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Abstract

BACKGROUND

With the rapid development of haploidentical hematopoietic stem cell transplantation (haplo-HSCT), primary poor graft function
(PGF) has become a life-threatening complication. Effective therapies for PGF are inconclusive. New Chinese patent medicine Pai-
Neng-Da (PND) Capsule exerts dual effect in promoting hematopoiesis recovery and regulating immunity. Still, the application of

PND capsule in hematopoietic stem cell transplantation, especially in the haplo-HSCT setting, has not yet been reported.

AIM

To evaluate the role of PND capsule in acute leukemia patients with haplo-HSCT.

METHODS
We retrospectively collected data of acute leukemia patients who underwent haplo-HSCT at the Affiliated People’s Hospital of

Ningbo University between April 1, 2015, and June 30, 2020. Twenty-nine consecutive patients received oral PND capsule from the
sixth day to the first month after haplo-HSCT were included in the PND group. In addition, 31 patients who did not receive PND
capsule during haplo-HSCT were included in the non-PND group. Subsequently, we compared the therapeutic efficacy according
to the western medical evaluation indexes and Chinese medical symptom scores, and the survival between the PND group and the

non-PND group, using the chi-square test, Fisher’s exact test, and the Kaplan-Meier method.

RESULTS

The duration of platelet engraftment was shorter in the PND group than in the non-PND group (P = 0.039). The PND group
received a lower frequency of red blood cells and platelet transfusions than the non-PND group (P = 0.033 and P = 0.035,
respectively). In addition, PND capsule marginally reduced the rate of PGF (P = 0.027) and relapse (P = 0.043). After 33 (range, 4-
106) months of follow-up, the 3-year relapse-free survival (P = 0.046) and progression-free survival (P = 0.049) were improved in
the PND group than in the non-PND group. Also, the therapeutic efficacy of the PND group according to Chinese medical
symptom scores was significantly better than that of the non-PND group (P = 0.022). Moreover, the adverse events caused by PND
capsule were mild. Nevertheless, there were no significant differences in the duration of neutrophil engraftment, the risk of

infection within 100 days after haplo-HSCT, the acute graft-versus-host disease, or the 3-year overall survival between the two

groups.

CONCLUSION
PND capsule could promote hematopoiesis reconstitution, improve the therapeutic efficacy of Chinese medical symptom scores,

present anti-tumor effectiveness, and prolong the survival of acute leukemia patients with haplo-HSCT.
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cell transplantation; Effectiveness
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Core Tip: New Chinese patent medicine Pai-Neng-Da (PND) Capsule exerts dual effect of promoting hematopoiesis recovery and
regulating immunity. However, the efficacy of PND capsule in patients with haploidentical hematopoietic stem cell transplantation
(haplo-HSCT) has not yet been reported. To the best of our knowledge, this is the first study that evaluated the effectiveness of
PND capsule in acute leukemia (AL) patients following haplo-HSCT. Our study showed that PND capsule could promote
hematopoietic function recovery, improve the therapeutic efficacy according to Chinese medical symptom scores, present anti-

tumor effectiveness, and prolong the survival of AL patients who underwent haplo-HSCT.

INTRODUCTION

Allogeneic hematopoietic stem cell transplantation is an effective therapy for hematologic malignancies. Over recent years,
haploidentical hematopoietic stem cell transplantation (haplo-HSCT) has shown similar outcomes to identical-sibling transplants.
Moreover, haplo-HSCT is an efficient post-remission treatment for patients lacking an identical donor!?l. Nonetheless, in haplo-
HSCT, the human leukocyte antigen (HLA) disparity between the_donor and the recipient can lead to an intense bidirectional
alloreactivity predisposition for developing primary graft failure. Graft failure includes graft rejection and primary poor graft
function (PGF). The reported incidence of primary PGF is 5-27%45l. PGF results in prolonged hospitalization, expensive medical
costs, and high transplant-related mortality owing to infectiOUSéomplications or hemorrhage. According to recent studies,
improving the bone marrow (BM) microenvironment represents a promising therapeutic approach to promote hematopoietic
reconstitution in PGF patientsl®l. Nonetheless, the pathogenesis of primary PGF is yet unclear, and its effective therapies need to be
explored.

Panaxadiol saponin component (PDS-C) is a biologically active component isolated from total saponins of ginsenosides and
currently available in the form of capsules named as Pai-Neng-Da (PND) Capsulel?l. Preclinical studies have suggested that PDS-C
can be used to treat multiple hemocytopenia in mice, including idiopathic thro cytopenic purpura (ITP), aplastic anemia (AA),
myelosuppression, and hemocytopenia caused by chemotherapy or radiationl8?l. PDS-C possesses hematopoietic growth factor-like
function that promotes proliferation and differentiation of hematopoietic progenitor cells in myelosuppressed mice, probably
mediated by regulating phosphorylated mitogen-activated protein kinase, extracellular signal-regulated kinases protein kinases,
receptor tyrosine kinase and globin transcription factor (GATA) 1 transcription factors!®l. PDS-C could modulate T lymphocyte
immune functions by increasing CD4* cells, downregulating T-bet protein expression, and upregulating GATA-3 protein
expressionsl®9l. Moreover, panaxadiol showed anti-tumor activity in human leukemia cell lines by arresting the cell cycle at the
G1/S phagel'o11.

So far, two certificates of new class-five Chinese patent medicine have been authorized and granted by China Food and Drug
Administration, including PDS-C and its PND capsule. PND capsule for treating hemocytopenia has successfully passed Phase I
clinical trial and has shown to be effective without significant side effects in Phase II trial7l. On the other hand, the efficacy of PND
capsule in hematopoietic recovery after haplo-HSCT has not yet been reported.
In this study, we evaluated the role of PND capsule in acute leukemia (AL) patients with haplo-HSCT. 0 the best of our

knowledge, this is the first study that evaluates the efficacy of PND capsule in the treatment of AL patients following haplo-HSCT.

MATERIALS AND METHODS
Patients and Donors

A total of 60 patients diagnosed with AL who underwent haplo-HSCT at the Department of Hematology, Affiliated People’s
Hospital of Ningbo University, were included in this retrospective study. Twenty-nine consecutive patients received oral PND
capsule from the sixth day to the first month after haplo-HSCT between April 1, 2018 and June 30, 2020 were included in the PND
group. In addition, 31 patients who did not receive PND capsule during haplo-HSCT between April 1, 2015 and March 31, 2018
were included in the non-PND group. All patients were included in the analysis, and none were excluded on account of severe

toxicity.
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Hematopoietic stem cells were derived from both BM and peripheral blood. Potential haploidentical donors included both first-
and non-first-degree relatives. The haploidentical donor was selected based on the status of donor-specific anti-HLA antibodies
(DSA). In the presence of DSA, patients received plasmapheresis or rituximab therapy. The other factors that were considered were

sex, age, cytomegalovirus (CMV) serostatus, and weight ratio between donors and recipients.

Drugs

PND capsule was provided by the First Affiliated Hospital of Zhejiang Chinese Medical University and Ningbo Tianzhen

Pharmaceutical Co. Ltd., China (Batch No. 20150401, each capsule contains PDS-C 40 mg with a purity of 92.44%, analyzed and

defined by high-performance liquid chromatography using specific monomers of ginsenosides as the reference standards)!!2l.
Pediatric patients (< 14 years old) were given PND capsule 4 mg/kg/day (integer capsules were taken according to clinical

operability). Adult patients were given two capsules at a time, three-times/ day.

Definition of Western Medical Evaluation Indexes

Primary PGF was defined as persistent neutropenia (< 0.5x10°/L), thrombocytopenia (platelets < 20x10°/L), and/or hemoglobin
concentration < 70 g/L after engraftment with hypocellular BM and full donor chimerism without concurrent acute graft-versus-
host disease (aGVHD) or disease relapse. Neutrophil engraftment was defined as the first step in the three consecutive days when
the absolute neutrophil count was 0.5 x 10°/L without granulocyte colony-stimulating factor (G-CSF) stimulation. Platelet
engraftment was defined as the first 7 consecutive days when the platelet count was > 20 x 10%/L, independent of platelet
transfusion. The hematological recovery was defined as neutrophils > 0.5 x 109/L, platelets > 20 x 10°/L, and hemoglobin
concentration > 70 g/L without transfusion support or G-CSF stimulation!’>1l. The red blood cells (RBC) transfusions were
performed in patients with symptomatic anemia or hemoglobin concentration < 70 g/L or hematocrit level < 0.2. Platelet

transfusions were performed considering a threshold level of = 20x10° platelets/L in patients with bleeding or fever.

Evaluation of Therapeutic Efficacy According to Chinese Medical Standards

The therapeutic efficacy was assessed according to the rate of decrease in Chinese medical (CM) symptom score: (1) Cured: the CM
symptoms disappeared, and the score decreased more than 95%; (2) Favorably effective: CM symptoms were improved, and the
score decreased more than 75%; (3) Effective: CM symptoms were improved, and the score decreased more than 30%; and (4)
Ineffective: No significant improvement or an even worse condition was observed, and the score reduced to less than 30%. CM
symptoms included pale lips and nails, palpitation and dizziness, weakness and fatigue, soreness and weakness of waist and
knees, dry mouth and thirst, hot flashes, night sweats, cold limbs, dry or thin feces, epistaxis, and bleeding. CM symptoms were

evaluated and recorded from 0 to 3 according to severityl!2l.

Monitoring of Adverse Drug Reactions
According to the criteria established by the Center for Adverse Drug Reaction Monitoring of the Ministry of Health and the five-
level classification, adverse drug reactions were assessed using the following levels: Certain, probable, possible, suspicious, and

impossible; the first four levels were judged as possibly related to the investigational drug.

Conditioning Regimen, Graft-versus-host Disease and Viral Infection Prophylaxis

The conditioning therapy was as follows: Cytarabine (4 g/m?/d) intravenously on days -10 to -9, busulfan (3.2 mg/kg/d)
intravenously on days -8 to -6, cyclophosphamide (1.8 g/m?2/d) intravenously on days -5 to -4, semustine (250 mg/m?/d), orally
once on day -3, and thymoglobulin (2.5 mg/kg/d, Sang Stat, Lyon, France) intravenously on days -5 to -2. Graft-versus-host
disease (GVHD) prophylaxis regimen consisted of cyclosporine A, mycophenolate mofetil, and short-term methotrexate. Patients
received prophylaxis against bacterial, viral, and fungal agents. The reactivation of CMV infection and Epstein-Barr virus (EBV)
infection was monitored by polymerase chain reaction twice/week during the early period (days +15 to +100) and then once/week

(from days +100 to +180).

Statistical Analysis
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All clinical data were analyzed in this study using SPSS 26.0 software. The patient characteristics between the two groups were
compared using the Mann-Whitney test for continuous variables and the chi-square test or Fisher’s exact test for categorical data.
Measurement data is shown with mean + SD. The survival analysis was carried out using the Kaplan-Meier method. All statistical
tests were 2-sided. P value < 0.05 was considered statistically significant.

RESULTS

Comparison of the Baseline Characteristics between the Two Groups

The baseline characteristics are summarized in Table 1. No differences in the baseline data, including sex, age, diagnosis, high
cytogenetic risk, disease status at transplantation, peripheral blood cell counts (pre-transplantation), the number of courses of
chemotherapy before transplantation, donor’s age, female donor-male recipient pairs, CMV IgG-positive recipients, and the
infused mononuclear cells (MNCs) and CD34+ cells of the grafts were observed between the PND and the non-PND groups (all P >
0.05).

Comparison of Therapeutic Efficacy According to Western Medical Evaluation Indexes

Compared with the non-PND group, the PND group achieved higher hemoglobin concentration on the eighteenth day (P = 0.029),
the twenty-fourth day (P = 0.003), and the first month (P = 0.043) after haplo-HSCT, as well as the platelet count on the eighteenth
day (P = 0.002) and the twenty-fourth day (P = 0.046) after haplo-HSCT (Table 2 and Figure 1).

The duration of platelet engraftment was shorter in the PND group than in the non-PND group [median 12 (range, 8-152) days
vs. median 13 (range, 9-145) days, respectively, P = 0.039]. Also, patients in the PND group received a lower frequency of %C and
platelet transfusions compared to the non-PND group (P = 0.033 and P = 0.035, respectively). Furthermore, compared to the non-
PND group, patients in the PND group experienced a lower incidence of PGF (3.4% vs. 25.8%, P = 0.027). In addition, the relapse
rate after haplo-HSCT was reduced in patients using PND compared to those without PND (6.9% wvs 29.0%, P = 0.043). However,
the duration of neutrophil engraftment [median 12 (range, 10-14) days vs, median 12 (range, 10-15) days, respectively, P = 0.454],
the rate of infectious complications within 100 days after haplo-HSCT (79.3% vs 87.1%, P = 0.500) and the occurrence of aGVHD
(58.6% vs 45.2%, P = 0.316) were similar in the PND and non-PND groups (Table 3).

The survival analysis showed a statistically significant benefit for the 3-year relapse-free survival (RFS) (69.1% vs 61.9%, P =
0.046) and the 3-year progression-free survival (PFS) (69.1% vs 61.7%, P = 0.049) with the use of PND. Nonetheless, PND failed to
improve the 3-year overall survival (OS) (69.1% vs 65.6%, P = 0.069) (Figure 2).

Comparison of Therapeutic Efficacy ccarding to CM Symptom Scores

The therapeutic efficacy was assessed according to the rate of decrease in CM symptom score. In the PND group, 2 cases (6.90%)
were cured, 9 cases (31.03%) were favorably effective, 16 cases (55.17%) were effective, 2 cases (6.90%) were ineffective; the effective
rate was 93.10% (27/29). In the non-PND group, 0 cases were cured, 6 cases (19.35%) were favorably effective, 15 cases (48.39%)
were effective, 10 cases (32.26%) were ineffective, and the effective rate was 67.74% (21/31). Thus, the therapeutic efficacy of the

PND group according to CM symptom scores was significantly better than that of the non-PND group (P = 0.022) (Table 4).

Adverse Events

During the administration of the PND capsule, the laboratory examinations of urine routine, electrocardiogram, hepatic and renal
functions were normal. The hot flush, insomnia, dry mouth, sweating, and mild stomach discomfort at the early stage of
medication were respectively observed in 1 case (3.4%), 2 cases (6.9%), 2 cases (6.9%), 1 case (3.4%) and 4 cases (13.8%) with PND

capsule, and they spontaneously alleviated without any intervention.

DISCUSSION :
With the rapid development of haplo-HSCT, primary PGF has become a life-threatening complication. The clinical risk factors of
PGF include the number of infused CD34+ cells, donor-specific anti-HLA antibodies, GVHD, age, donor-recipient blood-type

matching, and CMV infectionl!7-19]. Previous studies have found that patients with PGF have an inferior 2-year OS compared to
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those with good graft function!'®l. However, reports related to the pathogenesis of primary PGF are limited. Effective therapies are
inconclusive and need to be explored further.

PND capsule exerts dual effects of promoting hematopoiesis recovery and regulating immunity”*2l. Phase I clinical trials have
demonstrated that PND capsule is safe and does not induce side effects; the recommended safe dose range for clinical studies is 6—
10 capsules (240-400 mg) dailyl?!l. State Food and Drug Administration of China has recommended PND capsule for treating ITP
and unexplained leucopenia. Moreover, Zhu et al. found that PND capsule maintains peripheral hemograms, appropriately
reducing the androgen dosage and improving the quality of life of patients with AAI22. However, the application of PND in haplo-
HSCT has not yet been reported. Therefore, this study was conducted to evaluate the role of PND in promoting the recovery of
hematopoietic function after haplo-HSCT and the correlation between PND and the prognosis of AL patients who underwent
haplo-HSCT.

Our results showed that PND capsule markedly reduces the duration of platelet engraftment, the frequency of RBC and platelet
transfusions, and the incidence of primary PGF. PND capsule can decrease the myelosuppression caused by chemotherapy,
accelerate hematopoietic function recovery, especially erythroid and megakaryocytic lineages, following haplo-HSCT. T cells
have a crucial role in the immune destruction of BM. Patients with PGF showed significantly higher prgportions of stimulated
CD4+ and CD8+ T cells that produced [FN-gamma but notably decreased proportions of IL-4-producing T cells, resulting in a shift
of the IFN-gamma/IL-4 ratio towards pe 1 response and an elevated percentage of activated CD8+ T cells*l. PND-C could
reduce peripheral blood CD8+ cells and increase CD4+ cells, reverting the ratio of CD4+/CD8+ cells to normal level in AA model
micel’l. Furthermore, hematopoiesis with PDS—%and its PND capsule is promoted wviz the intracellular signaling pathway,
upregulating multiple transcription factors. The protein expression levels, phosphorylation status, and DNA binding activities
were dramatically accentuated by PDS-C treatment in hematopoietic cells, promoting hematopoiesis and blood cells' formation!724.
However, PND capsule did not shorten the duration of neutrophil engraftment. Since the use of G-CSF on the sixth day after
transplantation, the effect of PND capsule may be disturbed.

The correlation analysis related to risk factors of primary PGF could not be performed due to the small sample size. Notably, the
primary PGF incidence (3.4%) caused by the use of PND capsule was lower than that reported in the current literature, ranging
from 5% to 27%45], which may be due to the following reasons: first, PND capsule has a role in improving hematopoietic recovery
after transplantation, thereby reducing the rate of PGF. Second, the definition of primary PGF and the types of transplantation are
different in the current and previous studies. Third, the number of our cases is limited. Thus, additional studies with more cases,
unifying the definition of primary PGF and the types of transplantation, are required.

In our study, PND capsule significantly reduced the post-transplantation recurrence rates and increased the 3-year RFS and PFS,
perhaps due to its anti-cancer effect. Basic research on anti-tumor effect of PND capsule is limited. As previously reported,
panaxadiol selectively inhibits cyclin A-associated Cyclin-dependent kinase 2 activity by elevating the endogenous inhibitor
proteins (CKIs) p21WAF1/CIP1 protein levels and arresting the cell cycle at the G1/S phase in human cancer cell linesl1011l. The
anti-tumor invasion and metastasis effects are related to the weakening of cell invasiveness!®l. Further in vivo and in vitro
experiments are needed to explore the mechanism of anti-cancer effect of PND capsule. Yet, our data suggested that PND capsule
does not affect the 3-year OS. The putative causes might be the insufficient follow-up time in the current study. Therefore,
multicenter prospective studies with long follow-up times should be conducted to further investigate the potential influence of
PND capsule on the survival of patients afﬁr haplo-HSCT.

According to CM symptom scores, the therapeutic efficacy of patients in the PND group was significantly better than the non-
PND group. The adverse events of PND capsule were mild and spontaneously alleviated without intervention. Thus, these results

indicated that PND capsule could improve the clinical effect and quality of life by alleviating the CM symptoms.

CONCLUSION
Our data suggest that PND capsule could promote hematopoiesis reconstitution, improve the therapeutic efficacy of CM symptom
scores, present anti-tumor effectiveness, and prolong the survival of AL patients with haplo-HSCT. Yet, larger multicenter

randomized controlled studies are needed to confirm these findings.
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