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Myelosuppression is one of the most common chemotherapy-induced adverse events and results in a series
of clinical symptoms. This study aimed to evaluate the effect of Shengbai decoction (SD) on chemotherapy-in-
duced myelosuppression and survival of gastric cancer (GC) patients after radical resection.

We retrospectively analyzed data from 115 patients with stage II-1ll GC who underwent adjuvant chemothera-
py after radical resection between May 2015 and June 2017 in our hospital. Among these patients, 57 received
Shengbai decoction along with adjuvant chemotherapy (SD group), while 58 received adjuvant chemothera-
py alone (control group). Medical records, including adverse events, the treatment completion rate of adjuvant
chemotherapy, 3-year overall survival (OS), and 3-year recurrence-free survival (RFS), were compared.

Patient characteristics did not differ significantly between the 2 groups. No adverse events related to Shengbai
decoction were reported in the SD group. Patients in the SD group had less neutropenia (P=0.0430), thrombo-
cytopenia (P=0.0323), and anemia (P=0.0497). The SD group had a significantly lower probability of dose re-
duction (P=0.0448). The completion rate of adjuvant chemotherapy of the SD group was considerably higher
than that of the control group (P=0.0398). The SD group had a significantly better 3-year RFS (P=0.0369) and
3-year OS (P=0.0455) than the control group.

Shengbai decoction effectively improved postoperative survival of patients with GC by alleviating chemother-
apy-induced myelosuppression and improving the completion rate of adjuvant chemotherapy.
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Background

Gastric cancer (GC), one of the most prevalent malignancies,
caused nearly 770 000 deaths in 2020 [1]. D2 gastrectomy is
considered a standardized surgical strategy for localized GC
in Asian countries [2]. It is also widely proposed by treatment
guidelines of Western countries due to the 15-year findings
of the Dutch D1/D2 study [3-5]. Nevertheless, approximately
40% of patients develop recurrence within 2 years despite rad-
ical resection [6-8]. Various adjuvant chemotherapy regimens
have been implemented to control postoperative relapse and
improve long-term survival over the past 40 years [9].

However, all the chemotherapy regimens cause toxic adverse
events, which harm patient quality of life and treatment com-
pliance [10]. Myelosuppression is one of the most common
chemotherapy-induced adverse events and results in a se-
ries of clinical symptoms, such as anemia, thrombocytopenia,
and neutropenia [11]. Severe myelosuppression even leads
to treatment dose reduction or discontinuation, which limit
treatment efficacy.

Chinese herbal medicine (CHM) has been widely used in can-
cer treatment as integrative therapy [12]. Several studies re-
vealed that CHM can prevent chemotherapy-induced myelosup-
pression [13-15]. However, the efficacy of CHM varies greatly
with the composition [16]. This retrospective study was per-
formed to assess the effect of Shengbai decoction on chemo-
therapy-induced myelosuppression and survival of GC patients
after radical resection.

Material and Methods

Patients

A total of 115 patients with stage II-lll GC who underwent ad-
juvant chemotherapy after radical resection between May 2015
and June 2017 in our hospital were retrospectively analyzed.
Among these patients, 57 received Shengbai decoction along
with adjuvant chemotherapy (SD group), and 58 received ad-
juvant chemotherapy alone (control group).

Inclusion criteria were: undergoing adjuvant chemotherapy af-
ter D2 gastrectomy, pathological TNM stage II-Il GC [17], ECOG
0-1, age 18-75 years, no previous anti-cancer treatment, ade-
quate organ function, and complete follow-up data. Exclusion
criteria were: allergic to any ingredient of the Shengbai decoc-
tion, recurrence or death within 6 months after surgery, a his-
tory of other malignant tumors, and lost to follow-up.

We conducted this study following the principles of the
Declaration of Helsinki and “Good Clinical Practice” guidelines.
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The Institutional Review Board of the college approved this
study (approval no. HZYY-2020100811). All patients signed
the informed consent.

Administration of Adjuvant Chemotherapy and Shengbai
Decoction

Postoperative chemotherapy was started within 3 weeks after
surgery. The regimens of chemotherapy referred to the NCCN
guidelines for GC. Patients decided by themselves whether to
receive Shengbai decoction after doctors clarified the poten-
tial risks and benefits. Patients signed an additional consent
form if they chose to receive Shengbai decoction. The cost of
the Shengbai decoction was covered by medical insurance.

The Shengbai decoction was administered concurrently with
the chemotherapy to the patients of the SD group (taken morn-
ing and evening, 30 min after meals, 100 mL per time). The
formula of Shengbai decoction consisted of Radix Astragali
10 g, Radix Salviae Miltiorrhizae 10 g, Ganoderma Lucidumseu
Sinensis 6 g, Rhizoma Atractylodis Macrocephalae 10 g, Radix
Angelicae Sinensis 10 g, Caulis Spatholobi 15 g, Fructus Ligustri
Lucidi 10 g, Rhizoma Polygonati 10 g, Fructus Psoraleae 10 g and
Herba Dendrobii 10 g (Table 1).

Treatment-related adverse events were estimated based on
the Common Terminology Criteria for Adverse Events (CTCAE
v4.0). The treatment dose would be reduced to 75% in sub-
sequent treatment courses in case of grade 3-4 hematologic
or acute non-hematologic adverse events or grade 2-3 hand-
foot syndrome (HFS). Treatments for myelosuppression were
not implemented until grade 3 or worse hematologic adverse
events occurred. Chemotherapy was discontinued in the event
of disease progression or life-threatening adverse events, or
patients’ request for discontinuation. Patients who received
fewer than half of the scheduled cycles of chemotherapy were
excluded from analysis.

Assessment and Follow-up

All patients underwent comprehensive disease assessment
and health monitoring during the chemotherapy phase and
the follow-up phase. Follow-up visits were initiated after the
chemotherapy ended. In the first postoperative year, patients
underwent monthly follow-up visits and then every 3 months
until death or last follow-up.

Recurrence was diagnosed by imaging examination and, if
necessary, cytologic analysis or biopsy. Once recurrence was
identified, chemotherapy, radiofrequency ablation, or pallia-
tive care were implemented.
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Table 1. Formula of Shengbai decoction.

Name in Chinese Name in English Name in Latin
Huang Qi Milkvetch Root Radix Astragali 10g
""""" DanShen ~ DamshenRoot  RadixSavigeMiltiorhizae  10g
""""" lngzhi  luidGanoderma  GanodermalucidumseuSinensis  6g
""""" BaiShu ~largehead Atractylodes Rhizome  Rhizoma Atractylodis Macrocephalae ~ 10g
""""" DangGui  ChineseAngelica ~ RadixAngelicae Sinensis ~ 10g
""""" JixueTeng  SuberectSpatholobusStem  CaulisSpatholobi  15g
""""" NvzhengZi  GlossyPrivetFrut  Fuctusligustrilucdi  10g
""""" Huangling  Siberian Solomonseal Rhizome ~ RhizomaPolygonati  10g
""""" BuGuzhi  MalayteaScurfpeaFruit  FructusPsordleac  10g
""""" ShiHu  Dendrobium  HerbaDendrobi 10g

Table 2. Patient characteristics.

Control group (n=58) SD group (n=57) P value

Age (year) 55.2446.28 54.36+6.12 0.4483

Tumorsize €m) 3574113 3616125 08574
CGender 07344
"""" Male 3 a0
"""" Female 19 17
CTumorStage 07694
"""" S YO
"""" T T
Tumor differentiation 09284
"""" wel 89
"""" Moderately 18 1
"""" Poorly 2w 26
"""" Signetringcell 5 6
CTumorlocation 09642
"""" lower 28 21
"""" Middle 1215
"""" Upper a2
"""" Enire a3
_ Regimen of chemotherapy 08550
"""" sox s s
"""" capox 2223
"""" FOLFOX4 .19
Underlyingdiseases
"""" Cardiovascular diseasse 5 7 0509
"""" Respiratory disease 6 8 osa1
"""" Diabetes 7 7 09723
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Table 3. Treatment-related adverse events.

Control group (n=58)

P value

Adverse event

Neutropenia 20 32 4 2 30 24 2 1 0.0430
Thombocytopenia 3 4 2 o 2 1 o o 00323
CAnemia 2n 25 3 2 2 16 2 1 00416
Nauseanomitng u o5 3 o 2 2% 2 o 09129
CDarhea 7 s o o 6 5 o o 03785
Elevated creatinine level 5 2 o o s 3 o 0 09450
Elevated AUT/AST level 3 3 o o 3 2 o o 07630
 Elevated total serum biliubin level 2 2 o o 3 2 o o o718
Csomats 7 s o o 6 5 o o 09277
Handfootsyndrome n 3 2 - 19 2 2 - 06165

Paresthesia 20 9 0 0 17 8 0 0 0.5435

ALT — alanine aminotransferase; AST — aspartate aminotransferase.

Statistical Analysis

Statistical analysis and visualization were performed using
MedCalc software (version 15.2.2, MedCalc Software, Ltd).
Quantitative variables were analyzed using the t test and are
presented as meantstandard deviation. The ? test or Fisher’s
exact test was used to analyze enumeration variables. Ranked
data such as treatment-related adverse events, tumor stage, and
tumor differentiation were analyzed by Ridit analysis. Recurrence-
free survival (RFS) was calculated from the gastrectomy to (i) first
recurrence, (ii) last follow-up, or (jii) death from any cause. Overall
survival (OS) was calculated from the gastrectomy to death from
any cause or the last follow-up. Survival curves were obtained via
the Kaplan-Meier method and compared by the log-rank test. A P
value less than 0.05 was considered to be statistically significant.

Results

Patient Characteristics

Of these patients, 50 had stage Il disease and 65 had stage Il
disease. Patient characteristics did not differ significantly be-
tween the 2 groups (Table 2).

Adverse Events and Treatment Completion Rate

Treatment-related adverse events were shown in Table 3.
There were no significant differences found in non-hematologic

adverse events between the 2 groups. No adverse events re-
lated to Shengbai decoction were reported in the SD group.
Shengbai decoction significantly relieved chemotherapy-in-
duced myelosuppression. Patients in the Shengbai decoc-
tion group had less neutropenia (P=0.0430), thrombocytope-
nia (P=0.0323), and anemia (P=0.0497). No treatment-related
deaths occurred. Most of the adverse events were controlled
by symptomatic treatment and dose reduction. Dose reduction
was documented in 16 patients from the control group and 7
patients from the SD group. The SD group had a significant-
ly lower probability of dose reduction (P=0.0448). Despite ad-
ministration of dose reduction and thorough monitoring and
symptomatic treatment, chemotherapy was finally discontin-
ued in 9 patients (8 from the control group and 1 from the
SD group). The completion rate of adjuvant chemotherapy of
the SD group was significantly higher than that of the control
group (56/57 vs 50/58, P=0.0398).

Survival Outcomes

In 30 patients (20 from the control group and 10 from the SD
group), recurrence was reported within the first 3 postoper-
ative years. The 3-year RFS rate was 65.52% and 82.76% for
the control group and SD group, respectively. The SD group
had a significantly better 3-year RFS than the control group
[P=0.0369; hazard ratio (HR) for recurrence, 0.4570; 95% con-
fidence interval (Cl), 0.2232 to 0.9355] (Figure 1).
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Figure 1. Comparison of 3-year recurrence-free survival between
the 2 groups. Recurrence was reported in 30 patients
(20 from the control group and 10 from the SD group)
within the first 3 postoperative years. The SD group
had a significantly better 3-year recurrence-free survival
than the control group [P=0.0369; hazard ratio (HR) for
recurrence, 0.4570; 95% confidence interval (Cl), 0.2232
to 0.9355]. MedCalc software (version 15.2.2, MedCalc
Software Ltd.) was used to create the figure.

There were 25 deaths reported (17 from the control group and
8 from the SD group) within the first 3 postoperative years. The
3-year OS rate was 70.18% and 85.96% for the control group
and SD group, respectively. The SD group had a significant-
ly better 3-year OS than the control group (P=0.0455; HR for
death, 0.4369; 95% Cl, 0.1994 to 0.9575) (Figure 2).

Discussion

China is one of the countries with the highest incidence rates
of GC, and about half of the world’s GC-related deaths occur in
this country [1]. Due to the inadequacy of nationwide screen-
ing programs for cancer, nearly 80% of GC cases are metastat-
ic or locally advanced at the time of diagnosis [18]. Therefore,
the prognosis of GC in China is poor despite the advancement
of surgical technique.

Postoperative chemotherapy improves the survival of advanced
GC but also causes various adverse events, which result in poor
quality of life and low treatment compliance. Dose reduction
is consistently implemented when severe adverse events are
reported, and overwhelming adverse events can even lead to
discontinuation of chemotherapy. Myelosuppression is one
of the most common chemotherapy-induced adverse events,
characterized by anemia, thrombocytopenia, and neutropenia.

Figure 2. Comparison of 3-year overall survival between the 2
groups. There were 25 deaths reported (17 from the
control group and 8 from the SD group) within the first
3 postoperative years. The SD group had a significantly
better 3-year overall survival than the control group
(P=0.0455; HR for death, 0.4369; 95% Cl, 0.1994 to
0.9575). MedCalc software (version 15.2.2, MedCalc
Software, Ltd.) was used to create the figure.

Without appropriate treatment, myelosuppression will cause
serious consequences [19]. Currently, the main treatments for
chemotherapy-induced myelosuppression include dose adjust-
ment, blood transfusion, and recombinant human stimulating
factors. However, these treatments can cause organ injuries
and vascular events, and they can even contribute to cancer
progression [20,21].

Chinese herbal medicine is one of the treatment strategies for
myelosuppression and is widely used in China. The Shengbai
decoction used in this study was composed of 10 kinds of herb-
al plants. In the formula, Radix Astragali, Rhizoma Atractylodis
Macrocephalae, and Ganoderma Lucidumseu Sinensis mainly
invigorate qi for consolidating superficies and strengthen im-
munity supplemented by Rhizoma Polygonati. Radix Angelicae
Sinensis enriches the blood and alleviates anemia by promot-
ing erythropoiesis. Caulis Spatholobi stimulates the production
of platelets by the bone marrow. Fructus Ligustri Lucidi has the
effect of promoting neutrophil proliferation. Radix Astragali and
Fructus Psoraleae nourish Yin and Yang to achieve balance. Radix
Salviae Miltiorrhizae improves blood circulation and can acti-
vate hematopoietic stem cells. Those components were ratio-
nally assembled and integrated into SD for enhanced functions.

Our results showed that the incidence and severity of myelo-
suppression were significantly reduced by Shengbai decoction.
Patients in the SD group experienced significantly less neutro-
penia (P=0.0430), thrombocytopenia (P=0.0323), and anemia
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(P=0.0416) than the control group. As a result, the SD group
obtained a significantly improved completion rate of adjuvant
chemotherapy than the control group, and fewer patients in the
SD group underwent dose reduction (P=0.0468) or treatment
discontinuation (P=0.0398). According to previous studies, the
completion rate of adjuvant chemotherapy is an independent
prognostic factor for GC after radical resection [22,23]. Our re-
sults are consistent with the conclusions of these studies. Due
to the improved treatment completion rate of adjuvant chemo-
therapy, the SD group had a better 3-year RFS (P=0.0369) and
3-year OS (P=0.0455) in this study. In terms of drug safety, no
adverse events related to Shengbai decoction were reported.

Our study has several limitations. First, bias in patient selec-
tion was inevitable for this non-randomized and retrospective
study. Secondly, this study was performed at a single medical
center in China with a limited sample size. Therefore, we are
preparing a random clinical trial with a larger sample size to
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confirm the results of this study. Moreover, further basic re-
search is needed to elucidate the mechanism underlying the
therapeutic effects of Shengbai decoction on chemotherapy-
induced myelosuppression.

Conclusions

Our results suggest that Shengbai decoction can effectively
improve postoperative survival of patients with GC by allevi-
ating chemotherapy-induced myelosuppression and improv-
ing the completion rate of adjuvant chemotherapy.
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