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Abstract
Purpose: To evaluate the efficacy of mitogen-activated protein kinase/extracellular signal-related kinase
kinase inhibitor PD-0325901 in advanced non–small cell lung cancer patients who had experienced treatment failure after, or were refractory to, standard systemic therapy.
Experimental Design: This open-label, phase II study initially evaluated 15 mg PD-0325901 twice
daily administered intermittently (3 weeks on/1 week off; schedule A). As this schedule was not well
tolerated, a second schedule was introduced as follows: 5 days on/2 days off for 3 weeks, followed by
1 week off (schedule B). The primary end point was objective response.
Results: All patients had received prior systemic therapy (median of two regimens, including epidermal growth factor receptor inhibitors in 26%). Of 13 patients treated on schedule A, three discontinued
due to adverse events (blurred vision, fatigue, and hallucinations, respectively). Twenty-one patients
received schedule B. Main toxicities included diarrhea, fatigue, rash, vomiting, nausea, and reversible
visual disturbances. Hematologic toxicity consisted mainly of mild-to-moderate anemia, without neutropenia. Chemistry abnormalities were rare. Mean (coefficient of variation) PD-0325901 trough plasma
concentrations were 100 ng/mL (52%) and 173 ng/mL (73%) for schedules A and B, respectively, above
the minimum target concentration established in preclinical studies (16.5 ng/mL). There were no
objective responses. Seven patients had stable disease. Median (95% confidence interval) progression-free
survival was 1.8 months (1.5-1.9) and overall survival was 7.8 months (4.5-13.9).
Conclusions: PD-0325901 did not meet its primary efficacy end point. Future studies should focus on
PD-0325901 schedule, rational combination strategies, and enrichment of patient selection based on
mode of action. Clin Cancer Res; 16(8); 2450–7. ©2010 AACR.

The RAS-RAF-mitogen-activated protein (MAP) kinase/
extracellular signal-regulated kinase (ERK) kinase (MEK)ERK signaling pathway is activated in many human
tumors, mediating tumor growth, progression, and metastasis, and is therefore an attractive target for novel, molecularly targeted therapies (1, 2). Although MEK itself is not
an oncogene product, it is the focus of many of the signal
transduction pathways activated by known oncogenes (including BRAF and KRAS mutations) and tyrosine kinase
receptors (1, 3). Thus, inhibition of MEK has the potential

to prevent the subsequent downstream phosphorylation
and activation of MAP kinase (to pMAPK/pERK) and consequently induce tumor regression and/or stasis in some
contexts (1, 3).
Some progress has been made in the treatment of non–
small cell lung cancer (NSCLC) in the past decade, with
more options for adjuvant chemotherapy and concurrent
chemoradiotherapy, and improved systemic therapy for
first-line treatment of advanced disease (4–8). However,
there is still a pressing need for new approaches to
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Translational Relevance
This is the first complete report of a disease-specific
phase II study of a mitogen-activated protein kinase/
extracellular signal-related kinase kinase (MEK) inhibitor in patients with advanced non–small cell lung
cancer. PD-0325901 is a highly potent, oral, smallmolecule inhibitor of MEK1 and MEK2. Our results
are relevant to the future investigation of MEK inhibitors in non–small cell lung cancer, including identifying key toxicities and dosing issues. An intermittent
PD-0325901 dose schedule was selected based on
phase I data in patients with advanced tumors, but
safety issues led to the revision of the dose schedule.
Pharmacokinetic findings suggested that lower doses
might have achieved target plasma concentrations.
This study failed to achieve its primary objective as
no antitumor activity of PD-0325901 was observed
based on prespecified statistical criteria. We discuss
why patient selection, mutation status, combination
strategies with other pathway inhibitors, and the
methods used to evaluate clinical response should be
carefully considered when designing future trials of
MEK inhibitors.

improve treatment outcomes. From a biological point of
view, the inherent molecular heterogeneity of the disease
has hampered efforts to improve outcomes in advanced
NSCLC. For selected patients with incurable lung adenocarcinoma, the addition of bevacizumab to carboplatin/
paclitaxel is a standard option in the United States (9).
Remarkable effects have been achieved with erlotinib in
selected groups of patients [such as nonsmokers and patients with activating mutations of the epidermal growth
factor receptor (EGFR)] compared with best supportive
care (10). Although second- and third-line therapies are
available to patients, in nonselected patient populations,
the gains in survival have been modest (11, 12).
The therapeutic potential of MEK inhibitors is being
explored in a range of human tumors, including NSCLC.
Although estimates vary, mutational activation of KRAS has
been detected in up to ∼25% of NSCLC samples (13–15)
and ∼2% in BRAF mutations (16). Activation of MAP kinase (also known as ERK1/2) has been shown to correlate
positively with advanced tumor stage and the presence of
lymph node metastases and thus tends to be associated
with more aggressive NSCLC tumors (17). Consequently,
MEK inhibition seems to be a rational therapeutic strategy
for NSCLC and various preclinical findings have indicated
that NSCLC cell lines, in particular those with BRAF mutations, are sensitive to MEK inhibitors (1, 18, 19).
PD-0325901 is a highly potent, selective, non-ATP–
competitive, oral, small-molecule inhibitor of both MEK
isoforms, MEK1 and MEK2. A phase I study of PD0325901 in patients with advanced malignancies was done,

www.aacrjournals.org

in which the administration schedules tested were as follows: 1 mg once daily to 30 mg twice daily 3 weeks on
treatment followed by 1 wk off, 10 to 20 mg twice daily
continuous, and 10 mg twice daily 5 days on followed by
2 days off treatment.10
Fifteen milligrams twice daily was the highest dose with
an acceptable incidence (<33%) of dose-limiting toxicity.
However, the final phase II recommended dose has since
been reconsidered due to the emergence of unexpected
delayed toxicity.10
The primary objective of this phase II study was to determine the activity of PD-0325901 in patients with advanced NSCLC who had experienced treatment failure
after, or were refractory to, standard systemic therapy, as
measured by the objective response rate (ORR): complete
response (CR) and partial response (PR). Secondary objectives of the study were to assess the safety profile of
PD-0325901 in this patient population, determine the
duration of progression-free survival (PFS) and overall
survival (OS) following treatment, and evaluate the pharmacokinetics of PD-0325901 and their correlation with
efficacy and safety parameters as appropriate.

Patients and Methods
Patient eligibility criteria. Patients had pathologically
confirmed, progressive or recurrent, advanced-stage (IIIB
with malignant pleural effusion or IV) NSCLC; had experienced treatment failure after at least one prior systemic
therapy for advanced NSCLC; had measurable disease as
defined by the Response Evaluation Criteria in Solid
Tumors (RECIST); had adequate organ and bone marrow
function (absolute neutrophil count of ≥1,500/μL; had
platelets of ≥100,000/μL; had bilirubin of ≤1.5 × upper
limit of normal; had creatinine of ≤1.5 × upper limit of
normal; had left ventricular ejection fraction of ≥50%);
were ≥18 y of age; and had an Eastern Cooperative Oncology Group (ECOG) performance status of 0 or 1.
Patients were excluded if they had undergone a major
surgical procedure or radiotherapy within 4 wk of study
entry or systemic therapy within 2 wk of study entry.
Exclusion criteria also included nontreated brain metastases, any significant ocular abnormality such as glaucoma
or intraocular pressure of >21 mmHg, and active/uncontrolled infection or other serious medical conditions.
All patients provided written informed consent and approval was obtained from the institutional review boards
at each of the investigational centers participating in this
study. The study was conducted in compliance with the
ethical principles originating in or derived from the Declaration of Helsinki.
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Study design. This was a phase II, single-arm, multicenter, open-label study of two schedules of administration of PD-0325901, done at eight study centers in the
United States between November 2005 and May 2007.
PD-0325901 was initially administered orally with food
twice daily (at 12-h intervals ± 2 h) at a starting dose of
15 mg twice daily on an intermittent schedule (3 wk on/
1 wk off; schedule A). This schedule was not well tolerated. Consequently, the same dose (15 mg twice daily)
was administered with additional breaks consisting of
weekends “off treatment” (i.e., 5 d on/2 d off for 3 wk,
followed by 1 wk off; schedule B). Each cycle was defined
as 28 d. The dosing schedule was adjusted rather than
reducing the administered dose because emerging data
from the phase 1 trial (the later stages of which ran concurrently with the current trial report) suggested that continuous twice daily dosing was associated with delayed
ocular toxicity (retinal vein occlusion after >3 mo of therapy in three patients). Thus, the introduction of treatment
breaks was thought more likely to improve patient safety.
Toxicity was assessed using the National Cancer Institute Common Terminology Criteria for Adverse Events,
version 3.0. Dose reductions were made for grade 3 or
other intolerable drug-related toxicity. The predefined
limit on the number of dose reductions for either schedule
was three (dose level 1 was 10 mg twice daily; dose 2 was
5 mg twice daily; dose 3 was 3 mg twice daily). Study treatment continued until the occurrence of disease progression or unacceptable toxicity or until the investigator or
patient made the decision to withdraw.
Pretreatment and on-study assessments. A medical history
was taken prestudy, and a physical examination, details
of any concomitant medication, assessment of Eastern
Cooperative Oncology Group performance status, and
laboratory studies were done before treatment and every
4 wk. Laboratory studies included a complete blood
count, prothrombin and partial thromboplastin times,
electrolytes, blood urea nitrogen, serum creatinine, glucose, alkaline phosphatase, alanine aminotransferase,
aspartate aminotransferase, total bilirubin, lactate dehydrogenase, calcium, phosphorus, magnesium, total protein,
albumin, B-type natriuretic peptide, creatine phosphokinase (muscle/muscle, muscle/brain, and brain/brain
fractions), and urinalysis. Amylase was analyzed at screening only. Women of child-bearing potential had a pregnancy test before treatment; the result of which had to be
negative.
Pretreatment assessments also included an electrocardiogram. In addition, multiple-gated acquisition scans
and ophthalmic examinations were done at screening, and
then after every other cycle or every cycle, respectively. Although preclinical data did not indicate a risk of QT/QTc
prolongation or arrhythmia and a systematic electrocardiogram evaluation incorporated into the phase 1 study
showed no evidence of QT/QTc effects, cardiovascular
safety was closely monitored in this study (including assessment of B-type natriuretic peptide, creatine phosphokinase, baseline electrocardiogram, and regular multigated
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acquisition scans). This was due to reports that a small
number of patients enrolled in trials of other MEK inhibitors developed noticeable decreases in ejection fraction of
unknown relation to the study drug. Ophthalmic examinations were done at baseline and, following a protocol
amendment, before each cycle. Ophthalmic examinations
included best-corrected visual acuity, visual field examination (Amsler grid), intraocular pressure, external eye examination, and dilated funduscopy.
Relevant radiological assessments to evaluate all measurable and assessable sites of disease were conducted at
baseline and radiological evaluation of disease status
was repeated after every other cycle. Patients were able
to continue treatment if they did not develop progressive
disease or experience subjectively intolerable toxicity. Antitumor efficacy was evaluated by RECIST (20).
Plasma pharmacokinetics sample collection and analysis.
Blood samples for pharmacokinetic analysis were collected
on days 1 and 15 (schedule A) or days 1 and 19 (schedule B) of cycles 1, 2, 3, 5, and 7, taken predose and 2 to
8 h postdose. The plasma concentration of PD-0325901
and its active carboxylic acid metabolite, PD-0315209, were
determined using a validated liquid chromatography mass
spectrometry method.
Statistical analysis. The primary end point for this
study was objective response by RECIST and was evaluated by the ORR. Secondary end points included duration of response, PFS, OS, safety profile of PD-0325901,
and pharmacokinetic analysis. Based on a two-stage Simon
Minimax design with an α level of 10% and 90% power,
60 patients (39 in stage 1 and an additional 21 in stage 2)
were required to test the null hypothesis that the true
ORR was ≤5% versus the alternative hypothesis that the
true ORR was ≥15%. At least two confirmed objective responses were needed in stage 1 to allow the expansion of
the trial to stage 2. At the end of the study, at least six
confirmed objective responses were needed to reject the
null hypothesis.
Efficacy and safety analyses included all patients who received at least one dose of study medication. The number
and proportion of patients who achieved an objective response (CR or PR) was to be summarized along with the
corresponding exact two-sided 95% confidence interval,
calculated using the F distribution. PFS, duration of
response, and OS were to be summarized using the
Kaplan-Meier method, with the median event time and
a two-sided 95% confidence interval for the median
provided for each of these end points.

Results
Patient characteristics. The baseline demographic and
clinical characteristics of all patients in the study are summarized in Table 1. Overall, 34 patients were enrolled,
13 patients on the initial schedule (schedule A, 3 weeks
on/1 week off) and 21 on the revised schedule (schedule B,
5 days on/2 days off for 3 weeks, followed by 1 week off).
In total, 27 patients were exsmokers or current smokers and
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Table 1. Baseline demographic and clinical characteristics
Schedule A (n = 13)
Gender, n (%)
Male
Female
Mean (range) age, y
ECOG performance status, n (%)
0
1
Smoking status, n (%)
Current smoker
Exsmoker
Never smoked
Histology, n (%)
Adenocarcinoma
Squamous cell carcinoma
Large cell carcinoma/unclassified
Median (range) number of prior systemic therapies
Patients receiving at least one prior EGFR inhibitor, n (%)

8 (62)
5 (38)
62 (47-81)

Schedule B (n = 21)

10 (48)
11 (52)
63 (36-82)

6 (46)
7 (54)

10 (48)
11 (52)

1 (8)
9 (69)
3 (23)

2 (10)
15 (71)
4 (19)

5 (38)
3 (23)
5 (38)
2 (1-4)
4 (31)

15 (71)
3 (14)
3 (14)
2 (1-4)
5 (24)

Abbreviation: ECOG, Eastern Cooperative Oncology Group.

the majority of patients (n = 30, 88%) were Caucasian; no
patients of Asian ethnicity were enrolled onto the study.
All patients had received prior systemic therapy, with a
median of two regimens (range, 1-4), and 26% had received EGFR tyrosine kinase inhibitors.
Exposure to study treatment. Three of the patients on
schedule A discontinued the study early (during cycle 1)
due to treatment-related adverse events (blurred vision,
fatigue, and hallucinations; n = 1 each). The high rate of
adverse events led to the discontinuation of schedule A
after 13 patients were enrolled. Patients already receiving

treatment were switched to schedule B and the remaining
study patients were assigned to schedule B. Patients received a median of one cycle of treatment on schedule A
and two cycles on schedule B (Table 2).
The dose of PD-0325901 was reduced in four patients on
schedule A (31%) and five patients on schedule B (24%, Table
2). A slightly greater percentage of patients discontinued treatment on schedule A due to a PD-0325901–related adverse
event (23%) compared with schedule B (19%; Table 2).
Emerging safety data from the phase I study of PD-0325901
indicated that doses of PD-0325901 that is ≥10 mg twice daily

Table 2. Summary of study drug exposure, dose reductions, and reasons for discontinuation
Schedule A (n = 13)
Total number of cycles
Median (range) number of cycles
Patients with dose reductions, n (%)
None
Any
≥2
Reasons for discontinuation, n (%)
Death*
AEs related to study drug
AEs unrelated to study drug
Consent withdrawn
Progressive disease

22
1 (1-5)

Schedule B (n = 21)
48
2 (1-10)

9 (69)
4 (31)
2 (15)

16 (76)
5 (24)
0

2
3
1
1
6

4
2
2
13

(15)
(23)
(8)
(8)
(46)

0
(19)
(10)
(10)
(62)

Abbreviation: AE, adverse event.
*Both deaths were due to progressive disease.
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Table 3. Best response to treatment (evaluated by RECIST)
Schedule A (n = 13)
CR, n
PR, n
SD, n (%)
Progressive disease, n (%)
Not evaluable, n (%)
Disease-control rate (CR + PR + SD), n (%)

2454

2
6
5
2

Schedule B (n = 21)

0
0
(15)
(46)
(38)
(15)

5
10
6
5

0
0
(24)
(48)
(29)
(24)

could produce late ocular toxicity in the form of retinal vein
occlusion.10 Thus, further enrollment into this study was suspended during stage 1 and no patients remain on the study.
Efficacy. There were no objective responses during the
study (Table 3). Of the eight patients with posttreatment
imaging on schedule A, two had stable disease (SD). Of the
patients on schedule B, 6 patients had early symptomatic
deterioration and/or significant toxicity; thus, only 15 patients had tumor reevaluation. Of these, five patients had
SD, the longest lasting 10 months with a maximum 25% reduction in tumor size. Combining data from patients on
both schedules, median PFS was 1.8 (95% confidence interval, 1.5-1.9) months (Fig. 1) and median OS was 7.8
months (95% confidence interval, 4.5-13.9; Fig. 2).
Toxicity. All patients who received at least one dose of
PD-0325901 were analyzed for safety. Table 4 summarizes
treatment-related adverse events reported in ≥10% of
patients on either schedule. The most common treatment-related toxicities (incidence in schedule A/incidence
in schedule B) were diarrhea (54%/76%), fatigue (31%/
48%), rash (46%/33%), vomiting (38%/33%), and nausea (38%/29%). Of note, there was a substantial decrease
in the incidence of visual disturbance with schedule B,
although neurologic events were similar between schedules. Visual symptoms comprised of blurred vision, halo
vision, photopsia, and diplopia. Two patients (10%) had
pulmonary embolism (associated with deep-vein thrombosis in one case) and one patient (5%) had grade 2 congestive heart failure on schedule B, all of which were

considered related to study treatment. The patient with
congestive heart failure presented on day 9 of cycle 1
and was resolved after permanent discontinuation of
study drug and supportive therapy on day 31. No significant myelosuppression was observed on either schedule.
Hematologic toxicity consisted mainly of mild-tomoderate anemia, without any neutropenia or leukopenia.
Chemistry abnormalities were rare, and seldom grade ≥3.
A 47-year-old male patient on schedule A developed severe shortness of breath during the third week of cycle 1. Radiographic evaluation showed diffuse interstitial infiltrates
in the lungs. Congestive heart failure was ruled out by echocardiogram. The treating physician reported pneumonia
and progressive disease, and the patient was treated with
broad-spectrum antibiotics and antifungals without improvement. The patient died due to multiple organ system
failure in hospice. Another patient on schedule A, a 64-yearold male with a medical history of adrenal insufficiency, experienced severe weakness during cycle 1 in the context of
progressive disease. He died due to worsening adrenal
failure. Three patients died within 28 days of their last
PD-0325901 dose due to adverse events deemed not to be
related to study drug (aspiration pneumonia, aspiration
with respiratory failure, and respiratory arrest).
Pharmacokinetics. On day 15 (schedule A) or day 19
(schedule B) of cycle 1, the mean (coefficient of variation)
trough plasma concentrations of PD-0325901 and its
metabolite PD-0315209 were 100 ng/mL (52%) and
250 ng/mL (58%), respectively, for schedule A (n = 11)

Fig. 1. Kaplan-Meier plot for PFS. 95% CI, 95% confidence interval.

Fig. 2. Kaplan-Meier plot for OS.
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Table 4. Summary of treatment-related, nonhematologic adverse events and all-causality hematologic
and chemistry abnormalities occurring with a frequency of ≥10% in either schedule (maximum grade, all
cycles)
Adverse event

Schedule A (n = 13)

Schedule B (n = 21)

Grade 1/2, n (%) Grade 3, n (%) Grade 4, n (%) Grade 1/2, n (%) Grade 3, n (%) Grade 4, n (%)
Nonhematologic, treatment related*
Diarrhea
6 (46)
1 (8)
Fatigue
4 (31)
0
Rash
5 (38)
1 (8)
Vomiting
5 (38)
0
Nausea
5 (38)
0
Dermatitis acneiform
1 (8)
0
Confusional state
3 (23)
1 (8)
Vision blurred
5 (38)
0
Peripheral edema
2 (15)
0
Facial edema
2 (15)
0
Visual disturbance
4 (31)
0
Dry mouth
2 (15)
0
Dyspnea
2 (15)
1 (8)
Dizziness
1 (8)
0
Dehydration
0
0
Constipation
0
0
Myalgia
1 (8)
0
Asthenia
1 (8)
0
Weight gain
1 (8)
0
Headache
1 (8)
0
Hallucination
1 (8)
1 (8)
Dyspepsia
2 (15)
0
Diplopia
0
0
Abdominal pain
0
0
Upper abdominal pain
0
0
Agitation
0
0
Cough
0
0
Dry skin
0
0
Pruritus
0
0
Erythematous rash
0
0
Epistaxis
2 (15)
0
Hematologic and chemistry abnormalities, all causality†
Anemia
6 (46)
0
Lymphopenia
3 (23)
3 (23)
Hypoalbuminemia
6 (46)
0
Hyperglycemia
3 (23)
0
Alkaline phosphatase
3 (23)
1 (8)
Hyponatremia
2 (15)
1 (8)
Hypocalcemia
2 (15)
0
Hypokalemia
2 (15)
0
AST
2 (15)
0
ALT
2 (15)
0
Thrombocytopenia
1 (8)
0
Hypophosphatemia
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

14
8
7
7
6
7
3
1
4
4
1
3
1
3

(67)
(38)
(33)
(33)
(29)
(33)
(14)
(5)
(19)
(19)
(5)
(14)
(5)
(14)
0
3 (14)
2 (10)
2 (10)
2 (10)
2 (10)
1 (5)
1 (5)
2 (10)
2 (10)
2 (10)
2 (10)
2 (10)
2 (10)
2 (10)
2 (10)
0

0
1 (8)
0
0
0
0
1 (8)
0
0
0
0
0

10
5
9
9
6
5
4
3
1
1
2
2

(48)
(24)
(43)
(43)
(29)
(24)
(19)
(14)
(5)
(5)
(10)
(10)

1 (5)
2 (10)
0
0
0
0
1 (5)
0
0
0
0
0
1 (5)
0
2 (10)
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

1 (5)
0
0
0
0
0
0
0
0
0
0
0
0
0
1 (5)
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
3 (14)
0
1 (5)
0
0
0
0
1 (5)
1 (5)
0
0

0
0
0
0
0
0
0
0
0
0
0
0

Abbreviations: AST, aspartate aminotransferase; ALT, alanine aminotransferase.
*Treatment related.
†
All causes; includes random glucose in some tests.
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and 173 ng/mL (73%) and 285 ng/mL (76%), respectively, for schedule B (n = 10). Such levels were sustained
on day 15/19 of cycle 2. There were too few evaluable concentration values for a meaningful comparison between
cycles 3 and 5.

Discussion
To our knowledge, the present study of PD-0325901 is
the first complete report of a phase II study of a MEK inhibitor specifically in patients with advanced NSCLC. The primary objective of this study was not met according to a
prespecified criterion. Six or more confirmed objective responses were to be observed to reject the null hypothesis
that the true probability of response was ≤5%. No objective
responses were observed in this heavily pretreated population; thus, the alternative hypothesis that the true probability of response was ≥15% was rejected. The lack of response,
coupled with the safety issues in this and a phase I study of
PD-0325901, in which development of retinal vein occlusion was observed,10 prompted a decision to terminate this
study during stage 1. Toxicity, patient enrichment strategies,
choice of end points, and rational combination strategies
for MEK inhibitors merit further discussion.
Visual disturbances, diarrhea, fatigue, and rash were common treatment-related adverse events during the study and
led to treatment discontinuation in some patients. Optical
neuropathy and retinal vein occlusion have been reported
with continuous dosing of PD-032590110 but were not observed in this study, which used intermittent schedules that
included at least 1 week off treatment. It will be important
to refine the dosing regimen of PD-0325901 further to minimize toxicity. The mean trough concentrations of PD0325901 in this study were far above the IC50 based on tumor xenograft mouse models (range, 16.5-53.5 ng/mL)11
and were also above the plasma drug concentration required for 90% pERK suppression in normal lung tissue
in rats (99 ng/mL; ref. 21). Therefore, a PD-0325901 dose
lower than 15 mg twice daily might be both effective and
more tolerable, given that minimum target concentrations
(determined in animal models) were achieved at doses of
≥2 mg twice daily in a phase I study of PD-0325901.10
It will clearly be important to understand the determinants
of efficacy for the future development of MEK inhibitors for
NSCLC. Genetic markers (BRAF and KRAS mutations) may
also contribute to treatment outcome, as BRAF-mutant tumor cells are exquisitely sensitive to MEK inhibition compared with RAS-mutant and RAS/BRAF-wild-type cell lines
(1, 18). Tumor histology may also be able to enrich for patients sensitive to MEK inhibitors, as has been suggested for
the anti-insulin–like growth factor type 1 receptor antibody,
figitumumab being more active in squamous cell carcinoma and pemetrexed showing more activity in adenocarcinoma histology (22, 23). In addition, linking genomic

11
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data to drug sensitivity could establish which NSCLC patient
subsets are likely to be responsive to MEK inhibition (24).
It could be argued that objective responses to MEK may
be unlikely based on the cell cycle arrest mechanism and
thus end points such as disease control or PFS may have
been a better choice. Targeted agents may prolong survival
without achieving high proportions of objective responses
(25). Thus, future studies should focus more clearly on end
point measurements and consider alternative strategies
such as examining positron emission tomography imaging
with tracers such as 3′-deoxy-3′-[18F]-fluoro-L-thymidine
that can assess inhibition of tumor proliferation (26).
Despite the lack of tumor responses in our study, some
consideration should be made for combination strategies
with other pathway inhibitors. Preclinical studies have
shown that cells without isolated BRAF mutations (which
account for the majority of NSCLC) MEK inhibition is unlikely to result in growth arrest, despite effective ERK inhibition (13, 14, 27). Growth factor signaling pathways are
highly redundant and are found in network arrays (28)
and this redundancy may allow cells to resist single pathway
inhibition. Notably, RAS and phosphoinositide 3-kinase/
AKT pathways intersect at various points and dual inhibition of MEK and phosphoinositide 3-kinase was recently
shown to shrink KRAS-driven tumors in a mouse model
of lung cancer (29). Thus, clinical studies exploring MEK inhibition in combination with direct or indirect phosphoinositide 3-kinase/AKT inhibitors or EGFR tyrosine kinase
inhibitors are warranted. In addition, linking genomic data
to drug sensitivity could establish which NSCLC patient
subsets are likely to be responsive to MEK inhibition (24).
In summary, no objective responses were observed with
PD-0325901 in patients with NSCLC. Patient selection in future trials of MEK inhibitors should be refined based on clinical and genetic determinants, and the end point used to
assess antitumor activity should be carefully chosen. Further
evaluation using a lower dose of PD-0325901 on the intermittent schedule may be warranted in selected patients with
BRAF mutations or in other tumor contexts in which downstream signaling is reliant on MEK for tumor maintenance.
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