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Efficacy by Histology in Pemetrexed Studies

NSCLC
Histologic
Group

Second-line
Pem vs. Docetaxel

First-line
Pem/Cis

vs. Gem/Cis
Maintenance

Pem vs. Placebo
Pem Doc Cis/Pem Cis/Gem Pem Placebo

Non-squamous n=205 n=194 n=618 n=634 n=325 n=156

Median OS, months 9.3 8.0 11.0 10.1 15.5 10.3

Adjusted HR (95% CI)
P value

0.78 (0.61–1.00) 
0.048

0.84 (0.74–0.96)
0.011

0.70 (0.56–0.88)
0.002

Squamous n=78 n=94 n=244 n=229 n=116 n=66

Median OS, months 6.2 7.4 9.4 10.8 9.9 10.8

Adjusted HR (95% CI)
P value

1.56 (1.08–2.26)
0.018

1.23 (1.00–1.51)
0.050

1.07 (0.77–1.50)
0.678

Non-squamous = adenocarcinoma, large cell carcinoma, and other/indeterminate NSCLC histology

Scagliotti GV et al. Oncologist   2009
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Efficacy 
Parameter

Second-line 

Pem vs Docetaxel

First-line 

Pem/Cis

vs Gem/Cis

Maintenance Pem
vs Placebo

Nsquam

n=399

Squam

n=172

Nsquam

n=1252 

Squam

n=473

Nsquam

n=482

Squam

n=181

OS 
adjusted HR 

(95% CI)

0.78 

(0.61, 1.00)

1.56

(1.08, 2.26)

0.84 

(0.74, 0.96)

1.23 

(1.00, 1.51)

0.66 

(0.49, 0.88)

1.28 

(0.85, 1.93)

THI - HR 

(95% CI)

P value

0. 48

(0.31, 0.74)

0.001

0.69 

(0.54, 0.87) 

0.002

0.52

(0.31, 0.86)  

0.033

THI=treatment-by-histology interaction
Scagliotti GV et al. JTO in press
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Raltitrexed, and Methotrexate

Compound TS (nM) DHFR 
(nM)

GARFT 
(nM)

† Shih et al. Cancer Res 57:1116-1123, 1997
‡ Chabner et al. J Clin Invest, 76:907-912, 1985

Pemetrexed † 109 ±9.0 7.0 ±1.9 9,300 ±690

Pemetrexed Glu5 † 1.3 ±0.3 7.2 ±0.4 65 ±16

Raltitrexed † 6.0 ±0.9 45 ±3 424,000

Raltitrexed Glu5 † 1.4 ±0.1 30 ±3 132,000

Methotrexate ‡ 13,000 0.004 80,000

MTX Glu5 ‡ 47 0.004 2,500
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In vitro chemosensitivity of pemetrexed is 

correlated with target gene expression

Hanauske A. et al. Inv. New Drug 2007;25:417
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mRNA expression in tumors grouped according to sensitivity or resistance to 100 µg/ml (A) or 10 
µg/ml (B) of pemetrexed after 1 hour exposure

Hanauske A. et al. Inv. New Drug 2007;25:417
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RFC and FPGS Expression in NSCLC Cell Lines

Ozasa H. et al. Cancer Sci. 2010;101:161

Cell Lines

- 8 ADC
- 2 SCC
- 1 LCC
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Pemetrexed in Lung Cancer

Ozasa H. et al. Cancer Sci. 2010;101:161
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Classification of Human Lung Carcinomas by 
mRNA Expression Profiling Reveals Distinct 

Adenocarcinoma Subclasses

SCLC – Very High TS ;  Squamous – Intermediate TS , Adenocarcinoma – Low TS

Bhattacharjee  A et al.  PNAS 2001; 98:13790
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Resected  NSCLC - DNA Repair Genes

Saviozzi S. et al. Cancer Res. 2009
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TS
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Thymidilate Synthase Expression in Normal 
Lung Tissue & Lung Cancer 

Significantly Higher in Squamous 
Cell Carcinoma of the Lung

Significantly Higher in Lung Cancer 
than in normal lung tissue

Snap Frozen Tissues FFPE Tissues

Ceppi P. et al. Cancer 2006
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NSCLC:  AC versus SCCA

ERCC1 (N=1,438) 
1,002 AC, 436 SCCA 

TS (N=965)      
649 AC, 316 SCCA

ERCC1

(Reference <1.7 
for platinum)

% Below 
Reference Level

NSCLC-Total 43.4%

NSCLC-Adenoca 46%

NSCLC-SCCA 30.7%

TS 

(Reference <2.33 
for pem)

% Below 
Reference Level

NSCLC-Total 41.3%

NSCLC-Adenoca 45.7%

NSCLC-SCCA 25.9%

p=0.001 p<0.001

Gandara D. et al. Proc. ASCO 2010
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Monica V. et al. Clin. Cancer Res. 2009; 15:7547
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Phase III Study ED-SCLC  of Pemetrexed/ 
Carboplatin vs Etoposide/ Carboplatin 

Socinski MA. JCO 2009;27:4787
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S TS Expression and Survival in Stage I NSCLC

• 160 patients with resected NSCLC (adeno+BAC 84,squamous 
54, large cell 21)

• TS in situ protein quantification (AQUA)(n=160) & RT-PCR 
(N=85)

• The optimal cut-off point for TS protein at the 25% 
percentile

• TS mRNA not significantly associated with patient survival or 
TS protein expression

• Ts mRNA levels lower in adenocarcinoma compared to 
squamous cell carcinoma

Zheng Z et al. Cancer 2008; 112:2765
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TS Expression and Survival in Stage I NSCLC

Zheng Z et al. Cancer 2008; 112:2765
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S Predictive Molecular Markers of Neoadjuvant 
Gemcitabine and Pemetrexed in NSCLC

• 52 patients, stage I-III

• G 1500 mg/m2 followed by P 500 mg/m2 
days1,15,29,43

• Thoracotomy days 64-77

• RR 35% (95%CI:22-50), no pCR

• Pre- & post-treatment levels of RRM1 and TS 
available in 10 patients (p=0.025)

• Tumor response to CT was inversely correlated with 
the post-treatment levels of expression of RRM1 (p 
<0.001) and TS (p < 0.006). No significant difference 
in PFS and OS

Bepler G. et al. JTO 2008
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S ITACA Adjuvant Trial 
Pharmacogenomics: Yes or No?

ERCC1

High

Low

TS

TS

Low

Low

High

High

Profile 4

Profile 3

Profile 2

Profile 1

Taxanes

Pem    

Cis/Gem

Cis/Pem

Control

Control

Control

Control
Control = investigators’ choice of cisplatin-based doublet
Primary endpoint = OS; Sample size = 700 patients



U
N

IV
ER

ST
Y 

 O
F 

 T
O

RI
N

O
  –

D
EP

T.
 O

F 
CL

IN
IC

A
L 

&
 B

IO
LO

G
IC

A
L 

SC
IE

N
CE

S Phase II Study of Preoperative Cis/Pem in 
Stage IIIa N2 non-squamous NSCLC

Stage IIIa N2 
by Med (+CT
Scan + PET)

N=33

Cis 75 mg/ m2 & 
Pem 500 mg/m2 

x 3 q3wks

Restaging by
CT scan and 

PET
Surgery

Biomarker Assessment
TS, TTF-1, E2F1, ERCC1, BRCA1
(Functional Imaging Changes)

Primary end point : ORR 
Secondary end points :pCR,PFS,OS, tumor downstaging, toxicity
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S Meta-Analysis of Postoperative Adjuvant CT 
with Tegafur-Uracil in NSCLC

Hamada C. et al. JCO 2005; 23:4999 
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R = 0.5
P = 0.0003

P = 0.003

Correlation between  Protein  and mRNA   
TS Expression in 50 Advanced Stage MPM

Righi L, Selvaggi G, et al. JCO 2010;28:1534
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p=0.007

Low TS (n=14): 19 mo

p=0.02

TS Tertile Levels and Clinical Outcome in 
50 Advanced Stage MPM

TIME TO PROGRESSION MEDIAN SURVIVAL

0 12 24 36 48 60
0

20

40

60

80

100 low TS
med TS
high TS
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Med TS (n=19): 8.5 mo

High TS (n=16): 7.2 mo

0 12 24 36 48
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Low TS (n=14): 40 mo

Med TS (n=19): 20.9 mo

High TS (n=16): 14.2 mo

Righi L, Selvaggi G, et al. JCO 2010;28:1534
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Conclusion
• There is evidence of a in vitro correlation between TS levels 

and sensitivity to Pemetrexed.

• In specimens from chemonaive patients with NSCLC, TS 
expression was significantly higher in squamous cell 
carcinoma compared with adenocarcinoma.

• LCC immunoprofile may resemble that of squamous (DSC3 
positive) or adeno- (TTF-1 positive) carcinomas. A strong 
correlation was observed between DSC3+/high TS and TTF-
1+/low TS phenotypes, respectively.

• Good level of correlation of TS expression in cytological and 
corresponding histological samples   

• These hypothesis-generating findings are worthy of 
prospective validation in ongoing studies
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