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Abstract

Background: This study aims to comprehensively summarize the currently available evidences on the efficacy and safety of
gemcitabine plus erlotinib for treating advanced pancreatic cancer.

Methodology/Principal Findings: PubMed, EMBASE, The Cochrane Library and abstracts of recent major conferences were
systematically searched to identify relevant publications. Studies that were conducted in advanced pancreatic cancer
patients treated with gemcitabine plus erlotinib (with or without comparison with gemcitabine alone) and reporting
objective response rate, disease control rate, progression-free survival, time-to-progression, overall survival, 1-year survival
rate and/or adverse events were included. Data on objective response rate, disease control rate, 1-year survival rate and
adverse events rate, respectively, were combined mainly by using Meta-Analyst software with a random-effects model. Data
on progression-free survival, time-to-progression and overall survival were summarized descriptively. Sixteen studies
containing 1,308 advanced pancreatic cancer patients treated with gemcitabine plus erlotinib were included. The reported
median progression-free survival (or time-to-progression), median overall survival, 1-year survival rates, objective response
rates and disease control rates were 2–9.6 months, 5–12.5 months, 20%–51%, 0%–28.6% and 25.0%–83.3%, respectively.
The weighted 1-year survival rate, objective response rate and disease control rate based on studies reporting robust results
were 27.9%, 9.1% and 57.0%, respectively. According to the studies with relevant data, the incidences of total and severe
adverse events were 96.3% and 62.9%, respectively. The most frequently reported adverse events were leucopenia, rash,
diarrhea, vomitting, neutropenia, thrombocytopenia, anaemia, stomatitis, drug-induced liver injury, fatigue and fever.
Compared with gemcitabine alone, the progression-free survival and overall survival with gemcitabine plus erlotinib were
significantly longer, but there were also more deaths and interstitial lung disease-like syndrome related to this treatment.

Conclusions/Significance: Gemcitabine plus erlotinib represent a new option for the treatment of advanced pancreatic
cancer, with mild but clinically meaningful additive efficacy compared with gemcitabine alone. Its safety profile is generally
acceptable, although careful management is needed for some specific adverse events.
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Introduction

As a highly malignant disease, pancreatic cancer is the eighth,

fourth and fifth leading cause of cancer-related deaths in the

world, the United States and Europe, respectively [1–5]. More

than 80% of the new cases have either locally advanced or

metastatic disease, which is often referred to as advanced

pancreatic cancer (APC), at the time of diagnosis [1,6]. Without

treatment, the length of survival with APC is only about 2 to 4

months [7]. Gemcitabine (GEM), a nucleoside analog under the

trade name ‘‘Gemzar’’, is effective in the treatment of APC in

terms of both response rate and median overall survival [8].

However, the benefit it brings is modest, and it does not improve

the dismal prognosis much, with a median overall survival of less

than 6 months [8].

Various cytotoxic chemotherapy drugs such as 5-fluorouracil,

cisplatin, oxaliplatin, irinotecan, pemetrexed and capecitabine, in

combination with GEM, have been investigated as alternative

options for the treatment of APC. However, they failed to improve

the overall survival of patients significantly, although the

progression-free survival, time-to-progression and/or objective

response rate could be increased to varying degrees [9–14].

Hence, there is a continuous need for more effective drugs that can
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be used alone or together with existing chemotherapies to further

improve the prognosis of APC.

Erlotinib (ERL) is a tyrosine kinase inhibitor of epidermal

growth factor receptor [15,16]. As accumulating evidences suggest

that over-expression of epidermal growth factor receptor relates to

poor prognosis of pancreatic cancer [17–20]_ENREF_17, erloti-

nib has been considered as promising for treating APC in recent

years. Moore et al [21] firstly demonstrated significantly improved

outcomes by GEM/ERL combination therapy as compared with

GEM alone in their study in 2007. After that, ERL was approved

by US FDA for the treatment of APC. Later on, more studies

[22,23] were carried out to examine the efficacy of the GEM/ERL

regimen. While the objective response rates, overall survivals, etc.

differed in a wide range. The rates and severity of adverse events

also varied greatly among studies. Notably, some extremely severe

adverse events such as treatment-related death [21,22,24,25] and

gastrointestinal perforation [26] were reported.

As far as we know, there is lacking of a comprehensive summary

on these issues. Therefore, we conducted this systematic review of

the currently available studies (with or without comparison with

GEM alone) to obtain a full view of the efficacy and safety profile

of GEM/ERL for treating APC.

Materials and Methods

Literature Search
PubMed, EMBASE and The Cochrane Library were system-

atically searched in March 2012, without restrictions on language,

to identify relevant publications. The detailed search strategy was

described in Appendix S1. Briefly, both the MeSH terms and

various text words for ‘pancreatic cancer’ were used in combina-

tion with those for ‘erlotinib’. The literature search was limited to

‘‘human studies’’. We also reviewed recent conference abstracts of

American Society of Clinical Oncology and European Society of

Medical Oncology to identify ‘grey literature’. All potentially

relevant studies were retrieved and their references were checked

to see if there were additional eligible studies.

Study Selection
To summarize the efficacy and safety profile of GEM/ERL

therapy, studies meeting all of the following criteria were

considered eligible to be included in the present review: 1)

patients: APC; 2) treatment: GEM/ERL at any line; 3) outcomes:

one or more of the following: objective response rate (the sum of

complete response and partial response), disease control rate (the

sum of complete response, partial response and stable disease),

progression-free survival, time-to-progression, overall survival, 1-

year survival rate and adverse events; 4) study design: single-arm

retrospective or prospective study, which means that the GEM/

ERL-treated arm of a randomized controlled trial could also be

eligible. For the comparison of GEM/ERL with GEM alone, only

randomized controlled trials were included, with the above-

mentioned criteria 1,3 remaining unchanged.

When the same patient population was studied in more than

one publication, only the one with most relevant data was included

in this review. Two investigators independently reviewed the

‘‘potentially eligible’’ studies and then cross-checked their results.

Disagreements between them were resolved by discussion.

Unsettled disagreements were referred to a third expert for final

decision.

Data Extraction
The following data were extracted from included studies

independently by two investigators: first author’s name, year of

publication, study design, number of patients treated by GEM/

ERL, age (median and range) of patients, percentage of male

patients, performance status of patients, regimen of GEM/ERL,

line of treatment, number and rate of objective response, number

and rate of disease control, progression-free survival, time-to-

progression, overall survival, 1-year survival rate, number and rate

of each type of adverse events stratified by severity, and hazard

ratio for the comparison of progression-free survival, time-to-

progression or overall survival of GEM/ERL-treated patients with

that of patients receiving GEM alone. We also extracted the results

about potential predictive factors for the outcomes of GEM/ERL

treatment from randomized controlled trials that assessed the

treatment effect of GEM/ERL and conducted subgroup analyses

according to different statuses or levels of the suspected factors,

which allows the test for treatment-by-factor interaction.

Statistical Analysis
The objective response rates, disease control rates and 1-year

survival rates, respectively, were meta-analyzed by using the Meta-

Analyst software with the random-effects model [27,28]. The

statistical heterogeneity among studies was assessed by the

Cochran’s Q-test and the I2 statistic [27,29]. A P value #0.10

for the Q-test or an I2.50% was suggestive of substantial between-

study heterogeneity. Subgroup analyses according to the dosage of

GEM/ERL and study design features were conducted to explore

the potential source of the heterogeneity. The progression-free

survival, time-to-progression and overall survival with GEM/ERL,

the comparison of them with their counterparts in patients treated

with GEM alone and the results about potential predictive factors

for GEM/ERL treatment were summarized descriptively due to

inappropriateness for meta-analysis (see below). The adverse

events rates from different studies were combined by simply

summing up the events and totals, respectively, to produce rough

estimates of the overall rates. Egger’s funnel plots [30] were

initially planned to be employed but eventually not used to assess

the possibility of publication bias, due to either the limited number

of studies included for meta-analysis or the significant heteroge-

neity among studies [31]. No protocol of the present review has

been published or registered.

Results

Literature Search and Study Characteristics
The flow of study selection is demonstrated in Figure 1. Initially,

526 references were identified from PubMed, EMBASE and The

Cochrane Library; 67 relevant conference abstracts were obtained

by hand search of the websites of American Society of Clinical

Oncology and European Society for Medical Oncology. After

careful selection, a total of 16 eligible studies with 1,308 patients

were included for our analysis.

Table 1 summarizes the basic characteristics of the included

studies. Five of them were the GEM/ERL-treated arms of

randomized controlled trials, one trial comparing GEM/ERL

with GEM alone. In addition, there are nine single-arm trials and

two retrospective patient series. The sample sizes of included

studies ranged from 15 to 301. Most studies were conducted in

Europeans and North Americans, only two in Asian populations

(Japanese and Chinese). The median ages of patients in these

studies were similar, which were around 61 to 66 years. Male

accounted for 48%–65% of all subjects. Patients’ performance

status before treatment was either over 60% by Karnofsky

performance score or less than 2 by Eastern Cooperative

Oncology Group performance score.
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GEM/ERL were given as first-line therapy to APC in all studies

that reported relevant information. ERL was administered at the

recommended dosage of 100 mg/day in 10 studies, 100–150 mg/

day in three studies and 150 mg/day in the remaining three ones.

Dosages of GEM varied from the mostly used and recommended

1000 mg/m2 to the investigational 2500 mg/m2. ‘‘Weekly for the

first 3 weeks in a 4-week cycle’’ is the relatively common mode of

administration interval. Tumor responses and the grades of

adverse events were evaluated according to the Response

Evaluation Criteria In Solid Tumors and National Cancer

Institute Common Terminology Criteria, respectively, in all

studies that specified these issues.

Objective Response Rate
Objective response rates were reported in 12 studies [6,21–

24,26,32–37], ranging from 0% to 28.6% with significant

between-study heterogeneity (P = 0.003, I2 = 37.8%). The com-

bined objective response rate estimated by the random-effects

model was 12.9% (95% CI 9.4%–17.5%) (Figure 2).

Subgroup analyses were conducted to explore the potential

sources of heterogeneity according to the GEM/ERL dosage,

study design and sample sizes. As a result, the heterogeneity

sustained within most subgroups (Table 2). In the ERL 100 mg/

day plus GEM 1000 mg/m2 group (i.e. the recommended dosages

for the combination use of them), the objective response rates

ranged from 8.6% to 25.9% [26,32,34,36]. Interestingly, the

heterogeneity was significantly reduced within the subgroups

Figure 1. Flow chart of study selection.
doi:10.1371/journal.pone.0057528.g001
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defined by study design and sample size, i.e. retrospective small

studies, prospective small studies and prospective large studies.

The combined objective response rates for the three subgroups

were 14.8%, 16.9% and 9.1%, respectively (Figure 2, Table 2).

Disease Control Rate
Disease control rates were reported in 12 studies [6,21–

24,26,32–37], ranging from 25.0% to 83.3%. Significant hetero-

geneity was detected among studies (P = 0.038, I2 = 31.6%). The

combined disease control rate was 55.3% (95% CI 50.3%–60.1%)

(Figure 3).

The results of subgroup analyses (Table 2) indicated that the

between-study heterogeneity cannot be satisfactorily explained by

dosages or methodological characteristics. In the ERL 100 mg/

day plus GEM 1000 mg/m2 group, the disease control rates

ranged from 34.6% to 58.5%. Again, however, the results

produced by large prospective studies were quite consistent, with

a combined disease control rate of 57.0% (95% CI 53.4%–60.5%;

heterogeneity test: P = 0.340, I2 = 0,) (Figure 2, Table 2).

Progression-Free Survival or Time-To-Progression
Progression-free survivals were reported in 10 studies [21–

26,34,35,37,38], the median of which ranged from 2.0 to 9.6

months (mostly less than 5 months). Time-to-progression was

reported in two studies [6,32], the median values being 5 and 5.5

months, respectively.

Survival
Thirteen studies [6,21–26,32,34–37,39] reported data on the

overall survival of GEM/ERL-treated patients, with a median of 5

to 12.5 months. One study reported a 6–month survival rate of

53% [37]. One-year survival rates were reported in seven studies

[6,21,22,32,34,35,37], ranging from 20% to 51% (mostly below

35%), with no significant heterogeneity among them (P = 0.120,

I2 = 27.7%). The combined rate by random-effect model was

27.9% (95% CI 23.0%–33.3%) (Figure 4).

Toxicity
Data on the adverse events of GEM/ERL treatment were

available in 14 studies [6,21–26,32–34,36–38,40]. In total, 45

types of adverse events involving different systems of the human

body were reported (for full details, see Appendix S2). Three

studies reported the total adverse event rates [21,22,36], which

were about 96.3% (Table 3). The incidence of severe adverse

events could be as high as 62.9%. The most commonly reported

(defined by the number of studies with relevant data) adverse

events were hematologic (anaemia [30.6%], leucopenia [71.2%],

neutropenia [32.9%], thrombocytopenia [32.4%]), dermatologic

Figure 2. Forest plot of meta-analysis on objective response rates. Legends: Group A: retrospective small studies; Group B: prospective small
studies; Group C: prospective large studies.
doi:10.1371/journal.pone.0057528.g002
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(rash [57.9%]), gastrointestinal (diarrhea [47.0%], vomiting

[35.8%], stomatitis [24.8%]), hepatobiliary (drug-induced liver

injury) and some non-specific syndromes such as asthenia/fatigue

(33.7%) and fever (29.0%) (Table 3). Other severe or clinically

significant adverse events included treatment-related deaths

(2.1%), gastrointestinal perforation (1.4%) and interstitial lung

disease-like syndrome (2.5%), although they were low in incidence

and were reported by few studies.

Comparison of GEM/ERL with GEM Alone
Among the randomized controlled trials we identified, only

Moore et al [21] examined the benefit introduced by the addition

of ERL to GEM. The objective response rates in GEM/ERL and

GEM/placebo arms were 8.6% and 8.0%, respectively, and

disease control rates were 57.5% and 49.2%, respectively, both

differences statistically insignificant. However, progression-free

survival (3.75 vs. 3.55 months, HR = 0.77, 95% CI 0.64–0.92),

overall survival (6.24 vs. 5.91 months, HR = 0.82, 95% CI 0.69–

0.99) and 1-year survival rate (23% vs. 17%) were all significantly

better in GEM/ERL arm than in GEM/placebo arm. As for

toxicities, patients treated with GEM/ERL had higher frequencies

of rash, diarrhea, infection and stomatitis, although all of these

were at Grade 1/2. Moreover, interstitial lung disease-like

syndrome (7 vs. 1) and protocol-related deaths (6 vs. 0) were

much more in the GEM/ERL arm than in GEM/placebo arm.

Factors Predictive of the Outcomes of GEM/ERL
Treatment

Two randomized controlled trials [21,26] evaluating the effect

of GEM/ERL tried to identify potential predictive factors for

efficacy of the treatment by conducting subgroup analyses

according to different statuses or levels of these factors. Moore

et al [21] found that in patients with one of the following

characteristics GEM/ERL treatment significantly improved the

overall survival as compared with GEM alone, whereas in patients

without the characteristics the treatment efficacy was not

significant: age #65 (vs .65), Eastern Cooperative Oncology

Group performance score = 2 (vs 0 or 1), male (vs female), pain

score #20 (vs .20) and distant metastatic (vs locally advanced).

The treatment efficacy did not differ according to the expression

status of epidermal growth factor receptor. Van Custem et al [26]

found that the efficacy of GEM/ERL in terms of overall survival

was significantly worse than bevacizumab in combination with

GEM/ERL among patients with baseline C-reactive protein .1.4

(vs #1.4), baseline lactate dehydrogenase.upper limit of normal

(vs # upper limit of normal) or primary tumor located in pancreas

Table 2. Results of subgroup analyses for objective response rate and disease control rate.

Outcomes and subgroups No. of studies Weighted estimates (%) Heterogeneity test

Objective response rate

1. Dosage of gemcitabine

1000 mg/m2 8 10.5 (8.1–13.5) I2 = 20.8%, P = 0.180

.1000 mg/m2 4 19.3 (10.4–32.9) I2 = 36.3%, P = 0.067

2. Dosage of erlotinib

100 mg/d 7 13.6 (8.9–20.2) I2 = 40.5%, P = 0.005

.100 mg/d 5 11.6 (6.3–20.2) I2 = 34.3%, P = 0.073

3. Combination

Gemcitabine 1000 mg/m2+ erlotinib 100 mg/d 4 8.6 (5.9–12.4) I2 = 42.6%, P = 0.008

Other 8 13.3 (7.9–21.4) I2 = 39.5%, P = 0.005

4. Study design and sample size

Retrospective small studies 4 14.8 (8.0–25.7) I2 = 27.1%, P = 0.159

Prospective small studies 5 16.9 (9.7–27.8) I2 = 32.6%, P = 0.092

Prospective large studies 3 9.1 (7.2–11.4) I2 = 0%, P = 0.443

Disease control rate

1. Dosage of gemcitabine

1000 mg/m2 8 55.3 (50.8–59.8) I2 = 23.9%, P = 0.151

.1000 mg/m2 4 53.7 (37.8–68.9) I2 = 41.3%, P = 0.017

2. Dosage of erlotinib

100 mg/d 7 52.5 (44.9–55.9) I2 = 39.1%, P = 0.010

.100 mg/d 5 58.0 (53.0–62.8) I2 = 0%, P = 0.364

3. Combination

Gemcitabine 1000 mg/m2+ erlotinib 100 mg/d 4 52.5 (45.3–59.7) I2 = 34.9%, P = 0.083

Other 8 57.4 (49.9–64.6) I2 = 31.7%, P = 0.066

4. Study design and sample size

Retrospective small studies 4 55.3 (40.6–69.2) I2 = 38.2%, P = 0.046

Prospective small studies 5 52.3 (43.6–60.8) I2 = 32.7%, P = 0.077

Prospective large studies 3 57.0 (53.4–60.5) I2 = 0%, P = 0.340

doi:10.1371/journal.pone.0057528.t002
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tail (vs body or head), but did not differ much according to sex,

age, race, Karnofsky performance score and other laboratory

indexes.

Discussion

The present systematic review provides a comprehensive

overview of current evidences on the efficacy and safety and

GEM/ERL treatment for APC. Although there existed significant

heterogeneity in the overall meta-analyses of objective response

rate and disease control rate, results from large prospective studies

were consistent, which strengthened the robustness of our

conclusion.

GEM was once used as a monotherapy for APC. As reported by

previous studies, the objective response rate of patients treated by

GEM alone varied from 4.4% to 23.8%, and the disease control

rate could be up to 48.4% [8,10,12]. The progression-free survival

or time-to-progression with GEM is about 2.2 to 4 months, mainly

around 3 to 4 months, and the corresponding overall survival is

about 5.4 to 8.2 months, mostly 5.4 to 7 months, with a 1-year

survival rate of 18% to 37.2% [8,9,41].

According to this systematic review, the objective response rate

in GEM/ERL-treated APC patients varied from 0 to 28.6%, with

a weighted estimate of 9.1% based on three large prospective

studies. The disease control rate reported by existing studies

ranged from 25% to 71%, mostly around 50%–60%, with a

weighted estimate of 55.3%, which is consistent with the results

from the three large prospective studies. The progression-free

survival or time-to-progression after GEM/ERL is about 2.0 to

9.6 months, mostly 3–5 months, and the overall survival varied

from 5 to 12.5 months, with the 1-year survival rates ranging from

20%–51% (weighted mean 27.9%).

Based on the above data, it seems that the objective response

rate and disease control rate with GEM/ERL and those with

GEM alone are not much different from each other. This is

consistent with the study of Moore et al which directly compared

GEM/ERL with GEM alone and found no significant differences

in terms of objective response rate and disease control rate.

However, studies have shown that objective response rate was not

a good predictor for the most important clinical outcome, i.e.

survival. For example, the 1-year survival rate of patients with a

relatively low objective response rate could be fairly high [42,43].

According to the ranges reported by existing studies as

mentioned above, the progression-free survival/time-to-progres-

sion and overall survival with GEM/ERL seemed to be slightly

better than those with GEM monotherapy. This is also consistent

with the results from the direct comparison of GEM/ERL with

GEM alone conducted by Moore et al, which showed that the

Figure 3. Forest plot of meta-analysis on disease control rates. Legends: Group A: retrospective small studies; Group B: prospective small
studies; Group C: prospective large studies.
doi:10.1371/journal.pone.0057528.g003
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progression-free survival and overall survival after GEM/ERL

treatment were both statistically significantly longer than those

with GEM alone [21], although the absolute improvements in

median progression-free survival and overall survival were only

about 0.2 and 0.3 months, respectively. Similarly, the 1-year

survival rate of patients treated by GEM/ERL was slightly, but

statistically significantly higher than that after GEM monotherapy

[21].

For clinicians and patients faced with options of GEM/ERL or

GEM in combination with other chemotherapy drugs, it would be

of interest to know whether the two kinds of treatments are equally

effective and safe. According to published studies that have

investigated the efficacy of GEM plus other chemotherapies, the

objective response rates varied from 6.9% to 26.8%, disease

control rates from 46% to 70.4%, overall survivals from 6.3 to 9.5

months and 1-year survival rates from 21.4%–34.8%, all of which

seemed to be similar with the efficacy of GEM/ERL [9–

12,41,44,45]. The progression-free survival with GEM plus other

chemotherapies ranged from 3.4 to 5.8 months [9,11], seemingly

slightly better than that with GEM/ERL. However, few studies

have directly compared the two kinds of treatment in a single trial.

A retrospective multivariate matched pair analysis conducted by

Stuebs et al compared GEM/ERL with GEM in combination

with docetaxel for the treatment of APC [36]. They observed no

advantages of one treatment over the other and concluded that

‘‘both treatment options can be applied safely and effectively with

a moderate toxicity profile as first-line treatment’’.

The adverse events rate of GEM/ERL is quite high, which not

surprising in the realm of cancer chemotherapy. The only one

randomized controlled trial [21] comparing GEM/ERL with

GEM alone found that there were more treatment-related deaths

and interstitial lung disease-like syndrome in the GEM/ERL arm

(although the incidence rate is low), warranting close monitoring.

Interestingly, some studies have found that the severity of some

adverse events were associated with prognosis. For example,

Moore et al and Aranda et al prospectively confirmed that

patients with grade $2 rash had significantly longer progression-

free survival and overall survival than did those with grade ,2

rash; the objective response rate and disease control rate were also

much higher in patients with grade $2 rash [21,22]. This

indicated that the presence of adverse events may not always be a

bad thing.

The present systematic review has some limitations. First, full-

text papers could not be identified for 7 (44%) of the included

studies [24,25,33,36–39], which precluded us from obtaining more

complete information on the treatment regimens and clinical

outcomes and from conducting more in-depth analysis. Second,

we did not conduct weighted meta-analysis of the results on

adverse events. Nevertheless, we believe that our overall conclu-

sions would not be affected much by the two issues, considering

Figure 4. Forest plot of meta-analysis on 1-year survival rates.
doi:10.1371/journal.pone.0057528.g004
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the relatively large dataset we have compiled and the consistent

results from large prospective studies. The third limitation has to

do with the potential predictive factors for GEM/ERL treatment.

Although it was found that some factors might predict the efficacy

of GEM/ERL treatment, evidences on this issue have been scarce,

inconsistent and were based on subgroup analyses that did not

deal with the possibility of ‘‘false positive’’ raised by multiple

testing. In addition, socioeconomic factors, nutrition and mental

statuses of patients might also influence the outcomes of GEM/

ERL treatment; however, due to lack of relevant data from the

included original studies, we were unable to examine their roles

which might be addressed by future studies.

In conclusion, GEM/ERL represent a new option for treating

APC, with mild but clinically meaningful additive efficacy

compared with GEM alone. The related adverse events are

generally acceptable, although careful management is needed for

several important and specific adverse events. Prognostic and

predictive factors for both efficacy and toxicity outcomes may be

warranted to be further studied.
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