) were included. The
chemotherapy-associated side effects in peripheral blood stem cell (PBSC) mobilization, total average
monocyte per kilogram in stem cells collections, hematologic toxicity and engraftment kinetics, non-
hematologic toxicity, therapeutic response after ASCT were compared between the two groups.

Results: For PBSCs mobilization, the rate of fever in group A was significantly higher (24/95 vs. 2/73;
P=0.0001), but the incidence of emesis was significantly lower (8/95 vs. 27/73; P=0.0001) compared
with group B. For collected PBSCs, the average total mononuclear cells per kilogram in group A were
7.031x10%kg, while it was 4.624x10%kg in group B (P=0.0001). The median duration of neutropenia was 8.62
days in group A, which was significantly shorter than that of group B by almost 2 days (10.51 days, P=0.038).
The incidence of oral mucositis was 8.4% in group A and 32% in group B (P=0.0002). No significant
differences of therapeutic response were observed between the two groups.

Conclusions: Prophylactic amifostine can reduce mucositis, improve monocytes collection and promote

hematopoietic recovery in ASCT.
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Introduction possibility for a cure, the low selectivity of chemotherapeutic

High-dose therapy supported by autologous stem agents with high doses can cause chemotherapy-related

cell transplantation (ASCT) has been established as

side-effects, such as mucositis, hemorrhagic cystitis, and

a consolidation or salvage therapy in patients with
hematological malignancies such as multiple myeloma
(MM), lymphoma, leukemia and so on (1-5). Despite the
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infections. Some side-effects limit the intensity of dose
administration, affect the patients’ quality of life with

increased cost, and are even life-threatening. Therefore, to
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maintain the dose intensity while protecting patients from
treatment-induced side effects, the cytoprotection of non-
malignant cells would be needed.

Amifostine is a widely used cytoprotective agent and
has been initially developed as a radioprotective agent.
Amifostine is a prodrug, which can be rapidly converted
to an active thiole (WR-1065) by alkaline phosphatase
located in cell membranes, to protect normal cells
from the cytotoxic effects of alkylating, platinum-based
chemotherapy, radiotherapy and so on. Amifostine exhibits
a selective protective effect on normal cells (6-8), as the
expression of alkaline phosphatase is lower in malignant
tumor cells. Previous study has found the cytoprotective
effect of amifostine during therapy for hematological
malignancy. Hartmann et #/. (9) found that amifostine
could decrease hepatic and renal functional lesions and
mucositis through accelerating hematopoietic recovery and
shortening the length of hospital stay during ASCT. Other
studies have suggested that the application of amifostine
can help patients tolerate a higher dose of melphalan, which
improves response rates with the potential to improve
clinical outcomes (10,11).

However, though many data address the protective effects
of amifostine in ASCT, no study has evaluated whether
regular application of amifostine during remission induction
could result in long-term benefits in ASCT. Therefore, in
this study, we conducted a retrospective analysis, comparing
treatment-associated side-effects and the reconstitution of
blood cells in patients auto-transplanted with peripheral
blood progenitor cells (PBPCs) between two groups, which
were arranged by the use of amifostine in the stage of
remission induction or not. We present the following article
in accordance with the STROBE reporting checklist (http://
dx.doi.org/10.21037/tcr-20-1366).

Methods
Patients’ characteristics

All of the patients were affected by hematological
malignancy, including Hodgkin’s lymphoma (HL), non-
Hodgkin’s lymphoma (NHL), multiple myeloma (MM) and
leukemia (AML or ALL) between July 1995 and December
2017 in the hematology departments of Huashan Hospital
and Huadong Hospital, which is affiliated with Fudan
University were included. Criteria for inclusion were
required as follows: ECOG performance status of 0 or 1,
adequate bone marrow function (WBC-count >4,000/pL,
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platelet-count >100,000/pL and granulocyte count
>2,000/pL), adequate renal (serum creatinine concentration
<1.2 mg/dL and creatinine clearance >80 mL/min) and
liver function (bilirubin level <2.0 mg/dL, and AST and
ALT <3 times normal). Parameters for ineligibility included
presence of brain metastases, symptoms of ischaemic heart
disease, and history of congestive heart failure or myocardial
infarction within immediate preceding 6 months and/or
clinically significant arrhythmia. The patients were divided
into two groups, the patients in group A received ASCT
with prophylactic amifostine in the stage of remission
induction and ASCT, while group B received amifostine
in ASCT only. The study was conducted in accordance
with the Declaration of Helsinki (as revised in 2013).
The study was approved by the ethical committee of East
China Hospital of Fudan University (NO.: 2017K050) and
informed consent was taken from all the patients.

Amifostine administration

The scheduled adult dose of amifostine (Merro, Dalian,
China) is 400 mg/m’ in the stage of remission induction
and 750 mg/m’ in ASCT, administered as a 30-min infusion
approximately 15 min before chemotherapy and 30 min
after the infusion of antiemetic. The scheduled amifostine
for each patient was diluted into 100 mL sterile 0.9%
sodium chloride solution. Amifostine was administered after
patients were adequately hydrated. During the infusion
of amifostine, baseline blood pressure was controlled
and rechecked every 5 min, and the infusion would be
disrupted if a 20% decrease of systolic blood pressure was
observed. Hypotension was treated by hydration with an
i.v. infusion of normal saline and placing the patient in
the Trendelenburg position. For all of the patients with
hypotension, the infusion of amifostine could be restarted
within 5 min after the baseline blood pressure returned
to normal. To reduce the appearance of symptomatic
hypotension, the patient should be placed in a horizontal
position when being administered with amifostine, and
500-1,000 mL of normal saline could be infused before
amifostine if necessary.

Evaluation of transplant-related toxicity

Hematological toxicity and side-effects were assessed in the
stage of peripheral blood stem cell (PBSC) mobilization
and conditioning in ASCT, by evaluating reconstitution in
terms of days to achieve a polymorphonuclear cell count of
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500x10°/L and a platelet count of 20,000x10°/L.

Before transplantation, liver, renal and cardiac functions
were evaluated in all patients. These functions were also
monitored at regular intervals during ASCT. Fever, rash,
emesis, oral mucositis, infection, hemorrhage, hemorrhagic
cystitis, occlusive hepatic veins syndrome (OHVS) and
leukoencephalopathy were assessed during ASCT, and
monocyte counts were measured in mobilization.

Patient care

Central venous catheters (CVCs) were placed in all patients
before conditioning. After a mobilization of etoposide 15 mg/
kg for two days and CTX 30 mg/kg for one day, leukocyte
counts were monitored at regular intervals. Granulocyte
colony-stimulating factor (G-CSF) was given for six days (d-6
to d-1) after the reconstitution of peripheral leukocytes began.
On d-2 and -1, PBSCs were collected and counted by flow
cytometry. If mononuclear cells counts were lower than basic
requirement, a third day of collection would be performed.
Cyclophosphamide 60 mg/kg, mitoxantrone 60 mg/m” and
etoposide 30 mg/kg were given to patients as the conditioning
regimen when the stem cell collection was completed. On day
+1, PBSCs were infused back into the patient’s blood after the
chemotherapy treatment ended on d 0.

All patients received 5 pg/kg/d G-CSF immediately after
PBSCs infusion until the white blood cell (WBC) count
reached 5.0x10’/L, 50 pg/kg/d interleukin-11 and 300 U/kg/d
recombinant human thrombopoietin were administered
until the platelet count reached 20,000x10°/L. Blood
component transfusion was used to maintain hemoglobin
and platelet levels above 7 g/dL and 10x10°/L, respectively.
For mouth care, antimicrobial prophylaxis and febrile
episode treatments were performed, as previously
described (12). Briefly, mouthwash was performed everyday.
If the body temperature was 38.3 °C, blood cultures were
taken from peripheral blood and CVC and repeated after 1 h
and alternate days for as long as fever and/or bacteremia
persisted. Empirical parenteral antibiotic therapy was
started and continued for 5 days until resolution of clinical
and microbiological findings. The empirical antibiotic
regimen included a third-generation cephalosporin plus an
aminoglycoside or carbapenem; a glycopeptide was added
at the discretion of the attending physician. Antibiotic
regimens were modified according to microbiological
results. If fever persisted empirical amphotericin B (AMFB)
was added 7 days after the beginning of antibiotic therapy.
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Response criteria and statistical analysis

Pre- and post-transplant physical condition was evaluated
according to ECOG criteria. Residual disease was assessed
by computerized tomography (CT) scan, bone marrow
biopsy and magnetic resonance imaging (MRI).

Statistical analysis

Data were analyzed by descriptive statistical methods. The
mean values for continuous variables were compared using
the two-tailed student’s #-test. The Chi-square test was used
for nominal data. The analysis in this study was performed
by using STATA (version 12, Stata Corp., College Station,
TX, USA).

Results
Basic characteristics

There were total 95 patients in group A with average age of
44 years old, while there were 73 patients in group B with
average age of 33 years old. Other characteristics including
diagnosis, disease status, prior ASCT status and prior
number of cycles were also recorded and compared. Both
study groups were well balanced in respect to patients and
tumor characteristics (7able I).

Chemotherapy-associated side effects in PBSCs mobilization

In the stage of mobilization, we unexpectedly observed a
higher rate of fever in group A than that in group B (24/95
vs. 2/73; P=0.0001). In addition, the incidence of emesis,
which was taken as a main described short-term side effect
of amifostine, was significantly lower in group A than that
in group B (8/95 wvs. 27/73; P=0.0001). Furthermore, the
lowest count of WBCs in group A was significantly higher
than that of group B (1.154 vs. 1.233; P=0.0443). However,
we failed to observe significant differences between the two
groups in the incidence of rash, infection, hemorrhage,
hepar, renal and cardiac function, as well as in the recovery
time of the platelets and neutrophils (7able 2).

Stem cells collections

All patients in both groups proceeded with stem cell
collection. A remarkable difference in the ability to collect
stem cells was observed between the two groups (Figure I).
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Table 1 Patients’ characteristics

Variables Group A Group B
Gender (M/F) 65/30 46/27
Age [range] 44 [16-67] 33 [12-69]
Diagnosis
NHL 69 52
HL 8 6
MM 11 10
AML 3 3
ALL 4 2
Disease status
Primary 61 42
First relapse 17 13
2nd relapse 2 0
Refractory 15 18
Prior ASCT status
CR 49 42
PR 31 13
SD 2 13
PD 13 5
Prior number of cycles 7 [2-19] 7 [1~25]

NHL, non-Hodgkin’s lymphoma; HL, Hodgkin’s lymphoma; MM,
multiple myeloma; AML, acute myeloid leukemia; ALL, acute
lymphoblastic leukemia; CR, complete response; PR, partial
response; SD, stable disease; PD, progressive disease.

The total average monocyte per kilogram was 7.031x10%kg
in the group A (range, 1.682x10%kg to 22.817x10*/kg) and
4.624x10%/kg in group B (range, 1.360x10%/kg to 9.800x
10%/kg) (P=0.0001).

Hematologic toxicity and engraftment kinetics

The lowest count of WBCs for both groups was 0.21x10°/L
and 0.13x10°/L, while there were no significant differences
between the two groups (P=0.1112). Although there
were also no significant differences of the time to recover
neutrophil count >0.5x10"/L between the two groups (13.43
vs. 14.13; P=0.310°), the median duration of neutropenia
(ANC <0.5x10°/L) was 8.62 days in group A, which was
almost two days significantly longer than that of group B
(10.51 days) (P=0.038). In contrast, amifostine did not affect
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platelet reduction or recovery (Tuble 3).

Non-bematologic toxicity

The occurrence of oral mucositis was significantly lower
in group A compared with that in group B (8/95 vs. 23/73;
P=0.0002) as we expected. Furthermore, only 2 patients
among the 95 patients had episodes of rash in group A, in
contrast, there were 8 cases among the 73 patients in group
B (P=0.045). However, we did not observe any significant
differences of the occurrence of emesis, infection,
hemorrhage, liver or renal dysfunction, cardiac toxicity and
so on, between the two groups (Table 4).

Therapeutic response after ASCT

In group A, 83 of 95 patients achieved CR (87.4%), which
is higher than that before ASCT (49/95, 51.6%). Compared
with group B, 62 patients achieved CR after ASCT (84.9%)
and showed a raised CR rate (42/73, 57.5%). However, we
failed to show any significant differences of the therapeutic
response or ASCT-associated death between the two groups
(Table 5).

Discussion

This retrospective study compared the treatment with or
without amifostine as a cytoprotective agent in the stage
of remission induction of patients with hematological
malignancy in ASCT, suggesting that early and regular use
of amifostine in chemotherapy could further benefit the
patients in ASCT.

Tolerance to amifostine was acceptable. It has been
reported that the main side effects of amifostine are short-
term hypotension, hypocalcemia, emesis, nausea and flu-
like symptoms (12). In this study, we did not observe any
severe side effects associated with the administration of
amifostine. We even found a lower rate of emesis among
the patients who received amifostine regularly. However,
it was unexpected to observe a higher rate of fever in the
amifostine group. But it was not parallel to the strikes
of infection, thus, we believed that it was caused by a
record bias.

The administration of amifostine during the stage of
remission induction could further protect stem cells in
ASCT in this study. The average total monocytes per
kilogram collected was higher in amifostine group than that
in control group. The role of the chemoprotectant property
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Table 2 Chemotherapy-associated side effects, neutrophil and platelet recovery in PBSC mobilization

Variables Group A Group B P value
Fever 24 2 *0.0001
Rash 2 6 0.142
Emesis 8 27 *0.0001
Infection 18 12 0.842
Hemorrhage 0 1 0.438
Liver dysfunction 2 3 0.655
Renal dysfunction 0 1 0.438
The lowest count of white blood cells 1.514 1.233 *0.0443
Time to reach the lowest white blood cells 11.745 11.986 0.6073
Neutropenia 55 28 0.171
Duration of neutropenia (day) 5.29 4.5 0.3045
The lowest count of platelets 79.79 78.93 0.9075
Time to reach the lowest platelets 12.3 12.1 0.6825

*, statistically significant. PBSC, peripheral blood stem cell.

**P<0.01
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Figure 1 Mobilization results were expressed as the total average
monocyte per kilogram collected. There was a significant
difference of the average mononuclear cell collection between the

two groups (P=0.0001).

© Translational Cancer Research. All rights reserved.

of amifostine rested on the lower hematologic toxicity and
better engraftment kinetics. During the hematopoietic
recovery, we observed a shorter duration of neutropenia in
amifostine group, meaning a lower incidence of infection
and suggesting the benefits of amifostine pretreatment to
the hematologic system. Such beneficial effects for normal
hematopoietic cells found in our study has also been found
in several previous researches. In a large randomized control
trial consisting of 242 patients with advanced ovarian
cancer, pretreatment with amifostine before each cycle of
chemotherapy of cyclophosphamide and cisplatin resulted
in a reduced incidence of grade 4 neutropenia (44% us.
65%) and transfusions (13). Emmanouilides ef /. (14) found
that in patients receiving ASCT after salvage chemotherapy
involving 2 to 4 cycles of DHAP, a pretreatment of
amifostine could facilitate stem cell collection, with a larger
number of CD34+ stem cell collected.

The comparison between the two groups, with regards
to the non-hematologic toxicity, suggested that amifostine
had a protective effect on mucosal tissue. This outcome
is further confirmed by the significant reduction in the
incidence of oral mucositis, which is also in accordance with
previous study (14,15). Unlike previous trials, we did not
observe amifostine-related rash in current study (16,17).
On the contrary, the incidence of rash in amifostine group
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Table 3 Neutrophil and platelet recovery after conditioning

Wau et al. Effect of amifostine on patients with ASCT

Variables Group A Group B P value
The lowest count of white blood cells (x109) 0.21 0.13 0.1112
Time to recover neutrophil count >0.5x10° 13.43 14.13 0.3108
Duration of neutropenia 8.62 10.51 *0.038

The lowest count of platelets 12.68 13.5 0.8503
Time to reach the lowest platelets 10.2 9.4 0.2768
Duration of platelet <20x10° 6.9 6.1 0.5718
Time to recover platelet count >20x1 0° 13.477 14.288 0.4749

*, statistically significant.

Table 4 Chemotherapy-associated side effects after conditioning

Table 5 Post-transplant statues (4 weeks after transplant)

Variables Group A Group B P value Variables Group A Group B P value
Rash 2 8 *0.045 CR 83 62 0.909
Emesis 44 52 0.098 PR 7 2 0.305
Infection 78 60 1 PD 3 6 0.191
Hemorrhage 13 9 1 Died 2 3 0.655
Liver dysfunction 7 11 0.213 CR, complete response; CR, complete response; PD, progressive
disease.
Renal dysfunction 2 4 0.408
Cardiac toxicity 7 9 0.431
Hemorrhagic cystitis 1 5 0.091 dosage of amifostine applied in this study was not optimal.
Oral mucositis 8 o3 “0.002 Du.rmg. the stage of remzlssw.n 1nduct1.on, the dose of
amifostine was 400 mg/m°, which was different from the
HPVO 0 1 0.438 recommended tolerated dose of amifostine at 750 mg/m’
Leukodystrophy 0 0 1 applied in ASCT (19). However, higher dose of amifostine
Died 5 3 0.655 would result in severe emesis and withdrawal. In view of the

*, statistically significant. HPVO, hepatic portal vein occlusion.

was even lower than that in the control group Amifostine
is reported to selectively protect normal rather than tumor
tissue against cytotoxic damage induced by some anticancer
agents and radiation therapy, owing to its physiological
differences in drug activation, alkaline phosphatase
concentration and pH between normal and tumor
tissue (18). In this study, as disease status, prior ASCT status
and prior number of cycles showed no difference between
the two groups, we have further confirmed that amifostine
do not affect the anti-tumor effect of chemotherapy for
the non-significant difference of CR rate between the two
groups.

There were also some limitations in this study. The
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benefits that we observed in this study, we took 400 mg/m2
of amifostine as an effective and tolerated dose for
patients preparing for ASCT. This study failed to record
the exact grade of mucositis and emesis and the number
of CD34+ stem cells among the collected monocytes. A
future randomized study is still needed to confirm these
preliminary results.

In conclusion, severe mucositis may affect eating,
which has a bad impact on the nutrition state of patients.
Mucositis and long periods of neutropenia may increase
the incidence of severe infection, which could further
cause transplantation-related death. The administration of
amifostine during the stage of remission induction could
benefit patients in future ASCT, with lower incidences of
oral mucositis, a shorter duration of neutropenia, a more
rapid engraftment of neutrophil and a larger number of
stem cells collected.
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