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Bone metastasis and poor performance status
are prognostic factors for survival of carcinoma
of unknown primary site in patients treated with
systematic chemotherapy
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Background: Cancer of unknown primary site (CUP) generally has a poor prognosis, and there is no established
standard therapy. There have been no reports of a prognostic model for CUP patients treated with a single regimen of
systemic chemotherapy.

Methods: Univariate and multivariate prognostic factor analysis for overall survival (OS) were conducted
retrospectively in 58 consecutive CUP patients treated with carboplatin plus paclitaxel (Taxol) therapy as a first-line
treatment.

Results: Univariate prognostic factor analysis revealed baseline performance status (PS) of two or more, low serum
albumnin level, pleural effusion, bone metastasis, and liver metastasis as adverse prognostic factors. Cox proportional
hazards analysis showed that poor PS and bone metastasis had the most powerful adverse impact on survival. We
developed a prognostic model using those two variables—a good-risk group {PS 0-1 without bone metastasis) and
a poor-risk group (PS =2 or bone metastasis). The poor-risk group showed significantly poarer OS than the good-risk
group (1 year OS 36.8% versus 67.1%, P = 0.0003).

Conclusions: Poor PS and bone metastasis were identified as independent adverse prognostic factors in CUP. A
simple prognostic model was developed and seemns useful for decision making as to whether chemotherapy is
indicated for GUP patients.

Key words: cancer of unknown primary site, carboplatin plus paclitaxel, bone metastasis

introduction prolong survival in patients with CUP (9]. CUP consists of
heterogeneous neoplasms with variable biological features,
making it difficult to identify clinically useful prognostic
survival factors. But several subsets have been identified
requiring a specific treatment and having a better prognosis.
Women with peritoneal carcinomatosis of serous
adenocarcinoma [10), women with adenocarcinoma of axillary
lymph nodes {11] or cervical lymph node metastasis of
squamous cell carcinoma [12], young adults with poorly

Cancer of unknown primary site (CUP) is pathologically
diagnosed metastatic carcinoma in which no obvious primary
site is identified with a conventional work-up. It is not a rare
clinical entity, accounting for 3%-5% of all solid malignancies
[1, 2]. The prognosis of CUP is generally considered poor, with
median survival ~6-12 months [3]. Briasoulis et al. [4]
reported encouraging results from phase II data of carboplatin

and paclitaxel combination therapy for patients with CUP. In : - - R adus
this study, the overall response rate by an intention-to-treat differentiated carcinoma of midline distribution {13}, and

analysis was 38.7%, and median overall survival (OS) was 13 undifferentiated carcinoma with neuroendocrine features {14]
months at median follow-up time of 28 months. Platinum and ~ are CUP subgroups known to have a better prognosis. But the

taxane combination therapy is now widely used in clinical majority of CUPs have a poor prognosis, as mentioned above.
practice {4~8], but recent multiple-treatment meta-analysis In this article, we report the results of a prognostic factor
showed that no type of chemotherapy has been proven to analysis conducted in a population of 58 patients of CUP
treated with carboplatin and paclitaxel as a first-line systemic
*Correspondence to: Dr S, Takahashi, Departrent of Medical Oncology, Cancer chernotherapy. We retrospectively investigated baseline
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methods

patient characteristics

The medical and pathological records of 58 consecutive newly diagnosed
patients with CUP who received carboplatin and paclitaxel (Taxol, Bristol-
Myers Squibb, Tokyo, Japan) combination therapy as first-line therapy at the
Cancer Institute Hospital, Japanese Foundation for Cancer Research, from
March 2004 to January 2008 were retrospectively reviewed. Patients had
pathologically confirmed metastatic cancer and were surveyed for detailed
medical history, complete physical examination, blood counts, chemistry
profile, chest radiograph, computed tomography (CT) scan of chest and
abdomen, and further radiological survey or endoscopy of suspected areas.
Serum prostate-specific antigen (PSA} was measured in male patients, and

CA 125 was measured in female patients. Women with adenocarcinoma of .

axillary lymiph nodes also received mammography and breast ultvasound.
Young adults with poorly differentiated adenocarcinoma involving the
mediastinal region were surveyed with a-fetoprotein and f-human chorionic
gonadotropin. The gastrointestinal tracts of male and female patients with
adenocarcinoma involving abdominal and pelvic lesion were surveyed by
upper gastraintestinal endoscopy and colonoscopy. Gynecologic examination
was carried out in female patients with abdominal and pelvic disease. Patients
with squamous cell carcinoma of cervical lymph nodes also underwent
faryngeal endoscopy and upper gastrointestinal endoscopy. Bone metastases
were assessed by the combination of bone scintigraphy or positron emission
tomography with chest X-ray, CT, or magnetic resonance imaging.
Histopathological review including immunohistochemistry (IHC) was
carried out to detect primary sites and to exclude other malignancies. Low-
molecular cytokeratins (CKs) 7 and 20 were routinely stained for all patients
with CUP, and thyroid transcription factor {, caudal type homeobox
transcription factor 2, and PSA were stained for patients with
adenocarcinoma of CUP., When a specific origin was suspected by
morphological examination and clinical history, distinctive THC was carvied
out {chromogranin, synaptophysin, and CD56 for neuroendocrine cell
carcinornay D2-40, placental alkaline phosphatase, human chorionic
gonadotropin, and CD30 for germ-cell tumor; and D2-40 and calvetinin for
mesothelioma), In the case of difficulty in diagnosing epithelial carcinoma,
several THC of $100, vimentin, leukocyte comman antigen, and CKs are used
for distinguishing melanoma, sarcoma, and lymphoma from the anaplastic
cell type of carcinoma,

We excluded patients in favorable subsets that have specific treatments
other than carboplatin and paclitaxel—such as women with
adenocarcinoma of axillary lymph nodes or cervical lymph node
metastasis of squamous cell carcinoma, young adults with poorly
differentiated carcinomas of midline distribution, and patients with
undifferentiated carcinomas of neuroendacrine features. However,
women with peritoneal carcinomatosis of adenocarcinoma who were
treated with carboplatin and paclitaxel as first-line treatment were
included in this study.

treatment

Carboplatin was administered by a 2-h i.v, infusion, dosed with 6 mg/ml/
min target area under the free carboplatin plasma concentration versus time
curve and was followed by paclitaxel 200 mg/m” in 500 ml of normal saline
administered over 3 h. The Calvert formula was used for carboplatin
dosing, on the basis of a glomerular filtration rate calculated by the
Cackeroft-Gault equation using serum creatinine, body sutface area, and
age, Chemotherapy cycles were repeated every 3 weeks and responding
patients continued the chemotherapy until disease progression or
intolerable toxicity. Response to chematherapy was assessed by Response
Evaluation Criteria In Solid Tumors (RECIST, version 1.0). Progression-
free survival (PFS) and OS were calculated from day 1 of the first cycle of
chemotherapy.

2 | Kodaira et al.
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statistical analysis

Survival curves were estimated using the Kaplan and Meier method,
compared using the log-rank test, and prognostic factors were identified by
univariate analysis. Then the forward stepwise Cox proportional hazards
analysis was cardied out to identify independent prognostic factors.
Statistical analyses were carried out using SPSS software (version 17.0; SPSS
Inc,, Chicago, 1L).

results

patient characteristics

Patient characteristics are shown in Table 1. Fifty-eight CUP
patients treated with at least one cycle of carboplatin and
paclitaxel combination therapy were retrospectively analyzed.
Twenty-eight (48.3%) patients were male, and the median age
was 64 years (range 28-79 years). Forty-nine patients (84.5%)
had a good performance status (PS) of zero to one. Twenty-six
(44.8%) patients had well-differentiated adenocarcinoma, 21
(36.2%) patients had anaplastic or poorly differentiated
carcinoma, and 5 patients (8.6%) had squamous cell carcinoma.
Another six (10.3%) patients had clear-cell carcinoma,
transitional cell carcinoma, or adenosquamous cell carcinoma.
Metastatic sites are listed in Table 1. Lymph nodes, lung, bone,
and liver were frequently involved sites and cervical,
mediastinum, and retroperitonium were common sites for
lymph node metastasis.

PSA was measured in 20 male patients (median PSA level
2.04 ng/ml, range 0.34-4.04 ng/ml), and CA 125 was obtained
in 26 female patients (median CA 125 level 462 U/ml, range
4,8-50000 U/ml). Five of six male patients with bone metastasis
showed a PSA level <4.0 ng/ml, and the PSA value before
treatment of one young male patient was not available.

outcome of chemotherapy

A total of 315 cycles were administered, and patients received
a median of five cycles of treatment (range 1-21 cycles).

Table 1, Patient characteristics

Naniberiof

Age, median (range) 64 (28-79)

Sex
Male 28
Female 30

Performance status

0-1 49
2-4 9
Pathology
Adenocarcinuma 26
Squamous cell carcinoma 5
Pootly differentiated/anaplastic carcinoma 21
Other 6
Sites of metastasis
Lung 15
Bone 13
Liver 1
Pleural effusion 15
Ascites 1
Lymph node 44
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The response rates by main histopathological types of
adenocarcinoma, squamous cell carcinoma, poorly
differentiated carcinoma, or poorly differentiated
adenocarcinoma were 42.3%, 60.0%, and 23.8%, respectively
(Table 2). For other histology types, one patient with
transitional cell carcinoma had partial response. Sixteen
patients were treated with second-line chemotherapy. At

a median follow-up time of 12 months (range 6-1659 days),
median OS and PFS were 16.7 months and 5.9 months,
respectively. Six patients had PES >2 years and one of these
patients survived >4 years.

prognostic model of clinical and biological
variables

The outcome of univariate analysis of clinical and biological
factors is listed in Table 3. Five parameters have prognostic
relevance: poor PS (22) (P = 0.01), low serum albumin level
(<3.7 g/dl) (P = 0.003), pleural effusion (P = 0.04), bone
metastasis (P = 0.02), and liver metastasis (P = 0.02).
Multivariate analysis for these five variables was conducted and
showed that bone metastasis (P = 0.002) and PS of two or more
{P=0.016) had significant adverse impact for survival (Table 3).
Poor PS was not correlated with presence of bone metastasis.

Table 2. Treatment results

Total 58 5 15 34.5
Pathology
Adenocarcinoma 26 5 6 423
Squamous cell carcinoma 6 0 3 50.0
Pootly differentiated 21 0 5 23.8

anaplastic carcinoma

CR, complete response; PR, partial response; ORR; overall response rate.

Table 3. Univariate and multivariate analysis of prognostic factors for
survival

PS 22 0.01 2.93 (1.22-7.04) 0.016
Age (>65 years) 0.29

Sex (male) 041

ALP (>UNL) 0.13

LDH (>UNL) 0.45

ALB (<3.7 gidl) 0.003

Hb (<11.0 g/dl) 0.77

Pleural effusion 0.04

Ascites 0.69

Lung metastasis 0.58

Bone metastasis 0.02 3.48 (1.56-7.78)  0.002
Liver metastasis 0.02

Adenocarcinoma 0.81

Poorly/anaplastic carcinoma 0,32

HR, hazard ratio; CI, confidence interval; PS, performance status; ALP,
alkaline phosphatase; UNL, upper normal limit; LDH, lactate
dehydrogenase; ALB, albumin; Hb, hemoglobin.
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The incidence of bone metastasis was not significantly different
between males and females (6 of 28 males, 5 of 30 females). A
prognostic model was developed with those two variables.
Nineteen (32.8%) patients were assigned to the good-risk group
(defined as PS 01 without bone metastasis), and 38 (67.2%)
patients were assigned to the poor-risk group (defined as PS >2
or bone metastasis). The poor-risk group (n = 19) showed
significantly poorer OS than good-risk group (n = 39) (1 year
0OS 36.8% versus 67.1%, P = 0.0003) (Figure 1).

discussion

To identify a favorable or poor prognostic group of patients
with CUP is of great concern when physicians consider whether
systemic chemotherapy is indicated. No randomized trial
showed better survival with chemotherapy than best supportive
care. To our knowledge, the current study is the first that
assesses prognostic factors for survival of patients with CUP
treated with a single first-line regimen and should give us
information as we choose an optimal therapy.

We demonstrated an overall response rate of 34.5% and
a median OS of 16.7 months in CUP patients by an intention-to-
treat analysis. This result seems similar to the results previously
reported by Briasoulis et al. {4] and slightly better than other
reports. One reason might be that both studies included female
patients with peritoneal carcinomatosis (11 of 58 in ours and 19
of 75 in Briasoulis et al.). In our study, seven women (63.6%)
responded to chemotherapy. A second reason might be that our
group included a marginally larger number of patients with good
PS. Golfinopoulos et al. [9] reported in recent multiple-
treatment meta-analysis for CUP that 10 randomized trials
assessed in that study included variable rates for patients with
poor PS (median 24.5%, interquartile range 12.8%—38.9%).
Third, our study included a slightly smaller number of patients

1.0
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Figure 1. The prognostic model incorporating two variables. The good-
risk group (n = 39) was defined as performance status (PS) of zero to one
without bone metastasis and the poor-risk {n = 19) group as PS of two or
more, or bone metastasis.
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with liver metastasis, which was reported as an independent
poor prognostic factor by Seve et al. [15]. But the rates of liver
metastases in previous studies are variable from 16% to 76% [4-
8, 16, 17]. The patients in the present study were treatable with
combination therapy, so most of them maintained good PS and
end organ function, No prospective studies or meta-analysis of
prognostic factors for CUP have been published. But several
retrospective studies have shown a number of independent
adverse factors such as age, male gender, poor PS,
adenocarcinoma histology, number of metastatic sites, liver
metastasis, bone metastasis, lung metastasis, pleural metastasis,
brain metastasis, comorbidity scoring of adult comorbidity
evaluation-27 (ACE-27), low serum albumin, high serum lactate
dehydrogenase (LDH), high serum alkaline phosphatase,
lymphopenia, anemia, thrombocytopenia, high serum
carcinoembryonic antigen, and high serum CA 125 {15, 18-20].
Abbruzzese et al. [18] reported adverse prognostic variables from
a study of 657 cases of CUP at M. D. Anderson Cancer Center,
and multivariate analysis identified male gender, a large number
of metastatic sites, adenocarcinomatous histological type, and
the presence of liver metastasis as unfavorable indicators. Culine
et al. [19] proposed a simple prognostic model using PS and
serum LDH levels in a population of 150 CUP patients,
excluding favorable subsets, at a French cancer center. More
recently, Seve et al. conducted a retrospective study assessing the
influence of comorbidities, age, PS, and chemotherapy on
survival in a population of 389 patients with CUP in Canada.
Multivariate analysis showed that patients who had a PS of two
or more and a high overall ACE-27 score had a poor proguosis.
They concluded that the impact of comorbidity on survival was
limited to patients with low PS [20}. The same author showed in
anather study that low serum albumin level and liver metastasis
were the two most powerful adverse prognostic factors. The
prognostic significance of those two factors was validated in
another set of 124 patients with CUP [15]. In our study, bone
metastases and poor PS (22) had a powerful adverse impact on
survival. In clinical practice, bone metastases could be the cause
of declining PS, but in this study, bone metastases and poor PS
were not significantly correlated. Poor PS was also an adverse
prognostic factor in studies by Culine et al. and by Seve et al.
Bone metastases have been identified as an independent poor
prognostic factor for the first time in uniformly treated patients
with CUP. Prognostic significance of bone metastases in
advanced cancer depends on the primary sites. In breast cancer
or prostate cancer, the presence of bone metastases or bone-only
metastases indicates a better prognosis [21]. On the other hand,
the presence of bone metastases indicates a worse prognosis in
lung cancer {22], thyroid cancer (23], or renal cell carcinoma
{24]. The worse prognosis of patients with bone metastases in
our series might be due to the apparent absence of occult breast
cancer or prostate cancer in this set of patients.

Although our study might be small for finding independent
prognostic factors retrospectively, it is important to identify
clinically useful prognostic factors for CUP patients treated
with platinum and taxane combination therapy, which are used
frequently in daily practice. It has not been proven that systemic
chemotherapy would prolong the survival of unfavorable CUP
patients, and the best supportive care is a reasonable choice for
patients who have little benefit from systemic chemotherapy.
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We designed a new prognostic model that incorporated those
two factors, poor PS and bone metastasis. The OS of patients with
at least one or mote prognostic factor was significantly shorter
than those with no adverse prognostic factor. This model might
be useful for decision making regarding the use of chemotherapy
for CUP patients in daily clinical practice. A validation study of
our prognostic model is warranted in the near future.
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Meta-Analysis of Single Agent Chemotherapy Compared
With Combination Chemotherapy as Second-Line

Treatment of Advanced Non-Small-Cell Lung Cancer

Massimo Di Maio, Paolo Chiodini, Vassilis Georgoulias, Dora Hatzidaki, Koji Takeda, Floris M, Wachters,
Vittorio Gebbia, Egbert F. Smit, Alessandro Morabito, Ciro Gallo, Francesco Perrone, and Cesare Gridelli

A B S T R A C T

Purpose

Dogblet chemotherapy is more effective than single-agent as first-line treatment of advanced
non-small-cell lung cancer (NSCLC). As second-line treatment, several randomized trials have
been performed comparing single-agent with doublet chemotherapy, but each trial had an
insufficient power to detect potentially relevant differences in survival.

Methods

We performed meta-analysis of individual patient data from randomized trials, both published and
unpublished, comparing single-agent with doublet chemotherapy as second-line treatment of
advanced NSCLC. Primary end point was overall survival (OS). All statistical analyses were
stratified by trial.

Results
Eight eligible trials were identified. Data of two trials were not available, and data of six trials (847

patients) were collected. Median age was 61 years. Performance status was 0 or 1in 90%; 80%
of patients had received previous platin-based chemotherapy. OS was not significantly different
between arms (P = .32). Median OS was 37.3 and 34.7 weeks in the doublet and single-agent
arms, respectively. Hazard ratio (HR) was 0.92 (95% Cl, 0.79 to 1.08). Response rate was 15.1%
with doublet and 7.3% with single-agent (P = .0004). Median progression-free survival was 14
weeks for doublet and 11.7 weeks for single agent (P = .0009; HR, 0.79; 95% Cl, 0.68 to 0.91).
There was no significant heterogeneity among trials for the three efficacy outcomes. Patients
treated with doublet chemotherapy had significantly more grade 3 to 4 hematologic (41% v 25%;
P < .0001) and grade 3 to 4 nonhematologic toxicity (28% v 22%; P = .034).

Conclusion
Doublet chemotherapy as second-line treatment of advanced NSCLC significantly increases

response rate and progression-free survival, but is more toxic and does not improve overall survival
compared to single-agent.

J Clin Oncol 27. @ 2008 by American Society of Clinical Oncology

to be effective in two phase III trials.™” This treat-
; . ment, indeed, prolongs overall survival (OS) com-
Cisplatin-based chemotherapy is considered stan-  pared with best supportive care, and improves some
dard of care worldwide for patients with advanced  quality of life items like fatigue and pain. In a indi-

non-small-cell lung cancer (NSCLC)." At disease
progression, many patients still have a good perfor-
mance status (PS) and can be considered for further
active treatment.

Until 2000, there was no evidence supporting
the efficacy of second-line treatment, but in recent
years the efficacy of several drugs in this setting has
been demonstrated in phase 11T trials, and second-
line treatment is now considered standard.>

In particular, second-line chemotherapy with
docetaxel 75 mg/m” every 3 weeks has been proven

vidual patient data meta-analysis,® weekly docetaxel
demonstrated similar efficacy, with a significantly
lower risk of febrile neutropenia. Pemetrexed has
been shown to be comparable with docetaxel,
with a more favorable toxicity profile.” To date,
no single-agent treatment has obtained better re-
sults than docetaxel.

A logical strategy for improving the efficacy of
second-line treatment is to combine agents with dif-
ferent mechanism of action and toxicity. In first-line
treatment, doublet chemotherapy is more effective

© 2008 by American Saciety of Cinical Oncology 1
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than single-agent, both in terms of objective response and OS.® Several
randomized trials comparing a doublet with single-agent chemother-
apy as second-line have been conducted in recent years.”'* Most of
these trials were characterized by a small sample size, with inadequate
statistical power to exclude potentially clinically relevant differences
in efficacy.

The main objective of this meta-analysis, based on individual
patient data, isto compare the efficacy of a doublet chemotherapy with
single-agent treatment for the second-line treatment of advanced
NSCLC, with a statistical power much higher than each trial. Data
regarding activity and toxicity were also collected and analyzed.

Identification of Eligible Trials
Published and unpublished studies were included in this meta-analysis,
as previously recommended.'®

The literature search was performed in July 2007, and updated in June
2008, to identify all randomized trials comparing single-agent and combina-
tion chemotherapy in second-line treatment of patients with advanced
NSCLC. Trials evaluating a combination of a cytotoxic agent with a targeted
drug, or a combination of targeted agents were not eligible, Search was per-
formed using PubMed, EMBAGSE, Proceedings of American Society of Clinical
Oncology, Proceedings of European Society of Medical Oncology, Proceed-
ings of European Cancer Conference, Proceedings of World Conference on
Lung Cancer, and the registry of the U.S. National Institutes of Health clini-
caltrials.gov from 1997 to 2008, with the following key-words: “lung cancer”,
“NSCLC”; “second-line”, “randomized/randomized”. References of the iden-
tified articles were checked, and principal investigators were asked whether
they were aware of other published or unpublished trials.

Study Quality

Each study was assessed for quality and potential bias using a structured
checklist based on the Method for Evaluating Research and Guideline Evi-
dence criteria.'” Study characteristics were quality of randomization, blinding,
oufcome measures, measire assessment, arm comparability, loss to follow-up,
and intention to treat analysis. An overall quality score was assigned to each

Tahle 1. Characteristics of the Six Randomized Trials Included in the Meta-Analysis
Study
Parameter Takeda et al® Georgoulias et al'®  Georgoulias et al'? Wachters et al'? Gebbia et al'* Smit et al*®
Phase of the study Hi i 1 1 1 -
Treatment dose and
schedule
Single-agent arm  Dacetaxel 60 mg/m?  Irinotecan 300 mgfm?  Cisplatin 80 mg/m?  Docetaxel 75 mg/m?  Docetaxel 33.3 mgim?®  Pemetrexed 500
day 1 every 3 day 1 every 3 day 1 every 3 day 1 every 3 days 1, 8, 15 every mg/m? day 1
weeks weeks weeks weeks 4 weeks every 3 weeks
Combination arm  Docetaxel 60 mg/m?  Gemgitabine 1,000 Cisplatin 80 mg/m?  Docetaxel 60 mg/m’  Docetaxel 30 mgfm? Pemetraxed 500
day 8 + mg/m? days 1 and day 8 + day 1 + days 1, 8, 15 every mgfm? day 1
gemcitabine 800 8 + irinotecan 300 innotecan 110 irinotecan 200 4 weeks + every 3
rmg/m? days 1 mg/m? day 8 every mg/m? day 1, mg/m? day 1 gemgcitabine 800 weeks +
and 8 every 3 3 weeks 100 mg/m? day every 3 weeks mg/m? days 1 and carboplatin
weeks 8, every 3 8 evary 4 weeks or AUCS day 1
weeks vinorelbine 20 svery 3
mg/m? days 1 and weeks
8 every 4 weeks or
capecitabine 1,300
mg/m? days 5 to 18
every 4 weeks
Primary end point Overall survival Overall survival Overall survival Response rate Overall survival Time to
progression
Planned sample size 284 144 130 106 375 240
Actual sample size 130 147 139 108 84 240
Start of the accrual January 2002 September 1999 July 1998 October 2000 May 2005 October 2005
End of the accrual April 2003 December 2001 November 2002 January 2003 December 2006 May 2007
Moedian follow-up, Q0.4 59.4 91.6 74.3 70.7 64.0
weeks
Trial quality (MERGE B1 B1 B1 B1 B1 B1
criteria)
Eligibility criteria
Age 20-75 =18 =18 =18 18-75 =18
Performance ECOG 0-1 WHO 0-2 WHO 0-2 ECOG 0-2 ECOG 0-2 ECOG 0-2
status
Previous lines of 1 1-2 1-2 1 1 =1
chemotherapy
Previous Platin based Platin based Taxane + Platin- or nonplatin- Platin based Relapse > 3
treatment gemcitabine based months after
platin based
Abbreviations: AUCS, area under the time concentration curve 5; MERGE, Method for Evaluating Research and Guideline Evidence; ECOG, Eastern Cooperative
Oncology Group.
‘Defin%\léi randgmlzed phase |l. sample size was actually calculated according to phase lll design, with formal comparison between treatmant arms,

2
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study: A (low risk of bias), B {low to moderate risk of bias), B2 (moderate to
high risk of bias), C (high risk of bias).

Before performing the analyses, data of each published study were cave-
fully checked and verified for coherence with the original publications; data-
base quality was excellent for all studies.

Statistical Methods

All the analyses were performed according to the intention-to-treat prin-
ciple. All the analyses were stratified by trial. All tests were two sided.

Primary end point was OS, defined as the time between date of random
assignment and date of death, or last date of follow-up for censored patients.
OS curves were estimated using the Kaplan-Meier technique and compared
using the stratified log-rank test. Median follow-up was calculated according
to the inverted Kaplan-Meier technique.'®

Because meta-~analysis was based on individual patient data, heterogene-
ity of treatment effect among trials on OS was assessed by likelihood ratio of
two trial-stratified models, one with trial-specific treatment estimates and one
with overall treatment estimate, as suggested by Smith et al.'” Under the null
hypothesis of no heterogeneity, this statistic follows approximately a X distri-
bution on ] — 1 df (where ] is the total number of trials)."

Findings of the meta-analysis are depicted in classical Forest plots, with
point estimates and 95% Cls for each trial and overall; size of the squares is
proportional to study size.

Purther exploratory analyses were performed in the subgroups based on
the main baseline patients characteristics, to describe possible heterogeneity of
treatment effect. Interaction test was also performed.

Secondary end points were progression-free survival (PFS), objective
response rate (RR), and toxicities.

PES was defined as the time between date of random assignment and
date of progression, or date of death for patients dead without progression, or
last date of follow-up for censored patients. PFS was analyzed likewise OS.

RR was compared using the stratified Mantel-Haenszel x* test for com-
bining 2 X 2 tables and the Breslow-Day test was used to detect differences in
treatment effect among the trials.”® For RR, patients obtaining complete re-
sponse or partial response were considered as responders, and all others
as nonresponders.

Toxicity variables were dichotorized as severe (grade 3 to 4) and no/
mild (grades 0 to 2). Toxicity rates were compared using the stratified exact
tests; the Zelen exact test was used to detect differences in toxicity effects
among the six trials?® and the pooled odds ratio (OR) with 95% CI was
estimated by means of exact method.

Statistical analyses were performed using SAS 8.2 (SAS Institute, Cary,
NC) and graphs using R 2.4.1 (R Foundation for Statistical Computing, Vi-
enna, Austria) software packages. Exact tests were performed using StatXact 7
(Cytel Software, Cambridge, MA).

Characteristics of the Trials
Eight trials were eligible, for a total of 1,372 patients: three trials

. 1 . .
were conducted in Greece,'™ " two in the Netherlands,'>'" one in

Izlpan,9 one in Italy,M and one in Canada, the United States, and
Poland (GlaxoSmithKline, data on file, courtesy of P. Legenne). As of
February 2009, six trials have already been published as full-length
articles® '%; one was presented at the 2008 Annual Meeting of the
American Society of Clinical Oncology,'” and one is still unpublished.

Individual patient data from one trial,'® despite the efforts of the
principal investigator who moved to another institution, were not
available. We also did not obtain individual patient data from the

Table 2. Characteristics of the Patients Analyzed (N = 847}
Single Agent {n = 428} Combination {n = 419) Total (N = 847)
Characteristic Nao. % No. % No. %

Median age, years 61 60 61

Range 34-78 34-84 34-84
Sex

Male 326 76 324 77 650 77

Female 102 24 95 23 197 23
Histologic type

Adenocarcinoma 204 48 182 43 386 46

Squamous 124 29 132 32 256 30

Large cell 43 11 60 14 109 13

Non-small cell unspecified 30 7 31 7 61 7

Other 2 1 —_ 2 <1

Unknown 19 6 14 3 33 4
Performance status

0 130 30 128 31 258 30

1 250 58 253 60 503 59

2 48 11 38 g 86 10
Previous chemotherapy

Cisplatin 240 56 239 57 479 57

Carboplatin 103 24 106 25 208 25

Platin based 342 80 332 79 674 80

Docetaxel 143 33 156 37 289 35

Paclitaxel 22 5 25 6 47 6

Gemcitabine 253 53 200 48 453 53

Vinorelbine 29 7 38 9 67 8
Response to first line

Responders 210 49 203 48 413 49

Non-responders 213 50 212 51 425 50

Unknown 5 1 4 1 9 1
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unpublished SKF104864-615 trial (unpublished results), although
GlaxoSmithKline, sponsor of the trial, kindly provided us with a
summary of final results. Eventually individual data were obtained
from six trials, accounting for 63% of the potentially eligible patients
(863 of 1,372). Main characteristics of the six trials are described in
Table 1. Four were randomized phase II trials,'®'>'* but in three of
these'® '3 sample size was actually calcudated according to a classical
phase IIT design, with a formally planned comparison between treat-
ment arms. The Japanese trial” was terminated early, because of high
incidence ofinterstitial lung disease (ILD) and three treatment-related
_deaths (5%) due to ILD in the combination arm. In the Italian trial,"
patients were randomly assigned in a 3:1:1 ratio to three arms: A,
docetaxel; B, docetaxel plus gemcitabine or plus vinorelbine; C, do-
cetaxel plus capecitabine. For this meta-analysis, arms B and C were
grouped. The trial was stopped prematurely, blind to results, because
the recruitment rate was extremely slower than expected.

Single agent consisted of docetaxel (three trials), irinotecan (one
trial), cisplatin (one trial), pemetrexed (one trial). In all trials, patients
assigned to combination chemotherapy were treated with the addition
of a second drug to the one administered as single-agent. Except
Nederlandse Vereniging van Artsen voor Longziekten en Tuberculose
trial 7,'® which evaluated pemetrexed plus carboplatin in patients
already treated with platin-based therapy, all the trials evaluated drugs
not veceived by the patients as first-line treatment.

Methodological Quality of the Trials

In all studies, most evaluation criteria from the checklist are
fulfilled with overall quality score Bl (Table 1; ie, all included studies
were of sufficiently high quality to consider the risk of bias as low to
moderate). The main drawback of all studies was the lack of blinding,
which is a common practice in clinical trials in advanced cancer
because of difficulties of blinding to different infusion times, sched-
ules, and toxicities. Lack of blinding is unlikely to affect OS, but could
potentially bias secondary end points (PFS, RR, toxicity). All studies
had a time-to-event primary outcome, with the exception of Wachters
et al study,'” that had RR as a primary end point. Definitions of the
primary outcome were detailed in all trials. Allocation concealment
was always adequate. Treatment groups were balanced for the most
relevant baseline characteristics (age, PS, stage, histology, response to
first-line treatment), although these characteristics were not always
considered as stratification factors. For all trials, complete data were
available for intention-to-treat analysis, and reasons for the exclusion
of a few patients were carefully accounted for and are described later.
In particular, a very small percentage of patients were completely lost
to follow-up after random assignment in two trials,'®"!

Main Results

Overall, 847 of the 863 originally randomly assigned patients
were eligible for the meta-analysis (Appendix Fig Al, online only).
Fifteen patients were excluded from two trials'®' ' because of complete
absence of information in the study database. One patient was ex-
cluded because of ineligible histology (small-cell lung cancer). Of the
847 eligible patients, 428 patients (50.5%) had been assigned to a single
agent, and 419 were assigned to doublet (49.5%). Main characteristics
of the 847 patients are described in Table 2. Median age was 61 years
(range, 34 to 84). Most of the patients were males (77%), had a good
PS (0 or | in 90%), and had previously received a first-line platin-
based treatment (80%).

4  © 2009 by Amengcan Society of Chnical Oncology

Median follow-up was 74.0 weeks (71.7 weeks in single-agent
arm, and 74.4 weeks in combination arm). Overall survival curves of
patients according to treatment arms are shown in Figure 1. Overall,
642 deaths were recorded (76%), with median survival equal to 37.3
weeks for doublet, and 34.7 weeks for single agent. Corresponding
hazard ratio (HR) was 0.92 (95% CI, 0.79 to 1.08; P = .32 at log-rank
test stratified by trial). The 6-month survival rates were 62.9% and
61.6%, and the 1-year survival rates were 34.4% and 31.8%, for com-
bination and single agent chemotherapy, respectively. As shown in
Figure 2, there was no evidence of heterogeneity among the six trials
(P = .87; 1> 0%). Exploratory survival analysis by subgroups is shown
in Figure 3; there was no evidence of heterogeneity among subgroups
of treatment effect around the overall effect.

PFS curves of patients according to treatment assigned are shown
in Figure 1. Overall, 805 progressions were recorded (95%), with
median PFS equal to 14.0 weeks and 11.7 weeks for doublet and
single-agent chemotherapy, respectively. The corresponding HR was
0.79 (95% CI, 0.68 10 0.91; P = .0009 at log-rank test stratified by trial).
Six-month PFS rates were 27.2% and 18.1%, and the 1-year PFS rates
were 6.5% and 5.5% for patients assigned to combination and single-
agent chemotherapy, respectively. Forest plot of treatment effect on
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A Outcome: Overall Survival

No, of events/no. of patients

Trial Combination Single agent (0O-E} Variance Hazard Ratio

Takeda et al® 48/65 50/65 1.8 243 e H———
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Geargoutias et al'' 60771 52/68 0.1 275 e s

Wachters et al®? 43/52 43/56 -1.8 20.8 —ii

Gebbia et al™ 30/37 32/47 2.7 16.1 b
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1] H v T
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Fig 2. Forest plot of treatment effect on
(A} overall survival and (B} progression-
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B Outcome: Progression-Free Survival free survival. (O-E), observed events mi-
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No. of events/no. of patients
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Smit et al*® 112/118 117121 -23.8 53.6 +
Al 398/419 407/428 459 1895 < 0.7910.68 t0 0.91)
7 T T
Test for heterogensity: P=.094 0.5 1.0 15 20

PFS is shown in Figure 2. There was no statistically significant hetero-
geneity among the six trials (P = .094; I* 47%) and among subgroups
(Fig 3).

Further posthoc analyses were performed to study interaction
between trial characteristics and treatment effect (Appendix Table AL,
online only). Trials were classified according to the single-agent drug
(docetaxel®'2'* v other drug'®'"'?), or according to the dose planned
in doublet arm (same dose of the single-agent drug”'"'? v reduced
dose' ). Interaction tests for OS were not significant. PFS was sig-
nificantly longerwith doublet only when single-agent drug was used at
the same dose in the doublet arm.

Objective RR was increased with doublet: 7.3% versus 15.1%,
with single-agent and doublet, respectively (P = .0004). The test for
heterogeneity was bordetline significant (P.= .06; I* 50%). Exact odds
ratio of RR was 2.24 (95% CI, 1.43 to 3.53; Appendix Fig A2, on-
line only).

A summary of grade 3 to 4 adverse effects is reported in Table 3.
Combination chemotherapy is characterized by a significantly higher
incidence of neutropenia, anemia, thrombocytopenia, emesis, and
diarrhea. Patients treated with doublet had significantly more grade 3
to 4 hematologic (25% v 41%; P < .0001) and grade 3 to 4 nonhema-
tologic toxicity (22% v 28%; P = .034). Heterogeneity among studies
was found for some adverse effects, possibly due to the different drugs
and doses used.

WIWW.JCR.08

This individual patient data meta-analysis shows no significant differ-
ence in OS between doublet and single-agent chemotherapy as
second-line treatment of patients with advanced NSCLC. This meta-
analysis, with 847 patients and 642 events, has a statistical power of
80% of recognizing a HR of 0.8 for combination chemotherapy. Our
data show that doublets determine a statistically significant increase in
RR and in PFS. This increase in activity does not translate in increase in
OS compared with single-agent treatment. This appears to be coher-
ent with the results described in the different setting of first-line chem-
otherapy of advanced NSCLC, where much larger differences in RR
and in time to progression are needed to predict a significant sur-
vival benefit.*'

Systematic reviews and meta-analyses have been increasingly
used in recent years, as a precious instrument of assessing and inter-
preting the results from different clinical trials conducted on the same
topic. The object of this meta-analysis represents a good topic for this
approach hecause limited sample size of each trial did not allow ade-
quate power to detect potentially clinically relevant differences in
efficacy between the two strategies, Four trials were phase II ran-
domized trials,'%'%'3 although three of these'*™""*'* were designed
as classical phase III trials. Classically, phase Il randomized trials
should not be planned to formally compare the treatments, but

© 2009 by American Society of Clinical Oncology B
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Zoledronic acid-induced
regression of multiple
metastases at nonskeletal sites

Bisphosphonates have been shown to reduce skeletal
complications in individuals with bone metastases secondary to
a wide range of solid tumors including lung, breast, and
prostate cancer [1]. They are widely administered as palliative
agents together with chemotherapy, hormonal therapy, or
irradiation [2]. In addition, several types of cancer cells
including hematologic malignancies respond to
bisphosphonates in vitro, with such effects having been
attributed, at least in part, to inhibition of the Ras-signaling
pathway [3]. We now report an unusual case in which tumors
in visceral organs and soft tissues responded markedly to
treatment with the bisphosphonate zoledronic acid (ZA) alone,
with the performance status of the patient improving in the
absence of chemotherapy.

A 69-year-old man with no significant past medical history
presented with pain in his left hip joint at our hospital in
January 2007. X-ray examination revealed an osteosynthetic
change in his left femur, and a metastatic tumor in his left
thigh bone was indicated. Positron emission tomography with
2-{fluorine-18}fluoro-2-deoxy-n-glucose (FDG-PET) revealed
uptake of the tracer at muitiple sites including the left femur,
right rib, left scapula, bilateral adrenal glands, s.c. tissue of the
right gluteal region, and abdominal lymph nodes (Figure 1A,
left panel). Concomitant computed tomography (CT) revealed
tumors of various sizes at multiple sites corvesponding to those
of tracer uptake, with enlargement of the left adrenal glands
apparent from a diameter of 50.2 mm. Biopsy specimens were
obtained from the putative tumor on the left femur and the s.c.
nodule of the right buttock. On the basis of the morphological
and immunohistochemical staining characteristics of the
specimens, a histopathologic diagnosis of spindle cell
carcinoma was made, but the primary site of the tumor was not
determined. The patient’s general condition was poor, and he
had an Eastern Cooperative Oncology Group performance
status of three at the time of diagnosis. Systemic chemotherapy
was therefore not selected, and palliative care was commenced.
Together with prescription of narcotics and 20 Gy of radiation
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Figure 1. Positron emission tomographies with 2-[fluorine-18]fluoro-2-deoxy-p-glucose before (A, left panel) and after (A, right panel) zoledronic acid
treatment, and the corresponding computed tomographies before (B, left panel) and after zoledronic acid treatment (B, right panel) are shown.

to the left femur, ZA (4 mg/body) was administered i.v. every 4
weeks to reduce bone pain. After 6 months, his general
condition was dramatically improved and follow-up FDG-PET
revealed decreased uptake of the tracer in metastases not only
in bone including the right rib, which was not irradiated, but
also in the adrenal glands, abdominal lymph nodes, and s.c.
tissue of the right buttock (Figure 1A, right panel).
Unexpectedly, CT revealed that tumors in the adrenal glands
had shrunk markedly, with the diameter of the left gland having
decreased from 50.2 mm (Figure 1B, left panel) to 26.4 mm
(Figure 1B, right panel), and the s.c. tumor in the right buttock
was no longer detectable.

As far as we are aware, there have been no other reports of
a tumor at a nonskeletal site responding to bisphosphonate
treatment alone. ZA was recently shown to have efficacy as
a preventive agent for cancer recurrence in premenopausal
women with early-stage breast cancer [4]. This previous study
suggested that ZA was able to prevent cancer recurrence not
only in bone but also in nonskeletal organs including the
contralateral breast, lung, and liver. The present case supports
the notion that ZA targets not only osteoclasts, a major
contributor to the tumor microenvironment in bone, but also
tumor cells themselves, as has been shown in preclinical
studies [3]. Further clinical evaluation of ZA for treatment
of cancer is warranted.
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Sorafenib Inhibits Non—Small Cell Lung Cancer Cell Growth
by Targeting B-RAF in KRAS Wild-Type Cells and C-RAF
in KRAS Mutant Cells
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Abstract

Sorafenib is a multikinase inhibitor whose targets include
B-RAF and C-RAF, both of which fanction in the extracellular
signal-regulated kinase (ERK) signaling pathway but which alse
have distinct downstream targets. The relative effects of
sorafenib on B-RAF and C-RAF signaling in tumor cells re-
main unclear, however. We have now examined the effects of
sorafenib as well as of B-RAF or C-RAF depletion by RNA
interference on cell growth and ERK signaling in non-small cell
lung cancer (NSCLC) cell lines with or without KRAS mutations.
Sorafenib inhibited ERK phosphorylation in cells with wild-type
KRAS but not in those with mutant KRAS. Despite this dif-
ference, sorafenib inhibited cell growth and induced G; arrest
in both cell types. Depletion of B-RAF, but not that of C-RAF,
inhibited ERK phosphorylation as well as suppressed cell
growth and induced G, arrest in cells with wild-type KRAS. In
contrast, depletion of C-RAF inhibited cell growth and induced
G, arrest, without affecting ERK phosphorylation, in cells with
mutant KRAS; depletion of B-RAF did not induce G, arrest in
these cells. These data suggest that B-RAF-ERK signaling and
C-RAF signaling play the dominant roles in regulation of cell
growth in NSCLC cells with wild-type or mutant KRAS,
respectively, The G, arrest induced by either C-RAF depletion
or sorafenib in cells with mutant KRAS was associated with
down-regulation of cyclin E, Our results thus suggest that
sorafenib inhibits NSCLC cell growth by targeting B-RAF in cells
with wild-type KRAS and C-RAF in those with mutant KRAS.
[Cancer Res 2009;69(16):6515-21]

Introduction

Lung cancer is the leading cause of cancer-related mortality
worldwide (1). Treatment options are limited for patients with ad-
vanced metastatic lung cancer, with traditional cytotoxic chemother-
apy conferring only a limited survival benefit. Target-based therapies
are therefore being pursued as potential treatment alternatives. The
RAS-RAF-mitogen-activated protein kinase (MAPK)/extracellular
signal-regulated kinase (ERK) kinase-ERK signaling pathway is a
promising therapeutic target given its central role in regulation of
mammalian cell proliferation, relaying extracellular signals from
ligand-bound receptor tyrosine kinases (RTK) at the cell surface to
the nucleus via a cascade of specific phosphorylation events and

Requests for reprints; Isamu Okamoto, Department of Medical Oncology, Kinki
University School of Medicine, 377-2 Ohno-higashi, Osaka-Sayama, Osaka 589-8511, Japan.
Phone: 81-72-366-0221; Fax: 81-72-360-5000; E-mail: chi-okamoto@datd.med.kindai.acjp.

©2009 American Association for Cancer Research,
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beginning with the activation of the small GTPase RAS (2). Much
attention is thus being focused on the development of inhibitors of
this pathway.

RAF was the first effector kinase downstream of RAS to be
identified (3). To date, the most successful clinical inhibitor of RAF
activity is sorafenib (Nexavar, BAY 43-9006), an orally available
compound that has received approval by the US. Food and Drug
Administration for the treatment of advanced renal cell carcinoma
and hepatocellular carcinoma. Sorafenib is also currently undergo-
ing clinical evaluation for a variety of additional cancers, including
non-small cell lung cancer (NSCLC; refs. 4-7).

The mutational status of R4S and B-RAF genes is thought to affect
the sensitivity of tumor cell lines to sorafenib as a result of the in-
appropriate activation by such mutations of the MAPK pathway
mediated by ERK (8, 9). The sensitivity of tumor cell lines with
different RAS mutations to sorafenib is less well characterized than is
that of those with B-RAF mutations (10-14). Despite promising
results of clinical trials of sorafenib monotherapy in NSCLC patients
(4-7), little is known of the possible differences in the sorafenib
sensitivity of NSCLC cells according to the mutational status of
KRAS. We have therefore now examined the effects of RAF inhibition
on the growth of NSCLC cells with or without KRAS mutations and
further investigated the mechanisms of such effects.

Materials and Methods

Cell culture and reagents. The human NSCLC cell lines NCI-H292 (H292),
LK-2, 8g-1, NCI-H520 (H520), PC9, NCI-H1650 (H1650), HCC827, NCI-H1975
(H1975), A549, NCI-H460 (H460), NCI-H23 (H23), NCI-H358 (H358), and NCI-
H1299 (H1299) were obtained from the American Type Culture Collection.
Ma70 cells were obtained as previously described (15). All cells were cultured
under a humidified atmosphere of 5% CO, at 37°C in RPMI 1640 (Sigma)
supplemented with 10% fetal bovine serum. Sorafenib was kindly provided by
Bayer Pharmaceutical, dissolved in DMSO, and stored in aliquots at —20°C,

Assay of anchorage-dependent cell growth [3-(4,5-dimethylthiazol-2-
y1)-2,5-diphenyltetrazolium bromide assay]. Cells were plated in 96-well
flat-bottomed plates and cultured for 24 h before exposure to various con-
centrations af sorafenib for 72 h. TetraColor One (5 mmol/L tetrazolium
monosodium salt and 0.2 mmol/L 1-methoxy-5-methyl phenazinium
methylsulfate; Seikagaku) was then added to each well, and the cells were
incubated for 3 h at 37°C before measurement of absorbance at 490 nm with a
Multiskan Spectrum instrument (Thermo Labsystems). Absorbance values were
expressed as a percentage of that for untreated cells, and the concentration of
sorafenib resulting in 50% growth inhibition (IC5q) was calculated,

Assay of anchorage-independent colony formation in soft agar.
Anchorage-independent cell proliferation in soft agar was assayed with the
use of a CytoSelect 96-Well Cell Transformation Assay (Cell Biolabs). In brief,
cells were cultured for 7 d in complete medium containing soft agar and
various concentrations of sorafenib. The agar matrix was then solubilized, the
cells were stained with 3-(4,5-dimethylthiazol-2-y1)-2,5-diphenyltetrazolium
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bromide (MTT) and lysed, and the absorbance at 570 nm was measured
relative to that at a reference wavelength of 690 nm. Normalized absorbance
values were expressed as a percentage of that for untreated cells, and the ICsp
of sorafenib for inhibition of colony formation was calculated.

Cell cycle analysis. Cells were harvested, washed with PBS, fixed with
70% methanol, washed again with PBS, and stained with propidium iodide
(0.05 mg/mlL) in a solution containing 0.1% Triton X-100, 0.1 rmmol/L EDTA,
and RNase A (0.05 mg/mL). The stained cells {~1 X 10°%) were then analyzed
for DNA content with a flow cytometer (FACSCalibur, Becton Dickinson) and
ModPFit software (Verity Software House).

Immunoblot analysis. Cells were washed twice with ice-cold PBS and
then lysed in a solution containing 20 mmol/L Tris-HCI (pH 7.5), 150 mmol/L
NaCl, 1 mmol/L EDTA, 1% Triton X-100, 2.5 mmol/L sodium pyrophosphate,
1 mmol/L phenylmethylsulfonyl fluoride, and 1 pg/ml. leupeptin. The protein
concentration of lysates was determined with the Bradford reagent (Bio-Rad),
and equal amounts of protein were subjected to SDS-PAGE on a 7.5% gel. The
separated proteins were transferred to a nitrocellulose membrane, which was
then exposed to 5% nonfat dried milk in PBS for 1 h at room temperature
before incubation overnight at 4°C with rabbit polyclonal antibodies to
human phosphorylated ERK (1:1,000 dilution; Santa Cruz Biotechnology),
ERK (1:1,000 dilution; Santa Cruz Biotechnology), FLAG epitope (1:1,000
dilution; Cell Signaling Technology), B-RAF (1:1,000 dilution; Santa Cruz Bio-
technology), C-RAF (1:1,000 dilution; Cell Signaling Technology), or B-actin
(1:500 dilution; Sigma) or with mouse monoclonal antibodies to cyclin E
(1:1,000 dilution; Santa Cruz Biotechnology). The membrane was then washed
with PBS containing 0.05% Tween 20 before incubation for 1 h at room
temperature with horseradish peroxidase-conjugated goat antibodies to
rabbit (Sigma) or mouse (Santa Cruz Biotechnology) immunoglobulin G.
Immune complexes were finally detected with chemiluminescence reagents
(Perkin-Flmer Life Science).

Forced expression of KRAS-V12. An expression vector for FLAG-tagged
hurman KRAS-V12 was constructed by inserting the corresponding cDNA into
the pcDNA3 plasmid (Invitrogen). The expression vector was introduced into
H1299 cells by transfection for 48 h with the use of the Lipofectamine 2000
reagent (Invitrogen).

Gene sileneing. Cells were plated at 50% to 60% confluence in six-well plates
or 25-cm? flasks and then incubated for 24 h before transient transfection for
48 h with small interfering RNAs (siRNAs) mixed with the Lipofectamine reagent.
The siBNAs specific for B-RAF (5" -AGACAGGAAUCGAAUGAAA-T) or C-RAF
(5-CCUCACGCCUUCACCUUUA-3) mRNAs were obtained from Dharnmacon,
and a nonspecific siRNA {control) was obtained from Nippon EGT. The cells were
then subjected to immunoblot analysis or flow cytometry.

Statistical analysis, Data were analyzed by Student’s two-tailed ¢ test.
A P value of <0.05 was considered statistically significant.

Results

Sorafenib inhibits cell growth by inducing G, arrest in NSCLC
cell lines independently of KRAS genotype. The various isoforms
of RAF are the principal effectors of RAS in the ERK signaling path-
way, and mutant RAS proteins trigger persistent activation of down-
stream effectors (3). To determine whether the mutational status of
KRAS might affect the sensitivity of NSCLC cells to sorafenib, an
inhibitor of the kinase activity of RAF (16), we first examined the
effects of this drug on the anchorage-dependent growth of NSCLC
cells with or without KRAS mutations by the MTT assay. Sorafenib
inhibited cell growth with ICsq values ranging from 7.4 to 11.3 pmol/L
in NSCLC cells with wild-type KRAS and from 5.6 to 14.1 pmol/L
in those with mutant KRAS (Fig. 14), values that are within the
clinically relevant concentration range for this drug (17). This
inhibitory effect of sorafenib in cells with wild-type KRAS also
seemed to be independent of whether the cells contained a mutant
version of the epidermal growth factor receptor (EGFR) gene. We next
investigated the effects of sorafenib on anchorage-independent colony
formation in soft agar, a more clinically relevant model of NSCLC cell
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Figure 1. Effects of sorafenib on the growth of NSCLC cell lines classified
according to KRAS and EGFR mutational status. A, the indicated NSCLC cell
lines were cultured for 72 h in complete culture medium contalning various
concentrations of sorafenib, after which cell viability was assessed with the MTT
assay and the |Cs, values of sorafenib for inhibition of cell growth were determined.
B, the indicated NSCLC cell lines were cultured for 7 d in complete medium
containing soft agar and various concentrations of sorafenib, after which colony
formation was evaluated and the 1Cgq values of sorafenib for Inhibition of
anchorage-independent cel! proliferation were determined. All data are means of
triplicates fram representative experiments that were repeated on three separate
occaslons.

proliferation. Sorafenib inhibited anchorage-independent colony
formation with ICs values of 5.6 to 11.1 pmol/L in cells with wild-
type KRAS and of 85 to 11.1 pmol/L in those with mutant KRAS
(Fig. 1B). These data thus indicated that sorafenib inhibits the growth
of NSCLC cells in a manner independent of KRAS mutational status.

To investigate the mechanism by which sorafenib inhibits
NSCLC cell growth, we examined the cell cycle profile by flow
cytometry. Sorafenib increased the proportion of cells in G, phase
of the cell cycle and reduced that of cells in § or G,-M phases in all
tested cell lines regardless of KRAS mutational status (Fig. 2).
Sorafenib did not increase the proportion of cells in sub-G, phase, a
characteristic of apoptosis. These data thus indicated that
sorafenib inhibits cell growth by inducing arrest of the cell cycle
in G, phase.

Effects of sorafenib on the ERK signaling pathway in NSCLC
cell lines. To examine the effects of sorafenib on the ERK signaling
pathway in NSCLC cells, we performed immunoblot analysis with
antibodies specific for phosphorylated (activated) ERK. Sorafenib
markedly inhibited ERK phosphorylation in cells with wild-type KRAS
regardless of the mutational status of EGFR (Fig. 34). In contrast,
sorafenib had no effect on the level of ERK phosphorylation in cells
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with mutant KRAS. To investigate further whether the effect of
sorafenib on ERK phosphorylation is dependent on KRAS mutational
status, we introduced an expression vector for FLAG epitope-tagged
KRAS with the activating Val'? mutation (KRAS-V12) into the human
NSCLC cell line H1299, which harbors wild-type endogenous KRAS.
Whereas sorafenib inhibited ERK phosphorylation in nontransfected
cells or cells transfected with the empty vector, it failed to do so in cells
expressing KRAS-V12 (Fig. 3B). These results thus suggested that
sorafenib blocks the ERK signaling pathway only in NSCLC cells
harboring wild-type KRAS.

B-RAF but not C-RAF depletion inhibits ERK phosphorylation
in NSCLC cells with wild-type or mutant KRAS. The mammalian
RAF family includes A-RAF, B-RAF, and C-RAF, all of which function
in the ERK pathway but also have different downstream phosphor-
ylation targets and play distinct roles in signaling (18). Although
suggested to be a B-RAF inhibitor, sorafenib inhibits the activity of
C-RAF with a potency 4-fold that apparent for B-RAF (16). To inves-
tigate the downstream consequences of B-RAF and C-RAF signaling
in NSCLC cells, we examined the effects of the depletion of these
kinases with a siRNA-based approach. Immunoblot analysis revealed

B
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Figure 3. Effects of sorafenib on ERK phosphorylation in NSCLC cells classified according to KRAS and EGFR status. A, cells were incubated for 2 h in the presence
or absence of sorafenib (16 pmol/L), after which cell lysates (25 ug of soluble protein) were subjected to immunoblot analysis with antibodies to phosphorylated (p-ERK) or
total forms of ERK. B, H1299 cells were transiently transfectad (or not) for 48 h with an expression vector for FLAG-tagged KRAS-V12 or with the corresponding empty
vector and were then incubated for 2 h in the presence or absence of sorafenib (15 pmol/L). Cell lysates (25 ug of scluble protein) were then subjected to immunoblot
analysis with antibodies to FLAG and to phospharylated or total forms of ERK.
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Figure 4. Effects of transient depletion of B-RAF or C-RAF on ERK
phosphorylation in NSCLC cells. Cells harboring wild-type or mutant KRAS were
transtected with nonspecific (control), B-RAF, or C-RAF siRNAs for 48 h, after
which cell lysates were prepared and subjected to immunoblot analysis with
antibodies fo B-RAF, C-RAF, phosphorylated ERK, and p-actin {loading controt).

that transfection of NSCLC cells with siRNAs specific for B-RAF or
C-RAF mRNAs resulted in marked and selective depletion of the
corresponding protein (Fig. 4). Such depletion of B-BAF resulted in
inhibition of ERK phosphorylation in cells harboring wild-type or
mutant KRAS, whereas depletion of C-RAF had no such effect (Fig. 4),
These data thus suggested that depletion of B-RAF, but not that of
C-RAF, inhibits ERK phosphorylation regardless of KRAS status.

Effects of RAF depletion on NSCLC cell proliferation. We next
examined the effects of B-RAF or C-RAF depletion on NSCLC cell
proliferation and cell cycle distribution. Depletion of B-RAF resulted
in significant inhibition of cell proliferation (Fig. 54) and an increase
in the proportion of cells in G, phase of the cell cycle (Fig. 5B),
whereas depletion of C-RAF had no such effects, in NSCLC cells
harboring wild-type KRAS. In contrast, depletion of C-RAF induced
significant inhibition of cell proliferation (Fig. 54) and an increase in
the proportion of cells in G, phase (Fig. 5B), whereas depletion of B-
RAF had only a less pronounced effect on cell proliferation, in NSCLC
cells with mutant KRAS. These data thus suggested that B-RAF-ERK
signaling regulates cell proliferation in NSCLC cells with wild-type
KRAS, whereas C-RAF signaling mediates such regulation in NSCLC
cells with mutant KRAS.

Sorafenib or C-RAF depletion inhibits cyclin E expression in
NSCLC cells with mutant KRAS. Finally, to characterize further
the growth inhibition and G, arrest induced by C-RAF depletion or
sorafenib in NSCLC cells with mutant KRAS, we examined the
expression of cyclin E, an essential promoter of the transition from
Gy to S phase of the cell cycle (19). Immunoblot analysis revealed
that depletion of C-RAF in A549 or H460 cells resulted in
pronounced inhibition of cyclin E expression, whereas depletion
of B-RAF had no such effect (Fig. 6). Exposure of the cells to
sorafenib also induced loss of cyclin E (Fig. 6). These results thus
suggest that the G, arrest induced by depletion of C-RAF or by
sorafenib in NSCLC cells with mutant KRAS may be attributable to
the down-regulation of cyclin E.

Discussion

RAS is an upstream component of the ERK signaling pathway,
which is aberrantly activated by oncogenic mutations of RAS genes.
Among RAS family genes, mutations of KRAS are most common in
solid malignancies, including NSCLC (8, 20, 21). Indeed, KRAS
mutations have been associated with poor prognosis and resistance

to conventional cytotoxic chemotherapy in NSCLC (22-24). Whereas
EGFR tyrosine kinase inhibitors are most efficacious in NSCLC
patients with EGFR mutations, KRAS mutations are associated with
resistance to these agents (25-28). The development of therapeutic
strategies for NSCLC patients with KRAS mutations is thus an
important clinical goal. RAF serine-threonine kinases are the
principal effectors of RAS in the ERK signaling pathway. Given the
key role of this pathway in tumor growth, RAF is a potential target for
cancer therapy.

Sorafenib is an orally available compound that has been developed
as a multikinase inhibitor with activity against RAF and several
RTKs. The sensitivity of cancer cells to sorafenib might be expected
to be affected by KRAS status, given that KRAS mutations result in
activation of the ERK pathway (8). However, as far as we are aware,
no previous study has compared sorafenib sensitivity among a panel
of tumor cell lines of different KRAS mutational status. We have now
evaluated the effects of sorafenib on the growth of NSCLC cells
harboring wild-type or mutant forms of KRAS with two different
assay systems, the MTIT assay and anchorage-independent colony
formation assay, given that previous studies have revealed differ-
ences in the sensitivity of cells to tested drugs between these two
assay systems {(29). The ICg, values for inhibition of cell growth by
sorafenib in these assays have generally been found to be well below
15 pmol/L, the maximum achievable plasma concentration of this
drug (17). We found that the potency of sorafenib for inhibition of cell
growth was similar for NSCLC cells regardless of KRAS mutational
status in both assay systems. We also performed a longer-term
clonogenic survival assay and again found that sorafenib inhibited
the survival of NSCLC cells regardless of KRAS status (data not
shown). These results thus indicate that sorafenib inhibits the
growth of NSCLC cells with mutant KRAS as well as it does that of
those with wild-type KRAS in a clinically relevant concentration
range.

‘We have shown that sorafenib inhibited ERK phosphorylation and
induced G, arrest in NSCLC cells with wild-type KRAS, consistent
with previous results obtained with several cancer cell lines
harboring wild-type KRAS (13, 30, 31). Inhibition of the ERK signaling
pathway, as reflected by a reduced level of ERK phosphorylation,
results in inhibition of cell proliferation and induction of G, arrest in
various cell types (32-35). In the present study, we found that
depletion of B-RAF by RNA interference also inhibited ERK
phosphorylation as well as attenuated cell proliferation and induced
G, arrest in NSCLC cells with wild-type KRAS. These results suggest
that inhibition of B-RAF-ERK signaling contributes to suppression of
the growth of NSCLC cells harboring wild-type KRAS by sorafenib.
Consistent with these findings, the specific B-RAF inhibitor SB-
590885 was previously shown to inhibit ERK phosphorylation and to
induce G, arrest in melanema cells with wild-type KRAS (36, 37). In
contrast, we found that depletion of C-RAF did not result in
inhibition of ERK phosphorylation in NSCLC cells, ERK activation
was previously shown to be conserved in cells derived from C-RAF
knockout mice, suggesting that C-RAF is dispensable for ERK
signaling (38, 39). Together, the present data suggest that B-RAF-ERK
signaling, rather than C-RAF signaling, is a potential therapeutic
target in NSCLC cells with wild-type KRAS.

We showed that ERK phosphorylation was not inhibited by
sorafenib in two NSCLC cell lines (A549 and H460) harboring
mutant KRAS, consistent with previous observations (16). We
further showed this to be the case in two additional such cell
lines (H358 and H23). Such results were previously suggested to
be due to the existence of RAF-independent ERK activation in
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NSCLC cells with mutant KRAS (16). However, we have now
shown that B-RAF depletion resulted in inhibition of ERK
activation in these cells, Our data therefore suggest that sorafenib
is not able to attenuate the constitutive activation of the B-RAF-
ERK pathway characteristic of NSCLC cells harboring mutant
KRAS (40). Despite the sustained activation of B-RAF-ERK
signaling in such cells, sorafenib inhibited cell proliferation and
induced G, arrest in NSCLC cells with mutant KRAS as well as in
those with wild-type KRAS. These data suggest that sorafenib
targets a different pathway in its inhibitory effect on cell growth
in NSCLC cells with mutant KRAS. Whereas sorafenib inhibits the
kinase activity of both B-RAF and C-RAF, it shows a higher
affinity for C-RAF (16). We found that depletion of C-RAF by RNA
interference inhibited cell proliferation and induced G, arrest,
without affecting ERK phosphorylation, in NSCLC cells with
mutant KRAS, whereas it did not exhibit such effects in NSCLC
cells harboring wild-type KRAS. Depletion of B-RAF also inhibited
the growth of NSCLC cells with mutant KRAS, although this effect
was not as pronounced as that in those with wild-type KRAS.

These data indicate that NSCLC cells with mutant KRAS are
dependent on C-RAF signaling to a greater extent than on B-RAF-
ERK signaling for cell proliferation but that both pathways
participate in regulation of the growth of these cells. Melanoma
cells that have acquired resistance to a specific B-RAF inhibitor
were recently shown to have switched their dependency from B-
RAF to C-RAF (41). These observations suggest that RAF proteins
are functionally interchangeable in the regulation of cell growth.
Our data thus indicate that C-RAF signaling is a potential
therapeutic target in NSCLC cells with mutant KRAS. RAF family
proteins are also implicated in regulation of cell cycle progression
in a manner independent of the ERK pathway (18, 38, 42, 43). C-
RAF has been shown to exist in a complex with Cdc25, which
activates the cyclin E-Cdk2 complex and promotes the G,-S phase
transition (44, 45). Cyclin E is thus postulated to be a downstream
effector of C-RAF. In the present study, we found that either C-
RAF depletion or sorafenib treatment induced G; arrest and
down-regulation of cyclin E in NSCLC cells with mutant KRAS.
Although we cannot exclude a possible role for other cell cycle
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Figure 6. Effects of C-RAF depletion or sorafenib on cyclin E expression in
NSCLC cells with mutant KRAS. Cells harboring mutant KRAS were transiently
transfected for 48 h with nonspecific (control), B-RAF, or C-RAF siRNAs or were
exposed to 15 pmol/L sorafenib for 24 h in complete medium. Cell lysates were
then prepared and subjected to immunobiot analysls with antibodies to B-RAF,
C-RAF, cyclin E, and p-actin.

proteins, our present data suggest that the observed down-
regulation of cyclin E may contribute to the G, arrest induced by
C-RAF depletion or by sorafenib in NSCLC cells with mutant

Sorafenib inhibits several RTKs that participate in neovascula-
rization, including vascular endothelial growth factor receptor
(VEGFR)-2 and VEGFR-3 (16). Inhibition of angiogenesis might
thus be expected to contribute to the inhibition of tumor growth by
this drug in addition to its effects on RAF signaling, Although
sorafenib was previously shown to inhibit the growth of a variety of
human tumor xenografts in mice (13, 16, 46), it has been difficult to
measure the relative contributions of its antiangiogenic activity
and its direct antitumor activity mediated by RAF inhibition. In the
present study, we have provided insight into the inhibitory effect of
sorafenib on tumor cell growth in vitro that is mediated by
inhibition of RAF signaling pathways. Our results suggest that
sorafenib targets B-RAF in NSCLC cells with wild-type KRAS and C-
RAF in those with mutant KRAS, and they provide a rationale for
future clinical investigation of the therapeutic efficacy of sorafenib
for NSCLC patients.
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