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NSCLC: Relevance of treatment prediction by 
histology for early and advanced disease  

Relevance of TS testing: British experience 



Thymidylate Synthase (TS) : What is it? 

Å YŜȅ ŜƴȊȅƳŜ ƛƴ ΨƻƴŜ ŎŀǊōƻƴΩ ƳŜǘŀōƻƭƛǎƳ ƛƴ ŀƴȅ ŎȅŎƭƛƴƎ ŎŜƭƭ 

Å Vital importance in DNA synthesis 

Å Therefore of major importance in supporting cell proliferation 

Å Interference with function could inhibit cell proliferation 



Compete with folate substrate of TS 



Efficacy of the drug depends on: 
 
ωPresence and abundance of the target 
ωEfficacy of the Reduced Folate Carrier (RFC) 
ωEfficiency of polyglutamation  
 (Folypolygammaglutamate synthase ς FPGS) 
ωActivity of efflux transporters (MRP/ABCC & BCRP/ABCG2) 

Targets of these drugs are: 

 

Thymidylate Synthase (TS) ..>>>50X 

Glycinamide ribonucleotide formyl 

transferase (GARFT) 

Dihydrofolate reductase (DHFR) 

 
Chattopadhyay et al, Mol Cancer Ther 2007; 6, 404-17 



ΨILDIΩ ƭŜǾŜƭ ¢{ ǎǘŀƛƴƛƴƎ Ψ[h²Ω ƭŜǾŜƭ ¢{ ǎǘŀƛƴƛƴƎ 



Over expression of protein 

also demonstrated by 

immunohistochemistry 

TS mRNA levels by real-time PCR 

Higher levels of  

Thymidylate Synthase 

 in Squamous Carcinomas 



Microdissection 
Surgical FFPE 
1500-2000 cells 
LCDM 
mRNA levels 



Consistent with 
Adenocarcinoma 

 and 
Squamous cell 

data 





¢{ ΨƭŜǾŜƭǎΩ ŀǊŜ ŀƭǎƻ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘΦΦΦΦ 
Ʒ Tumour grade 
Increasing tumour grade sees TS protein (IHC) levels rise 

Ceppi et al, Cancer 2006; 107, 1589 - 96 

  
Ʒ Differentiation in adenocarcinoma 
Poor differentiation sees TS (mRNA) levels rise 

Hashimoto et al, Cancer 2006; 106, 1595 - 601 

  In adenocarcinoma 

Higher Stage, T Classification, LN, Ly & BV invasion sees TS levels rise?? 

Ʒ Increased cell cycle activity (E2F1) 

Associated with higher TS levels (IHC) 
Huang et al. Clin Can Res 2007; 13, 6938-46  

 

Ʒ Cancer stem cell marker (CD133) 

Associated with higher TS levels (IHC) 
Salnikov et al. Int J Canc2010; 126, 950-8  

 

Ki67 



Is TS a prognostic factor in NSCLC ? 

TS mRNA 

TS  IHC 
Ψ!v¦!Ω 
score 

Zheng et al, Cancer 2008; 112, 2765-73 

TS mRNA NOT prognostic in this study 

Hashimoto et al, Cancer 2006; 106, 1595-601 

 

Longer Disease Free Survival when TS mRNA is ôlowõ (p = 0.01) 

No such correlation with TS IHC scoring or genotyping 
Shintani et al, Int J Cancer 2003; 104, 790-95 

 

mRNA 



Predictive factors in tumours: 
Likelihood of response to a particular treatment 

Is TS a predictive factor 
for response to pemetrexed 

 in NSCLC ? 





Low TS measured by immunohistochemistry 

Better results from adjuvant Uracil and Tegafur (UFT) therapy 
Miyoshi et al. Anticancer Res 2007; 27, 2641-8 

TS mRNA levels - a marker for measurable 
ŘƛǎŜŀǎŜ ǊŜǎǇƻƴǎŜ ōǳǘΧΧΦ 
No prediction of overall survival 
or disease free survival in neoadjuvant setting 

Bepler et al. JTO 2008;3, 1112-8 

P=0.006 

Response Growth 

TS levels as a response predictor? 



Trials looking at TS and pemetrexed 
response in NSCLC 

Pemetrexed maintenance 

TS mRNA 

? Induction ï óbefore and after Rxô 

JMIK 
 
Feasibility of measuring TS by IHC in small diagnostic samples in 
patients subsequently given Pemetrexed  



Histologically 

confirmed 

non-

squamous 

NSCLC 

Stage IIIB/IV 

Induction  
 

Pemetrexed 500mg/m2 IV 

on Day 1 

Cisplatin 75mg/m2 IV on 

Day 1 

Repeated for 4 cycles 

Vit B12/folic acid 

supplementation and 

dexamethasone 

prophylaxis 

 

PD 
Discontinue trial 

treatment 

CR/PR/SD 

Maintenance Rx  
 

Pemetrexed 500mg/m2 IV 

on Day 1 

Continued until disease 

progression 

Vit B12/folic acid 

supplementation and 

dexamethasone prophylaxis 

 

Discontinue trial 

treatment on PD 

Thymidylate Synthetase (TS) Immunohistochemistry (IHC)  

 Feasibility in a Routine Clinical Setting for Patients Receiving 

Treatment with Pemetrexed for Advanced Non-squamous Non-Small 

Cell Lung Cancer (NSCLC)  -  (JMIK) 

70 patients recruited 
6 still on treatment 

64 discontinued 
36 PD 

20 other reasons 

8 deaths 
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JMIK: Provisional Sample Numbers  
70 patients  
recruited 

68 samples 
received 

64 samples 
had enough 
tumour for 

IHC 59 samples 
eligible for 

mRNA 
expression 
Lung DSA & 

TS qPCR 
 

52 samples 
passed data 

QC 
to be used 

for  
analysis 

 

5 samples 
 excluded 

 at RNA QC 

Slides only (no tissue block) for 6 patients 
4 gave RNA at low end 

RNA extraction 
Range 8.5 ς 517 ng/ul) 



JMIK: Sample types used in analysis 



JMIK: Central Histological Review 

43%  - �/�,�����ZAdenoca�[ 
57%  -  not done 

NSCLC-NOS 
37% Adenocarcinoma 

60% 

No tumour 
3% 

58%  - IHC done 
? Why 

Tumour % 

<5% - 90% 

Mean 34% 


