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Background  

Invasive fungal infection (IFI) contributes to morbidity and 
mortality among patients with acute leukemia and patients un-
dergoing allogeneic hematopoietic stem cell transplant (HSCT) 
[1]. Furthermore, as the infection is caused by a broad spectrum 
of  opportunistic pathogens, IFIs increase rapidly along with the 

growing immunocompromised population among debilitated and 
critically ill medical, surgical and intensive care units (ICU) pa-
tients with prolonged hospital stays [2]. Aspergillus and Candida 
are the most frequent molds of  IFI among HSCT receipts and 
also in the critical care setting nosocomial fungal infection [3]. 

Voriconazole is recommended by the US treatment guidelines as 
the primary treatment of  invasive aspergillosis and candidiasis [4, 
5]. According to the guideline, voriconazole shows efficacy for 
both invasive pulmonary and extrapulmonary aspergillosis [5]. 
Voriconazole was reported to be the most frequently adminis-
tered agent and followed by caspofungin in treating IFI patients 
by physicians in the United States [3]. 

However, a review of  the safety and efficacy of  voriconazole 
among Chinese IFI population has not been undertaken since 
voriconazole was launched 10 years ago. Therefore, this study 
aimed to conduct a systematic review of  both English and Chi-
nese literature on the clinical efficacy and safety of  voriconazole 
versus caspofungin in treatment of  IFI among Chinese popula-
tion.

Methods

This manuscript adhered to systematic review guidelines pub-
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lished by the Cochrane Collaboration [6] and the UK’s National 
Institute for Health and Clinical Excellence (NICE) [7]. NICE 
has a rigorous and clearly specified approach to systematic re-
views and the standard is generally considered sufficient by other 
country heath technology assessment agencies.
The methodology of  this study followed the established practice 
and comprised a series of  core stages:

• Definition of  scope and agreement of  search terms; 
• Implementation of  searches and abstract reviews to inform in-
cluded papers;
• Quality assessment and data extraction. 

The scope of  search was defined with relevant interventions 
(voriconazole and caspofungin), population (IFI patients), clini-
cal outcomes measurement (treatment effective rate) and study 
design (randomized control trial (RCT) and observational study 
(OS)). 

Our searches covered both English and Chinese/Taiwanese da-
tabases, i.e. Medline, Cochrane Library, Chinese National Knowl-
edge Infrastructure (CNKI), Wanfang, VIP, Airiti Library and 
PerioPath. Given that voriconazole was launched in 2005 in 
China, we restricted our searches to a period from five years be-
fore the launch to the date of  the current study i.e. from 2000 
to November 2014. English terms, “voriconazole”, “infection” 
and population terms (i.e. “Chinese”, “Taiwanese”, “China”, 
“Taiwan”, “Hong Kong”, or “Macau”) were searched in title, 
abstract and key words to identify relevant studies in Medline 
and Cochrane. Chinese terms of  “voriconazole” and “infection 
” were employed in the three Chinese databases namely CNKI, 
Wanfang and VIP. Both Chinese and English search terms were 
used for Airiti library and Periopath. The language of  searched 
studies was limited to English and Chinese. Given that IFI is a 
broad disease term that some published studies might be specific 
to certain fungal infections under IFI, we used the search terms 
‘infection’, ‘voriconazole’ and ‘caspofungin’ in order not to miss 
any relevant studies in our searches. Each abstract identified in the 
search was reviewed independently by 2 researchers. After irrel-
evant abstracts were filtered out, full text manuscript was further 
reviewed to determine the eligibility of  a study for inclusion. Edi-
torials notes, comments, letters, case reports, studies not on effi-
cacy and safety of  variconazole and caspofugin, such as pharma-
cokinetics, pathology, epidemiological and economic evaluation, 
were excluded. Studies investigating voriconazole or caspofungin 
alone, instead of  both of  them, were also excluded.

Manuscripts that met the inclusion and exclusion criteria above 
were retained and reviewed to extract the reported efficacy and 
safety endpoints for voriconazole and caspofungin respectively. 
Study identifiers, subject demographics, study design including 
total sample size, sample size in each arm, length of  follow-up 
and numerical results for each study endpoint were also extracted. 
A third researcher was involved when there was disagreement in 
either the abstract filtration or manuscript review phases. 

The Jadad scale was employed for assessment of  methodological 
quality of  the included RCTs on their study design, proportion of  
randomization, status and method of  double-blinding, and loss 
of  follow-up [8]. The study quality was considered high if  the 
Jadad score was higher than 2; otherwise the study quality was 
considered low. 

Modified Newcastle-Ottawa scale was employed for assessing the 
quality of  the included observational studies [9, 10]. The assess-
ment covered areas such as the study subject selection and com-
parability. The original Newcastle-Ottawa scale is a general tool 
and is neither disease nor treatment specific. We thus modified the 
scale to be applicable for the clinical studies of  IFI.

Results

A total of  12 studies were eligible and included for full-text manu-
script review. Among 298 identified articles, 162 duplicates were 
removed. Another 116 and 8 articles were discarded for different 
reasons during abstract filtration and full-text manuscript review 
phases, respectively (Figure 1). 

Among the 12 identified articles of  IFI among Chinese popula-
tion, 2 were RCTs comparing voriconazole and caspofungin on 
efficacy and safety. The remaining 10 were observational studies 
with both voriconazole with caspofungin included as study arms. 
Table 1 lists the key results from the selected manuscripts. 

Efficacy definitions recommended in different local guidance doc-
uments were used in 7 of  these 12 studies. The definitions stated 
in the “Clinical Research Guideline of  Antibacterial Agents” is-
sued by the Ministry of  Health of  People’s Republic of  China 
[11] were used in 5 of  the studies [12-16] and the 2 studies [13, 
14] referred to the definitions recommended in the “Therapeutic 
Evaluation Standard of  Invasive Fungal Disease” issued by Chi-
nese Invasive Fungal Infection Working Group (CIFIWG) [15]. 
The other 5 studies did not specify clearly the efficacy definitions 
used [16]. In MoH guidelines, an effective treatment is defined for 
outcomes ‘cured’ and ‘markedly improvement’. For simplicity of  
comparison across the studies, we considered outcomes of  ‘com-
plete response’ and ‘partial response’ stated in guidance issued by 
CIFIWG for the definition of  an effective treatment in studies 
that reported these efficacy outcomes.

Study Design and Population

Study subjects with confirmed IFI diagnosis were investigated in 
the two RCTs with total sample size of  82 and 200. A follow-up 
period of  7 days was reported in Fu et al. (2014) [20]. No study 
duration was mentioned in Wu et al. (2014) [21]. 

A total of  10 observational studies compared monotherapy of  
voriconazole with caspofungin among Chinese IFI population. 
Among the 10 observational studies, a sample size ranging from 
30 to 300 patients were reported, comparing the efficacy and 
safety of  voriconazole, caspofungin and other antifungal agents. 
Three of  these studies did not report any dosing or regimen in-
formation of  the antifungal agents received by the patients [17, 
22]. Dosing regimens of  some but not all the studied antifungal 
agents were reported in Mai (2009) [16]. Only 5 studies reported 
a study duration that ranged from 2 days to greater than 50 days 
[13, 15, 18, 22]. Although the primary disease of  investigation 
was IFI for these identified studies, study populations in 7 stud-
ies were reported to have underlying hematological malignancies 
including leukemia and multiple myeloma [12-14, 16, 17, 20, 21]. 
The study populations in the other 5 studies were reported to 
have other comorbidities including COPD, tumor, diabetes and 
pulmonary infection. Adult patients were the study subject in all 
studies except for Song et al., 2010 [13] which investigated the an-
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Number of  papers found through database searches
Total N = 298

MEDLINE n = 12
Cochrane n = 1
CNKI n = 92

Wanfang n = 95
VIP n = 88
Airiti n = 8

PerioPath n = 2

Discarded duplicates based on 
citation n = 162

Citations Screened at abstract level
 n = 136 Excluded after abstract review (Duplicate abstract, Inappropriate 

study type, Inappropriate intervation, Inappropriate population, 
Wrong disease area, Not published full text manuscripts, Not in 

English/Chinese language, Outcomes not of  interest)
n=116

Detailed Screening of  articles
n = 20

Articles eligible for inclusion
n=12

Excluded from review (inappropriate intervention, 
Outcomes not of  interest)

n = 8

Author, Year Sample 
Size  (V/C)

Efficacy results P value
 (χ2 test) Follow-up Duration

Endpoints V C

Huang et al., 2009 8/4 Effective treatment rate 75% 75% P=0.493* Standard treatment duration without 
reporting exact duration

Li et al., 2011 8/6 Effective treatment rate 87.5% 50% p >0.05* Unknown

Zhang 2011 51/30
Effective treatment rate 23.5% 30% P=0.4388**

Unclear but more than 7 days
Mortality rate 19.6% 30% P=0.2865**

Zhao et al., 2008 31/17
Effective treatment rate 77.4% 64.7% P=0.294* Standard treatment duration without 

reporting exact durationMortality rate 13% 29% NR

Chen et al., 2008 7/7 Effective treatment rate 100% 100% NR Unknown

Feng 2012 86/15
Effective treatment rate 59.3% 75% NR

2 to 57 days
Mortality rate 19.8% 13.3% NR

Feng et al., 2011 12/7
Effective treatment rate 66.7% 57.1% NR

28 days
Mortality rate 0% 14.3% NR

Mai 2009 19/6
Effective treatment rate 68.4% 50% P=0.600* Standard treatment duration without 

reporting exact durationMortality rate 26% 32% NR

Song et al. 2010 12/4
Effective treatment rate 83.3% 50%

NR 16 to 21days
Mortality rate 16.7% 50%

Qi 2010 49/23 Effective treatment rate 71.4% 34.8% NR 7 to 50 days

Figure 1: PRISMA diagram of  studies selection

Table 1: The efficacy results in the reviewed observational studies

*χ2 test was conducted between multiple groups
**χ2 test was conducted between two group of  voriconazole and caspofungin

V: Voriconazole arm; C: Caspofungin arm; NR: not reported 
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tifungal treatments in children with leukemia [15, 18, 22]. Among 
all 12 studies, 7 reported pulmonary fungal infection [15, 16, 18, 
21] while 3 studies reported mixed infection sites [12-14]. Two 
studies did not mention any information on the site of  infection 
[17, 20]. 
Efficacy

Compared to patients treated with caspofungin, a higher effec-
tive treatment rate was reported for patients treated voriconazole 
(90% vs. 80%) in Fu et al (2014) [20]. In contrast, a lower treat-
ment rate was reported in the RCT by Wu et al (2014) [21] for 
patients treated with voriconazole, although the difference was 
small (71.4% vs. 74.1%). None of  these RCTs reported a mortal-
ity rate. The Fu et al (2014) [20] study did not state the definition 
of  ‘effective treatment’ used as the efficacy endpoint. 

A higher effective treatment rate was reported for patients treated 
with voriconazole than caspofungin (66.7 to 87.5% vs. 34.8 to 
64.7%) in 6 of  the 10 observational studies [13-17, 22]. Same rates 
were reported in two studies (75% vs. 75% and 100% vs. 100%) 
[12]. Lower rates in 2 studies (23.5% vs. 33.3% and 59.3% vs. 
75%) [18]. 

In terms of  mortality, a lower rate was observed among patients 
treated with voriconazole than those who were treated with 
caspofungin (0 to 26% vs. 14.3 to 50%) in the studies that report-
ed mortality rates. The exception was Feng et al. (2012), which 
reported a mortality rate of  19.8% vs. 13.3% for voriconazole and 
caspofungin, respectively.  

Safety

Only one RCT reported the proportion of  patients who expe-
rienced adverse events such as liver function abnormalities, re-
nal or urinary abnormalities and visual hallucination [21]. Lower 
rates were observed for renal or urinary abnormalities (18% vs. 
22%) and visual hallucination (7% vs. 11%) in voriconazole arms 
compared to caspofungin arms. A total of  7 patients who were 
treated with voriconazole (n=28) experienced liver function ab-
normalities, but none was reported for those who were treated 
with caspofungin (n=27) [21]. 

Among 10 observational studies, 3 reported overall adverse event 
rates, ranging from 5% to 21% in voriconazole arms and 3% to 
13% in caspofungin arms [15, 18]. All of  these 10 studies report-
ed similar key adverse events experienced by the patients. Five 
studies reported liver function abnormalities (3% to 17%) among 
patients treated with voriconazole [12, 14-16, 18]. Similar hypoka-
lemia rates of  23% to 26% [12, 14, 16] and visual hallucination 
rates of  5% to 10% [13, 14, 16] were reported for patients treated 
with voriconazole across the 3 of  the 10 observational studies. 
None of  the three types of  adverse events was reported for pa-
tients treated with caspofungin. Inconsistent gastrointestinal re-
lated adverse event rates were observed (8% vs. 0%; 7% vs. 15%; 
16% vs. 17%) for voriconazole arms compared to caspofungin 
arms in 4 studies [12, ,14, 16, 18]. 

Quality assessment

By Jadad scoring standard, both the RCTs were given with a score 
of  1, indicating poor study quality [20, 21]. There was no or in-
sufficient description of  randomization, blinding and dropouts 
in these two studies. Nor did the studies report withdrawal or 

dropouts. 

Based on the modified Newcastle-Ottawa scale, the average score 
of  the 10 cohort based observational studies was 7. Most of  these 
observational studies (8/10) did not conduct study group com-
parability assessment. Only 2 studies illustrated or analyzed any 
possible impact of  other factors on the study results of  efficacy 
or safety of  treatments [17, 18]. Incomparable study design and 
unclear or no reporting on loss or withdrawal during follow-up 
were the main issues found in study quality assessment across a 
number of  studies [12, 15, 22]. 

Discussion

In the past 10 years, a total of  12 clinical studies have been pub-
lished investigating the effectiveness of  voriconazole and caspo-
fungin in managing IFI among the Chinese population. However, 
there were only 2 RCT studies and their quality was low based 
on the Jadad assessment tool. All the remaining identified studies 
were retrospective of  observational studies with fairly good qual-
ity, as assessed by modified Newcastle-Ottawa scale. 

At present, there is neither a randomized clinical trial nor meta-
analysis directly comparing the efficacy of  voriconazole to caspo-
fungin in the international medical literature of  Pubmed. Howev-
er, voriconazole was reported to have similar therapy response but 
lower mortality rate compared with caspofungin in the treatment 
of  invasive aspergillosis for patients with haematological malig-
nancies in a recent retrospective study from USA [17]. Neverthe-
less, the IFI risk was lower in patients having voriconazole treat-
ment than in patients having caspofungin treatment with respect 
to IFI prophylaxis in neutropenic patients with haematological 
malignancies in one mixed treatment comparison study [18]. 

In clinical practice, patients treated with voriconazole are closely 
monitored for adverse reactions such as visual disturbance and 
liver function abnormality. These reactions were commonly re-
ported in clinical studies. However, those side effects were usually 
mild and transient [19]. Even though the risk elevation of  liver 
enzymes and liver injury were higher in the treatment of  vori-
conazole than caspofungin according to one meta-analysis, the 
elevation of  liver enzymes was reversible and rarely led to discon-
tinuation of  voriconazole treatment [20]. 

Despite equal efficacy assumption was used in a number of  eco-
nomic evaluation analyses comparing voriconazole with caspo-
fungin in invasive fungal infection treatment [21, 22], a trend of  
higher effective treatment rate was observed in the current review. 
However, only 5 of  the studies reported a p-value or 95% confi-
dence interval for these comparisons and none of  them reported 
statistical significance [12, 14, 16-18]. Similarly, a non-significant 
trend of  lower mortality rate was observed among patients treated 
with voriconazole compared to those treated with caspofungin. 

These comparisons should be interpreted with caution as there 
were a number of  limitations of  this review. First, the sample 
size of  each study was relatively small and 4 studies had unclear 
follow-up duration [13, 15, 22]. Secondly, using the Jadad scale, 
the quality of  the RCTs was low. In addition, the rather diverse 
study populations should be highlighted. Presence of  different 
comorbidities or underlying conditions such as hematological ma-
lignancies, COPD, tumor, diabetes, pulmonary infection and etc., 
were reported in the included studies. Besides the infection sites, 
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most of  studies included in this review reported IFI as a single 
pulmonary lesion while a few claimed multiple infection sites. The 
use of  different efficacy definitions utilized by different entities 
across these studies was another concern for deriving combined 
results from these studies. Besides, more studies could have been 
included in this review if  a wider scope e.g. inclusion of  studies 
on other antifungal was considered. 

Given the above considerations, further meta-analysis is not rec-
ommend due to the small number of  studies with each having a 
relatively small and diverse study sample. Based on our findings in 
quality assessments of  the reviewed studies, we recommend bet-
ter designed RCTs or observational studies of  sufficient sample 
size to further investigate the efficacy and safety of  these two and 
other antifungal agents in the context of  local clinical practice of  
IFI in China.

Conclusion

A trend of  higher effective treatment rates and lower mortality 
rates were observed for voriconazole compared to caspofungin 
in published clinical studies on Chinese patients with IFI. This 
result needs to be interpreted with caution, due to inconsistencies 
in sample demographics, efficacy definitions, reporting of  results 
and small sample size. 
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