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Introduction

It is well known that chemotherapy together with 
surgery and radiotherapy remain the mainstays for 
dealing with malignant tumors. Generally, conventional 
chemotherapy is based on the conception of the most 
optimized efficacy at highest dose. Consistent with this 
notion, chemotherapy is administered at the maximum 
tolerated dose density (Norton and Simon, 1986, Frei 
et al., 1998, Peters et al.,2005). Theoretically, this is 
reasonable. However, some clinical trials(Kaplan et al., 
1997, Moreno-Sol¨®rzano et al.,2007, Coplen, 2010, 
Inal et al.,2012) challenged this principle for elevating 
dosage did not yield desired outcomes but led to increasing 
severe toxicity even therapy-related death. Peters (Peters 
et al., 2005) reported that thirty-three patients died of 
causes attributed to high-dose chemotherapy, compared 
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with no therapy-related deaths among individuals treated 
with low-dose chemotherapy. Virtually, chemotherapy 
is a two-edged weapon for it indiscriminately kills both 
malignant lesions and normal tissues. Thus, most patients 
are intimidated by the severe toxicities of chemotherapy 
even refuse to undergo the therapy (Fizazi et al., 2002). 
This urged oncologists to devise an optimal regimen to 
achieve favorable effect at lowest toxicity. Consequently, 
some researches concerning low-dose chemotherapy 
gradually came into sight (Kaplan et al., 1997, Fizazi et al., 
2002, Brower, 2015). Nevertheless, whether the low-dose 
regimen being feasible remains to be established (Ratner 
et al., 2001). Therefore, we performed this meta-analysis 
on 6 RCTs incorporating 1671 participants to evaluate the 
efficacy and toxicity of low-dose versus conventional-dose 
chemotherapy in managing malignant tumors.
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Materials and Methods

Literature search
We searched MEDLINE, EMBASE, Cochrane 

database, and meeting abstracts of the American Society 
of Clinical Oncology and European Society of Medical 
Oncology databases for articles published before 
September 10, 2016 using both Medical MeSH and free 
text words, including modified, chemotherapy, low-dose, 
conventional-dose, standard-dose, reduced, reduction, 
cancer or malignant tumor. The full details of the search 
strategy were as follow: modified[All Fields] AND (“drug 
therapy”[Subheading] OR (“drug”[All Fields] AND 
“therapy”[All Fields]) OR “drug therapy”[All Fields] OR 
“chemotherapy”[All Fields] OR “drug therapy”[MeSH 
Terms] OR (“drug”[All Fields] AND “therapy”[All 
Fields]) OR “chemotherapy”[All Fields]) AND low[All 
Fields] AND dose[All Fields] AND standard[All Fields]. 
The search was conducted with a language restricted to 
English publication.

Selection criteria 
The inclusion criteria were as follows: (1) Randomized 

controlled trials (RCTs) comparing low-dose with 
conventional-dose chemotherapy for individuals with 
malignant tumors; (2) End points were overall survival 
(OS), progressive free survival (PFS), objective response 
rate (ORR) and severe adverse events (SAEs) (Grade ≥ 3); 
(3) All participants had been histologically or cytologically 
confirmed. Retrospective trials, single arm trials, case 
reports and systematic reviews were excluded.

Study selection and Data extraction 
Two investigators [Yupeng Wu and Shuimei Luo] 

extracted data respectively employing a predefined data 
extraction form. Subsequent full-text record screening 
was fulfilled independently by two investigators [Haitao 
Yang and Lina Li]. Disagreements on whether an 
article should be included was resolved using a third 
reviewer [Xianhe Xie]. When the extracted data were 
not uniform, consultation was needed to make a final 
determination [Xianhe Xie]. All of the trials included in 
the analysis contained the following data: first author’s 
name, published year, type of study, country of original 
study, number of patients, median age, interventions and 
outcomes. But unfortunately, we can’t not obtained the 
full data from all the trails included, we try to contact 
study authors to identify additional studies and to request 
missing data but failed.

Quality assessment 
The quality of each trial was separately estimated 

by two investigators, using the Cochrane Handbook 
for Systematic Reviews of intervention (Version 5.3.0), 
based on the following criteria: (1) Random sequence 
generation; (2) Allocation concealment; (3) Blinding 
of participants and personnel; (4) Blinding of outcome 
assessment; (5) Incomplete outcome data; (6) Selective 
reporting; (7) Other bias. Each trial for bias based on 
the criteria listed above was marked as ‘low risk’, ‘high 
risk’ or ‘unclear risk’. The quality of trial was defined 

as following: A rating: meeting all criteria of low risk; 
B rating: meeting one or more criteria of unclear risk 
without criteria of high risk; C rating: appearing one or 
more criteria of high risk.

Statistical analysis
Statistical analysis was conducted utilizing RevMan5.3. 

Chi-square and I-square tests were employed to test the 
heterogeneity of different trials (Higgins et al., 2003); 
no heterogeneity existed when P > 0.1 and I2 < 50%, a 
fixed-effects model was applied to pool the trial results. 
Significant heterogeneity was identified if P <0.1 and 
I2 > 50%, and a random-effects model was employed. 
ORR, SAEs (Grade≥3) were determined applying 
dichotomous variables. OS, PFS were calculated using 
effect variables. Hazard ratios (HRs) with 95% confidence 
intervals (CIs) were extracted from the survival curves 
when HRs were unavailable for PFS and OS (Wu et al., 
2016). 

Sensitivity analysis
The pooled ORR and 95%CI of sensitivity analysis by 

removing one study in each turn, the outcomes indicated a 
robustness main result. When switched fixed-effects model 
to random-effects model, the ORR and corresponding 
95%CI from 1.00 (95%CI [0.89, 1.13]; P=0.97) to 1.02 
(95%CI [0.88, 1.18]; P=0.81), that also supported the 
result was robustness. 

Results

Selection of trials
Initially, 272 articles were screened which met our 

selection criteria after thoroughly searching the relevant 
databases; subsequently 37 of these studies were excluded 
due to duplication. After verifying related terms in the 
titles and abstracts, 202 irrelevant studies were removed 
and 27 unfit designed studies were eliminated through 
analyzing the full text. Eventually, 6 RCTs were included.

Study characteristics
Six eligible RCTs (Wood et al., 1994, Kaplan et al., 

1997, Fizazi et al., 2002, Mounier et al., 2006, Cortes et 
al., 2013, Shah et al., 2015) included a total number of 
1671 participants with various types of malignant tumors 
comprising 838 cases underwent low-dose regimen 
and 833 with conventional-dose chemotherapy. The 
characteristics of enrolled individuals were presented at 
Table 1. Chemotherapeutic agents included bleomycin, 
capecitabine, cisplatin, cyclophosphamide, docetaxel, 
doxorubicin, fluorouracil, oxaliplatin, tosedostat, 
vinblastine, vincristine. Five, four and six trials provided 
ORR, PFS and OS, respectively. The SAEs (Grade ≥ 3) 
were stated in all trials.

Methodological quality
In accordance with the recommendations of the 

Cochrane Handbook for Systematic Reviews, we 
evaluated the eligible trials using the 7 aspects mentioned 
above. Four trials (Wood et al., 1994, Kaplan et al., 1997, 
Fizazi et al., 2002, Mounier et al., 2006) applied the 
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al., 1997, Fizazi et al., 2002, Mounier et al., 2006, Cortes 
et al., 2013, Shah et al., 2015). A fixed-effects model was 
performed owing to no heterogeneity (P=0.1, I2= 47%) 
(Figure 2A). Four trials (Wood et al., 1994, Kaplan et al., 
1997, Fizazi et al., 2002, Shah et al., 2015) referred to 
PFS was assessed applying a fixed-effects model based 
on the heterogeneity values (P=0.11, I2= 49%) (Figure 
2B). Interestingly, there was no significant differences 
in OS (HR=1.07, 95%CI [0.90, 1.26]; P=0.44) and PFS 
(HR=1.02, 95%CI [0.84, 1.23]; P=0.87) between two 
arms.

Severe adverse events
All eligible trials (Wood et al., 1994, Kaplan et 

al., 1997, Fizazi et al., 2002, Mounier et al., 2006, 
Cortes et al., 2013, Shah et al., 2015) had estimated the 

intent-to-treat analysis. Among 6 eligible trials, 4 acquired 
B quality scores and 2 obtained C quality scores. 

Overall response rate
Five out of 6 RCTs (Wood et al., 1994, Kaplan et al., 

1997, Fizazi et al., 2002, Mounier et al., 2006, Cortes et 
al., 2013, Shah et al., 2015) reported ORR. A fixed-effects 
model was employed to analyze these trials due to no 
heterogeneity (P=0.22, I2=31%). The results indicated 
that there was no statistically significant difference in 
ORR between two arms (RR=1.00, 95%CI [0.89, 1.13]; 
P=0.97) (Figure 1A). The funnel plot demonstrated that 
there was no remarkable publication bias (Figure 1B). 
Egger’s test demonstrated that no significant publication 
bias was observed (P=0.514) (Figure 1C).

All of trials reported OS (Wood et al., 1994, Kaplan et 

Figure 1. Forest Plots of Associations between Low-Dose Arm and Conventional-Dose Arm and Funnel Plot of RCTs. 
A, relative risks for overall response rate. B, funnel plot of RCTs. C, Visual assessment of publication bias on egger 
test

Figure 2. Forest Plots of associations between Low-Dose arm and Conventional-Dose Arm. A, hazard ratios for 
overall survival. B, hazard ratios for progression-free survival
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chemotherapy-related adverse events. The most common 
SAEs were mucositis, thrombocytopenia, anemia, 
febrile neutropenia, diarrhea, leucopenia, neutropenia, 
nausea/vomiting and treatment-related death. Low-dose 
chemotherapy regimen yielded significantly less 
mucositis (RR=0.31, 95%CI [0.19, 0.53], P<0.001), 
thrombocytopenia (RR=0.45, 95%CI [0.32, 0.64], 
P<0.0001), anemia (RR=0.52, 95%CI [0.37, 0.73], 
P=0.001), febrile neutropenia (RR=0.73, 95%CI [0.58, 
0.90], P=0.004) than conventional-dose chemotherapy 
regimen. Whereas, there were no distinct difference 
between two arms with regard to diarrhea (RR=1.78, 
95%CI[0.35, 8.94], P=0.49), leucopenia (RR=0.50, 
95%CI[0.21, 1.17], P=0.11), neutropenia (RR=0.91, 
95%CI[0.52, 1.59], P=0.74), nausea/vomiting (RR=0.68, 
95%CI[0.37, 1.24], P=0.21) and treatment-related death 
(RR=0.35, 95%CI[0.04, 3.31], P=0.36) (Figure 3).

Discussion 

To the best of our knowledge, this study is the first 
meta-analysis with a focus on comparing the efficacy and 
toxicity between low-dose arm and conventional-dose 
arm. Based on data from 6 RCTs (Wood et al., 1994, 
Kaplan et al., 1997, Fizazi et al., 2002, Mounier et al., 
2006, Cortes et al., 2013, Shah et al., 2015) incorporating 
1671 participants with malignant tumors, our study 
demonstrated that compared with conventional-dose 
regimen, low-dose regimen achieved a favorable 
toxicity profile without compromising efficacy, with the 
pooled ORR (RR=1.00, 95%CI [0.89, 1.13]; P=0.97), 
OS (HR=1.07, 95%CI [0.90, 1.26]; P=0.44) and PFS 

(HR=1.02, 95%CI [0.84, 1.23]; P=0.87). Additionally, 
when compared with conventional-dose arm, we observed 
that low-dose arm possessed notably less SAEs, including 
mucositis (P<0.001), thrombocytopenia (P<0.0001), 
anemia (P=0.0001) and febrile neutropenia (P=0.004) 
despite the fact that both arms appeared similar rates 
of diarrhea (P=0.49), leucopenia (P=0.11), neutropenia 
(P=0.74) and nausea/vomiting (P=0.21). 

The potential mechanisms probably are that 
chemotherapy agents eradicate cancer cells and affect 
normal cells to some degree. With the escalation of dose, 
the toxicity grows, which partly counteracts its efficacy 
(Kaplan et al., 1997, Shah et al., 2015). Recently, the 
traditional maximum dose density modality has incurred 
question (Gatenby, 2009, Silva et al., 2012) since it 
rarely wipes out cancer entirely and ultimately lead to an 
explosion in tumor growth. Consequently, oncologists 
assiduously seek an optimal-dose regimen sharing the 
virtues of both favorable efficacy and minimal toxicity. 
One of 6 RCTs (Shah et al., 2015) in our study stated that 
individuals with advanced gastric cancer administered a 
low-dose regimen of docetaxel, cisplatin, and fluorouracil 
(mDCF) obtained an improved OS with less toxicities than 
those underwent its parent DCF. The similar desirable 
efficacy with less toxicity applied low-dose regimen also 
occurred in other five RCTs. 

With regard to adverse events, previous clinical 
trial reported that some patients discontinued therapy 
because of severe toxicity, the number of quit patients 
in conventional-dose arm was higher than low-dose arm 
(Fizazi et al., 2002). Noteworthily, the treatment-related 
death was observed in 3 included RCTs but only 2 provided 
definite data. Among them, 2 patients died of causes 
attributed to conventional-dose chemotherapy, compared 
with no therapy-related deaths among individuals treated 
with low-dose chemotherapy despite the fact that there 
was no significant difference between 2 arms. 

One limitation must be considered when interpreting 
our study findings for only 6 RCTs incorporating 1,671 
individuals have been included. Thereby, larger scale trials 
with more participants and more comprehensive cancers 
are recommended to further confirm the feasibility of 
low-dose chemotherapy. 

Summarily, our study demonstrated that low-dose 
chemotherapy may play an important role in achieving 
the same desirable potency as conventional-dose 
chemotherapy in managing malignant tumors. Moreover, 
low-dose regimen seems to possess a positive advantage 
of lower toxicity which would exert a peculiar fascination 
for most patients. Thus, in routine practice, clinicians 
should bear the low-dose setting in mind, especially for 
frail individuals.
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