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Pemetrexed Plus Cisplatin Versus 
Gemcitabine Plus Cisplatin According 
to Thymidylate Synthase Expression in 
Nonsquamous Non-Small-Cell Lung Cancer: 
A Biomarker-Stratified Randomized Phase II 
Trial
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2015; Aug 1;33(22):2450-6. 

Purpose: We investigated whether thymidylate synthase 
(TS) expression is a predictive marker for the clinical outcome 
of pemetrexed/cisplatin in patients with nonsquamous 
non-small-cell lung cancer.

Patients and Methods: Eligible patients were tested 
for TS expression by immunohistochemistry and stratified 
into either a TS-negative or a TS-positive group. After 
stratification, patients in each group were randomly 
assigned (1:1 ratio) to receive either pemetrexed/cisplatin 
or gemcitabine/cisplatin for a maximum of six cycles until 
disease progression. The primary end point was evaluation 
of the interaction between TS groups and treatment 
allocation for objective response rate.   

Results: Of 321 enrolled patients with nonsquamous 
non-small-cell lung cancer, 315 received at least one dose 
of study chemotherapy and were analyzed. By investigator 
assessment, response rates were 47% for the pemetrexed/
cisplatin arm and 21% for the gemcitabine/cisplatin arm in 
the TS-negative group and 40% and 39%, respectively, for 
the TS-positive group (interaction P=.0084). By independent 
reviewers, response rates of pemetrexed/cisplatin and 
gemcitabine/cisplatin were 39% and 21%, respectively, in 
the TS-negative group and 40% and 48% in the TS-positive 
group (interaction P=.0077). The median progression-
free survival times for the pemetrexed/cisplatin and the 
gemcitabine/cisplatin arms were 6.4 and 5.5 months, 
respectively, in the TS-negative group and 5.9 and 5.3 
months in the TS-positive group (interaction P=.07).   

Conclusion: With regard to response rate and progression-
free survival, pemetrexed/cisplatin was superior to 
gemcitabine/cisplatin in the TS-negative group but not in the 
TS-positive group, indicative of TS expression as a potential 
predictive marker. Additional prospective studies involving 
larger cohorts are warranted to confirm the predictive role of 
TS expression.

Reviewer’s comments: The application of personalised/
stratified medicine to the treatment of advanced 
malignancies has the potential to herald a new era in 
oncology and already drugs targeted against specific 
oncogene products have made a major impact – for example 
vemurafenib in B-RAF mutant melanoma, erlotinib in EGFR 
mutant non-small cell lung cancer (NSCLC) and vandetanib 
in RET mutant medullary thyroid carcinoma. However, 
the development of predictive biomarkers for benefit 
from conventional cytotoxic chemotherapy remains an 
important unmet need particularly in view of the potential 

for major toxicity with such treatment.  In the first-line 
treatment of advanced NSCLC, histology determines the 
most appropriate chemotherapeutic partner for a platinum 
agent with pemetrexed being preferred for non-squamous 
cancers and docetaxel or gemcitabine for squamous 
cancers. Pemetrexed is a folate antagonist whose cellular 
targets include the enzyme thymidylate synthase and it is 
now thought that differential expression of TS (higher in 
squamous cancers) may explain the differential responses of 
non-squamous versus squamous cancers. This study tested 
the hypothesis that within the adenocarcinoma subset of 
NSCLC, levels of TS expression predict the survival benefit 
of cisplatin/pemetrexed chemotherapy (as compared with 
cisplatin/gemcitabine). TS expression was assessed by 
immunohistochemistry with a cut-off for positivity of 10% 
of tumour cells. The study was performed in Korea and 
nearly half of patients were female and a sizeable proportion 
were lifelong non-smokers harbouring EGFR mutations or 
ALK rearrangements. Cancers in females, never-smokers 
and with EGFR mutations were over-represented in the 
TS-negative group. Using the 10% threshold, half of patients 
were TS negative.  In the TS negative subset, response rate 
to pemetrexed was over double that of gemcitabine with 
no difference in the TS positive subset. A similar, but more 
modest, differential benefit was observed in terms of median 
progression-free survival. Regardless of chemotherapy 
regimen, the level of TS expression was prognostic with 
a hazard ratio for mortality of 3.34 in patients with TS 
expression in greater than 30% tumour cells. It is also 
noteworthy that median overall survival was around 2 years 
in this study, significantly longer than in ‘Western’ NSCLC 
populations treated with chemotherapy likely attributable to 
the high prevalence of EGFR mutations and the high rates 
(over 80%) of subsequent erlotinib/gefitinib. – AR

Combined BRAF and MEK Inhibition with 
Dabrafenib and Trametinib in BRAF V600-
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Purpose: To evaluate dabrafenib, a selective BRAF inhibitor, 
combined with trametinib, a selective MEK inhibitor, in 
patients with BRAF V600–mutant metastatic colorectal 
cancer (mCRC). 

Patients and Methods: A total of 43 patients with BRAF 
V600–mutant mCRC were treated with dabrafenib (150 
mg twice daily) plus trametinib (2 mg daily), 17 of whom 
were enrolled onto a pharmacodynamic cohort undergoing 
mandatory biopsies before and during treatment. Archival 
tissues were analyzed for microsatellite instability, PTEN 
status, and 487-gene sequencing. Patient-derived xenografts 
were established from core biopsy samples.    

Results: Of 43 patients, five (12%) achieved a partial 
response or better, including one (2%) complete response, 
with duration of response > 36 months; 24 patients (56%) 
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achieved stable disease as best confirmed response. Ten patients 
(23%) remained in the study > 6 months. All nine evaluable 
during-treatment biopsies had reduced levels of phosphorylated 
ERK relative to pretreatment biopsies (average decrease ± 
standard deviation, 47% ± 24%). Mutational analysis revealed 
that the patient achieving a complete response and two of 
three evaluable patients achieving a partial response had PIK3CA 
mutations. Neither PTEN loss nor microsatellite instability 
correlated with efficacy. Responses to dabrafenib plus trametinib 
were comparable in patient-derived xenograft–bearing mice and 
the biopsied lesions from each corresponding patient.

Conclusion: The combination of dabrafenib plus trametinib has 
activity in a subset of patients with BRAF V600–mutant mCRC. 
Mitogen-activated protein kinase signaling was inhibited in all 
patients evaluated, but to a lesser degree than observed in BRAF-
mutant melanoma with dabrafenib alone. PIK3CA mutations 
were identified in responding patients and thus do not preclude 
response to this regimen. Additional studies targeting the 
mitogen-activated protein kinase pathway in this disease are 
warranted. 

Reviewer’s comments: With a combination of conventional 
cytotoxic chemotherapy, anti-EGFR (in RAS and BRAF wild-type 
cancers) and anti-angiogenic therapies, median life expectancy 
for advanced colorectal cancer (CRC) now exceeds 2 years.  
However, the subgroup of cancers driven by a BRAF codon 
600 mutation derives far less benefit from standard therapy 
and has an inferior prognosis (less than 1 year).  BRAF mutant 
colorectal cancer is typified clinically by female preponderance, 
right sided tumours and frequent distal nodal and peritoneal 
metastases and genetically by high micro-satellite instability, 
low chromosomal instability and promoter hypermethylation.  
Despite the proven survival benefit of selective inhibitors of 
the mutant, constitutively-active BRAF kinase in metastastic 
melanoma, single-agent vemurafenib or dabrafenib have no 
meaningful clinical activity in in BRAF mutant CRC.  This phase I/
II study, of 43 patients, used the combination of dabrafenib and 
trametinib to inhibit the MAP kinase pathway simultaneously 
at 2 ‘nodes’ and incorporated pre-treatment and on-treatment 
biopsies for translational research.  80% of patients were female, 
50% had 3 or more metastatic sites and 51% had received 3 or 
more lines of systemic therapy.  There was evidence of efficacy 
with one patient, who was treatment-naïve, achieving a durable 
complete response, two-thirds of patients achieving disease 
control and 37% exhibiting a greater than 10% reduction in 
disease volume.  In the 9 patients with paired biopsies available, 
there were significant reductions in phospho-ERK levels after 15 
days of treatment, but these were smaller in magnitude than 
those achieved with single-agent dabrafenib in melanoma.  The 
molecular analyses on archival tumour tissue suggested that 
PIK3CA mutation, PTEN loss or TGF-β pathway mutations may be 
associated with response.  The median progression-free-survival 
in this study was 6 months less than that achieved with first line 
therapy in melanoma and the challenge will be to identify and 
target resistance mechanisms. 2 potential resistance mechanisms 
are upregulation of PI3K and EGFR pathways and these are 
being targeted with combinations such as panitumumab, 
dabrafenib and trametinib.  Patient derived mouse xenograft 
were established in 4 of 5 patients and these may be useful tools 
to further dissect resistance mechanisms. – AR
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Second Cancer Risk Up to 40 Years after 
Treatment for Hodgkin’s Lymphoma
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Background: Survivors of Hodgkin’s lymphoma are at increased 
risk for treatment-related subsequent malignant neoplasms. The 
effect of less toxic treatments, introduced in the late 1980s, on 
the long-term risk of a second cancer remains unknown.    

Methods: We enrolled 3905 persons in the Netherlands who 
had survived for at least 5 years after the initiation of treatment 
for Hodgkin’s lymphoma. Patients had received treatment 
between 1965 and 2000, when they were 15 to 50 years of 
age. We compared the risk of a second cancer among these 
patients with the risk that was expected on the basis of cancer 
incidence in the general population. Treatment-specific risks were 
compared within the cohort.    

Results: With a median follow-up of 19.1 years, 1055 
second cancers were diagnosed in 908 patients, resulting in 
a standardized incidence ratio (SIR) of 4.6 (95% confidence 
interval [CI], 4.3 to 4.9) in the study cohort as compared with 
the general population. The risk was still elevated 35 years or 
more after treatment (SIR, 3.9; 95% CI, 2.8 to 5.4), and the 
cumulative incidence of a second cancer in the study cohort 
at 40 years was 48.5% (95% CI, 45.4 to 51.5). The cumulative 
incidence of second solid cancers did not differ according 
to study period (1965–1976, 1977–1988, or 1989–2000) 
(P=0.71 for heterogeneity). Although the risk of breast cancer 
was lower among patients who were treated with supra-
diaphragmatic-field radiotherapy not including the axilla than 
among those who were exposed to mantle-field irradiation 
(hazard ratio, 0.37; 95% CI, 0.19 to 0.72), the risk of breast 
cancer was not lower among patients treated in the 1989–
2000 study period than among those treated in the two earlier 
periods. A cumulative procarbazine dose of 4.3 g or more per 
square meter of body-surface area (which has been associated 
with premature menopause) was associated with a significantly 
lower risk of breast cancer (hazard ratio for the comparison 
with no chemotherapy, 0.57; 95% CI, 0.39 to 0.84) but a 
higher risk of gastrointestinal cancer (hazard ratio, 2.70; 95% 
CI, 1.69 to 4.30).

Conclusion: The risk of second solid cancers did not appear to 
be lower among patients treated in the most recent calendar 
period studied (1989–2000) than among those treated in earlier 
periods. The awareness of an increased risk of second cancer 
remains crucial for survivors of Hodgkin’s lymphoma. (Funded by 
the Dutch Cancer Society.)

Reviewer’s opinion: It is heartening to know that with 
improving knowledge and better management strategies, the 
majority of unfortunate individuals who develop Hodgkin’s 
lymphoma can now expect to be cured and survive longer. 
However, it brings new concerns of late side effects and 
the increased risk of a second malignancy. With time, due 
to better selection of chemotherapy (for example declining 
use of alkylating agents) and radiotherapy (precise limited 
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volume radiotherapy delivery using complex treatment 
planning) there has been an improvement in morbidity and 
reduction in life threatening treatment related risks such as 
haematological disorders and injury to organs (heart, lungs 
and bones).

Unfortunately, even after 40 years of their primary 
treatment, the risk of developing secondary solid cancers 
remains high in Hodgkin’s lymphoma survivors compared 
to the general population, with the cumulative incidence 
reaching 48.5%. In this Dutch study, the median age of the 
patients was 28.6 years at the time of diagnosis and the 
treatment for Hodgkin’s lymphoma included radiotherapy 
for 27.3%, chemotherapy for 12.1% and combination for 
60.5%.  According to the findings of this study, the risk of 
developing late onset second cancer has not diminished over 
time despite changing treatment. The cumulative incidence 
of a second cancer was 33.2% at 30 years and 48.5% 
at 40 years, as compared with the expected cumulative 
incidence of cancer in the general population of 9.6% and 
19.0% respectively. Similar to lung cancer, breast cancer 
accounted for more than 40% of the excess risk. Surprisingly, 
as compared with mantle field, less extensive field was not 
associated with a decline in the risk of breast cancer.  This 
could be due in part to the increased early detection of 
breast cancer through screening and a reduction in the use 
of alkylating agents. Remarkably, the cumulative incidence 
of secondary gastrointestinal cancers (stomach, pancreatic, 
or colorectal cancers) did not change appreciably over time. 
The biggest challenge for the professionals is to provide 
comprehensive information on the late risks, continued 
careful monitoring and an urgent need to design, evaluate 
and implement safer personalised treatment strategies for 
patients diagnosed with Hodgkin’s lymphoma. – SU
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