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Figure 1.

Models of oncogene addiction.

A. The ‘genetic streamlining’ theory postulates that non‐essential pathways (top, light
grey) are inactivated during tumour evolution, so that dominant, addictive pathways
(red) are not surrogated by compensatory signals. Upon abrogation of dominant
signals, there is a collapse in cellular fitness and cells experience cell‐cycle arrest or
apoptosis (bottom, red to yellow shading).

B. In the ‘oncogenic shock’ model, addictive oncoproteins (e.g. RTKs, red triangle)
trigger at the same time pro‐survival and pro‐apoptotic signals (top, red and blue
pathway, respectively). Under normal conditions, the pro‐survival outputs dominate
over the pro‐apoptotic ones (top), but following blockade of the addictive receptor,
the rapid decline in the activity of survival pathways (dashed lines, bottom) subverts
this balance in favour of death‐inducing signals, which tend to last longer and
eventually lead to apoptotic death.

C. Two genes are considered to be in a synthetic lethal relationship when loss of one
or the other is still compatible with survival but loss of both is fatal. In the top panel,
biochemical inactivation of pathway A (grey) has no effect on cell viability because
pathway B (red), which converges at some point on a common substrate or effector

Download figure |  Open in new tab |  Download powerpoint
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C. Two genes are considered to be in a 
synthetic lethal relationship when LOSS OF 
ONE OR THE OTHER IS STILL 
COMPATIBLE WITH SURVIVAL BUT 
LOSS OF BOTH IS FATAL. When the 
integrity of  pathway B is disrupted (bottom), 
the common downstream biochemical 
function is lost and again cancer cells may 
experience cell cycle arrest or apoptosis.  
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UsingMultiplexed Assays of Oncogenic Drivers
in Lung Cancers to Select Targeted Drugs
Mark G. Kris, MD; Bruce E. Johnson, MD; Lynne D. Berry, PhD; David J. Kwiatkowski, MD; A. John Iafrate, MD;
Ignacio I. Wistuba, MD; Marileila Varella-Garcia, PhD; Wilbur A. Franklin, MD; Samuel L. Aronson, ALM, MA;
Pei-Fang Su, PhD; Yu Shyr, PhD; D. Ross Camidge, MD, PhD; Lecia V. Sequist, MD; Bonnie S. Glisson, MD;
Fadlo R. Khuri, MD; Edward B. Garon, MD;William Pao, MD, PhD; Charles Rudin, MD, PhD; Joan Schiller, MD;
Eric B. Haura, MD; Mark Socinski, MD; Keisuke Shirai, MD; Heidi Chen, PhD; Giuseppe Giaccone, MD;
Marc Ladanyi, MD; Kelly Kugler, BA; John D. Minna, MD; Paul A. Bunn, MD

IMPORTANCE Targeting oncogenic drivers (genomic alterations critical to cancer
development andmaintenance) has transformed the care of patients with lung
adenocarcinomas. The Lung Cancer Mutation Consortiumwas formed to perform
multiplexed assays testing adenocarcinomas of the lung for drivers in 10 genes to enable
clinicians to select targeted treatments and enroll patients into clinical trials.

OBJECTIVES To determine the frequency of oncogenic drivers in patients with lung
adenocarcinomas and to use the data to select treatments targeting the identified driver(s)
andmeasure survival.

DESIGN, SETTING, AND PARTICIPANTS From 2009 through 2012, 14 sites in the United States
enrolled patients with metastatic lung adenocarcinomas and a performance status of 0
through 2 and tested their tumors for 10 drivers. Information was collected on patients,
therapies, and survival.

INTERVENTIONS Tumors were tested for 10 oncogenic drivers, and results were used to select
matched targeted therapies.

MAIN OUTCOMES ANDMEASURES Determination of the frequency of oncogenic drivers, the
proportion of patients treated with genotype-directed therapy, and survival.

RESULTS From 2009 through 2012, tumors from 1007 patients were tested for at least 1 gene
and 733 for 10 genes (patients with full genotyping). An oncogenic driver was found in 466 of
733 patients (64%). Among these 733 tumors, 182 tumors (25%) had the KRAS driver;
sensitizing EGFR, 122 (17%); ALK rearrangements, 57 (8%); other EGFR, 29 (4%); 2 or more
genes, 24 (3%); ERBB2 (formerlyHER2), 19 (3%); BRAF, 16 (2%); PIK3CA, 6 (<1%);MET
amplification, 5 (<1%); NRAS, 5 (<1%);MEK1, 1 (<1%); AKT1, 0. Results were used to select a
targeted therapy or trial in 275 of 1007 patients (28%). Themedian survival was 3.5 years
(interquartile range [IQR], 1.96-7.70) for the 260 patients with an oncogenic driver and
genotype-directed therapy compared with 2.4 years (IQR, 0.88-6.20) for the 318 patients
with any oncogenic driver(s) who did not receive genotype-directed therapy (propensity
score–adjusted hazard ratio, 0.69 [95% CI, 0.53-0.9], P = .006).

CONCLUSIONS AND RELEVANCE Actionable drivers were detected in 64%of lung
adenocarcinomas. Multiplexed testing aided physicians in selecting therapies. Although
individuals with drivers receiving a matched targeted agent lived longer, randomized trials are
required to determine if targeting therapy based on oncogenic drivers improves survival.

TRIAL REGISTRATION clinicaltrials.gov Identifier: NCT01014286

JAMA. 2014;311(19):1998-2006. doi:10.1001/jama.2014.3741

Editorial page 1975

Author Video Interview at
jama.com

Supplemental content at
jama.com

CMEQuiz at
jamanetworkcme.com and
CMEQuestions page 2019

Author Affiliations:Author
affiliations are listed at the end of this
article.

Corresponding Author:Mark G. Kris,
MD, Memorial Sloan Kettering Cancer
Center, 300 E 66th St, New York, NY
10065 (krism@mskcc.org).
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Copyright 2014 American Medical Association. All rights reserved.
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Network guidelines.8 To our knowledge, this is the first study
to show the lack of overlap between oncogenic drivers, only
because we tested as many tumors as possible for all drivers.
In other studies, once a driver was identified, testing for oth-
ers was not pursued.

Ourmulti-institutional consortiumidentifiedpatientswith
rare genomic changes andused the information to select treat-
ments and facilitate trials. The ultimate goal of genomic test-
ing is to use the information generated to select therapies and
improve outcomes. Physicians do this by choosing therapies

Figure 2. Survival Comparisons
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2.4 YEARS for patients with any 
oncogenic driver(s) who did not receive 
genotype-directed, p = .006). 

Kris MG, JAMA 2014; 311(19):1998-2006 

The median survival: 

3.5 YEARS for patients with an 
oncogenic driver and genotype-directed 
therapy  
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 Oncogenic cell proliferation and survival 

RAF 

MEK 

ERK 

RAS 

 
 RTK 

KRAS mutation in NSCLC, despite being the most common, remain the 
most INTRIGUING AND ELUSIVE of  therapeutics targets. 

KRAS mutation 

MEK INHIBITOR: 
Selumetinib, Trametinib 

Akt 

mTOR 

PI3K 

mTOR INHIBITOR: 
Ridafolimus 

OS 18 vs 5m, p=0.09 
Riely G, ASCO Meet Abs 
2012, 30(15):7531 
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KRAS mutation: Selumetinib in second line with docetaxel 

Pasi A. Janne J Clin Oncol 30, 2012 (suppl; abstr 7503) 

Actually ongoing SELECT-1, a randomized Phase III clinical programme for 
selumetinib, a selective MEK inhibitor, being investigated as second-line therapy 
in patients with advanced or metastatic non-small-cell lung cancer (NSCLC) 
whose tumours are KRAS mutation-positive. 
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Pi3K-AKT 
Survival 
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Extracellular domain 

Trans-membrane domain 

Tyrosine kinase domain 

Tyrosine phosphorylation 

EGFR internalisation 
Degradation / recycling 

EGFR signals for longer 
at the cell membrane 

Wild-type EGFR Mutant EGFR 

EGFR mutation causes conformational change and 
increased activation  

Arteaga 2006; Gadzar et al 2004; Hendricks et al 2006; Sordella et al 2004 
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Lynch TJ et al. NEJM 2004; 350: 2129-39. 
Paez JG et al. Science 2004; 304: 1497-500. 
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IPASS (GEFITINIB):  
Progression-Free Survival in EGFR Mutated 
metastatic NSCLC  

EGFR mutation positive 

Treatment by subgroup interaction test, p<0.0001 

HR (95% CI) = 0.48 
(0.36, 0.64) p<0.0001 
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Zhou, Lancet Oncol. 2011 Aug;12(8):735-42 

ERLOTINIB in asian population as first line therapy for metastatic NSCLC 
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Rosell, Lancet Oncol. 2012 Mar;13(3):239-46. 

ERLOTINIB in caucasian population for metastatic NSCLC 
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Afatinib  
n=230 

Cis/pem  
n=115 

PFS event, n (%) 152 (66) 69 (60) 

Median PFS (months) 11.1 6.9 

Hazard ratio 
(95% confidence interval) 

0.58 (0.43–0.78) 
p=0.0004 

47% 

22% 

AFATINIB in metastatic NSCLC in EGFR mutated patients 
LUNG LUX 3 : PFS 

Sequist, et al. JCO 2013 
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Trial EGFR TKI Diarrhea 
All grades 

(severe) 

Skin 
All grades 

(severe) 

IPASS Gefitinib 47% (4%) 66% (3%) 

NEJSG 002 Gefitinib 34% (1%) 71% (5%) 

WJTOG 3405 Gefitinib 54% (1%) 85% (2%) 

First-SIGNAL Gefitinib 50% (3%) 72% (29%) 

OPTIMAL Erlotinib 25% (1%) 73% (2%) 

EURTAC Erlotinib  57% (5%) 80% (13%) 

TORCH Erlotinib 38% (5%) 67% (11%) 

LUX-Lung 3 Afatinib 95% (14%) 89% (16%) 

TOXICITY: Randomized studies of EGFR  
TKI vs CT in first line therapy 
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Author Study N (EGFR m +) RR (TKI vs CT) PFS (HR, 95%CI) 

Mok et al IPASS 
CT vs Gefitinib 

261 71.2% vs 47.3% 9.5 vs 6.3 months 
HR 0.48 (0.36-0.64) 

Kobayashi et al NEJGSG002 
CT vs Gefitinib 

177 74.5% vs 29% 10.4 vs 5.5 months 
HR 0.36 (0.25-0.51) 

Zhou et al OPTIMAL 
CG vs Erlotinib 

154 83% vs 36% 13.1 vs 4.6 months 
HR 0.16 (0.10-0.26) 

Rosell et al EURTAC 
P-X vs Erlotinib 

174 58.1% vs 14.9% 9.7 vs 5.2 months 
HR 0.37 (0.25-0.54) 

Yang et al LUX-LUNG 3 
PA vs Afatinib 

345 56.1% vs 22.6 % 11.1 vs 6.9 months 
HR 0.58 

Randomized studies of EGFR  
TKI vs CT in first line therapy 

Existing Target Therapies are NOT able 
to eradicate the disease 
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NOT all patients with acquired resistance to target TKI are 
created equal: 3 subtypes 

Gandara D, ASCO Educational 2013 
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LOCAL ABLATIVE THERAPY of  oligoprogressive 
disease prolongs disease control by tyrosine kinase 

inhibitors in oncogene addicted NSCLC 

$watermark-text$watermark-text$watermark-text

W
eickhardt et al.

Page 16

Table 3

Outcomes from LAT and continuation of targeted therapy

Site of first progression Number of
patients

PFS1
(months) (CI)

PFS2
(months)(CI)

Site of 2nd progression

CNS 10 10.9
7.3 – 18.3

7.1
1.7 – 11.3

2 (20%) no prog

3 (30%) CNS

5 (50%) eCNS

eCNS* 15 9.0
6.5 – 13.8

4.0
2.7 –7.4

4 (27%) no prog

3 (20%) CNS

8 (53%) eCNS

All patients 25 9.8
8.8 – 13.8

6.2
3.7 – 8.0

6 (24%) no prog

7 (28%) CNS

12 (48%) eCNS

*includes 3 patients who progressed eCNS and CNS at PFS1. CNS = central nervous system as site of disease. eCNS – extraCNS sites of disease

J Thorac O
ncol. A

uthor m
anuscript; available in PM

C 2013 D
ecem

ber 01.

Weickhardt J Thorac Oncol. 2012 

>6 months of  additional disease control. 
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FEASIBILITY THORACIC RT and TKIs 
 

 
NON SELECTED POPULATION:  

 
Ready N,. J Clin Oncol 2006;24:Abstract 7024                 63 patients 
Stinchcombe TE. J Thorac Oncol 2008;3:250 –257           23 patients 
Center A, J Thorac Oncol. 2010;5: 69–74                          16 patients 
Choong NW,. J Thorac Oncol 2008;3:1003–1011          34 patients 
Ramella, Biomed Res Internat 2013      60 patients 
Komaki, IASLC 2013, ASCO 2014                                48 patients 
 
 

NOT INCREASED TOXICITY 
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The use of  TKI and RT-CT 
TARGET THERAPIES AND RADIOTHERAPY 

POOR OS 

N° pts Concurrent Tox G3-4 Median SVV Notes 

MD Anderson 
(Komaki 2012) 

48 Carbo-Taxol NS 26 months Response Rate 
80% 

Campus Bio-
Medico 2012 
(Ramella 2013) 

60 Gem/Pem 
weekly 

2-8% 23.3 months SCC: Gem+ Erl 
NSCC:Pem+Erl 



Biologically targeted therapies plus chemotherapy plus 
radiotherapy in stage III non-small-cell lung cancer: a case 

of  the Icarus syndrome? 

Raben and Bunn, JCO 2012; 32:3909-3912 

…we probably tried to get closer to 
the sun too quickly…. 

! Clear preclinical rationale 

! Proper bio-marker selection 

! Methodical addition of  one new concept at a time 
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UNSELECTED POPULATION 

EGFR-MUTANT PATIENTS 

TARGET THERAPIES AND RADIOTHERAPY 

CLINICAL EXPERIENCES 

The use of  TKI and RT-CT 

 



EGFR- WT 

WT 

Mutated 
EGFR 

Significantly lower rate 
of  DSB resolution 

HIGHER RADIOSENSITIVITY OF 
MUTATED CELLS 

Mutated EGFR 

Das, Cancer Res. 2006 Oct 1;66(19):9601-8. 



Bokobza Int J Radiat Biol Oncol Phys 2014 

NSCLC cell lines with activating EGFR mutations (PC9 or HCC827) 
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Epidermal Growth Factor Receptor MUTATION Is 
Associated WITH LONGER LOCAL CONTROL After 
Definitive Chemo-radiotherapy in Patients With Stage 

III Non-squamous NSCLC 
198 patients with known mutational status 

Yagishita, Int J Radiat Oncol Biol Phys 2014  



UNIVERSITA' CAMPUS BIO-MEDICO DI ROMA!
www.unicampus.it!

MUTAZIONI SENSIBILIZZANTI, NUOVI TARGET E MODERNI TRATTAMENTI ONCOLOGICI 

Lung Cancer Mutation Consortium 

Incidence of  Single Driver Mutations  
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Camidgeet al, ASCO 2011 Abs#2501 
Riely et al. ASCO 2011 Abs#031.05 

Kim et al. ASCO 2011 Abs#7533 

CRIZOTINIB IN ALK mutated patients 
Efficacy data based on the Objective Response Rate 
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CRIZOTINIB in ALK+ 
Profile 1007: study design and PFS 
(EMA approval in second-line) 

Shaw AT, NEJM 2013 



UNIVERSITA' CAMPUS BIO-MEDICO DI ROMA!
www.unicampus.it!

MUTAZIONI SENSIBILIZZANTI, NUOVI TARGET E MODERNI TRATTAMENTI ONCOLOGICI 

Profile 1007: study design and PFS (EMA approval in second-line) 
PFS of  Crizotinib vs Pemetrexed or Docetaxel 
 

Shaw AT, NEJM 2013 
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Pemetrexed-based CT in patients with advanced ALK 
positive NSCLC 

Shaw, Scagliotti, Ann Oncol 2013 
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Acquired Resistance in ALK+ NSCLC 

Mechanisms of  resistance: 
– ALK resistance mutations 
– Alternative signaling pathways 
– Usually within 1-2 yrs 
 

Camidge DR, et al. Lancet Oncol. 
2012;13:1011-1019. 2. Kim DW, et al. ESMO 

2012. Abstract 1230PD. 3. Show AT, et al. ESMO 
2012.Abstract LBA1_PR. 3. Katayama R, et al. Sci 

Trans Med. 2012;4:120ra17. 4. Doebele RC, et al. 
Clin Cancer Res. 2012;18:1472-1482. 5. 

Takeda M, et al. J Thorac Oncol. 2013; 8:654-657. 

CNS relapses are common 
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NOT all patients with acquired resistance to target TKI are 
created equal: 3 subtypes 

Gandara D, ASCO Educational 2013 

MUTAZIONI SENSIBILIZZANTI, NUOVI TARGET E MODERNI TRATTAMENTI ONCOLOGICI 
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Introduction

Non-small cell lung cancer (NSCLC) is the leading cause of can-
cer mortality in the United States with over 225,000 new cases 
and 160,000 deaths expected in 2012.1 While greater than 85% 
of NSCLC is causally attributed to smoking or tobacco expo-
sure, a minority of NSCLC occurs in non-smokers, and they are 
often associated with specific oncogenic mutations.2 Such muta-
tions are found in genes such as the Rat sarcoma kinase (Ras), 
epidermal growth factor receptor (EGFR), and the anaplastic 
lymphoma kinase (ALK).3 The identification of novel molecular 
targets associated with NSCLC development has brought about 
the simultaneous development of rational target-based molecu-
larly targeted agents and biologics for the purpose of overcoming 
therapeutic resistance in this subset of NSCLC. Currently, the 
National Comprehensive Cancer Network (NCCN) guidelines 
recommend molecular profiling of NSCLC with adenocarci-
noma histology to detect genetic alterations potentially suscepti-
ble to targeted therapy regardless of history of smoking.4 With an 
increasing number of patients treated with molecularly targeted 

Advanced non-small cell lung cancer (NSCLC) remains almost uniformly lethal with marginal long-term survival despite 
efforts to target specific oncogenic addiction pathways that may drive these tumors with small molecularly targeted 
agents and biologics. The EML4-ALK fusion gene encodes a chimeric tyrosine kinase that activates the Ras signaling 
pathway, and this fusion protein is found in approximately 5% of NSCLC. Targeting EML4-ALK with Crizotinib in this subset 
of NSCLC has documented therapeutic efficacy, but the vast majority of patients eventually develop recurrent disease 
that is often refractory to further treatments. We present the clinicopathologic features of three patients with metastatic 
NSCLC harboring the EML4-ALK translocation that developed isolated central nervous system (CNS) metastases in the 
presence of good disease control elsewhere in the body. These cases suggest a differential response of NSCLC to Crizotinib 
in the brain in comparison to other sites of disease, and are consistent with a previous report of poor CNS penetration 
of Crizotinib. Results of ongoing clinical trials will clarify whether the CNS is a major sanctuary site for EML4-ALK positive 
NSCLC being treated with Crizotinib. While understanding molecular mechanisms of resistance is critical to overcome 
therapeutic resistance, understanding physiologic mechanisms of resistance through analyzing anatomic patterns of 
failure may be equally crucial to improve long-term survival for patients with EML4-ALK translocation positive NSCLC.

Isolated central nervous system progression  
on Crizotinib

An Achilles heel of non-small cell lung cancer  
with EML4-ALK translocation?

Stephen G. Chun,* Kevin S. Choe,† Puneeth Iyengar,† John S. Yordy† and Robert D. Timmerman†

Department of Radiation Oncology; Harold C. Simmons Comprehensive Cancer Center; University of Texas Southwestern Medical Center; Dallas, TX USA

†These authors contributed equally to this work.

Keywords: non-small cell lung cancer, anaplastic lymphoma kinase (ALK), brain metastasis, stereotactic radiosurgery, Crizotinib

inhibitors and biologics, it is critical to understand the role of 
these agents in altering the natural history of NSCLC by analyz-
ing the clinicopathologic features of patients in order to tailor 
therapy, advance care and improve survival.

It is estimated that less than 5% of NSCLC are associated 
with the gene fusion product of the echinoderm microtubule-
associated protein-like 4 (EML4) and ALK.5,6 The EML4-ALK 
fusion protein auto-phosphorylates and constitutively activates 
the Ras signaling cascade.7 Constitutive Ras activation promotes 
NSCLC initiation, growth, and metastasis by allowing aber-
rant cell cycle progression and maintenance of putative cancer 
stem cell homeostasis,8 conferring a poor clinical prognosis.9,10 
Due to activation of Ras pathway mediators, even early tumors 
harboring the EML4-ALK translocation tends to be aggressive 
with a higher chance of early relapse.7 The clinical efficacy of 
targeted ALK inhibition in advanced NSCLC was shown in the 
PF-02341066 phase I clinical trial in which the oral ALK, c-ros 
proto-oncogene 1 receptor tyrosine kinase (ROS1), and c-Met 
inhibitor Crizotinib had a response rate of 57% in patients har-
boring EML4-ALK translocation with only mild toxicity.11 These 

Costa DB, JCO 2011; 29:e443 
Chun S, Cancer Biology & Therapy 2012; 13: 1376-1383 

Crizotinib:  
good plasma distribution (237 ng/mL),  
but low cerebrospinal concentrations  (0.617 ng/mL) 
  
Frequent isolated central nervous system metastases 
CNS is the primary site of  initial treatment 
failure in 46% of  ALK+ 
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Due to poor penetration of  CRIZOTINIB to 
the CNS, RADIOTHERAPY SHOULD BE 
CONSIDERED first in patients with ALK-
rearranged lung cancer 
 

Indications and limitations of  chemotherapy and targeted agents 
in non-small cell lung cancer  BRAIN METASTASES 

Zimmermann, Canc Treat Rev 2014: 40: 716-722 

ALK+: 
CRIZOTINIB+RADIOTHERAPY 



UNIVERSITA' CAMPUS BIO-MEDICO DI ROMA!
www.unicampus.it!

MUTAZIONI SENSIBILIZZANTI, NUOVI TARGET E MODERNI TRATTAMENTI ONCOLOGICI 

Indications and limitations of  chemotherapy and targeted agents 
in non-small cell lung cancer  BRAIN METASTASES 

Due to their high response rates, first-line 
EGFR TKI therapy  in EGFR mutated lung 
cancer may be used in first intention, before 
radiotherapy, in patients with asymptomatic 
brain metastases.  
  Zimmermann, Canc Treat Rev 2014: 40: 716-722 
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bronchial biopsy of the right hilar mass 
showed moderately-differentiated adeno-
carcinoma (Fig. 4B), that expressed TTF-1 
by immunohistochemistry. The patient was 
then treated with multiple chemotherapeutic 
regimens including Erlotonib monotherapy, 
Carboplatin and Paclitaxel, and Pemetrexed, 
with disease progression on each regimen. 
Due to symptomatic airway compression, 
the patient underwent right bronchial stent-
ing. After one year of disease progression on 
multiple chemotherapeutic regimens, further 
molecular analysis of her tumor was done 
which revealed the presence of the EML4-
ALK fusion gene by FISH. The patient was 
then enrolled on clinical trial where she 
received single-agent Crizotinib. After 3 mo 
of Crizotinib, she had clinical improvement 
in her dyspnea, with good partial response 
of the intrathoracic disease. However, at this 
time, she developed new-onset dizziness and 
dysmetria, and an MRI of the brain showed 
numerous new cystic metastases (Fig. 4C 
and D). The patient then underwent whole 
brain irradiation to a dose of 35 Gy in 14 
fractions without concurrent Crizotinib. In 
spite of whole brain irradiation, the patient 
developed worsening neurologic symptoms, 
became obtunded, and died less than 2 mo 
later from CNS progression in spite of Crizotinib 
and maximal symptomatic support with high-
dose steroids.

Molecular Features: Targeting the EML4-
ALK Chimeric Kinase in NSCLC

The EML4-ALK gene translocation was initially 
identified in NSCLC in 2007 through analysis of 
cDNA from tumor tissue derived from a human 
pulmonary adenocarcinoma.5 Prior to its identifi-
cation in NSCLC, translocations involving ALK 
had been identified in anaplastic lymphomas, 
inflammatory myofiroblastic tumors, and neu-
roblastomas.7 The typical activating ALK fusion 
gene identified in NSCLC involves an intra-
chromosomal inversion of the short arm of chro-
mosome 2 joined with exons 1 and 13 of EML4. 
The chimeric protein product of this chromo-
somal rearrangement causes auto-phosphorylation 
and constitutive activation of the ALK tyrosine 
kinase domain as well as the cytoplasmic localiza-
tion of the kinase.7

There is substantial pre-clinical evidence show-
ing that constitutive kinase activity of the EML4-
ALK fusion protein acts as a potent oncogenic 
driver of NSCLC progression. Phosphorylation 

Figure 3. Radiographic findings in patient 2. (A) An initial CT-scan of the brain showed three 
large lesions, one of which is seen in this axial image abutting the posterior right lateral ven-
tricle. (B) The primary tumor likely arised from the right middle lobe adjacent to the hilum. 
(C) After 6 mo of Crizotinib monotherapy, the tumor in the right lower lobe exhibited a sig-
nificant partial response. (D) An MRI of the brain after undergoing 8 mo of Crizotinib showed 
the interval development of multiple new metastases.

Figure 4. Radiographic findings in patient 3. (A) An initial CT-scan of the chest showed 
a large right hilar tumor with bilateral pleural effusions. (B) A biopsy of her right hilar 
tumor showed moderately-differentiaed adenocarcinoma. (C) Sn axial image, and 
(D) a frontal/coronal image from a brain MRI showing development of multiple large 
metastases.

EGFR+                   RADIOTHERAPY 
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multiplexed PCR-based assay and FISH analysis for EML4-ALK
translocations on 552 tumors identified a genetic driver alteration
in 51% of all samples, most commonly KRAS (24%), EGFR (13%) and
EML4-ALK translocation (5%). Less common mutations were also
identified: PI3KCA (2%), beta-catenin (2%), BRAF (1%), NRAS (1%),
HER2 (!1%) and IDH1 (!1%) [59]. Focusing on adenocarcinoma,
the NCI’s Lung Cancer Mutation Consortium (LCMC) tested 830
tumor samples, and detected a driver mutation in 54%: KRAS
25%, EGFR 23%, BRAF 3%, PIK3CA 3%, HER2 1%, MEK1 0.4%, NRAS
0.2%, ALK rearrangements 6% andMET amplifications 2%. This spec-
trum of genetic alterations is only partially reflected in neurosurgi-
cal series: analysis of brain metastases of 77 patients with NSCLC
found EGFR mutations in 3.9%, KRAS mutations in 39%, and no
mutations of BRAF or HER2 [60]. The rate of EGFR mutations found
in brain metastases is lower than in published series of primary
tumors, for unexplained reasons. Tumor heterogeneity seems an
unlikely explanation, as existence of discordant results was not
proven looking at all patients were the primary tumor was
also assessable [61,62]. It has to be kept in mind that these neuro-
surgical series are bound to be small and prone to selection bias. Of
note, current published data does not allow to draw firm conclu-
sions on a potentially specific cerebral metastatic tropism in EGFR
mutated NSCLC.

Response rate of brain metastases to EGFR tyrosine kinase
inhibitor (TKI) in patients with NSCLC harboring EGFR mutations
reaches 60–100%, with a rate of complete response as high as
40% [63–68] (Table 2). Median overall survival time are in the
range of 15–20 months, and progression-free survival in the brain
reaches 6.6–11.7 months, both significantly longer than in EGFR
wild-type tumors [69]. Moreover, the efficacy of EGFR TKI therapy
in brain metastases is accurately paralleled by its efficacy in the
lung primary lesions and other metastatic sites. Although available
data does not favor one EGFR TKI over another, some reports
suggest that erlotinib could be an effective treatment in patients
who develop central nervous system metastases after initial extra-
cranial response to gefitinib [70], as erlotinib reaches higher serum
and cerebrospinal fluid (CSF) concentrations than gefitinib [71–73].
CSF concentrations have been shown to increase with pulsed high
dose weekly erlotinib, with intracerebral response after failure of
standard doses, suggesting that brain metastases may remain
sensitive to EGFR TKI therapy but require higher CSF concentra-
tions [74–76]. This is in line with some case reports showing that
brain progression on TKI treatment in EGFR mutated NSCLC
seems to occur with no identifiable resistance mechanism in the
brain lesion – even when a secondary resistance alteration was
documented in another tumor localization [75,77].

A phase II trial of concomitant erlotinib with WBRT found no
exaggerated neurotoxicity in the combination, although this trial
collected only limited toxicity data [78]. In unselected NSCLC,
combination of EGFR TKI with WBRT plus stereotactic radiosurgery
has been studied with the Radiation Treatment Oncology Group
(RTOG 0320 trial), randomizing patients with one to three brain
metastases to erlotinib, temozolomide or no systemic therapy
[79]. This trial found numerically inferior survival in the concomi-
tant arms, and suggested that toxicity with combination of WBRT

and either temozolomide or erlotinib may be increased. Other
phase II data (Table 2) suggest that combination of EGFR TKI and
WBRT is safe, although with limited number of patients. There is
therefore to date no compelling evidence of benefit and still
insufficient safety data regarding concomitant EGFR TKI and
cerebral radiotherapy in unselected patients. This holds true also
in EGFR mutated NSCLC, where however the limited available
toxicity data taken together with the risk of a flair phenomenon
associated with EGFR inhibitor withdrawal might argue for the
maintenance of the TKI during WBRT.

There is limited data on efficacy of ALK inhibitor crizotinib on
brain metastases, and evidence is conflicting [81,82]. A retrospec-
tive pooled analysis of patients included in PROFILE 1005, a large
open-label single-arm phase II study of crizotinib, and PROFILE
1007, a randomized phase III study, identified 111 patients among
980 included that were evaluable for intracranial response. The
response rate was 9%, with an intracerebral disease control rate
of 79%. Systemic response rate was higher, and only 49% of patients
had an intracerebral response that matched or exceeded their
systemic response [83]. Brain metastases are exceptionally
frequent in ALK rearranged NSCLC (40% of PROFILE 1007 trial
patients) [84]. In addition, CNS is the most frequent site of progres-
sion on crizotinib therapy, even in systemic responders [85,86].
Accurate details of the importance of this mechanism of resistance
are lacking because standardized surveillance scans of the CNS
were not part of any of the crizotinib trials conducted to date.
Whether CNS progression is only due to relative underexposure
of CNS metastases to crizotinib or is related to secondary resistance
mechanisms remains uncertain. CSF drug levels have been found
to be too low to be effective against any ALK-fusion proteins
[87]. A response to high-dose crizotinib after CNS progression on
standard-dose crizotinib has been described [88]. Palliative brain
radiotherapy after ‘‘pharmacokinetic resistance’’ in the brain may
lead to BBB disruption and better drug penetration. Case reports
of long-term remissions after such interventions and re-treatment
with crizotinib have been published [89]. Until safety of concurrent
treatment with crizotinib and WBRT is not established, ALK inhib-
itor should be stopped for the period of brain radiotherapy. Several
second generation ALK inhibitors are in clinical development, some
of which show inhibitory activity in vitro even with the gatekeeper
mutant tumor with acquired resistance to crizotinib. Second
generation ALK TKIs are designed for better affinity for wild-type
ALK, leading to improved quality and duration of response and
delayed emergence of ALK non-gatekeeper resistance. They are
also characterized by a better affinity for crizotinib-resistant
second site mutated ALK, aiming at a delayed emergence of ALK
mutation-dependent resistance. They also demonstrate improved
pharmacokinetics in the brain tissue and CSF. AP26113 (Ariad)
demonstrated a response 63% of patients (14 PR and 1CR). Of the
16 crizotinib-resistant NSCLC patients, 75% had a PR. Of note, 4
of 5 ALK+ patients had a response in brain metastases, including
one ALK+ patient who was crizotinib-resistant [90]. A phase I trial
demonstrated that LDK378 (Novartis) induces durable responses in
the majority of patients with advanced ALK + NSCLC, includ-
ing patients resistant to crizotinib with and without resistance

Table 2
Selected studies and trials studying the activity of EGFR TKI in NSCLC patients with brain metastases.

Author (Ref.) N Selection Prior treatment Treatment Brain RR (%) MST (months)

Porta et al. [65] 17 (subset) EGFR mutated No Erlotinib 82 NR
Park et al. [66] 28 EGFR mutated No Gefitinib or erlotinib 83 15.9
Li [68] 9 EGFR mutated No Gefitinib 89 NR
Kim et al. [67] 23 Asian never-smokers No Gefitinib or erlotinib 74 18.8
Welsh et al. [78] 40 Unselected Yes Erlotinib 86 11.8
Luchi et al. [80] 41 EGFR mutated No Gefitinib 87.8 21.9
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EGFR TKI in non-small cell lung cancer  
BRAIN METASTASES 

multiplexed PCR-based assay and FISH analysis for EML4-ALK
translocations on 552 tumors identified a genetic driver alteration
in 51% of all samples, most commonly KRAS (24%), EGFR (13%) and
EML4-ALK translocation (5%). Less common mutations were also
identified: PI3KCA (2%), beta-catenin (2%), BRAF (1%), NRAS (1%),
HER2 (!1%) and IDH1 (!1%) [59]. Focusing on adenocarcinoma,
the NCI’s Lung Cancer Mutation Consortium (LCMC) tested 830
tumor samples, and detected a driver mutation in 54%: KRAS
25%, EGFR 23%, BRAF 3%, PIK3CA 3%, HER2 1%, MEK1 0.4%, NRAS
0.2%, ALK rearrangements 6% andMET amplifications 2%. This spec-
trum of genetic alterations is only partially reflected in neurosurgi-
cal series: analysis of brain metastases of 77 patients with NSCLC
found EGFR mutations in 3.9%, KRAS mutations in 39%, and no
mutations of BRAF or HER2 [60]. The rate of EGFR mutations found
in brain metastases is lower than in published series of primary
tumors, for unexplained reasons. Tumor heterogeneity seems an
unlikely explanation, as existence of discordant results was not
proven looking at all patients were the primary tumor was
also assessable [61,62]. It has to be kept in mind that these neuro-
surgical series are bound to be small and prone to selection bias. Of
note, current published data does not allow to draw firm conclu-
sions on a potentially specific cerebral metastatic tropism in EGFR
mutated NSCLC.

Response rate of brain metastases to EGFR tyrosine kinase
inhibitor (TKI) in patients with NSCLC harboring EGFR mutations
reaches 60–100%, with a rate of complete response as high as
40% [63–68] (Table 2). Median overall survival time are in the
range of 15–20 months, and progression-free survival in the brain
reaches 6.6–11.7 months, both significantly longer than in EGFR
wild-type tumors [69]. Moreover, the efficacy of EGFR TKI therapy
in brain metastases is accurately paralleled by its efficacy in the
lung primary lesions and other metastatic sites. Although available
data does not favor one EGFR TKI over another, some reports
suggest that erlotinib could be an effective treatment in patients
who develop central nervous system metastases after initial extra-
cranial response to gefitinib [70], as erlotinib reaches higher serum
and cerebrospinal fluid (CSF) concentrations than gefitinib [71–73].
CSF concentrations have been shown to increase with pulsed high
dose weekly erlotinib, with intracerebral response after failure of
standard doses, suggesting that brain metastases may remain
sensitive to EGFR TKI therapy but require higher CSF concentra-
tions [74–76]. This is in line with some case reports showing that
brain progression on TKI treatment in EGFR mutated NSCLC
seems to occur with no identifiable resistance mechanism in the
brain lesion – even when a secondary resistance alteration was
documented in another tumor localization [75,77].

A phase II trial of concomitant erlotinib with WBRT found no
exaggerated neurotoxicity in the combination, although this trial
collected only limited toxicity data [78]. In unselected NSCLC,
combination of EGFR TKI with WBRT plus stereotactic radiosurgery
has been studied with the Radiation Treatment Oncology Group
(RTOG 0320 trial), randomizing patients with one to three brain
metastases to erlotinib, temozolomide or no systemic therapy
[79]. This trial found numerically inferior survival in the concomi-
tant arms, and suggested that toxicity with combination of WBRT

and either temozolomide or erlotinib may be increased. Other
phase II data (Table 2) suggest that combination of EGFR TKI and
WBRT is safe, although with limited number of patients. There is
therefore to date no compelling evidence of benefit and still
insufficient safety data regarding concomitant EGFR TKI and
cerebral radiotherapy in unselected patients. This holds true also
in EGFR mutated NSCLC, where however the limited available
toxicity data taken together with the risk of a flair phenomenon
associated with EGFR inhibitor withdrawal might argue for the
maintenance of the TKI during WBRT.

There is limited data on efficacy of ALK inhibitor crizotinib on
brain metastases, and evidence is conflicting [81,82]. A retrospec-
tive pooled analysis of patients included in PROFILE 1005, a large
open-label single-arm phase II study of crizotinib, and PROFILE
1007, a randomized phase III study, identified 111 patients among
980 included that were evaluable for intracranial response. The
response rate was 9%, with an intracerebral disease control rate
of 79%. Systemic response rate was higher, and only 49% of patients
had an intracerebral response that matched or exceeded their
systemic response [83]. Brain metastases are exceptionally
frequent in ALK rearranged NSCLC (40% of PROFILE 1007 trial
patients) [84]. In addition, CNS is the most frequent site of progres-
sion on crizotinib therapy, even in systemic responders [85,86].
Accurate details of the importance of this mechanism of resistance
are lacking because standardized surveillance scans of the CNS
were not part of any of the crizotinib trials conducted to date.
Whether CNS progression is only due to relative underexposure
of CNS metastases to crizotinib or is related to secondary resistance
mechanisms remains uncertain. CSF drug levels have been found
to be too low to be effective against any ALK-fusion proteins
[87]. A response to high-dose crizotinib after CNS progression on
standard-dose crizotinib has been described [88]. Palliative brain
radiotherapy after ‘‘pharmacokinetic resistance’’ in the brain may
lead to BBB disruption and better drug penetration. Case reports
of long-term remissions after such interventions and re-treatment
with crizotinib have been published [89]. Until safety of concurrent
treatment with crizotinib and WBRT is not established, ALK inhib-
itor should be stopped for the period of brain radiotherapy. Several
second generation ALK inhibitors are in clinical development, some
of which show inhibitory activity in vitro even with the gatekeeper
mutant tumor with acquired resistance to crizotinib. Second
generation ALK TKIs are designed for better affinity for wild-type
ALK, leading to improved quality and duration of response and
delayed emergence of ALK non-gatekeeper resistance. They are
also characterized by a better affinity for crizotinib-resistant
second site mutated ALK, aiming at a delayed emergence of ALK
mutation-dependent resistance. They also demonstrate improved
pharmacokinetics in the brain tissue and CSF. AP26113 (Ariad)
demonstrated a response 63% of patients (14 PR and 1CR). Of the
16 crizotinib-resistant NSCLC patients, 75% had a PR. Of note, 4
of 5 ALK+ patients had a response in brain metastases, including
one ALK+ patient who was crizotinib-resistant [90]. A phase I trial
demonstrated that LDK378 (Novartis) induces durable responses in
the majority of patients with advanced ALK + NSCLC, includ-
ing patients resistant to crizotinib with and without resistance

Table 2
Selected studies and trials studying the activity of EGFR TKI in NSCLC patients with brain metastases.

Author (Ref.) N Selection Prior treatment Treatment Brain RR (%) MST (months)

Porta et al. [65] 17 (subset) EGFR mutated No Erlotinib 82 NR
Park et al. [66] 28 EGFR mutated No Gefitinib or erlotinib 83 15.9
Li [68] 9 EGFR mutated No Gefitinib 89 NR
Kim et al. [67] 23 Asian never-smokers No Gefitinib or erlotinib 74 18.8
Welsh et al. [78] 40 Unselected Yes Erlotinib 86 11.8
Luchi et al. [80] 41 EGFR mutated No Gefitinib 87.8 21.9
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Trials studyng the activity of  EGFR TKI in NSCLC with brain M+ 

Zimmermann, Canc Treat 
Rev 2014: 40: 716-722 

Significant improvement of  overall survival to between 12.9 to 19.8 
months and improvement in PFS to between 6.6 and 23.3 months 
depending on the study reported 
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Lung Cancer Mutation Consortium 

Incidence of  Single Driver Mutations  

ROS1 
BRAF 
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Dabrafenib in BRAF V600E mutation-positive 
NSCLC patients 

Planchard D. et al Proc. ASCO 2013 
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Mutually Exclusive Driver Oncogenes and 
MAP Kinase Pathway in MELANOMA 

•  BRAF      ~ 55% 
•  NRAS           ~ 20% 
•  PTEN          20-40% 
•  CKIT             ~ 1% 

–   Primarily acral (36%), mucosal (39%) and CSD (28%) 
•  GNAQ/GNA11   ~ 1% 

–   Almost exclusively uveal (>50%) 

Nikolaou(VA,(et(al.(J(Invest(Dermatol.(2012;132:854@863.((
Smalley(KS,(et(al.(Semin(Oncol.(2012;39:204@214.(
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Distinct sets of  genetic alterations in melanoma 

Curtin, et al., JCO 24 (26) 
2006 

CSD: cronic sun 
induced disease 

NRAS%20%%
BRAF%50,60%%
c,kit%1%%
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 Oncogenic cell proliferation and survival 

BRAF 

MEK 

ERK 

NRAS 

 
 cKIT 

cKIT, NRAS, BRAF mutated in ~ 70% of  melanomas, usually mutually exclusive[1] 

1. Sosman JA, et al. ASCO 2011 Educational Book. 2. Arkenau HT, et al. Br J Cancer. 2011;104:392-398. 3. Thomas N, et al.  
Cancer Epidemiol Biomarkers Prev. 2007;16:991-997. 4. Nikolaou VA, et al. J Invest Dermatol. 2012;132:854-863.  

MAP Kinase Pathway Targeting in Melanoma  

KIT inhibitors:  
imatinib, nilotinib, dasatinib[4] < 5% melanomas (mucosal, acral) 
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Imatinib è usato nel trattamento di: 
!  leucemia mieloide cronica (LMC) 
!  tumori stromali gastrointestinali (GISTs)  
!  Pochi tumori maligni in cui gene ABL, KIT, PDGFR è coinvolto 

Imatinib rappresenta il primo esempio in oncologia ed ematologia di 
un farmaco ideato razionalmente e diretto specificamente contro la 

INIBITORI DI cKIT: IMATINIB 

proteina anomala (Bcr-Abl ad 
esempio, prodotta dal cromosoma 
Philadelphia o Ph) che causa un 
tumore umano (la LMC in questo 
caso). 
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c-KIT mutations in Melanoma 
First report of  a response to IMATINIB in a patient with metastatic 
mucosal melanoma harboring a c-kit mutation 

Phase III study (Protocol AB08026) 
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 Oncogenic cell proliferation and survival 

BRAF 

MEK 

ERK 

NRAS 

 
 cKIT 

cKIT, NRAS, BRAF mutated in ~ 70% of  melanomas, usually mutually exclusive[1] 

Sosman JA, et al. ASCO 2011 Educational Book.  
Arkenau HT, et al. Br J Cancer. 
2011;104:392-398.  
Thomas N, et al.  
Cancer Epidemiol Biomarkers Prev. 
2007;16:991-997. 
Nikolaou VA, et al. J Invest Dermatol. 
2012;132:854-863.  

MAP Kinase Pathway Targeting in Melanoma  

BRAF inhibitors: 
vemurafenib, dabrafenib, 
LGX818[4] 

KIT inhibitors:  
imatinib, nilotinib, dasatinib[4] < 5% melanomas (mucosal, acral) 

~42-55% melanomas 
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Relative frequency of  BRAF mutations 
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Phase III BRIM-3 Study design 

 
 
 

BRAFV600E mutation 
 
 
Stratification 
•  Stage 
•  ECOG PS (0 vs 1) 
•  LDH level (↑ vs nl) 
•  Geographic region 

Screening 
960 mg po bid  
(N=337)  

1000 mg/m2 iv q3w  
(N=338)  

Dacarbazine 

Vemurafenib 

Randomisation 
N=675  

Co-primary endpoints: 
•  Overall Survival 
•  Progression Free Survival Mc Arthur G et al ECCO/ESMO Abstract #28LBA 



BRIM-3 trial: A worldwide study 
 104 centers in 12 countries enrolled patients  

Europe/Israel (62 sites) 

 

• Germany (17) 
• UK (14) 
• France (10) 
• Italy (8) 
• Sweden (5) 
• The Netherlands (3) 
• Israel (3) 
• Switzerland (2) 

   Australia     
(11) 

New Zealand (5) 

USA (24) 

Canada (7) 

Mc Arthur G et al ECCO/ESMO Abstract #28LBA 
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Confirmed OBJECTIVE RESPONSE 
RATES across vemurafenib clinical trial 
programme 

PLX 06-02 
Phase I 

 
BRIM 2 

BRIM-3 ORR 
(final analysis at OS IA, 

30 Dec 2010)  

Vemurafenib 

(95% CI) 

56.0%  

(38–74) 

53.0% 

(44–62) 

48.4% 

(42–55) 

 

Dacarbazine 

(95% CI) 

– – 

 

5.5% 

(3–9) 

Mc Arthur G et al ECCO/ESMO Abstract #28LBA 
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Months 

Dacarbazine    
  (N=274) 

Vemurafenib (N=275) 

Median 1.6  mos Median  5.3 mos  

Hazard Ratio 0.26  
(95% CI; 0.20 - 0.33) 
Log-rank P<0.0001 

Progression-free survival  
(30 Dec 2010, final pre-planned analysis at IA) 

Mc Arthur G et al ECCO/ESMO Abstract #28LBA 



UNIVERSITA' CAMPUS BIO-MEDICO DI ROMA!
www.unicampus.it!

MUTAZIONI SENSIBILIZZANTI, NUOVI TARGET E MODERNI TRATTAMENTI ONCOLOGICI 

Mc Arthur G et al ECCO/ESMO Abstract #28LBA 
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Hazard ratio 0.44  
(95% CI; 0.33 - 0.59) 
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median OS 7.9 
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Mc Arthur, The Lancet Oncology 2014; 15:323-332 

Safety and efficacy of  vemurafenib in BRAFV600E and 
BRAFV600K mutation-positive melanoma (BRIM-3): extended 
follow-up of  a phase 3, randomised, open-label study 

Extended follow-up analysis 
675 ELIGIBLE PATIENTS were enrolled from 104 centres in 12 
countries between Jan 4, 2010, and Dec 16, 2010. 
 

Median OS Median PFS 
 

Vemurafenib 13.3 6.9 

Dacarbazina 10.0 1.6 

HR 0.75, 
p<0.0001 

HR 0.39 
P<0.0001 
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 Oncogenic cell proliferation and survival 

BRAF 

MEK 

ERK 

NRAS 

 
 cKIT 

cKIT, NRAS, BRAF mutated in ~ 70% of  melanomas, usually mutually exclusive[1] 

Sosman JA, et al. ASCO 2011 Educational Book.  
Arkenau HT, et al. Br J Cancer. 
2011;104:392-398.  
Thomas N, et al.  
Cancer Epidemiol Biomarkers Prev. 
2007;16:991-997. 
Nikolaou VA, et al. J Invest Dermatol. 
2012;132:854-863.  

MAP Kinase Pathway Targeting in Melanoma  

BRAF inhibitors: 
DABRAFENIB 

~42-55% melanomas 
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BREAK-3 
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Baseline 1 week 4 weeks 

Dabrafenib activity in real life – BRF115252 - IT15 - IDI IRCCS 



UNIVERSITA' CAMPUS BIO-MEDICO DI ROMA!
www.unicampus.it!

MUTAZIONI SENSIBILIZZANTI, NUOVI TARGET E MODERNI TRATTAMENTI ONCOLOGICI 

Vemurafenib, n=336 Dacarbazine, n=287 

Adverse events All  Grade 3 Grade≥ 4 All Grade 3 Grade ≥4 

Arthralgia 53 4 - 3 <1 - 

Rash 37 8 - 2 - - 

Fatigue 38 2 - 33 2 <1 

Photosensitivity 33 3 - 4 - - 

↑LFTs 22 8 <1 5* 1* -* 

Cutaneous SCC 17 16 - <1 <1 - 

Keratoacanthoma 9 9 - - - - 

Skin papilloma 21 <1 - - - - 

Nausea 35 2 - 43 2 - 

Neutropenia <1 - <1 12 6 3 

Uveitis** 3 <1 - - - - 

Selected adverse events (% of  patients) (March 31, 2011)  
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•  Median time 8 weeks (2–36) 

•  Median number of  cuSCC/KAs per patient 1 (range 1 to 7) 

•  Each dot represents weeks to development of  first cuSCC/KA lesion 

0 5 10 15 20 25 35 30 40 

Time on vemurafenib (weeks) 

Median 

BRIM 2: An Open-label, Multicenter Phase II Study of  Vemurafenib (PLX4032, RG7204) in Previously Treated Patients with BRAFV600E Mutation-
positive Metastatic Melanoma. Ribas A et al; ASCO 2011, Abs #8509 

Time to incidence of  first cuSCC/KA 
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ACUTE RADIATION SKIN TOXICITY ASSOCIATED WITH
BRAF INHIBITORS

Introduction
BRAF inhibitors, vemurafenib and dabrafenib, are the mainstay

of treatment for BRAF-mutant metastatic melanoma. Cutaneous tox-
icities are the most frequent adverse effects, particularly hyperkeratosis
(6% to 51% with vemurafenib), as well as cutaneous squamous cell
carcinoma and keratoacanthoma (4.3% to 31% with vemurafenib,
6% to 11% with dabrafenib).1 Photosensitivity can occur in 52% of
patients treated with vemurafenib.1

Radiation therapy plays an important role in the treatment of
patients with metastatic melanoma. In this report, we describe five
patients who experienced unanticipated increased in-field skin toxic-
ity while undergoing radiotherapy with the concomitant use of
BRAF inhibitors.

Case 1
A 71-year-old man with widespread metastatic melanoma in-

volving a solitary asymptomatic brain and multiple subcutaneous and
nodal metastases was found to have the V600K BRAF mutation on
biopsy of a chest wall lesion. The patient was enrolled onto the phase II
GlaxoSmithKline BREAK MB study (A Study of GSK2118436 in
BRAF Mutant Metastatic Melanoma to the Brain [also known as study
BRF113929]) of dabrafenib in BRAF-mutant metastatic melanoma
involving the brain.2 Disease progression in the left axilla was treated
with palliative radiotherapy of 36 Gy in 12 fractions without bolus for
increasing pain. Dabrafenib was continued concurrently with radio-
therapy. A thermoluminescent dosimeter placed at the center of the
radiotherapy field demonstrated a total dose of 24 Gy (2 Gy per
fraction) on skin for the entire course of treatment.

After only seven fractions of treatment (21 Gy to the dose prescrip-
tionpoint,14Gytoskin), thepatientdevelopedaEuropeanOrganisation

for Research and Treatment of Cancer/Radiation Therapy Oncology
Group3 grade 2 radiation reaction in the form of an erythematous macu-
lar rash pattern with features of coalescence, as shown in Figures 1A and
1B. After nine fractions of treatment (27 Gy to the dose prescription
point, 18 Gy to skin), the erythema became more intense and confluent
with features of early, patchy, dry desquamation posteriorly, as shown in
Figure 2. Clinical photographs taken 2 weeks after the completion of
radiotherapy showed clear evidence of extensive dry desquamation of the
skin within the radiation field (Figs 3A and 3B). These changes were
unanticipated increased in-field radiation skin toxicity.

Case 2
A 39-year-old man with widespread metastatic melanoma in-

volving multiple bony metastases was found to have the V600E BRAF
mutation on biopsy of a rib lesion. The patient received palliative
radiotherapy (8 Gy in a single fraction) to painful bony metastases in
the left humerus, left ribs, and sacrum, resulting in reduction of pain.
After radiotherapy, he began receiving dabrafenib at a dose of 150 mg
twice per day. After 8 weeks of treatment with dabrafenib, he devel-
oped new painful metastases affecting the right second rib, right iliac
crest, and right pubis. He underwent additional palliative radiother-
apy (8 Gy in a single fraction) to these new sites of metastatic disease,
concurrently with dabrafenib. There was no overlap with his previous
radiotherapy fields.

The patient developed a significant skin reaction after this second
course of radiotherapy with brisk erythema, desquamation, and hy-
perpigmentation within the irradiated field, as demonstrated in Figure
4, approximately 4 weeks after treatment. The patient did not develop
such an intense reaction with the first course of radiotherapy.

Cases 3, 4, and 5
A 39-year-old woman (patient 3), a 41-year-old man (patient 4),

and a 54-year-old man (patient 5), developed multiple brain

BA

Fig 1.
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mutation on biopsy of a rib lesion. The patient received palliative
radiotherapy (8 Gy in a single fraction) to painful bony metastases in
the left humerus, left ribs, and sacrum, resulting in reduction of pain.
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concurrently with dabrafenib. There was no overlap with his previous
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4, approximately 4 weeks after treatment. The patient did not develop
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metastases from V600E BRAF-mutant metastatic melanoma. All three
patients received whole-brain radiotherapy at a dose of 30 Gy in 10
fractions as part of their disease management. For patients 3 and 4,
vemurafenib at a dose of 960 mg twice per day was given concurrently
with the entire course of whole-brain radiotherapy. For patient 5,
vemurafenib was commenced halfway through whole-brain radio-
therapy and was given concurrently with the last five fractions of the
radiotherapy. Whole-brain radiotherapy using parallel opposed lat-

eral fields was used in all three patients. In vivo measurements were
performed for patient 4, at a number of points on the scalp within the
treatment fields, to check the skin dose. The measurements indicated
a total dose of 20.8 to 34.4 Gy on the skin for the entire course of
treatment, which correlated well with the treatment planning system.

All three patients developed intense skin reactions, as demon-
strated in clinical photographs taken 1 week after the completion of
whole-brain radiotherapy. Patient 3 developed brisk skin erythema
(Fig 5A), patient 4 developed brisk skin erythema and patchy moist
desquamation (Fig 5B), and patient 5 developed marked skin ery-
thema as well as multiple hyperkeratotic scalp lesions, all within
treatment fields. In all of these patients, the skin reaction resolved
within 1 to 2 months, and hair regrowth occurred 3 to 4 months
after the completion of radiotherapy. Within a short follow-up
period of 3 to 4 months, no apparent increased neurotoxicity was
detected in these patients.

Discussion
In these five patients who received radiotherapy and BRAF inhib-

itors, the in-field skin reaction seemed to be more intense, and, at least
in the first patient, occurred earlier than expected. In general, the
relatively low palliative radiotherapy dosage used in the patients de-
scribed here does not cause the degree of brisk erythema and desqua-
mation that was observed. The increased toxicity was only noted
clinically in skin and not in other tissues within the radiation field
(eg, brain).

The mechanism underlying this increased toxicity is unclear. It
may be a result of all five patients having a preexisting intrinsic sensi-
tivity to ionizing radiation that affected the skin only, which has been
previously reported,4 and therefore unrelated to the BRAF inhibitors.
However, the differential skin reactions experienced by patient 2 to the
same dose of radiotherapy would suggest otherwise. It is also possible
that the exaggerated skin reaction relates to the independent
cutaneous toxicity of both the BRAF inhibitor and ionizing radiation,
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without any direct molecular interaction. Given that there was no
evidence of significant BRAF inhibitor–related cutaneous reactions
outside of the radiotherapy field in these patients, this hypothesis
would seem unlikely.

In vitro experiments5 suggest that vemurafenib sensitizes BRAF-
mutant melanoma cells to radiotherapy without affecting BRAF wild-
type melanoma cells. Consequently, it might be anticipated that BRAF
inhibitors would not affect BRAF wild-type normal tissue. However,
there are data to suggest that radiotherapy activates the upstream
epidermal growth factor receptor pathway6 and the RAS-RAF path-
way.7 Preclinical models demonstrate that BRAF inhibitor–induced
paradoxical activation of the mitogen-activated protein kinase path-
way occurs in BRAF wild-type cells with upstream aberrations (eg,
RAS mutations).8-10 This manifests as keratoacanthomas and squa-
mous cell carcinomas in patients with BRAF-mutant melanoma
treated with BRAF inhibitors, and are a result of paradoxical activation
of RAS-mutant, BRAF wild-type keratinocytes.11-13 Our hypothesis is
the following: in irradiated BRAF wild-type skin, the epidermal
growth factor receptor and RAS-RAF pathways are activated. The
introduction of BRAF inhibitors leads to further activation, repopu-
lation, and proliferation of keratinocytes.14 Because radiotherapy is

more effective in killing proliferating and dividing cells, more keratin-
ocytes are likely to be killed by radiotherapy, thereby potentially facil-
itating more intense radiation-induced skin reactions such as those
seen in these patients.

As clinical experience with BRAF inhibitors grows, additional
studies should provide a better understanding of the potential inter-
action between BRAF inhibitors and ionizing radiation. This will
apply not only in the metastatic setting, but also potentially in the
adjuvant setting, where radiotherapy has an important role.15 Pro-
spective studies evaluating the safety and efficacy of combined targeted
therapy and radiotherapy are needed.
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A 47-year-old man received 2 months of  treatment 
with dabrafenib, after which a new bone metastasis 
measuring 1.1 cm in diameter was noted in his spine 
(D12). Two months later, this metastasis increased to 
1.9 cm, and a total of  36 Gy of  irradiation was 
applied.  

A 73-year-old woman presented with 
growing subcutaneous metastases 7 
months after initiation of  dabrafenib 
therapy and therefore received 
concomitant RT. Grade 3 radiation 
dermatitis was noted after 52 Gy were 
applied to the upper leg and grade 2 
was observed after 34 Gy 

Serious Skin Toxicity With the Combination of
BRAF Inhibitors and Radiotherapy

Introduction
Newly introduced BRAF inhibitors like vemurafenib and dab-

rafenib are effective in patients with metastatic melanoma who harbor
BRAF V600 mutations, but after a median time of approximately 6
months, disease progression occurs.1,2 In the event of a localized
progression of preexisting or newly developing metastatic lesions,
radiotherapy could be a feasible option.3 In vitro data suggest that the
susceptibility of BRAF mutant melanoma cell lines to ionizing radia-
tion is enhanced by treatment with vemurafenib.4 Here we report our
first four patients with metastatic melanoma who experienced local-
ized progression during BRAF inhibitor therapy (dabrafenib 150 mg
twice per day or vemurafenib 960 mg twice per day, respectively) while
being concurrently treated with three-dimensional conformal radio-
therapy. Radiation therapy was conventionally fractionated (2 Gy per
day),3 all patients received the cumulative target dose that was initially
planned, and lead shields or bolus materials were not applied. Specific
topical medications to prevent radiation dermatitis were not used.
Weekly dermatologic controls were performed. Radiation dermatitis
was treated with topical corticosteroids, and, if necessary, the radiation
therapy was interrupted.

Case Report 1
A 47-year-old man received 2 months of treatment with dab-

rafenib, after which a new bone metastasis measuring 1.1 cm in diam-
eter was noted in his spine (thoracic vertebra 12). Two months later,
this metastasis increased to 1.9 cm, and a total of 36 Gy of irradiation
was applied. The patient suffered from severe radiation dermatitis
(grade 3 according to the National Cancer Institute Common Termi-
nology Criteria for Adverse Events, version 4.02) on his back (Fig 1A)
and abdominal wall (Fig 1B) that was clearly visible even 10 days after
termination of radiation therapy, whereas the metastasis increased to
2.7 cm.

Case Report 2
A 73-year-old woman presented with growing subcutaneous

metastases 7 months after initiation of dabrafenib therapy and there-
fore received concomitant radiotherapy. Grade 3 radiation dermatitis
was noted after 52 Gy were applied to the upper leg (Fig 1C) and grade
2 was observed after 34 Gy were applied to the lower leg (Fig 1D). The
patient’s subcutaneous metastases enlarged despite treatment with
dabrafenib plus radiotherapy (cumulative dose of 60 Gy at each site),
as assessed by physical examination.

Case Report 3
A 66-year-old woman had received dabrafenib therapy for 8

months when a painful lymph node metastasis measuring 4.4 ! 2.7
cm developed in the right infraclavicular region. Subsequently, radio-

therapy was applied to this region. After a dose of only 12 Gy, the
irradiation had to be interrupted because of painful grade 2 radioder-
matitis (Fig 1E). The administration of a cumulative dose of 60 Gy
required a prolonged time period of 10 weeks because of multiple skin
toxicity–induced interruptions, after which the metastasis progressed
to 7.0 ! 4.8 cm.

Case Report 4
A 63-year-old woman experienced growing cutaneous metas-

tases in the left groin after 5 months of vemurafenib therapy. This
region had already been irradiated with 60 Gy because of incom-
pletely resected regional lymph node metastases 4.5 years before,
without relevant adverse effects. Another 20 Gy were applied, and
this led to grade 2 radiodermatitis. The cutaneous metastases en-
larged despite treatment with vemurafenib plus radiotherapy, as
assessed by clinical examination.

Discussion
Currently, there are only limited data on the combination of

BRAF inhibitors and radiotherapy. In vitro data suggest that tumor
cell lines with an activated mitogen-activated protein (MAP) ki-
nase pathway are rendered susceptible to irradiation by blocking
mutated BRAF4 or MAP kinase/extracellular signal-regulated ki-
nase 1/2 kinase.5 Blockade of the MAP kinase pathway also protects
the epidermis against ultraviolet light–induced damage and in-
flammation.6,7 However, keratinocytes harbor wild-type BRAF. In
the presence of wild-type BRAF, inhibitors of mutant BRAF, such
as vemurafenib and dabrafenib, can lead to activation of the MAP
kinase pathway, which contributes to the development of keratin-
ocyte proliferations.8,9 Keratinocyte proliferations such as papillo-
mas, keratoacanthomas, and squamous cell carcinomas have been
frequently observed during vemurafenib or dabrafenib ther-
apy.1,2,10 Via this mechanism of activation of wild-type BRAF in
keratinocytes, the epidermis might also be predisposed to radiation
dermatitis. Another possible mechanism could be the photosensi-
tizing activity of vemurafenib.1 However, photosensitization oc-
curs in only 3% of patients who receive dabrafenib,2 and it was not
observed in the three patients with pronounced radiation derma-
titis who were treated with dabrafenib in this report.

In conclusion, our patient cases suggest possible increased skin
toxicity in patients with melanoma who are concurrently treated with
the combination of radiotherapy and BRAF inhibitors, although the
underlying mechanisms are unclear and require further investigation.
Future studies with concomitant therapy using BRAF inhibitors and
radiotherapy need careful dermatologic controls.

Imke Satzger, Annette Degen, Hiba Asper,
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Hannover Medical School, Skin Cancer Center Hannover, Hannover, Germany
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ACUTE RADIATION SKIN TOXICITY ASSOCIATED WITH
BRAF INHIBITORS

Introduction
BRAF inhibitors, vemurafenib and dabrafenib, are the mainstay

of treatment for BRAF-mutant metastatic melanoma. Cutaneous tox-
icities are the most frequent adverse effects, particularly hyperkeratosis
(6% to 51% with vemurafenib), as well as cutaneous squamous cell
carcinoma and keratoacanthoma (4.3% to 31% with vemurafenib,
6% to 11% with dabrafenib).1 Photosensitivity can occur in 52% of
patients treated with vemurafenib.1

Radiation therapy plays an important role in the treatment of
patients with metastatic melanoma. In this report, we describe five
patients who experienced unanticipated increased in-field skin toxic-
ity while undergoing radiotherapy with the concomitant use of
BRAF inhibitors.

Case 1
A 71-year-old man with widespread metastatic melanoma in-

volving a solitary asymptomatic brain and multiple subcutaneous and
nodal metastases was found to have the V600K BRAF mutation on
biopsy of a chest wall lesion. The patient was enrolled onto the phase II
GlaxoSmithKline BREAK MB study (A Study of GSK2118436 in
BRAF Mutant Metastatic Melanoma to the Brain [also known as study
BRF113929]) of dabrafenib in BRAF-mutant metastatic melanoma
involving the brain.2 Disease progression in the left axilla was treated
with palliative radiotherapy of 36 Gy in 12 fractions without bolus for
increasing pain. Dabrafenib was continued concurrently with radio-
therapy. A thermoluminescent dosimeter placed at the center of the
radiotherapy field demonstrated a total dose of 24 Gy (2 Gy per
fraction) on skin for the entire course of treatment.

After only seven fractions of treatment (21 Gy to the dose prescrip-
tionpoint,14Gytoskin), thepatientdevelopedaEuropeanOrganisation

for Research and Treatment of Cancer/Radiation Therapy Oncology
Group3 grade 2 radiation reaction in the form of an erythematous macu-
lar rash pattern with features of coalescence, as shown in Figures 1A and
1B. After nine fractions of treatment (27 Gy to the dose prescription
point, 18 Gy to skin), the erythema became more intense and confluent
with features of early, patchy, dry desquamation posteriorly, as shown in
Figure 2. Clinical photographs taken 2 weeks after the completion of
radiotherapy showed clear evidence of extensive dry desquamation of the
skin within the radiation field (Figs 3A and 3B). These changes were
unanticipated increased in-field radiation skin toxicity.

Case 2
A 39-year-old man with widespread metastatic melanoma in-

volving multiple bony metastases was found to have the V600E BRAF
mutation on biopsy of a rib lesion. The patient received palliative
radiotherapy (8 Gy in a single fraction) to painful bony metastases in
the left humerus, left ribs, and sacrum, resulting in reduction of pain.
After radiotherapy, he began receiving dabrafenib at a dose of 150 mg
twice per day. After 8 weeks of treatment with dabrafenib, he devel-
oped new painful metastases affecting the right second rib, right iliac
crest, and right pubis. He underwent additional palliative radiother-
apy (8 Gy in a single fraction) to these new sites of metastatic disease,
concurrently with dabrafenib. There was no overlap with his previous
radiotherapy fields.

The patient developed a significant skin reaction after this second
course of radiotherapy with brisk erythema, desquamation, and hy-
perpigmentation within the irradiated field, as demonstrated in Figure
4, approximately 4 weeks after treatment. The patient did not develop
such an intense reaction with the first course of radiotherapy.

Cases 3, 4, and 5
A 39-year-old woman (patient 3), a 41-year-old man (patient 4),

and a 54-year-old man (patient 5), developed multiple brain

BA

Fig 1.
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Patient 2
A 64-year-old woman was initially diagnosed in 2009 with
an ulcerated melanoma with a Breslow thickness of 2.7 mm
and a high mitotic index. After developing cutaneous and
subcutaneous metastases, her disease progressed to stage
IV by the fall of 2011. She then presented with severe pro-
gressive pain caused by a bone metastasis in her left hip, for
which she received palliative radiotherapy. She received 20
Gy in 5 fractions over 6 days, by megavoltage photon x-rays
similar to patient 1. Following demonstration of mutated
BRAF, she began vemurafenib therapy 23 days after she last
received radiotherapy, at a dose of 960 mg twice daily.
Seven days after the initiation of vemurafenib, she devel-
oped a pruriginous rectangular eczematous plaque on her
left buttock (Figure 3), limited to the only region that had
previously been irradiated. The dermatitis resolved follow-
ing the application of betamethasone valerate 0.1% cream
twice daily for 2 weeks, despite maintenance of vemu-
rafenib therapy. Concomitantly, her medication consisted of
hydromorphone hydrochloride, celecoxib, irbesartan, aten-
olol, nifedipine, furosemide, citalopram, temazepam, and
bromazepam. In the absence of other known causes, the
diagnosis of radiation recall dermatitis induced by vemu-
rafenib was made.

Figure 1. Vesicular Erythematous Dermatitis

Vesicular erythematous dermatitis strictly located around the right shoulder
skin metastasis in patient 1.

Figure 2. Skin Biopsy Specimen

500 µm

200 µm

A

B

Skin biopsy specimen from the dermatitis observed around the previously
irradiated skinmetastasis in patient 1 (hematoxylin and eosin, ×5 [A] and ×10 [B]).

Figure 3. Sharply Delimited Rectangular Eczematous Plaque

Sharply delimited rectangular eczematous plaque on the buttock in patient 2,
exactly matching the previously irradiated field.
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RT: Left hip 20Gy in 5 fractions. The patient began 
vemurafenib therapy 23 days after she last received 
radiotherapy, at a dose of  960 mg twice daily. Seven 
days after the initiation of  vemurafenib, she devel- 
oped a pruriginous rectangular eczematous plaque on 
her left buttock  
 
 

Vemurafenib and Radiosensitization
Lise Boussemart, MD; Catherine Boivin, MD; Joël Claveau, MD; Yun Gan Tao, MD; Gorana Tomasic, MD;
Emilie Routier, MD; Christine Mateus, MD; Eric Deutsch, MD, PhD; Caroline Robert, MD, PhD

I n 2001, Camidge et al1 suggested that skin reactions
caused by drugs administered less than 7 days after
radiotherapy should be considered radiosensitization

rather than radiation recall. If, as has been reported in a few
cases, drug rechallenge in the future also produces a skin
reaction, the diagnosis of radiation recall dermatitis can still
be made subsequently.2

We describe 2 cases of dermatitis localized in a previ-
ously irradiated field, occurring during vemurafenib therapy.

Report of Cases
Patient 1
A27-year-oldmandiagnosedwith stage IVmelanoma in 2010
had been successively treatedwith dacarbazine, ipilimumab,
and fotemustine. The numerous secondary lesions affecting
his skin, lymph nodes, brain, and T8 vertebra did not re-
spond to anyof those therapies. Palliative hemostatic and an-
algesic radiotherapy was thereafter delivered to his cutane-
ousmetastasis that was bleeding and his painful T8 vertebral
osteolytic metastasis from December 24 to 30, 2010.

A total radiation dosage of 18 Gy in 3 daily 6-Gy fractions
of a 6- and 18-megavolt photon x-raywas delivered to the cu-
taneous metastasis on his right shoulder and to the thoracic
vertebra.

In parallel, because his melanoma was BRAFV600E mu-
tatedandvemurafenib couldbeused,hewasgiven960mgve-
murafenib twice daily the day after he stopped radiotherapy.
Complementary treatments comprised morphine, pregaba-
lin, and paracetamol.

Ten days later, he developed pruriginous erythematous
vesicles located on and a few centimeters around his right
shoulder skin metastasis (Figure 1), as well as on the prester-
nal area,whichwere the only previously irradiated regions of
his body. No viral or bacterial infectionwas found. Histologic
examination of skin biopsy specimens revealedmarked basal
cell hydropicdegenerationwithvesiculationandapoptotic ke-
ratinocytes. An inflammatory cell infiltrate with predomi-
nantly perivascular distribution was observed in the superfi-
cial dermis. Scattered eosinophilswere present (Figure 2). No
evidence of a viral cytopathic effect was seen. Cutaneous ra-
diosensitization by vemurafenib was suspected. Topical cor-
ticosteroidswere prescribed and the lesions healed in 8 days.

IMPORTANCE The BRAF inhibitor, vemurafenib, was recently approved for the treatment of
patients with BRAFV600metastatic melanoma. Wider use of this drug and longer follow-up
periods of treatment are resulting in the emergence of a growing number of reports detailing
new adverse effects. Cutaneous adverse effects are preeminent with UV-A–dependent
phototoxicity, hyperkeratotic folliculitis, hand-foot skin reaction, hair changes, verrucous
papillomas, keratoacanthomas, and squamous cell carcinomas.

OBSERVATIONS We report 2 cases of dermatitis occurring on a previously irradiated skin area
in patients treated with vemurafenib for a BRAFV600-mutatedmetastatic melanoma. The first
case occurred 10 days after a low dose of radiation was delivered that usually does not induce
any radiodermatitis, suggesting radiosensitization by vemurafenib. The second case occurred
30 days after radiotherapy and was diagnosed as radiation recall dermatitis.

CONCLUSIONS AND RELEVANCE Vemurafenib should be considered a potential cutaneous
radiosensitizer and an inducer of radiation recall dermatitis. However, these adverse effects
are easily managed with topical corticosteroids. Dose reduction or interruption of
vemurafenib is not required. Further studies and reports will enlighten us as to whether this
pharmacodynamic interaction between x-rays and vemurafenib is also seen with other
BRAF orMEK inhibitors on the samemitogen-activated protein kinase pathway currently
under development.

JAMA Dermatol. 2013;149(7):855-857. doi:10.1001/jamadermatol.2013.4200
Published online May 22, 2013.
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The increased severity of  radiation dermatitis during concomitant 
BRAF inhibitor therapy could be DOSE DEPENDENT, given 
that it only occurred in patients receiving WBRT. Finally, there was 
no evidence of  increased intracranial toxicity  
 

Vemurafenib is a strong radiosensitizer. Patients receiving 
radiotherapy under simultaneous vemurafenib treatment should be 

MONITORED VERY CLOSELY. 

Combination of  BRAF Inhibitors and Brain 
Radiotherapy in Patients With Metastatic Melanoma 
Shows 
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Severe radiotherapy-induced EXTRACUTANEOUS 
TOXICITY under vemurafenib. 

Peuvrel L, Eur J Dermatol. 2013 Nov-Dec;23(6):879-81.  

The first patient, a female aged 32, treated with 
vemurafenib for three months, presented a 
steroid-dependent RADIONECROSIS after 
brain stereotactic radiosurgery. Symptoms 
persisted until her death six months later.  
 

The second patient, a male aged 64 and treated 
with vemurafenib for nineteen days, presented a 
radiation-induced ANORECTITIS complicated 
by diarrhoea, anorexia and weight loss following 
the concomitant radiation of  a primary rectal 
tumour. A colostomy was needed after ten 
months in order to improve local status and 
general health. 
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"  mTOR activates ER in a  
ligand-independent manner 

"  Estradiol suppresses apoptosis induced 
by mTOR blockade 

"  Hyperactivation of  the mTOR pathway 
is observed in endocrine therapy–
resistant breast cancer cells PI3K 
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Crosstalk Between ER and PI3K/AKT/mTOR Signaling: 
Rationale for Dual Inhibition 



UNIVERSITA' CAMPUS BIO-MEDICO DI ROMA!
www.unicampus.it!

MUTAZIONI SENSIBILIZZANTI, NUOVI TARGET E MODERNI TRATTAMENTI ONCOLOGICI 

 
 
1.  Advanced kidney cancer (approved in March 2009) 

2.  Progressive or metastatic pancreatic  
neuroendocrine tumors not surgically removable 
(May 2011) 

http://www.fda.gov/NewsEvents/Newsroom/PressAnnouncements/ucm254350.htm 
"US FDA approves Novartis drug Afinitor for breast cancer". Reuters. 20 Jul 2012. 

 

Approvals and indications EVEROLIMUS 

1.  Breast cancer in post-menopausal women with 
advanced hormone-receptorpositive, HER2-negative 
type cancer, in conjunction with exemestane (July 
2012) 
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BOLERO-2: PFS at 18-Mo Follow-up 
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BOLERO-2: Adverse Events at 18-Mo Follow-up 

Adverse Event, % 

Everolimus + Exemestane  
(n = 482) 

Placebo + Exemestane  
(n = 238) 

Grade Grade 

All 3 4 All 3 4 

Total 100 44 9 91 23 5 

Stomatitis 59 8 0 12 < 1 0 

Rash 39 1 0 7 0 0 

Fatigue 37 4 < 1 27 1 0 

Diarrhea 34 2 < 1 19 < 1 0 

Nausea 31 < 1 < 1 29 1 0 

Appetite decreased 31 1 0 13 1 0 

Noninfectious 
pneumonitis 16 3 0 0 0 0 

Hyperglycemia 14 5 < 1 2 < 1 0 
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1464.2±330.8 mm3, of 30 Gy was 945.3±211.1 mm3, while 
that of everolimus + 30 Gy treatment was 507.7±77.1 mm3. 
Importantly, combined treatment with everolimus + 30 Gy 
)" %"1��%*#/�)#&-���*+$&(�(� (&-*!��&$'�(���*&�
���/��#&%��
(P=0015, ANOVA, Fig. 1) suggesting that everolimus can effec-
tively be combined with fractionated radiotherapy.

�#������" � ����&���!�%������� � ��
���	����#�� �������� -
����%��!��������	����������mTOR inhibition by everolimus 
was evaluated by examining the protein levels of the mTOR 
downstream target ribosomal p70-S6K. A549 cells were treated 
with 20 nM everolimus or placebo (DMSO) with or without 
5 Gy and lysates were prepared for analysis. Treatment with 
�,�(&#"$+)��#&%��)" %"1��%*#/�(��+����'����
��'(&*�"%�#�,�#)�
(42.8±7.6 µg/ml) compared with placebo (70.1±12.6 µg/ml), 
placebo plus radiation (55.0±2.4 µg/ml) and everolimus plus 
radiation (51.2±12.9 µg/ml, P=0.05, ANOVA, Fig. 2A). We 
next evaluated the effects of everolimus on the phosphoryla-
tion of S6K1 T-389. Everolimus significantly suppressed 
phospho-p70-S6K levels by 80% (5.9±0.7) compared with 
placebo (30.0±2.6) and by 77% compared with placebo plus 
radiation (25.5±4.1, P<0.001, ANOVA). No further reduction in 
phosphorylation was observed when everolimus was combined 
-"*!�(��"�*"&%��
�
0������" ��	�����!�)��1%�"% )��&%1($�*!�*�
�,�(&#"$+)�)" %"1��%*#/�"%!"�"*)�$������*","*/�"%��������##)�

�#������" ���!�� �������$���  ���� ���
�������� ��Because 
mTOR is a sensor of nutrient and growth factor signaling, we 
evaluated the effects of mTOR inhibition by everolimus alone 
and in combination with radiation on gene expression in A549 
*+$&(���##)������,�#+�*����.'(�))"&%�&��1,��!/'&."��"%�+�"�#��

factor-12 (HIF-12) target genes and two glycolysis genes. 
Endothelin-1 gene expression was suppressed 50% by evero-
limus alone and in combination with 5 Gy. HIF-12 expression 
was not affected by everolimus alone, but was induced 2-fold by 
radiation and 3-fold by the everolimus plus 5 Gy. Expression of 
insulin-like growth factor 2 (IGF-2) was increased 1.7-fold by 
everolimus, decreased slightly by 5 Gy and unchanged by evero-
limus plus 5 Gy. VEGFA was induced 2-fold by everolimus, not 
affected by radiation, and induced 3.9-fold by everolimus plus 
5 Gy. p21 (Cip 1, CDKN1A) expression was induced 2.7-fold by 
everolimus treatment, 3.2-fold by radiation and the combination 

Table I. PCR primer sequences.

Name Accession numbers Primers Sequences (5'-3')

GAPDH NM_002046 Forward TGC ACC ACC AAC TGC TTA GC
  Reverse GGC ATG GAC TGT GGT CAT GAG
END1 NM_001955 Forward TCT CTG CTG TTT GTG GCT TG
  Reverse CCA GGG TGG ACT GGG AGT
HIF1A NM_001530 Forward GAA GTG GCA ACT GAT GAG CA
  Reverse GCG CGA ACG ACA AGA AA
IGF2 NM_000612 Forward AGA AGC ACC AGC ATC GAC TT
  Reverse GTT CGG TTT GCG ACA CG
LDHA NM_005566 Forward GGA GAT CCA TCA TCT CTC CC
  Reverse GGC CTG TGC CAT CAG TAT CT
MTOR NM_004958 Forward TCC GGC TGC TGT AGC TTA TT
  Reverse CCA ACA GTT CAC CCT CAG GT
CDKN1A (p21) NM_000389 Forward GGACAGCAGAGGAAGACC
  Reverse TGGTAGAAATCTGTCATGCTG
SLC2A1  NM_006516 Forward GGC ATT GAT GAC TCC AGT GTT
  Reverse ATG GAG CCC AGC AGC AA
TNF NM_000594 Forward GCC AGA GGG CTG ATT AGA GA
  Reverse TCA GCC TCT TCT CCT TCC TG
VEGFA NM_003376 Forward CTA CCT CCA CCA TGC CAA GT
  Reverse ATG TTG GAC TCC TCA GTG GG

Figure 1. Growth of A549 tumors following treatment with RAD001 (evero-
limus) and radiation. A549 cells were injected into the hind limb of female 
nude mice. Mice were treated six times with 10 mg/kg RAD001 by oral 
gavage 90 min prior to 30 Gy (5 Gy x 6 fractions). Treatment with RAD001 + 

���/�)" %"1��%*#/�)#&-���*+$&(� (&-*!��&$'�(���*&�
���/��#&%���P=0015).
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Abstract. Signaling pathways that activate mTOR (mamma-Signaling pathways that activate mTOR (mamma-
lian target of rapamycin) are altered in many human cancers 
and these alterations are associated with prognosis and treat-
ment response. mTOR inhibition can restore sensitivity to DNA 
damaging agents such as cisplatin. The rapamycin derivative 
everolimus exhibits antitumor activity and is approved for 
patients with renal cell cancer. Clinically, everolimus has also 
been evaluated in patients with advanced non-small cell lung 
cancer (NSCLC) that were refractory to chemotherapy and 
epidermal growth factor receptor tyrosine kinase inhibitors. 
We tested the effects of combined treatment with everolimus 
(RAD001) and fractionated radiation using a xenograft model 
of human NSCLC (A549 cells). In growth studies, mean tumor 
volume was reduced in the everolimus plus 30 Gy cohort with 
significant tumor growth suppression compared to 30 Gy 
alone (P=0015), or everolimus alone (P<0.001, ANOVA). 
E"������!���������������%��� �$����!������� ������"������� ���
mTOR downstream effector p70-S6K compared with radiation 
and vehicle (P	������
�
�
�����������%��� �$��!���������
phospho-p70-S6K levels compared with all other treatments 
(P<0.001, ANOVA). We also evaluated everolimus and radia-
tion effects on gene expression in A549 cells. Everolimus ± 5 Gy 
suppressed endothelin 1 and lactate dehydrogenase expression 
and increased VEGFA, p21, hypoxia-inducible factor-1& and 
SLC2A1 (facilitated glucose transporter 1). mTOR mRNA 
levels were unaffected while TNF-& levels were increased 
with everolimus + 5 Gy compared to either treatment alone. 
������%��������!���� � �� ��"������!������������ ����� � !����
activity of radiation. Clinical trials combining everolimus with 
fractionated radiation in patients with NSCLC are warranted.

Introduction

The mammalian target of rapamycin (mTOR) also known as 
FK506 binding protein 12-rapamycin associated protein 1 
(FRAP1) is a protein which in humans is encoded by the 
FRAP1 gene. Current research indicates that mTOR integrates 
the input from multiple upstream pathways, including insulin, 
growth factors (such as IGF-1 and IGF-2), and mitogens. 
mTOR also functions as a sensor of cellular nutrient and 
energy levels and redox status (1-3). Mutations in compo-
nents of the mTOR-related signaling pathways have been 
described in human malignant diseases (4). Rapamycin is a 
bacterial product that inhibits mTOR through association with 
its intracellular receptor FKBP12. The FKBP12-rapamycin 
complex binds directly to the FKBP12-rapamycin binding 
(FRB) domain of mTOR. mTOR has been shown to function 
as the catalytic subunit of two distinct molecular complexes in 
cells. mTOR, a phosphatidylinositol 3-kinase (PI3K)-related 
serine/threonine kinase, plays a central role in regulating cell 
growth, proliferation, and survival, in part by regulation of 
translation initiation, through interactions with other proteins 
such as RAPTOR forming the mTOR complex 1 (mTORC1) 
and RICTOR forming the mTOR complex 2 (mTORC2) (3,5). 
The best-characterized downstream effectors of mTORC1 are 
the 70-kDa ribosomal S6 kinase (p70-S6K) and the eukaryotic 
translation initiation factor 4E-binding protein 1 (4E-BP1). In 
response to mitogenic stimuli or nutrient availability, mTORC1 
is activated leading to phosphorylation of p70S6K and 4E-BP1.

PI3K/Akt signaling represents a major cell survival 
�� �#�$���������� �$�������������� �%����������� ����� ���� ����
anticancer treatment. Activation of PI3K/AKT is associated 
with malignant transformation and apoptotic resistance. mTOR 
functions downstream of the PI3K/Akt pathway and is phos-
phorylated (or activated) in response to stimuli that activate 
the PI3K/Akt pathway. A report on the mTORC2 Akt Ser473 
kinase demonstrates that mTOR in the form of mTORC2 acts 
upstream of Akt. Although mTORC2 is thought to be insensi-
tive to rapamycin, it has been shown that prolonged rapamycin 
exposure inhibits mTORC2 assembly and Akt mTOR inhibitors 
activate Akt while suppressing mTORC1 signaling in different 
types of cancer cell lines and clinical human tumor samples 
(6). Currently, it is unclear how mTOR inhibitors activate Akt 
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Summary

Preclinical studies have
demonstrated that everolimus
and othermammalian target of
rapamycin inhibitors can
improve the efficacy of
platinum-based chemo-
therapy and radiation therapy
against cancer cell lines. This
phase 1 study establishes the
safety and tolerability of daily
oral everolimus administered
concurrently with weekly
cisplatin and intensity modu-
lated radiation therapy for
patients with head-and-neck
cancers. Correlative studies
include genetic profiling of
tumors using Sequenom and

Purpose: Elevated expression of eukaryotic protein synthesis initiation factor 4E (eIF4E) in
histologically cancer-free margins of resected head and neck squamous cell carcinomas
(HNSCCs) is mediated by mammalian target of rapamycin complex 1 (mTORC1) and has been
associated with increased risk of disease recurrence. Preclinically, inhibition of mTORC1 with
everolimus sensitizes cancer cells to cisplatin and radiation.
Methods and Materials: This was single-institution phase 1 study to establish the maximum
tolerated dose of daily everolimus given with fixed dose cisplatin (30 mg/m2 weekly ! 6)
and concurrent intensity modulated radiation therapy for patients with locally and/or regionally
advanced head-and-neck cancer. The study had a standard 3 þ 3 dose-escalation design.
Results: Tumor primary sites were oral cavity (4), salivary gland (4), oropharynx (2), naso-
pharynx (1), scalp (1), and neck node with occult primary (1). In 4 of 4 cases in which resected
HNSCC surgical pathology specimens were available for immunohistochemistry, elevated
expression of eIF4E was observed in the cancer-free margins. The most common grade #3
treatment-related adverse event was lymphopenia (92%), and dose-limiting toxicities (DLTs)
were mucositis (nZ2) and failure to thrive (nZ1). With a median follow up of 19.4 months,
2 patients have experienced recurrent disease. The maximum tolerated dose was everolimus 5
mg/day.
Conclusions: Head-and-neck cancer patients tolerated everolimus at therapeutic doses (5 mg/
day) given with weekly cisplatin and intensity modulated radiation therapy. The regimen merits
further evaluation, especially among patients who are status post resection of HNSCCs that
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HNSCC surgical pathology specimens were available for immunohistochemistry, elevated
expression of eIF4E was observed in the cancer-free margins. The most common grade #3
treatment-related adverse event was lymphopenia (92%), and dose-limiting toxicities (DLTs)
were mucositis (nZ2) and failure to thrive (nZ1). With a median follow up of 19.4 months,
2 patients have experienced recurrent disease. The maximum tolerated dose was everolimus 5
mg/day.
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Summary

Despite recent progress,
overall outcome in patients
with glioblastoma remain
poor. We performed
a phase 1 study combining
the mammalian target of
rapamycin inhibitor ever-
olimus with standard
therapy in an effort to

Purpose: To determine the safety of the mammalian target of rapamycin inhibitor everolimus
(RAD001) administered daily with concurrent radiation and temozolomide in newly diagnosed
glioblastoma patients.
Methods and Materials: Everolimus was administered daily with concurrent radiation (60 Gy in
30 fractions) and temozolomide (75 mg/m2 per day). Everolimus was escalated from 2.5 mg/
d (dose level 1) to 5 mg/d (dose level 2) to 10 mg/d (dose level 3). Adjuvant temozolomide
was delivered at 150 to 200 mg/m2 on days 1 to 5, every 28 days, for up to 12 cycles, with
concurrent everolimus at the previously established daily dose of 10 mg/d. Dose escalation
continued if a dose level produced dose-limiting toxicities (DLTs) in fewer than 3 of the first
6 evaluable patients.
Results: Between October 28, 2010, and July 2, 2012, the Radiation Therapy Oncology Group
0913 protocol initially registered a total of 35 patients, with 25 patients successfully meeting
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Van Cutsem E, et al. ECCO/ESMO Congress 2009; Abstract No: 6077 

Overall survival in KRAS WILD TYPE patients 
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PRIME: OS in KRAS WILD TYPE patients 

Douillard JY, et al. J 
Clin Oncol 2010; 

28:4697-705. 

FINAL RESULTS FOR PRIME TRIAL 
Median overall survival (OS) for WT KRAS mCRC 23.9 vs 19.7 months 

Ann Oncol. 2014 Jul;25(7):1346-55 
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STUDIO FIRE 16%  
PRIME 17% 
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KRAS MUTATION PROFILE differences between 
rectosigmoid localized adenocarcinomas and colon 
adenocarcinomas. 

Baskin Y, J Gastrointest Oncol. 2014 Aug;5(4):265-9.  
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CONCLUSIONS: 
Based on these data, the presence of  KRAS mutation does not affect tumor down-
staging or cancer specific survival following neo-adjuvant CRT and surgery for rectal 
cancer. 

KRAS mutation does not predict the efficacy of  neo-adjuvant 
chemoradiotherapy in rectal cancer: A SYSTEMATIC REVIEW 
AND META-ANALYSIS. 

Clancy C, Surg Oncol. 2013 Jun;22(2):105-11.  

696 patients; KRAS MUTATION 33%!

KRAS  
Mutated vs Wild-Type 

pCR Downstaging Cancer Mortality 

ODD RATIO 0.78 0.84 1.23 

CI 0.42-1.42 0.33-2.16 0.60-2.53 

pvalue 0.418 0.728 0.555 
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90/149 KRAS/BRAF WILD-TYPE PATIENTS 
       

COMPLETE RESPONSE (9% v 11%, respectively; p = 1.0; OR 1.22)  

p=0.034 

Multicenter randomized phase II clinical trial comparing neoadjuvant oxaliplatin, 
capecitabine, and preoperative radiotherapy WITH OR WITHOUT CETUXIMAB 
followed by total mesorectal excision in patients with high-risk rectal cancer 

             EXPERT-C Trial 
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CONCLUSIONS: 
Given the small sample size, no definitive conclusions on the effect of  additional 
RAS mutations on cetuximab treatment in this setting can be drawn and further 
investigation of  RAS in larger studies is warranted. 

RAS mutations and cetuximab in locally advanced rectal 
cancer: results of  the EXPERT-C trial. 

SCLAFANI, Eur J Cancer. 2014 May;50(8):1430-6 

PAN-RAS WILD TYPE 
78/149 pts (52%) 
 

pCR (%) 5y PFS (%) 5y OS (%) 

CAPOX 7.5 67.5 70 

CAPOX-Cetuximab 15.8 75.5 83.8 

p=0.31 p=0.20 p=0.20 
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Sclafani F, J Natl Cancer Inst. 2014 Jun 23;106(7). !

TP53 mutational status and cetuximab benefit in rectal 
cancer: 5-year results of  the EXPERT-C trial. 

INDEPENDENT PREDICTIVE 
BIOMARKER FOR CETUXIMAB 

BENEFIT. !

5y PFS  5y OS 

Cetuximab 
 

89.3 92.7 

No-Cetux 65 
p=0.02 

67.5 
p=0.02 
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DOMANDE PRATICHE 1/2 

Nella neoplasia polmonare gli EGFR-TKI ed il Crizotinib 
hanno dimostrato risultati correlati all’esistenza di mutazioni 
attivanti EGFR o traslocazione di ALK. Tossicità aumentata 
in associazione alla RT?   

NO 
Popolazione mutata più radiosensibile 

Gli inibitori di BRAF (Vemurafenib, Dabrafenib), aumentano 
la tossicità in associazione con la RT? 

SI, documentata la tossicità cutanea e 
non ben conosciuta quella extracutanea 
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DOMANDE PRATICHE 2/2 

L’Everolimus e la Radioterapia possono essere associati? 

Attenzione alla prossimità 
dell’apparato gastroenterico!!! 

La mutazione di RAS è una mutazione di sensibilizzazione o 
di resistenza? 

E’ una mutazione di resistenza 
agli anticorpi monoclonali.  Non 
tossicità aumentata ma risultati 
sono ancora poco chiari 
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Grazie dell’Attenzione!!!!!!! 

NIKE DI 
SAMOTRACIA 

“…colpita da un 
vento impetuoso 
che tuttavia ne fa 
risaltare le 
forme…” 

Luke Willer 


