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Abstract

Background The application of newer signaling pathway-
targeted agents has become an important addition to che-
motherapy in the treatment of advanced non-small cell lung
cancer (NSCLC). In this study, we evaluated the efficacy
and toxicities of PKC inhibitors combined with chemo-
therapy versus chemotherapy alone for patients with
advanced NSCLC systematically.

Patients and materials Literature retrieval, trials selec-
tion and assessment, data collection, and statistic analysis
were performed according to the Cochrane Handbook
5.1.0. The outcome measures were tumor response rate,
disease control rate, progression-free survival (PFS),
overall survival (OS), and adverse effects.

Results Five randomized controlled trials, comprising
totally 1,005 patients, were included in this study. Meta-
analysis showed significantly decreased response rate (RR
0.79; 95 % CI 0.64-0.99) and disease control rate (RR
0.90; 95 % CI 0.82-0.99) in PKC inhibitors-chemotherapy
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groups versus chemotherapy groups. There was no signif-
icant difference between the two treatment groups regard-
ing progression-free survival (PFS, HR 1.05; 95 % CI
0.91-1.22) and overall survival (OS, HR 1.00; 95 % CI
0.86—-1.16). The risk of grade 3/4 neutropenia, leucopenia,
and thrombosis/embolism increased significantly in PKC
inhibitors combination groups as compared with chemo-
therapy alone groups.

Conclusion The use of PKC inhibitors in addition to
chemotherapy was not a valid alternative for patients with
advanced NSCLC.

Keywords PKC inhibitor - Chemotherapy - Meta-
analysis - RCT - Non-small cell lung cancer

Introduction

Lung cancer is the leading cause of cancer-related mor-
tality worldwide [1]. Approximately 85 % of patients with
lung cancer have non-small cell lung cancer (NSCLC),
three-quarters of who present with locally advanced or
metastatic disease at the time of diagnosis [2]. Treatment
approaches to advanced and metastatic NSCLC vary
depending on patients’ life expectancy, overall status,
tumor characteristics, and patients’ preference. Platinum-
based doublet is the backbone of the first-line treatment for
advanced NSCLC, but the response rate is only less than
40 %, and a plateau in efficacy has been reached [3]. The
addition of newer signaling pathway-targeted agents to
current therapies may improve the clinical efficacy of
existing treatments.

Protein kinases C (PKC) are a family of serine/threonine
kinases, which are involved in cell proliferation, differen-
tiation, and apoptosis [4]. PKC overexpression and
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increased activity have been reported to be linked to many
cancers including NSCLC [4]. They affect tumor formation
and progression by virtue of their function as tumor pro-
moters that enhance the signaling cascade which influences
the fate of tumor cells [5]. Thus, inhibition of specific
isoenzymes of PKC may be a reasonable approach to
achieve therapeutic benefit. Within the last decade, several
small molecular weight inhibitors and antisense molecules
have been developed, targeting the calcium-dependent
classical isoforms of PKC, for the treatment of NSCLC,
such as bryostatin I [6], UCN-01 [7, 8], PKC412 [9],
LY90003 [10], LY317615 [11], aurothiomalate (ATM)
[12], and et al.

Preclinical experiments showed that PKC inhibitors
could potentiate the antitumor effects of many cytotoxic
agents [13]. Enzastaurin (LY317615), an oral PKC-B
inhibitor, combined with pemetrexed demonstrated syner-
gistic inhibition of NSCLC cell growth [14]. In clinical
studies, the combination of PKC inhibitors and platinum-
based regimens was well tolerated and showed promising
antitumor activities in the treatment of NSCLC [15, 16]. A
phase I/II trial of aprinocarsen (LY90003, a PKC-a anti-
sense oligonucleotides) in combination with gemcitabine
and cisplatin demonstrated a response rate of 33 % and
stable disease of 53 % in patients with advanced NSCLC
[16]. To date, several randomized controlled trials have
been published regarding the clinical efficacy and toxicities
of PKC inhibitors combined with various kinds of che-
motherapeutic regimens versus chemotherapy alone for
advanced NSCLC, but they have not reached a final con-
clusion systematically. Therefore, we performed a meta-
analysis to determine the outcomes of synthetic clinical
effect of PKC inhibitors combined with cytotoxic drugs in
the treatment of advanced NSCLC.

Methods
Literature retrieval

Electronic database PubMed, EMBASE, and the Cochrane
Library were searched using the following search strategy:
substance name term ‘7-hydroxystaurosporine’ or key-
words ‘UCN-01, Staurosporine, PKC inhibitor’; OR sub-
stance name term ‘PKC412’ or keywords ‘Staurosporine,
PKC inhibitor’; OR substance name term ‘aprinocarsen’ or
keywords ‘PKC alpha inhibitor, phosphorothioate oligo-
nucleotides, oligonucleotides antisense’; OR substance
name term ‘enzastaurin’ or keywords ‘LY317615.HCI,
PKC beta inhibitor’; OR substance name term ‘lestaurtinib’
or keywords ‘CEP-701, KT-5555, PKC inhibitor; OR
substance name term ‘ruboxistaurin’ or keywords ‘LY-
333531, arrxant, PKC beta inhibitor’; OR substance name
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term ‘gold sodium thiomalate’ or keywords ‘sodium au-
rothiomalate, gold thiomalic acid, aurothiomalate, PKC
iota inhibitor’; AND MeSH term ‘lung neoplasms’ or
keywords ‘lung tumor*, lung neoplasm*, lung cancer*’.
Conference abstracts presented at major meetings includ-
ing ASCO, ESMO, European Cancer Organization
(ECCO), and World Congress on Lung Cancer (WCLC)
were also searched. Elementary results were limited by
clinical trials in human beings published in English.

Inclusion and exclusion criteria

Studies meeting the following criteria were considered for
inclusion: randomized clinical trials (RCTs) published as
articles that compared PKC inhibitors plus chemotherapy
with chemotherapy alone for patients with recurrent or
metastatic NSCLC. When trials were published redupli-
catively, only the complete or the most recent ones were
included.

Data extraction

The following information was extracted in order to
understand the baseline of each included study: regimens,
number of patients, age, histology, region, performance
status of patients, stage of disease, line of treatment, and
previous treatments as well. The following items were
regarded as clinical endpoints in our analysis: survival
endpoints in terms of tumor response rate, disease control
rate, progression-free survival (PFS), and overall survival
(OS); toxicity endpoints in terms of grade 3/4 hematologic
laboratory abnormalities and grade 3/4 general non-hema-
tologic toxicities. The grade of toxicities was assessed by
Common Toxicity Criteria v2.0 of National Cancer Institute.

Quality assessment

The risk of bias in each trial was assessed according to
Cochrane methodology, considering randomization, allo-
cation concealment, blinding, loss of follow-up, dropout,
and other biases. Overall quality of RCTs was graded as A,
B, or C as follows: A, Minimization of bias in all categories
above; B, each of the criteria in A was partially met; and C,
one or more of the criteria in A was not met. Once high risk
of bias was established, individual study characteristics
were examined or subgroup analyses were performed to
explain potential causes.

Statistical methods
Statistical analysis was performed, and forest plots were

generated using version 5.3 of Review Manager. Risk
ratios (RR) and their 95 % confidence intervals (Cls) were
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calculated for tumor response rate, disease control rate, and
side effects endpoints as dichotomous outcomes. Hazard
ratios (HR) were summarized, and their corresponding
standard errors were computed to analyze the time-to-event
data as generic inverse variance outcomes. Statistical het-
erogeneity between studies was assessed by means of
Cochrane’s y* statistic and the extent of inconsistency with
I statistic. We considered I* < 50 % as low-level hetero-
geneity, while > > 50 % as significant heterogeneity. A
fixed-effect model was used for calculations of the sum-
mary estimates unless significant (> > 50 %) heterogene-
ity existed, in which case a random-effect model was used
after possible reasons of the heterogeneity were explored.

Results
Study selection

The literature search yielded 33 potentially assessable
publications. Of these, 27 were excluded for the following
reasons: phase I studies, single-arm studies, retrospective
studies, pilot studies, and reviews. After reviewing the
remaining six trials, we excluded one trial because of
maintenance treatment with PKC inhibitor. Finally, five
relevant RCTs, comprising a total of 1,005 patients, were
included [10, 11, 17-19]. The five RCTs contained the
following two PKC inhibitors: enzastaurin (an inhibitor of
PKC-B) and aprinocarsen (a PKC-o antisense oligonu-
cleotide). The characteristics and qualities of included tri-
als are shown in Tables 1 and 2.

Response rate and disease control rate

The response rates ranged from 3.9 to 28.9 % in PKC
inhibitors-chemotherapy groups versus 2.6 to 34.9 % in
chemotherapy groups. The fixed-effect model evaluation
(=177, P=0.78; I> =0 %), including totally 917
patients, showed a decreased response rate in PKC inhib-
itors-chemotherapy groups versus chemotherapy groups
(RR 0.79; 95 % CI 0.64-0.99) (Fig. 1a).

The disease control rate ranged from 49.4 to 85.0 % in
PKC inhibitors-chemotherapy groups versus 48.7-100 %
in chemotherapy groups. The fixed-effect model evaluation
( =2.66; P=0.62; > =0 %), including totally 919
patients, demonstrated a decreased disease control rate in
PKC inhibitors combination groups as compared with
chemotherapy alone groups (RR 0.90; 95 % CI 0.82-0.99)
(Fig. 1b).

These results indicated that the combination of PKC
inhibitor and chemotherapy was associated with a statisti-
cally significant decreased response rate and disease con-
trol rate as compared with chemotherapy alone.

Table 1 Characteristics of included trials

Previous Treatment

Line of

Stage of
Disease

PS of

Age Histology Region

No. of

Regimen

Study

Treatment

Patients

non-squamous

(%)

(median
years)

patients

11.1 % surgery vs.

IIB or IV No prior

Europe (Caucasian) ECOG O or 1

77.8
88

60.1 (44.2-75.7)

9
9

Aprinocarsen + GP vs.

Vansteenkiste

11.1 % surgery 22.2 %

radiotherapy

chemotherapy

9

56.4 (51.7-68.1)

GP

et al. [10]

IIIB or IV First

ECOG O or 1

USA (Caucasian, African

82
70

67 (43-83)

72

Enzastaurin + CP vs.

Socinski

descent, Hispanic)

66 (44-84)

74
20
20
80
80

CP
Enzastaurin + bevacizumab + CP vs.

et al. [11]

85 % no previous therapy vs.

IIIB or IV  Chemonaive

ECOG 0 or 1

100
100

6

Mean 62.1 £+ 9.3

Casey

85 % no previous therapy

Yes

Mean 61.2 £+ 9.0

62.1 (35-81)
60.7 (43-87)

Bevacizumab + CP

et al. [17]

Second

MA-IV

ECOG < 2
95 % 0 or 1

White

6.3

Enzastaurin + pemetrexed vs.

Chiappori

African

77.5

Pemetrexed

et al. [18]

East Asian

No

IIIB or IV First

Worldwide (White, ECOG O or 1

48.2

59 (30-82)
59 (27-81)

Aprinocarsen + GP vs.

GP

Paz-Ares

Asian, Hispanic)

51.2

41

et al. [19]

ECOG Eastern Cooperative Oncology Group, CP pemetrexed plus carboplatin, GP gemcitabine plus cisplatin, PS performance status
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Table 2 Quality assessment of included trials

Study Randomization  Allocated concealment  Blinding Loss of follow-up  Dropout Quality grade*
Vansteenkiste et al. [I0]  Adequate No No Not mentioned Not mentioned C

Socinski et al. [11] Adequate Unclear Unclear Not mentioned Not mentioned B

Casey et al. [17] Adequate Unclear Adequate  Not mentioned Not mentioned B

Chiappori et al. [18] Adequate Unclear Adequate  Not mentioned Not mentioned B

Paz-Ares et al. [19] Adequate Unclear No Not mentioned Not mentioned C

* Result of quality assessment (quality rating)

PFS Discussion

The median PFS time ranged between 3.0 and 5.5 months
in PKC inhibitors-chemotherapy groups versus 2.3 and
5.8 months in chemotherapy groups. The comparison
showed a similar risk of disease progression (HR 1.05;
95 % CI 0.91-1.22) between the two treatment groups in
the fixed-effect model (3> = 0.16; P = 0.93; I = 0 %)
meta-analysis (Fig. 1c).

This result indicated that the combination of PKC
inhibitors and chemotherapy could not improve the median
PFS as compared with chemotherapy alone groups.

(ON

The median OS ranged between 4.3 and 10.0 months in
PKC inhibitor-based groups versus 5.1 and 10.4 months in
placebo groups. The fixed-effect model (;*> = 2.33;
P =0.51; P=0 %) analysis demonstrated that there was
no significant difference regarding OS between the two
treatment groups (HR 1.00; 95 % CI 0.86-1.16) (Fig. 1d).

This result indicated that there was no significant dif-
ference regarding OS between the PKC inhibitors-chemo-
therapy and chemotherapy groups.

Adverse effects

The following grade 3/4 adverse events were more frequent
in PKC inhibitor-chemotherapy groups than chemotherapy
alone groups by meta-analysis: neutropenia, leucopenia,
and thrombosis/embolism. No significant difference could
be found between the two treatment groups with regard to
febrile neutropenia, thrombocytopenia, anemia, nausea and
vomiting, arorexia, and fatigue. Table 3 lists the results of
the meta-analysis of grade 3/4 adverse events. In addition,
limited evidence showed that the risk of grade 3/4 epistaxis
was higher in PKC inhibitor-chemotherapy group (5.9 %)
than chemotherapy alone group (1.2 %) (P = 0.022) [19].
Incidence of renal failure, hypokalemia, weight loss,
hypertension, and diarrhea was similar between PKC
inhibitors-chemotherapy groups (0.6, 2.8, 1.9, 12.5, 4.2 %)
and chemotherapy groups (1.2, 0.6, 0.6, 22.2, 1.4 %) [11,
18, 19].
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Combining existing lung cancer therapies with novel
agents that interfere with major signaling pathways is a
promising approach in the treatment of metastatic NSCLC.
There is an increasing evidence that targeting specific
isoenzymes of PKC may enhance the effect of cytotoxic
drugs in preclinical models of NSCLC. However, clinical
benefits of PKC inhibitors combined with current therapies
in the treatment of NSCLC are controversial. In the pro-
spective randomized trials presented here, we found sig-
nificantly decreased response rate (RR 0.79; 95 % CI
0.64-0.99) and disease control rate (RR 0.90; 95 % CI
0.82-0.99) in PKC inhibitors-chemotherapy groups, as
compared with chemotherapy alone groups. The efficacy
endpoints PFS (HR 1.05; 95 % CI 0.91-1.22) and OS (HR
1.00; 95 % CI 0.86-1.16) were similar between the two
therapeutic groups after comparison. There are several
potential explanations for the inefficacy of PKC inhibitors
here. First, it is possible that the addition of PKC inhibitors
can improve the therapeutic efficacy in a subset of NSCLC
patients bearing specific biomarkers. Unfortunately, the
predictive biomarkers for the sensitivity of PKC inhibitors
have not been screened and identified in all the included
trials. It has been postulated that the elevated levels of
PKC-a and PKC-f and the high phosphorylation state of
PKC-B downstream molecules may be associated with the
efficacy of PKC inhibitors [20, 21]. In addition, more
reports indicated that the expression levels of u-PAR or
cyclin D1 might also be predictive of the response to PKC-
B inhibitor enzastaurin [22, 23]. Moreover, overexpression
of PKCt has been identified in lung squamous carcinoma.
PKC1 signals to downstream pathways, such as Mek-Erk
and Hh, which crosstalk with each other, regulating tumor
initiation. ATM is a highly selective inhibitor of PKCt that
exhibits potent antitumor activity of lung cancer. Expres-
sion levels of PKC1 and its downstream molecules, such as
Par6 and Hh acyltransferase, will be useful in identifying
lung cancer patients most likely to respond to ATM therapy
[24, 25]. However, all the promising candidate biomarkers
mentioned still need to be validated through clinical stud-
ies. Second, the decreased response rate and disease control
rate in the meta-analysis indicated that the interaction
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Fig. 1 Forest plots and statistics for the efficacy endpoints. a Forest
plot of risk ratio of total response rate (fixed-effect model); b forest
plot of risk ratio of total disease control rate (fixed-effect model);

between cytotoxic drugs and PKC inhibitors may also
exist.

Our analysis indicated that patients with NSCLC were
not likely to benefit from PKC inhibitors in addition to
platinum-based therapies. This result is consistent with a

0.1 0.2 0.5 1 2 5 10
Favours PKC inhi+Chemo

Favours Chemo

¢ forest plot of hazard ratio of total median PFS (fixed-effect model);
and d forest plot of hazard ratio of total median OS (fixed-effect
model)

number of clinical studies demonstrating similar principle,
namely combined therapy with targeted agents and che-
motherapy results in negative response, with the exception
of antiangiogenic agents, in the treatment of NSCLC. For
example, epidermal growth factor receptor (EGFR)
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Table 3 Results of the meta-analysis of grade 3/4 adverse events

Grade 3/4 adverse events PKC inhibitor based Placebo Risk ratio (95 % CI) Heterogeneity
(events/total) (events/total) P (%)
Neutropenia* 191/501 156/504 1.23 (1.04-1.44) 40
Leukopenia* 109/401 68/401 1.59 (1.23-2.07) 46
Thrombosis/embolism* 23/414 6/415 3.88 (1.60-9.38) 0
Febrile neutropenia 17/501 14/504 1.21 (0.62-2.38) 0
Thrombocytopenia 230/501 127/504 1.61 (0.95-2.73) 67
Anemia 84/501 70/504 1.25 (0.89-1.77) 0
Nausea and vomiting 54/481 50/481 1.08 (0.76-1.55) 0
Arorexia 5/159 7/163 1.06 (0.13-8.40) 55
Fatigue 31/481 31/484 1.01 (0.62-1.63) 0

* The grade 3/4 adverse events were more frequent in PKC inhibitors combination groups as compared with chemotherapy alone groups by

meta-analysis

tyrosine kinase inhibitors, such as erlotinib and gefitinib, or
EGFR antibody, such as cetuximab, combined with che-
motherapy could not improve the efficacy of NSCLC even
in patients with specific markers [26]. However, treatment
of antiangiogenic agents, such as bevacizumab and ced-
iranib, which target signaling pathways in tumor angio-
genesis, in combination with chemotherapy, has been
reported to be more efficacious than individual monother-
apies for the treatment of NSCLC in several clinical trials
[27].

Our toxicity analysis demonstrated that patients receiv-
ing PKC inhibitors experienced high risk of neutropenia,
leucopenia, and thrombosis/embolism. Not surprisingly,
the addition of PKC inhibitors could prominently increase
the risk of thrombosis and embolism because PKC isoen-
zymes play important roles in the formation of thrombus
[28]. Furthermore, inhibiting PKC-f, which is a component
of the vascular endothelial growth factor (VEGF) signaling
pathway, could reduce VEGF-induced endothelial regen-
eration, thus predisposing to thromboembolism [13, 28].
However, the incidence of neutropenia and leucopenia was
also significant in PKC inhibitors-chemotherapy groups,
which suggests that PKC inhibitors may enhance toxicities
of the cytotoxic drugs in the chemotherapy regimens for
NSCLC. Furthermore, the results of toxicities have to be
clarified cautiously because it was only for thrombosis/
embolism, febrile neutropenia, anemia, nausea and vomit-
ing, and fatigue that the test for heterogeneity was
P =0%, demonstrating a small intertrial variation for
these toxicities. For thrombocytopenia and arorexia, the
test of heterogeneity was much higher with I* > 50 %,
which indicates a large intertrial variability for the analysis.

Nevertheless, the results of our toxicity analysis were
also partial influenced by the chemotherapeutic regimens
that were used. Different chemotherapy regimens for
advanced NSCLC may cause different distributions of
toxicities. Gemcitabine/cisplatin regimen demonstrated
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more prominent thrombocytopenia, anemia, and renal
toxicity, whereas pemetrexed-based regimen was more
prone to inducing neutropenia, anemia, and fatigue [29,
30]. Toxicities introduced by chemotherapeutic regimens
should be considered when analyzing the toxicities of the
combined therapies. The pooled results of toxicities in our
study demonstrated that the adverse events of combined
PKC inhibitors with chemotherapy did not just resemble
the safety profile of chemotherapeutic regimens with
addition of typical adverse effects associated with PKC
inhibitors; the interaction between PKC inhibitors and
cytotoxic drugs may also augment or weaken the mani-
festations of some toxic effects.

The number of the included trials here is relatively
small. The small number of trials, as well as low quality of
most trials, might not allow for a reliable conclusion. Of
the five included studies, two studies adopted the method of
blinding [17, 18], whereas the other two did not and one
was unclear. Without double blinding, high-performance
bias and measuring bias may appear. All the included trials
mentioned randomization and described their method of
randomization. No trials reported adequate concealment of
allocation of the outcome assessments, which might bring
selective bias in these trials. Loss of follow-up during the
study period, which may bring attrition bias, was not
mentioned in all the included trials. Publication bias might
also exist. In addition, most of the data included was from
Europe and the USA; the efficiency and tolerability of PKC
inhibitors and cytotoxic drugs for NSCLC may differ
across the races and regions. More data from Asian, Africa,
and Oceania are still needed to determine the outcomes in
the future.

In conclusion, our findings demonstrated that the com-
bination treatments of PKC inhibitors and chemotherapy
were associated with significantly decreased response rate/
disease control rate and similar PFS/OS in patients with
advanced NSCLC. Thus, the use of PKC inhibitors in
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addition to chemotherapy is not a valid alternative for
patients with advanced NSCLC at present. However, sev-
eral early-phase clinical trials of newer inhibitors of PKC,
such as PKCt inhibitor ATM, are ongoing for the treatment
of NSCLC. Therefore, the efficiency of PKC inhibitors still
need to be confirmed by more large-sample, multicenter,
randomized, controlled trials.
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