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Introduction
Lung cancer is the leading cause of cancer-related deaths in 
the United States. Even after 30 years of improved therapeu-
tic approaches, the 5-year mortality of lung cancer remains 

alarmingly high at 86%.1 The emerging application of 
pharmacogenomics offers the potential to identify drugs and 
drug combinations in the treatment of lung cancer according to 
an individual’s unique genetic makeup. A series of randomized 

The Use of Pharmacogenomics for Selection of Therapy in Non-Small-Cell 
Lung Cancer

nagla a. Karim1, hai Bui2, Peterson Pathrose3, sandra starnes3, ninad Patil4, Mahmoud shehata1, 
ahmed Mostafa5, MB Rao6, ahmad Zarzour7 and Marshall anderson8

1Division of Hematology/Oncology, Department of Internal Medicine, University of Cincinnati, Cincinnati, OH, USA. 2Department of Pathology, 
Cincinnati VA Medical Center, Cincinnati, OH, USA. 3Divison of Thoracic Surgery, Department of Surgery, University of Cincinnati, Cincinnati, 
OH, USA. 4Department of Pathology, Mount Sinai Medical Center, New York, NY, USA. 5Division of Pulmonary, Department of Internal 
Medicine, University of Cincinnati, Cincinnati, OH, USA. 6Division of Environmental Health, University of Cincinnati, Cincinnati, OH, USA. 
7Internal Medicine Department, Cleveland Clinic Foundation, Cleveland, OH, USA. 8Division of Hematology/Oncology, Medical College of 
Wisconsin, Milwaukee, WI, USA. 

AbstrAct
IntroductIon: Performance status (PS) is the only known clinical predictor of outcome in patients with advanced non-small-cell lung cancer 
(NSCLC), although pharmacogenomic markers may also correlate with outcome. The aim of our study was to correlate clinical and pharmacogenomic 
measures with overall survival.
Methods: This was an IRB approved, retrospective study in which the medical records of 50 patients with advanced NSCLC from 1998–2008 were 
reviewed, and gender, race, PS, and chemotherapy regimens were documented. Stromal expression of pharmacogenomic markers (VEGFR, ERCC1, 
14-3-3σ, pAKT, and PTEN) was measured. Clinical factors and pharmacogenomics markers were compared to overall survival using a Cox proportional 
hazards model.
results: Forty patients received platinum-based therapy. Median age was 65 years. Improved PS, female gender, and gemcitabine therapy were signifi-
cantly associated with longer overall survival (P = 0.004, P = 0.04, and P = 0.003, respectively). Age was not associated with survival. Caucasians had better 
overall survival in comparison to African Americans with median survival of 14.8 months versus 10.4 months (P = 0.1). Patients treated with platinum-
based therapy had better survival of 15 months versus 8 months for non-platinum based therapy (P = 0.01). There was no significant association between any 
of the pharmacogenomics markers and overall survival other than in patients treated with platinum, in whom ERCC1 negativity was strongly associated 
with longer survival (P = 0.007).
conclusIon: ERCC1 negativity with platinum therapy, gemcitabine therapy, good PS, and female gender all correlated with improved overall survival 
in patients with advanced NSCLC.
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clinical trials have demonstrated that survival of patients 
with stage III or IV non-small-cell lung cancer (NSCLC) 
is improved with the use of chemotherapy compared to best 
supportive care.2,3 Among the initial chemotherapeutic agents 
that demonstrated reproducible activity in NSCLC was the 
non-classical alkylating agent cisplatin. More recently, newer 
agents such as gemcitabine and taxanes have been combined 
with cisplatin; however, the ability to predict which patients 
are likely to benefit from chemotherapy remains a challenging 
dilemma with no uniformly reliable clinical predictors other 
than performance status (PS) and weight loss.

Several studies have linked cisplatin resistance to high 
expression of the DNA repair gene excision repair cross-
complementation group 1 (ERCC1).4–7 ERCC1 is 1 of 16 genes 
that encodes the nucleotide excision repair complex. ERCC1 
is a nucleotide excision repair enzyme playing an important 
role in DNA repair mechanism that removes the therapeu-
tic  platinum–DNA adducts from the tumor DNA. NSCLC 
patients with surgically removed early stage tumors, who 
received no further therapy, had a better survival if their tumors 
were ERCC1 positive.8 These studies also have emphasized that 
patients with lowest levels of mRNA expression of ERCC1 tend 
to have better response to cisplatin-based therapy. This indi-
cates the importance of considering ERCC1 mRNA expression 
as a predictive marker for the effectiveness of  cisplatin-based 
chemotherapy.

In addition to ERCC1, there are several other phar-
macogenomic markers that could have prognostic impact, 
although they act through different mechanisms. Angio-
genesis plays an important role in tumor growth and has 
attracted interest as a potential therapeutic target.9 Studies 
have shown that 14-3-3 sigma (14-3-3σ) protein levels are 
more highly expressed in human lung cancers compared to 
normal tissues.

The aim of this study was to correlate clinical factors and 
pharmacogenomic markers, such as ERCC1 and 14-3-3σ, 
with overall survival in patients with advanced stage NSCLC 
and also to determine the feasibility of utilizing pharmaco-
genomic markers as prognostic markers and to determine their 
value for incorporation into future treatment protocols.

Materials and Methods 
Fifty patients with advanced stage NSCLC were included 
in the study in the period between January 2007 and 
December 2008. We included patients with advanced stage 
NSCLC (recurrent NSCLC or stage III or IV NSCLC; 
squamous, adenocarcinoma, or large cell undifferentiated 
NSCLC) with  adequate tissue to undergo further analysis. 
Most of the patients with advanced stage were only diag-
nosed with fine needle aspiration or small biopsies. Three 
patients had surgical resection, followed by adjuvant sys-
temic chemotherapy, however, were included in the study as 
they became progressive with recurrent advanced NSCLC. 
Pharmacogenomic testing was carried out in the majority 

of the 50 patients using the biopsy samples of the advanced 
disease, but for patients who had prior surgical resection, 
the available surgically resected tumor was tested. Five 
patients received radiation for limited periods of time.

All patients had chest X-ray and a computed tomography 
(CT) scan of the chest and upper abdomen before entry into 
the study and underwent repeated evaluation at least every 
6 weeks. All patients gave signed informed consent, and the 
study was approved by the institutional ethics review boards. 
Archival tumor specimens from each patient were retrieved 
from the pathology core facility after review of the H&E 
(Hematoxylin and eosin) stained slides.

This was a retrospective study, approved by the University 
of Cincinnati Institutional Review Board, in which 50 patients 
with stages III and IV NSCLC from the University Medi-
cal Center and the VA medical center were included between 
1998 until 2008. The patients’ medical records were reviewed 
and their gender, race, PS, chemotherapy regimens, and phar-
macogenomic marker levels were documented and evaluated 
for correlation with survival. Pharmacogenomic markers were 
measured by pathologists at the University of Cincinnati. The 
evaluation was blinded and they used immunohistochemical 
(IHC) staining and included: ERCC1, vascular endothelial 
growth factors (VEGF) and VEGF receptor, nuclear fac-
tor kappa beta (NF-kB [p65]), 14-3-3σ, and phosphorylated 
AKT (pAKT) and PTEN.

Immunohistochemical staining. IHC staining was 
performed using Vectastain Elite ABC universal  staining kit 
(Vector Laboratories, CA, USA) according to the manufac-
turer’s protocol. Paraffin blocks of stage III and IV NSCLC 
were sectioned at 4 microseconds and de-waxed for 2 hours 
at 65 °C. Sections were boiled at 95 °C in antigen demasking 
buffer (10 mM sodium citrate at pH 6.0) for 15 minutes. These 
sections were further incubated with 3% H2O2 in 100% meth-
anol to quench the endogenous peroxidase  activity and blocked 
with 10% goat or horse serum for 2 hours. The treated sections 
were incubated overnight at 4 °C with anti-VEGF (A-20) 
rabbit polyclonal at 1:100 dilution; anti-p65 (C-20) rabbit poly-
clonal at 1:100 dilution; anti-14-3-3σ (N-14) goat polyclonal 
at 1:500 dilution (Santa Cruz Biotechnology, CA, USA); anti-
VEGFR2 (KDR-55B11) rabbit monoclonal at 1:250 dilu-
tion; anti-pAKT (ser 473) rabbit monoclonal at 1:100 dilution 
(Cell Signaling, MA, USA); anti-PTEN rabbit polyclonal at 
1:100 dilution (Abcam, MA, USA); and anti-ERCC1 (8F1) 
rabbit polyclonal at 1:200 dilution (Thermo Fisher Scientific, 
CA, USA). Peroxidase staining was revealed using a DAB-
enhanced liquid substrate system (3,3’-diaminobenzidine 
tetra hydrochloride) (Sigma, MO, USA). Stained sections were 
counterstained using Mayers hematoxylin. Results were inter-
preted independently by two pathologists and graded by the 
following criteria: Grade 0 (negative or non-reactive expres-
sion), Grade 1 (weak or focal expression), Grade 2 (moderate 
expression), and Grade 3 (strong or diffused expression). 
Grades #5% were considered negative. All tumor samples 
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were graded using normal samples as a control. Figures 1A 
and 1B demonstrate ERCC1-positive and -negative expres-
sions, respectively.

statistical Analysis 
The main objective of this study was to identify molecular 
determinants of clinical outcomes related to cancer prognosis 
and survival. The primary outcomes were overall survival and 
progression-free survival.

The expression rates of the protein markers VEGF receptor 
and 14-3-3σ, as determined by IHC labeling, were treated as 
continuous variables, while the remaining markers (VEGF, P65, 
PTEN, pAKT, and ERCC1) were treated as ordinal categorical 
variables. Cells with protein expression rates above 0 (VEGF 
receptor and 14-3-3σ) or stained as 1+ or 2+ (VEGF, P65, 
PTEN, pAKT, and ERCC1) were considered positive. Cells 
with 0 expression or stained as 0+ were considered negative for 
the marker.

Overall survival was defined as the time from the date of 
diagnosis to the time of death from any cause or the time at 
the last follow-up. Progression-free survival was defined as the 
duration between the date of diagnosis and disease progres-
sion or the last follow-up.

The Kaplan–Meier method was used to estimate the 
distribution of survival time of the patients, overall and 
after stratifying by race and gender. Univariate analysis was 
conducted to examine the survival curves across the protein 
expression levels of the molecular markers (classified as posi-
tive and negative) using the log rank test.

In order to determine the joint effect of the predictors 
(age, gender, race, type of chemotherapy, and protein expres-
sion of each marker) on the overall survival and progression-
free survival of the patients, a Cox regression model was used. 
Covariates were chosen using the backward selection tech-
nique at the 10% significance level.

The association between the molecular markers and 
demographic and clinical parameters was examined. Com-
parisons of categorical data were performed using the Chi-
square test or Fisher’s exact test. The Wilcoxon two-sample 
test with t approximation was used to compare continuous 
data that were not normally distributed. Continuous vari-
ables, including the overall survival and progression-free 
survival, were correlated with expression levels of the mark-
ers using Spearman correlation coefficients. A two-tailed  

P value #0.1 was considered significant in this preliminary 
analysis.

results
Fifty patients with histologically proven NSCLC of advanced 
stage (stage III or IV) were included in our study. Forty 
patients received a platinum-based chemotherapy regimen, 
while 10 received non-platinum based regimens. Median age 
was 65 years (range 42–84); age did not correlate with OS 
(Overall Survival) (P = 0.24). ECOG PS was 0 in 8 patients 
(16%), 1 in 29 patients (58%), 2 in 7 patients (14%), and 3 in 6 
patients (14%). ECOG PS of 0 and 1 were significantly asso-
ciated with higher overall survival (P = 0.004). Females had 
significantly longer survival compared to males (31.7 months 
versus 12.4 months, P = 0.04) as shown in Figure 2 and 
Table 1. Caucasians had better overall survival in comparison 
to African Americans with median survival of 14.8 months 
versus 10.4 months, although this did not reach statistical sig-
nificance (P = 0.1) as shown in Table 1.

Patients treated with gemcitabine therapy had a median 
survival of 19 months versus 13 months in the non-gemcitabine 
therapy group (P = 0.003); patients treated with platinum-
based therapy had a median survival of 15 months versus 
8 months in the non-platinum based therapy group, but this 
did not reach statistical significance. However, in patients 
treated with platinum, ERCC1 negativity was strongly 
associated with longer survival (P = 0.007) as shown in 
Figure 3.

Higher expression of the VEGF receptor was associated 
with improved overall survival of 14 months versus 9.7 months 
with lower expression, but the difference did not reach statisti-
cal significance. 14-3-3σ, pAKT, and PTEN tissue expression 
did not correlate with overall survival.

NF-kB (p65) expression was positive in 4 out of 46 
patients’ lung cancer tissue. The positivity of NF-kB (p65) 
was associated with shorter survival of 9.9 months versus 
13 months in patients with negative expression of the same 
receptor, with only a statistical trend of P = 0.1 (see Table 1).

A B

figure 1. (a) eRCC 1 overexpression. (b) negative eRCC 1 expression.
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figure 2. Overall survival in our studied male and female patients.
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Table 1. Clinical variants and pharmacogenomics markers affecting 
outcome of nsClC.

vaRiaNT mediaN  
SURvivaL

P vaLUe

-gender (n = 50)
Females (n = 8)
Males (n = 42)

31.7 months
12.5 months

0.04

-Race (n = 50)
Caucasians (n = 45)
african americans (n = 5)

14.8 months
10.4 months

0.1

-Performance status (n = 50)
0, 1 (n = 37)
2, 3 (n = 13)

15 months
6.3 months

0.007

-gemcitabine based therapy  
 (n = 12)
-non-gemcitabine therapy  
 (n = 38)

19 months
13 months

0.003

-Platinum based therapy (n = 40)
-non-platinum based therapy  
 (n = 10)

15.3 months
8.4 months

0.1

-eRCC1 in platinum treated  
 patients (n = 40)
eRCC1 negative (n = 14)
eRCC1 positive (n = 12)
eRCC1 strongly positive (n = 14)

36 months
15 months
12 months

0.035
0.007

14-3-3 sigma (n = 48)
-high expression (n = 7)
-low expression (n = 41)

13.5 months
13 months

not  
significant

-VegFR expression (n = 49)
-VegFR high expression (n = 26)
-VegFR low expression (n = 23)

14 months
9.7 months

0.1

-Platinum treated eRCC1 negative  
 with Ps 0,1 (n = 11)

22.4 months  

-Platinum treated eRCC1 negative  
 with Ps 2,3 (n = 2)

n/a  

Platinum treated eRCC1 positive  
 with Ps 0, 1 (n = 23)

16.8 months

-Platinum treated eRCC1
 positive with Ps 2,3 (n = 4)

14.8 months  

non-platinum treated eRCC1  
 positive with Ps 0,1 (n = 1)

n/a

non-platinum treated eRCC1  
 negative with Ps 0,1 (n = 4)

7.6  

non-platinum treated eRCC1  
 positive and Ps 0, 1 (n = 2)

n/a  

non-platinum treated eRCC1  
 positive and Ps 2,3 (n = 3)

6.3

paKt positive (n = 13) 13.5 months

paKt negative (n = 33) 13 months

Pten positive (n = 31) 13.4 months

Pten negative (n = 15) 13 months

P65 positive (n = 4) 9.9 months 0.1

P65 negative (n = 42) 13 months
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figure 3. Correlation between eRCC1 levels and overall survival in 
patients with nsClC treated with standard therapy.

discussion
Since cisplatin and carboplatin are the most commonly used 
base agents for combination chemotherapy for the treatment of 
advanced NSCLC, many studies have focused on the benefit of 

platinum doublets. Older randomized trials repeatedly failed to 
identify differences in survival between any of these doublets, 
which gave way to the new era of personalized chemotherapy 
and the selection of patients with ERCC1 nega tive expres-
sion for receiving platinum-based chemotherapy. Adjuvant 
therapy with platinum doublet showed benefit in the ERCC1-
negative and the ERCC1-positive population of patients.10 In 
1995, the Non-Small-Cell Lung Cancer Collaborative Group 
(NSCLCCG) published a meta-analysis showing a strong 
trend in favor of adjuvant cisplatin-based chemotherapy ( hazard 
ratio[HR], 0.87; 95% confidence interval [CI], 0.74–1.02; 
P = 0.08), with an absolute improvement in the 5-year survival 
rate of 5%. Although the benefit was not statistically significant, 
this observation prompted additional clinical trials to address 
the appropriate role of adjuvant chemotherapy in patients with 
resected NSCLC (Table 2).11 The standard of care for stage II–
IIIA NSCLC patients is adjuvant cisplatin-based doublet che-
motherapy after appropriate surgical resection to improve OS. 
The benefit for patients with stage IB NSCLC is less apparent, 
likely because of the heterogeneity of this population. The latest 
revisions to the TNM staging criteria should assist in risk strat-
ification.11 Our data confirm the benefits of ERCC1 selectivity 
in improving the outcome of patients with NSCLC. Among 
the patients who received platinum-based therapy, those who 
were negative for ERCC1 had significantly longer overall sur-
vival than those who were positive as shown in Table 1. The 
degree of ERCC1-positive expression also correlated well with 
the overall survival, but this could also be attributed to the fact 
that most of our patient population (80%) received platinum-
based therapy as per the standard guidelines.

We were unable to test for ribonucleotide reductase mes-
senger RNA (RRM1) expression, the marker of resistance to 
gemcitabine therapy.12,13 In spite of that, our patient popu-
lation with advanced NSCLC showed better survival when 
treated with gemcitabine, whether first or second line, com-
pared to other regimens (19 versus 13 months; P = 0.003). This 
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contrasts with the group of patients receiving platinum therapy, 
in whom platinum therapy was only significantly associated 
with improved overall survival in ERCC1-negative patients. 
This is the first study, however, that shows that gemcitabine 
therapy would influence the overall survival of patients with 
advanced NSCLC if we do not have the tools to test for the 
specific RRM1 unlike ERCC1 and platinum therapy.

The VEGF (VEGF-A, -C, -D) and the VEGF recep-
tors (VEGFR-1, -2, and -3) are important molecular markers 
in angiogenesis and lymphangiogenesis. A study by Donnem 
et al.14 elucidated the prognostic significance of these molecu-
lar markers in tumor cells, as well as in the tumor stroma of 
resected NSCLC tumors. In that study, high tumor cell expres-
sion of VEGF-A, VEGFR-1, VEGFR-2, and VEGFR-3 was 
a significant negative prognostic indicator of disease-specific 
survival (DSS).14 In tumor stroma, however, high expression 
of VEGF-A, VEGF-C, VEGF-D, VEGFR-1, and VEGFR-2 
correlated with good prognosis. In multivariate analyses, high 
expression of VEGFR-3 in tumor cells was an independent 
negative prognostic factor for DSS, whereas in stromal cells, 
high VEGF-C had an independent positive association with 
survival.14 In our study, however, the tumor tissue was obtained 
at biopsy for advanced stage disease. The abundance of tumor 
tissue made the discrimination between the tumor stromal tis-
sue and the tumor cells very challenging. Our data regarding 
VEGF and VEGF-R tumor expression were not statistically 
significant in relation to overall survival; this could be attrib-
uted not only to the limited patient population, but also to the 
limited volume of tumor tissue obtained during biopsy rather 
than surgical resection. This might lead to the conclusion that 
VEGF and VEGF-R expression data should be reviewed 
with caution especially given data on stromal or tumor tissue 

expression as well as available information on the amount of 
available tumor tissue examined prior to any conclusions for 
prognosis or selection of therapy.

In another study on 115 patients, serum levels of 14-3-
3σ were associated with a significantly longer survival in 
the methylation-positive group (15.1 versus 9.8 months; 
P = 0.004).15 In our study, however, we tested 14-3-3σ in paraf-
fin-embedded tumor tissue, and both the positive and negative 
groups had similar survival. This suggests that the expression 
of 14-3-3σ may be of more value for prognostic stratification 
of patients with NSCLC if measured in the serum rather than 
by IHC analysis of paraffin-embedded tissues.

Over-expression of pAKT and loss of PTEN expression 
in NSCLC have been previously correlated with poor differ-
entiation, lymph node involvement, distant metastasis, late 
stages as well as worse overall survival.16 Unfortunately, our 
study did not confirm these findings. In fact, both negative 
and positive expressions of both receptors had almost equal 
survival.

NF-kB, also known as p65, is a key transcription factor 
thought to play a major role in carcinogenesis, and its expres-
sion was shown to be significantly higher in advanced TNM 
stages (III–IV) than in earlier stages (I–II).16 In that study, 
394 formalin-fixed and paraffin-embedded specimens from 
surgically resected lung tumors were examined. The overall 
survival analysis in patients with NSCLC (n = 298) showed 
that NF-kB did not significantly influence the overall survival 
or disease-free survival.16 Our results, however, are only rel-
evant to the advanced stages of NSCLC (stage III, IV). In 
our study, patients with positive expression of NF-kB had 
a median survival of 9.9 months compared to 13 months in 
those with negative expression. However, only 4 of 46 patients 

Table 2. Recent randomized phase iii trials of adjuvant chemotherapy in nsClC.

TRiaL N STage ChemoTheRaPY PoRT hR P-vaLUe

Positive trials

ialt18 1,867 i–iii Cisplatin and vinca alkaloid
or etoposide

Optional (30.6%) 0.86 5-yr median follow-up
,0.03

JBR.1019 482 iB–ii Cisplatin and vinorelbine no 0.69 5-yr median follow-up
0.04

anita20 840 iB–iiia Cisplatin and vinorelbine Optional (28%) 0.80 0.017

Negative trials

eCOg 359021 488 ii–iiia Cisplatin and etoposide all pts 0.93 0.56

alPi22 1,209 i–iiia Mitomycin, vindesine, and  
cisplatin

Optional 0.96 0.589

Blt23 381 i–iiia Cisplatin based Optional 1.02 0.90

CalgB 963324 344 iB Carboplatin and paclitaxel no 0.83 0.12

Phase iii of RRM1  
and eRCC125

275 iV–iiiB eRCC1 and
RRM1 expression–Based  
Chemotherapy Versus
gemcitabine/Carboplatin

no n/a 0.66

abbreviations: alPi, adjuvant lung Project italy; anita, adjuvant navelbine international trialist association; Blt, Big lung trial; CalgB, Cancer and leukemia 
group B; eCOg, eastern Cooperative Oncology group; hR, hazard ratio; ialt, international adjuvant lung trial; laCe, lung adjuvant Cisplatin evaluation; 
nsClC, non-small-cell lung cancer; PORt, postoperative radiotherapy.
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had positive expression, making this a limited sample to draw 
broader conclusions. A larger scale study of NF-kB expres-
sion is warranted, especially with the ongoing research in 
targeted therapy utilizing NF-kB inhibitors in patients with 
lung cancer.17 For the future implications of our study, we 
are currently investigating the role of pharmacogenomics in 
relation to the k-ras mutation and have presented an abstract 
at IASLC/AACR (Abstract) and the potential use of these 
markers if used in combination with molecular profiling.

limitation of the study
Our study is retrospective, limiting the measurement of some 
key statistics. As a one-center study, the generalization of the 
results is restricted. Most of the patients with advanced stage 
were only diagnosed with fine needle aspiration or small bio-
psies, and thus limited tissue was available for further studies.

conclusion
Gemcitabine therapy, ERCC1 negativity and treatment with 
platinum therapy, ECOG PS 0 or 1, and female gender corre-
lated with improved overall survival in patients with advanced 
NSCLC.
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