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Chapter 1

GENERAL INTRODUCTION

LUNG CANCER; EPIDEMIOLOGY AND PROGNOSIS

Non-small cell lung cancer (NSCLC) and small cell lung cancer (SCLC) account for 80-85%
and 15-20% of lung cancer cases, respectively.” In 2013 in the Netherlands, 12.660
patients were diagnosed with lung cancer.” Approximately 30% is diagnosed in a locally
advanced state (i.e. stage Ill) and 50% in an already metastatic state (stage IV).> NSCLC
can be divided into different histological subtypes: adenocarcinoma, squamous cell
carcinoma, large cell carcinoma and several rarer subtypes (for example
neuroendocrine carcinomas). Currently, staging is based on the 7th tumor, node and
metastases (TNM) classification (Table 1.1). This edition is based on an analysis of a
retrospective worldwide database of more than 100.000 cases including data from
clinical trials, consortium/surgical series, and registry—series.4 The aim of the TNM
staging system is to group patients together with the same overall survival (0S), i.e.
prognosis. The best OS is found in stage IA (median OS more than nine years, over 70%
five-year survival) and the worst in stage IV disease with extrathoracic metastases
(M1b, median OS six months, 22% one-year survival) (Table 1.2).>° Besides an advanced
stage, other factors have a negative impact on OS. Examples are poor performance
status (PS), male gender, comorbidities, weight loss and active smoking.7'9 Molecular
characteristics can also influence OS. An activating epidermal growth factor receptor
(EGFR)-mutation is a good prognostic factor and is predictive for response to EGFR-
tyrosine kinase inhibitors (TKI).'® Activating EGFR-mutations are found in approximately
10-15% of Caucasian patients with stage IV non-squamous NSCLC™™* and this
percentage increases to more than 60% in non-smoking Asian females.” Anaplastic
lymphoma kinase (ALK)-fusion genes do not have a prognostic impact but are predictive
for response to ALK-TKI.'® ALK-rearrangements are detected in approximately 5% of
patients.17

Table 1.1 7" TNM classification for lung cancer.

Tand M NO N1 N2 N3
Stage Stage Stage stage
Tla (< 2cm) 1A 1A A 1B
T1b (> 2-3cm) 1A 1A HIA 1B
T2a (< 5cm) 13} A A 1B
T2b (> 5-7cm) A 11B HIA 1B
T3 1B 1A A 1B
T4 1A A 1B 1B
Mila v I\ I\ \"
M1b \ \ I\ \

T: tumour; N: node; M: metastases. Adapted from: Groome et al. J Thorac Oncol 2007;2:694-705.
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Table 1.2 Overall survival according to TNM7 stage.

Stage (TNM7) Clinical stage Pathological stage
Median OS (months) 1-year OS Median OS (months) 5-year OS

1A 60 50% 119 73%
1B 43 43% 81 58%
1A 34 36% 49 46%
1B 18 25% 31 36%
1A 14 19% 22 24%
1B 10 7% 13 9%
I\ 6 2% 17 13%

TNM: tumour node metastases; OS: overall survival. Adapted from: Goldstraw et al. J Thorac Oncol
2007;2:706-714

Currently, there is a lack of data gathered in routine clinical practice regarding the
prognostic value of the extent of metastases in population based stage IV NSCLC
cohorts and it is not clear whether results are comparable for *fluorodeoxyglucose-
positron emission tomography (18FDG—PET)—staged patients due to possible stage
migration, also called the “Will Rogers phenomenon”.ls'20 It is also not known whether

local disease status still has a prognostic impact in already metastasized patients.

LUNG CANCER AND BRAIN METASTASES: IMPACT ON OS AND QUALITY OF LIFE

Approximately 40% of NSCLC patients will develop brain metastases during the course
of their disease.”® Brain metastases often have a negative impact on quality of life
(QoL).” There are several prognostic classifications available for patients with brain
metastases from solid tumours. The Recursive Partitioning Analysis (RPA), the Graded
Prognostic Assessment (GPA) and the Diagnosis-Specific-GPA (DS-GPA) are the most
commonly used classifications.”>”* These classifications are also validated in lung
cancer patients (NSCLC as well as SCLC) (Tables 1.3 and 1.4).>*” Median OS for patients
with brain metastases from solid tumours ranges from 7.1 months for RPA class |
patients, to 4.2 months for RPA class Il and 2.3 months for RPA class II.>*> For lung
cancer patients, median OS is 5.2, 4.0 and 2.5 months, respectively.”®

Table 1.3 RPA classification.

RPA class Description* Median OS (months)**  Percentage of patients**
| KPS > 70 AND 5.2 13%
Age < 65 years AND
No ECM AND
Primary under control
Il All other patients 4.0 67%
1l KPS <70 2.5 20%

RPA: recursive partitioning analysis; OS: overall survival; KPS: Karnofsky performance score; ECM: extracranial
metastases. * Gaspar et al. Int J Radiat Oncol Biol Phys 2000;46:297-302; ** Kepka et al. Acta Oncol
2005;44:389-98.
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Table 1.4 Ds-GPA classification.

Prognostic factor Ds-GPA Scoring Criteria*

0 0.5 1
Age (years) >60 50-60 <50
KPS <70 70-80 90-100
ECM + n/a -
No. of BM >3 2-3 1
Total score NSCLC, median OS (months)* SCLC, median OS (months)*
0-1.0 3.0 2.8
1.5-2.0 6.5 53
2.5-3.0 11.3 9.6
3.5-4.0 14.8 17.1

Ds-GPA: disease specific graded prognostic assessment; KPS: Karnofsky performance score; ECM: extracranial
metastases; No: number; BM: brain metastases; NSCLC: non-small cell lung cancer; OS: overall survival; SCLC:
small cell lung cancer. * Sperduto et al. Int J Radiat Oncol Biol Phys 2010;77:655-61.

RISK FACTORS FOR BRAIN METASTASES

Known risk factors for the development of brain metastases are adenocarcinoma
histology, advanced nodal status, tumor stage and younger age.zg'31 It is not clear
whether, similar to patients with (EGFR/erB family member) HER2-positive breast
cancer, the tumor biology of EGFR-mutated patients results in an increased risk for
brain metastases.” In one study evaluating 39 EGFR-mutated, 49 Kirsten rat sarcoma
viral oncogene homolog (KRAS)-mutated, 41 ALK-translocated and 80 wildtype NSCLC
patients no difference in percentage of patients diagnosed with brain metastases at
initial NSCLC diagnosis was found for the different molecular subtypes.?’3 Other studies
suggest that the incidence of brain metastases may be higher in EGFR-mutated patients
as compared to EGFR-wildtype patients.g“'38 However, in these studies only patients
already diagnosed with brain metastases were enrolled®****® and/or mutation status
was not known for all included patients.35’37’38 Another explanation for a possibly higher
incidence of brain metastases in EGFR-mutated patients during treatment is the
inability of currently available EGFR-TKI to cross the intact blood-brain barrier (BBB) at
recommended doses.*

NSCLC: IMAGING REQUIRED FOR STAGING INCLUDING SCREENING FOR BRAIN
METASTASES

The extent of staging work-up advised in guidelines varies according to the (suspected)
stage in which the lung cancer is diagnosed. In all patients eligible for therapy with
curative intent, not only a computed tomography (CT) of the chest and upper
abdomen, but also a whole body ¥FDG-PET is recommended.’”**> When ®*FDG-PET is
added to the CT, more patients are found in an advanced stage due to the upstaging
effect of the "*FDG-PET."®" This '®FDG-PET scan can be performed with a non-
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diagnostic low dose CT (LD-CT) for attenuation correction or with a diagnostic contrast
enhanced CT (CE-CT) of the thorax and upper abdomen. Combination with CE-CT of the
brain is also an option and feasible.**

In all current NSCLC guidelines it is recommended to exclude asymptomatic brain
metastases at least in stage Ill patients eligible for therapy with curative intent. 424445
Post contrast magnetic resonance imaging (MRI) is preferred, however when this is
contra-indicated a CE-CT is mentioned as an alternative option. An example of a current
work-up for stage 11l NSCLC is presented in Figure 1.1, including time limits for each step
(based on the Dutch “Stichting Oncologische Samenwerking” (SONCOS) document for
2016). "®FDG-PET with or without LD-CT of the brain is not suitable for the detection of
brain metastases.’®** Older studies including patients with mixed tumour types and
stages show that MRI of the brain is more sensitive than a CE-CT in detecting presence
and especially number of brain metastases.””>* However, it is unclear whether this is
still the case in the setting of excluding asymptomatic brain metastases in stage |l
NSCLC patients with up-to-date MRI and CT techniques.

In the follow-up of NSCLC patients treated with curative intent, it is usually not advised
to routinely image the brain.*"*? Only in the ESMO guideline on locally advanced NSCLC,
it is suggested that for selected high risk patients (adenocarcinoma) routine brain
imaging is an option for the early detection and possible radical treatment of brain
metastases (level of evidence: V, C).** In stage IV NSCLC patients imaging of the brain is
only advised for neurologically symptomatic patients.*”***> Excepted are
oligometastatic NSCLC patients eligible for therapy with curative intent: in these
patients brain imaging is recommended before commencement of intensive therapy.41

11



Chapter 1

=

GP: abnormal chest X-ray — § 3

33

S -

35

O ~+

® 5

£ &

I
Pulmonologist: suspicion of *
non-metastasized NSCLC |

=
E!
18FDG-PET-CT 33 it
Pulmonary function test 3 & &
Bronchoscopy / EUS/EBUS e &
Bl =
G 3
Es z
Stage IIl NSCLC based on above 3 2
mentioned imaging / pathology 3 X
£.
£
[v]
&
MRI of the brain — *

* Time frame
based on SONCOS

Treatment (usually
chemoradiation)

Figure 1.1 Flow chart diagnosis stage 11l NSCLC

TREATMENT OF STAGE 111 NSCLC

Standard treatment for inoperable stage Il NSCLC is chemoradiation (CRT).****** In a
meta-analysis (2010) a superior OS was found for concurrent CRT (cCRT) compared to
sequential CRT (sCRT).”® For fit patients, two to four cycles of systemic dose platinum
(preferably cisplatin) based doublet chemotherapy are advised concurrent with
radiotherapy. Platinum is usually combined with etoposide or vinorelbin.**** Other
chemotherapeutic regimens concurrent with radiotherapy are platinum/pemetrexed
(cycle three weeks),57’58 weekly carboplatin/paclitaxel,z‘l’sg'61 weekly platinum/
docetaxel,®” weekly platinum/gemcitabine®® or daily low dose cisplatin.** There are no
phase Il head-to-head comparisons of these regimens showing an improved OS with a
specific chemotherapeutic regimen.

12
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Development of brain metastases after radical treatment remains a problem in this
patient population. Brain metastases as the first and often only site of progression are
diagnosed in 7-34% of these patients.”****"*>®® |n older (1990’s) retrospective studies
(N=267 and N=1765) without routine *FDG-PET-scan or brain imaging, the percentage
of brain metastases diagnosed in the follow-up did not decrease with the addition of
systemic dose, cisplatin based chemotherapy to local radical treatment, although a
decrease in extracranial metastases was observed.”®’ Using modern staging
techniques, it is not known whether the chemotherapy used in a CRT regimen has an
impact on the development of brain metastases in the follow-up.

TREATMENT OF STAGE IV NSCLC

IH

There is no “one-size-fits-all” approach to the treatment of stage IV NSCLC as this is a
heterogeneous group of patients clustered together because of the same TNM stage.
Extent of disease (oligometastatic versus more wide-spread disease), histology,
molecular pathology, PS, comorbidities and patients’ preferences are all important and
should be taken into account.” It is argued that radical treatment in patients with
single/oligometastatic disease improves OS. However, it is not clear whether these
patients by nature have a superior OS or that OS can be improved with radical
treatment, as was also discussed in a recent review.” Only for a single brain metastasis
it is shown in randomized controlled trials that radical treatment improves 0S.%° When
patients are not eligible for radical treatment and when they have a good/acceptable
WHO PS (0-2), they are candidates for platinum-based doublet chemotherapy.*"**>
Besides palliative chemotherapy, targeted agents (often tyrosine kinase inhibitors
(TKIs)) have become available for a subset of stage IV NSCLC with targetable molecular
alterations. Currently, TKI are approved for metastasized NSCLC patients with an
activating EGFR-mutation or an ALK-rearrangement, either as first line or beyond.“’55
Examples are erlotinib, gefitinib and afatinib for EGFR-mutations, and crizotinib and
ceritinib for ALK-rearrangements. When compared to chemotherapy, progression free
survival (PFS), response rate (RR) and quality of life (QoL) are superior with TKls.'>"*”
For EGFR-mutated patients treated with first line EGFR-TKI (first or second generation),
progression free survival (PFS) is 9.2-13.1 months as compared to 4.6-6.3 months for
upfront platinum doublet chemotherapy (hazard ratio (HR) 0.37).%’® Response rate
ranges from 55-82.9% (EGFR-TKI) as compared to 11.0-36.1% (chemotherapy).” A
significant improvement in global QoL as well as lung cancer related symptoms was
found for EGFR-TKI compared to chemotherapy.”® In the PROFILE1014 study (first line
crizotinib versus pemetrexed-platinum in ALK-rearranged patients) median (95% Cl) PFS
was 10.9 (8.3-13.9) months for crizotinib versus 7.0 (6.8-8.2) months for chemotherapy
(HR 0.45). The RR was 74% versus 45% and QoL was superior for the crizotinib arm.”
For both EGFR- and ALK-TKI an improvement in OS has not been found, possibly due to
crossover from the chemotherapy arm to the TKI arm.
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TREATMENT OF LUNG CANCER BRAIN METASTASES NOT ELIGIBLE FOR RADICAL
RADIOTHERAPY OR SURGERY: WHOLE BRAIN RADIOTHERAPY

In (semi)-recent guidelines (NICE lung cancer 2011, NCCN central nervous system
cancer (2012 as well as 2015 version), ESMO NSCLC 2012) it is advised to treat patients
with multiple brain metastases with WBRT and best supportive care (BSC) without
taking into account the RPA classification or another prognostic classification.”*”” Aim is
to reduce neurological symptoms caused by the brain metastases.”* In the revised
Dutch guideline “brain metastases from solid tumours” (version 3.0, July 2011) it is
advised to treat patients in RPA class | and selected patients in RPA class Il actively with
WBRT (30 Gy in 10 fractions or 20 Gy in 5 fractions) and to treat patients in RPA class lll
primarily symptomatically with BSC.”® The flowchart (adapted for lung cancer) from this
guideline is shown in Figure 1.2 (redrawn with permission). The RPA classification is also
incorporated in the newest ESMO guideline on NSCLC (2015) and it is recommended to
treat RPA class | and Il patients actively with WBRT.” In the latest NCCN guideline, it is
advised to treat all patients with WBRT (30 Gy in 10 fractions or 37.5 Gy in 15 fractions)
and to give a more rapid course of radiotherapy (20 Gy in 5 fractions) in patients with a
poor neurological performance.”’” Superiority of one of these radiation schemes has
never been shown.” Potential benefits of WBRT are improved QoL and PS, improved
neurological function, and a reduction in steroid dose needed to control neurological
symptoms. However, until recently the benefit of WBRT over BSC alone has never been
studied in randomized controlled trials.”’ At the 2015 ASCO annual meeting, QoL and
OS data from the QUARTZ phase Ill randomised non-inferiority clinical trial
(NCT00403065) were presented. In this trial, patients with inoperable brain metastases
for whom clinician and patient were uncertain of the benefit of WBRT were included.
They were randomised between WBRT and BSC versus BSC only. Primary outcome
measure was quality adjusted life years (QALY). It was shown that WBRT provided no
additional clinically significant benefit to BSC for this group of patients.*’

14
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TREATMENT OF LUNG CANCER BRAIN METASTASES NOT ELIGIBLE FOR RADICAL
RADIOTHERAPY OR SURGERY: SYSTEMIC THERAPY

Depending on whether brain metastases are asymptomatic or not, WBRT can be
deferred. In asymptomatic patients, upfront chemotherapy results in cranial response
rates (23-50%) that are comparable/slightly lower than extracranial response rates.®!
Although in brain metastases patients the cerebrospinal fluid (CSF) penetration rate is
low for the EGFR-TKIs erlotinib and gefitinib (mean percentage 1.13+0.36 and
2.77+0.45, respectively), cranial response rates for these two agents are 82-89% in
EGFR-TKI naive patients with an activating EGFR-mutation.®"® RR as well as response
duration are similar to extracranial responses.81 For crizotinib, an ALK-TKI, initial disease
control rate in the brain is 60% in patients with brain metastases, however response
duration in the brain is shorter than extracranial RR.®*> CSF penetration rate for
crizotinib is only 0.0026%.%* Second generation ALK-TKI are more promising in the
treatment of brain metastases and brain responses have been described after
progression on crizotinib.*** CSF penetration rate is higher for alectinib (87%) than for
ceritinib (15%).

PROGNOSIS OF AND TREATMENT OF LEPTOMENINGEAL METASTASES

Leptomeningeal metastasis occurs in approximately 8% of NSCLC patients and is the
result of spread of malignant cells to the subarachnoid space within the compartment
of the CSF. It is associated with a poor prognosis and rapid deterioration of ps.3*8890
Median OS is approximately 3.0 months.” Radiotherapy, surgery and intrathecal
chemotherapy all have been described as treatment options for NSCLC patients with
leptomeningeal metastasis. However, the efficacy of these treatments is unclear and
there is no consensus which (combination) provides the optimal therapeutic
strategy.go’91 It has been reported that leptomeningeal metastasis are more often
diagnosed in EGFR-mutated NSCLC patients compared to EGFR wildtype patients and
that survival is superior in this patient group.37’9°’92 An explanation for the superior
survival is that these patients were treated for the first time with EGFR-TKIs after the
diagnosis of leptomeningeal metastasis, which does not represent current practice.
Data on treatment outcomes of EGFR-mutated patients diagnosed with leptomeningeal
metastasis during or after first generation EGFR-TKI treatment are scarce. In small
series, high-dose EGFR-TKIs and switch of EGFR-TKI-treatment have been described as
treatment options.93'95
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OUTLINE OF THE THESIS

As is clear from the introduction, brain metastases are an important problem in NSCLC.
There are many controversies on both the screening for brain metastases in stage Il
NSCLC, risk factors for brain metastases (treatment related as well as molecular
phenotype related), as well as in the treatment of brain metastases and prognosis after
diagnosis of brain and leptomeningeal metastases.

Part 1: brain metastases in stage 11l NSCLC.

Chapter two is a retrospective single center study investigating whether there is in
stage Il NSCLC patients a clinically relevant additive value of post contrast MRI to CE-CT
of the brain in detecting asymptomatic brain metastases when both are performed in
standard work-up, including ¥FDG-PET-CE-CT.

Chapter three evaluates the same question, but in a prospective multicenter study.
Chapter four explores in a retrospective multicenter study whether a certain CRT
regimen for stage Il NSCLC (i.e. cyclic dose doublet chemotherapy versus daily low dose
chemotherapy) is associated with the development of less (symptomatic) brain
metastases during follow-up. Focus is on the development of brain metastases in the
first year after diagnosis of stage Il NSCLC.

Part 2 brain metastases in stage IV disease (all comers).

In chapter five the prognostic impact of single versus multiple organs with metastases,
local disease status, and impact of the actual organ affected is evaluated in a nation-
wide population based stage IV NSCLC cohort.

In chapter six the proposals for the M-descriptors for the forthcoming eight edition of
the TNM classification of lung cancer are discussed.

Chapter seven is a retrospective multicenter study evaluating whether the revised
Dutch national guideline on brain metastases (2011) has had an impact on the selection
of lung cancer patients for WBRT, i.e. whether the percentage of RPA class Il patients
who underwent WBRT decreased. Furthermore it is evaluated whether there are
additional prognostic factors within the lung cancer RPA class Il group.

Part 3: brain metastases in stage IV NSCLC patients with driver mutations (especially
EGFR) and central nervous system involvement.

Chapter eight investigates in a retrospective case-control study whether EGFR-mutated
NSCLC patients are more prone to development of brain (and bone) metastases as
compared to KRAS-mutated and EGFR/KRAS wild type patients, and whether they have
a different survival following the detection of these metastases.

Chapter nine reviews the toxicity of combining EGFR- or ALK-TKIs with cranial
radiotherapy in NSCLC patients.

Chapter ten evaluates incidence, treatment and treatment outcomes in EGFR-mutated
patients with leptomeningeal metastasis in a retrospective multicenter cohort analysis.

17
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Part 4, chapter eleven contains a general discussion and future perspectives of all

afore-mentioned manuscripts.
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Chapter 2

ABSTRACT

Introduction

Stage Il NSCLC patients are candidates for treatment with curative intent. Current guidelines
advise post contrast magnetic resonance imaging (MRI) or contrast enhanced computed
tomography (CE-CT) of the brain in these patients to exclude brain metastases (BM). In previous
small studies MRI was reported to be superior to CE-CT. However, CT and MR technology have
evolved and 18F-deoxyglucose-positron-emission-tomography (*|FDG-PET) has been implemented
in staging of NSCLC. If CE-CT, performed together with ¥EDG-PET-CT shows the same yield of BM
detection as an additionally performed MRI, substantial gain in time and resources is expected.

Methods

All NSCLC patients who underwent a staging BEDG-PET-CT between January 2008 and September
2011 were reviewed. Neurological asymptomatic patients with stage lll NSCLC who were eligible
for treatment with curative intent were selected, without taking into account the results of brain
MRI. CT was compared to MRI to investigate whether additional BM were detected on MRI.
Development of BM within a year after negative MRI was recorded.

Results

97/429 NSCLC patients who underwent a PET-CT had stage Ill disease. Three otherwise stage IlI
patients already had occult BM on CE-CT. 77/97 (79%) patients underwent MRI, 45/77 (58%) CE-
CT and 32/77 (42%) LD-CT. In none of the CE-CT, but in 5/32 (16%) LD-CT patients BM were
detected on MRI. 9/72 patients (13%) without BM on MRI at diagnosis developed BM within a
year.

Conclusions
This retrospective study suggests that there is no additive value of MRI to ®EDG-PET-CT with CE-
CT in screening for BM in neurological asymptomatic patients with stage 11l NSCLC.
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INTRODUCTION

Around 30% of patients with non-small cell lung cancer (NSCLC) present with stage IlI
disease and are candidates for intense combined modality treatment with curative
intent.! The outcome is however still poor, with a 5 year survival rate of 15.1%."

As the brain is a common site for dissemination,® national and international guidelines
advise to exclude brain metastases before starting intense treatment in this patient
population. The combined modality treatment with concurrent chemoradiotherapy is
frequently associated with morbidity due to radiation esophagitis and pneumonitis.>” It
is estimated that, dependent on disease stage and choice of radiological evaluation,
10-24% of NSCLC patients have one or more asymptomatic brain metastases at
presentation.z’s’7 For example, up to 16% otherwise stage Il NSCLC patients were
diagnosed with brain metastases on post contrast magnetic resonance imaging (MRI).
However, in this study published in 2003, the number of patients with stage Il NSCLC
was small (38 of 91 patients) and 18F-deoxyglucose-positron emission tomography
("|FDG-PET) scanning was not performed to exclude extracranial metastases.’

A whole body ®EDG-PET is in current guidelines advised in the diagnostic work up of all
patients eligible for therapy with curative intent to exclude extracranial metastases.””
®EDG-PET-scanning alone is not effective in detecting (asymptomatic) brain
metastases.”’ Nowadays, combined PET-CT scanners are more frequently used. In
these scanners a '°FDG-PET can be performed with a non-diagnostic low dose
computed tomography (LD-CT) for attenuation correction or with a diagnostic contrast
enhanced CT (CE-CT) of the thorax and upper abdomen. Combination with CE-CT of the
brain is also an option and feasible, but is not common practice.'® **FDG-PET-scanning
with LD-CT for attenuation correction has already been proven to be not effective in
detecting asymptomatic brain metastases when compared to MR

Post contrast MRI is reported to be superior to CE-CT in diagnosing occult brain
metastases. However, these were mostly older studies, all including patients with
mixed tumour types and tumour stages.7’12'14

In addition, CT and MR technology both have evolved significantly. Moreover, in none
of the studies mentioned above a ‘*FDG-PET(-CT) was part of the diagnostic work up,
leading to a less well staged patient population.15

Lung cancer guidelines advice routine screening for brain metastases with post contrast
MRI or CE-CT in all patients with stage Ill NSCLC eligible for therapy with curative
intent.*>**® In three guidelines, NCCN, ESMO and the Dutch VIKC, a post contrast MRI
is advised.*>*® However, in most hospitals MRI is difficult to arrange within a
reasonable time scale. There are also contra-indications for MRI as intracorporal
metallic objects, pacemakers and claustrophobia.

The question whether post contrast MRI offers a benefit to CE-CT in the initial staging
of patients with NSCLC has become more urgent in view of the increasing wide-spread
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use of ®FDG-PET-CT scanners. If dedicated CE-CT of the brain performed in the same
setting as "°FDG-PET-CT could lead to the same yield of detection of brain metastases
as ®*FDG-PET-CT with a non-diagnostic LD-CT for attenuation correction and a separate
post contrast MRI, a substantial gain in time and resources can be expected. In this
retrospective study we evaluated whether there is additive value of post contrast MRI
to CE-CT for the detection of asymptomatic brain metastases when both are performed
in standard work-up including BEDG-PET-CT.

MATERIALS AND METHODS

PATIENT SELECTION

The "®FDG-PET-CT database of the university hospital Maastricht, The Netherlands, was
reviewed. All patients who underwent ¥FDG-PET-CT in the diagnostic work-up for lung
cancer between January 2008 and September 2011 were further evaluated. Patients
with stage Il NSCLC disease after staging with the '®FDG-PET-CT and who were
candidates for treatment with curative intent were selected. Patients with neurological
symptoms requiring brain imaging were excluded. In our hospital standard work-up of
patients admitted with suspicion of lung cancer includes a ¥FDG-PET according to a
specific lung cancer protocol which consists of a CE-CT of the brain, thorax and upper-
abdomen combined with the ®FDG-PET. In case a CE-CT of the chest and upper
abdomen is already performed separately the *FDG-PET is combined with a non-
diagnostic LD-CT for attenuation correction. As a consequence, in these cases only a
non-diagnostic LD-CT of the brain was available. Both patients who underwent a LD-CT
together with the PET-CT and patients who underwent a CE-CT were analysed. The
policy in our institute is to screen for brain metastases in otherwise stage Ill NSCLC
patients by MRI, also when a CE-CT of the brain is already performed. The results of the
MRI were studied to investigate whether additional asymptomatic brain metastases
were detected on MRI. In addition development of symptomatic brain metastases
within a year after a negative scan was scored.

This study has been approved by the medical ethical committee of the university
hospital Maastricht.

IMAGING PROTOCOLS

MRI protocol

MRI was performed with a 1.5 Tesla MRI system using a 8-channel Sens head coil
(Philips Healthcare, Best, the Netherlands). The protocol included a T1 weighted spin-
echo sequence with a magnetization prepulse ((MTC) (TR 615, TE 14, NEX 2, matrix
2568154, with an on resonance prepulse), with and without 0.1 mmol/kg body weight
of Gadobutrol. The addition of the MTC prepulse results in an increased enhancement
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equivalent to a double dose of gadolinium contrast. Additionally a T2 weighted turbo-
spin echo sequence (TR 4632, TE 100, ETL 12, NEX 2, matrix 256x192) and a fluid
attenuated inversion recovery sequence (TR 8000, TE 120, Tl 2000, ETL 23, NEX 1,
matrix 512x138). All sequence had a slice thickness of 5 mm with a gap of 0.5 mm.
Additionally a T1 weighted gradient echo sequence was performed with isotropic voxels
of 1 mm (TR 9, TE 4, NEX 1, matrix 256x256).

PET-CT protocol

Acquisition of *FDG-PET-CT was performed using a PET camera equipped with time-of-
flight (Gemini TF PET/64-slice CT scanner, Philips, Best, The Netherlands). PET scans
were made from head to pelvis, using 10 bed positions of 2,5 minutes each, after
injection of ®EDG. In selected cases imaging was continued. Reconstruction was
performed using a standard protocol in 3D with a matrix size of 144 resulting in a voxel
size of 4.0 x 4.0 x 4.0 mm”. PET was preceded by a LD-CT (120 keV, 30 mAs, 4 mm slice
thickness, 4,0 increment) for attenuation correction of the PET images. Supplementary
high-dose, CE-CT was performed according to a protocol with a standardized sequence
following injection of 150 ml and a flow rate of 3 ml/s of jopromide (Ultravist, Bayer,
Berlin, Germany): The diagnostic brain CT (120 kV, 400 mAs) was performed with a slice
thickness of 0.8 mm and reconstructed to 5 mm thick slices. The scan was performed
3 minutes after administration of the jopromide.

RESULTS

4131 "®FDG-PET-CT scans were reviewed. From the 510 *FDG-PET-CT’s performed in
the diagnostic work-up for lung cancer, 429 patients were diagnosed with NSCLC.
Three patients with otherwise stage Il disease had occult brain metastases on CE-CT.
112 of 429 patients were diagnosed with stage Ill disease after PET-CT. 97 of 112 (87%)
stage Il patients were eligible for therapy with curative treatment. 77 of 97 (79%)
patients underwent MRI (Figure 2.1). Patient characteristics of these 77 patients are
shown in Table 2.1. Although the standard work-up consisted of a MRI, the MRI was not
performed in 20 patients because of diagnostic work-up elsewhere (N=3), contra-
indication for MRI (N=2), participation in a study in which MRI of the brain was not a
requisite (N=5), deterioration of clinical condition before MRI was made (N=2) or
patient decision not to undergo therapy with curative intent (N=2). In six patients no
reason was found for not performing MRI.

In 45 of 77 (58%) patients a CE-CT was performed and in 32 of 77 (42%) patients only a
LD-CT was done together with the ®EDG-PET. In the LD-CT patient group a CE-CT of the
thorax and upper abdomen was already available before the *FDG-PET-CT was made.
In these cases only a LD-CT was performed combined with the ¥EDG-PET for
attenuation correction. As a consequence, no diagnostic scan of the brain was available
in these patients.
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All patients with suspicion of lung cancer
And no obvious metastases: ®FDG-PET-CT
(CT standard including brain, thorax and

upper abdomen)
N=510

NSCLC
N=429

No curative intent (N=15)
. WHO performance status
. Patient decision

. Not eligible due to

comorbidity

Stage lll
N=112
Curative intent
N=97

3 otherwise stage Ill pts
on '8FDG-CE-CT brain
asymptomatic BM

MRI & LD-CT (N=32)

. CE-CT thorax and upper

abdomen performed

before 8FDG-PET-CT

With MRI
N=77

MRI & CE-CT
N=45

MRI not performed
(N=20)

. Contra indication MRI
. Work-up elsewhere

- Participation clinical
trial

Flowchart work-up stage 11l NSCLC.

Figure 2.1

In the negative CE-CT group, 19 of 45 patients (42%) had stage IlIA disease and 26 (58%)
had stage IlIB. In the LD-CT group, 18 of 32 patients (56%) had stage IlIA disease and 14
(44%) had stage IlIB. (T and N see Table 2.1).

In none of the 45 patients who had a negative CE-CT of the brain together with the
BEDG-PET scan, brain metastases were detected on MRI. In contrast, in five of 32 (16%)
LD-CT patients brain metastases were detected on MRI (Figure 2.2). The MRI showed
two metastases in 1 patient (largest 16 millimetres (mm)), three metastases in 1 patient
(all around six mm) and multiple metastases in the other three patients (largest
12 mm). Before MRI, these patients were staged as cTIN3, cT2N2, cT4NO, cT4N2 and
cT4N3.

Within 1 year of the diagnosis nine of 72 (13%) patients without brain metastases on
MRI at diagnosis developed symptomatic brain metastases, in two of nine (22%) also
progressive disease outside of the brain was shown (Figure 2.3 and 2.4). Of these nine
patients, two were initially diagnosed with a squamous cell carcinoma (initially
cT2N3MO and cT4NOMO), four with an adenocarcinoma (initially cTAN2MO, cT2N2MO,
cTAN2MO, cTANOMO) and in the remaining three patients the NSCLC was not otherwise
specified (initially cT2N2MO, cT2N2MO, cT3N2MO0). Of these nine patients, three had a
CE-CT followed by MRI during their initial work-up for lung cancer, six had a LD-CT
followed by MRI during the initial work-up. To evaluate whether these brain metastases
were missed during the initial work-up the imaging data of these nine MRI’s were
reviewed by an experienced neuro-radiologist (PH), but also in retrospect no brain
metastases were found.
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Table 2.1 Patient characteristics stage Ill NSCLC patients in whom MRI was made.
Sex (Male/Female) 46/31
Age (years) range 64.9 range 10.2
WHO performance score (0-4)
0 41
1 30
2 4
3 2
4 0
Stage (CE-CT/LD-CT)
1A 37(19/18)
cTIN2 2(0/2)
cT2N2 13(6/7)
cT3N1 1(0/1)
cT3N2 8(6/2)
cT4NO 12 (6/6)
cT4N1 1(1/0)
ns 40 (26 / 14)
cTIN3 5(3/2)
cT2N3 5(4/1)
cT3N3 4(4/0)
cT4N2 19(11/8)
cT4N3 7(4/3)
Pathology
Adenocarcinoma 30
Squamous cell carcinoma 24
Large cell carcinoma 3
NSCLC-NOS 20
Treatment
Curative intent 70
Chemoradiotherapy 67
Surgery followed by chemo- and/or radiotherapy 3
Palliative/BSC" 7
Chemotherapy 3
Radiotherapy 3
No treatment 1

SD: standard

deviation, WHO: World Health Organisation, NOS: not otherwise specified. " The clinical

condition of these patients deteriorated quickly during analysis, so only palliative treatment was offered.

MRI
N=77
MRI & CE-CT MRI & LD-CT
N =45/77 (58%) N =32/77 (42%)
[ |
CE-CT BM-, CE-CT BM-, LD-CT BM-, LD-CT BM-,
MRI BM+ MRI BM- MRI BM+ MRI BM-
N = 0/45 (0%) N = 45/45 (100%) N =5/32 (15%) N =27/32 (85%)

Figure 2.2

Additional brain metastases found on MRI.
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MRI & CE-CT

MRI & LD-CT
N = 45/77 (58%)

N = 32/77 (42%)

CE-CT BM-, CE-CT BM-, LD-CT BM-, LD-CT BM-,
MRI BM+ MRI BM- MRI BM+ MRI BM-
N = 0/45 (0%) N =45/45 (100%) N =5/32 (15%) N =27/32 (85%)

Within a year BM
N =9/72 (13%)
Of which

already progressive
outside brain
N= 2/9 (22%)

Figure 2.3 Brain metastases within a year after initial negative MRI.
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Figure 2.4  Kaplan Meier curve, time to develop symptomatic brain metastases.

DISCUSSION

Brain metastases are frequent in stage Ill NSCLC.? Historically MRI is supposed to be
superior to CT in detecting brain metastases.””**"* However, the question is whether
MRI has a clinically relevant benefit above CE-CT in detecting asymptomatic brain
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metastases in stage lll NSCLC when using up-to-date staging techniques. In this study,
up-to-date MRI and CT techniques were used and extra-cranial metastases were
excluded by "®FDG-PET-CT scanning. In this patient population MRI did not show
additional brain metastases after a negative CE-CT of the brain combined with the
8FDG-PET-CT, but in three of 48 patients brain metastases were already found on the
CE-CT.

Also, this study confirms that adequate imaging of the brain is mandated in these
patients as in 16% of the patients who underwent solely a non diagnostic LD-CT of the
brain, brain metastases were detected on MRI. This percentage is comparable to
percentages of occult brain metastases found in other studies.’

Substantial gain in time and resources can be expected when the whole diagnostic
imaging work-up can be performed in one single procedure, this diagnostic work-up
consisting of a ¥EDG-PET directly followed by CE-CT of the brain, thorax and (upper)
abdomen. Following this procedure there would also be no delay because of waiting
time for MRI before starting therapy with curative intent. Furthermore, in most
institutes access to CT is easier than to MRI.

Brain metastases are still a serious problem in patients with stage Ill NSCLC: in our
series 13% of patients with an initially negative MRI developed brain metastases within
a year. Probably it is worth to investigate whether these brain metastases can be
detected at diagnosis when more sensitive MRI techniques are used. It is known that
the sensitivity of a post contrast MRI can be increased by using higher dose of contrast
or by 3.0 Tesla MRI instead of 1.5 Tesla. However, higher contrast doses also increases
false positive findings."”** Moreover, although 3.0 Tesla MRI scanners seem more
sensitive in detecting cerebral lesions, no studies exist that show the increased
sensitivity of 3.0 Tesla systems for the detection of cerebral metastases. In our study
we used MTC prepulse, this prepulse results in an increased enhancement equivalent
to a double dose of gadolinium contrast.® The addition of post-contrast fluid
attenuated inversion recovery (FLAIR) sequence (which we used) also improves
diagnostic confidence in the evaluation of brain metastases.”’ Another option is to
routinely follow stage Ill NSCLC patients treated for cure with MRI or CE-CT of the brain
on a regular basis to detect brain metastases at a stage where radical treatment is
possible. Trying to prevent the development of brain metastases is also an option. A
recent phase lll study showed that prophylactic cranial irradiation in NSCLC stage Il
without progressive disease after therapy decreased the rate of BM but no effect on
overall survival or disease free survival was found.”* Another phase lll randomized study
addressing the same question is still open for patient enrolment (NVALT11/DLCRG 02).
There are some drawbacks of the current study. First, it is a retrospective study with a
small sample size. However all consecutive patients were included in the analysis,
decreasing the risk of bias. Second, not all stage Il patients underwent a MRI. This was
especially in 2008 when guidelines did not already advise post contrast MRI of the brain
to exclude brain metastases. Third, not all patients were screened by CE-CT before MRI.
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In the LD-CT group a CE-CT of the thorax and upper abdomen was already available
before the "®FDG-PET-CT was made (most times because the CT of the chest was made
for other purposes than suspicion of cancer). In these cases the *FDG-PET was only
combined with a non-diagnostic LD-CT for attenuation correction. As a consequence no
diagnostic scan of the brain was available. There were no relevant differences in patient
characteristics between the patients with LD-CT and CE-CT.

CONCLUSION

This retrospective study of a consecutive cohort of patients suggests that there is no
additive value of post contrast MRI when FDG-PET-CT with CE-CT is performed in the
diagnostic work-up of neurologically asymptomatic stage Ill NSCLC patients in screening
for brain metastases. However, brain metastasis is still an important problem as 13% of
patients developed symptomatic brain metastases within 1 year after treatment with
curative intent. Due to the possible impact of these findings on clinical practice a
prospective trial (NTR3628) using up-to-date imaging techniques to validate these data
has started.
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ABSTRACT

Introduction

In all current non-small cell lung cancer (NSCLC) guidelines it is advised to screen all stage Il
patients for brain metastases by magnetic resonance imaging (MRI) preferably, or otherwise a
contrast-enhanced computed tomography (CE-CT). Access to MRI can be problematic and it is
unclear whether there is a benefit of brain MRI after a CE-CT scan that can be incorporated in the
staging 18FIuodeoxoglucose-positron-emission-tomography (*|FDG-PET)-CE-CT scan.

Patients and methods

In this observational prospective multicenter study all consecutive stage Ill NSCLC patients
scheduled for treatment with curative intent from three Dutch hospitals were included. Exclusion
criteria were: no CE-CT or MRI brain or another primary cancer within two years of NSCLC
diagnosis. Data regarding patient characteristics and imaging results were collected. Primary
endpoint was the percentage of patients diagnosed with brain metastases on MRI without
suspect lesions on CE-CT. 118 patients were needed to show a clinically relevant considered
difference of 2%.

Results

Between December 14™ 2012 and June 17" 2015, 118 consecutive stage Ill NSCLC patients were
included. Four other patients already had asymptomatic brain metastases on the ¥EDG-PET-CE-
CT. 55.9% of the included patients were male; mean age was 66.6 years, 88.1% had WHO PS 0-1,
47.5% had stage IlIA (before MRI brain) and 38.1% had an adenocarcinoma. Median time (range)
between *FDG-PET-CE-CT and MRI was 2.0 (0.0-7.7) weeks. 3/118 (2.5%) patients had a solitary
brain metastasis on MRI despite no suspect brain lesions on CE-CT. In retrospect, in one of these
three patients a solitary brain metastasis could be identified on the ¥FDG-PET-CE-CT.

Conclusion
MRI brain is in daily practice clinically relevant superior to a CE-CT in screening for brain
metastases in stage |ll NSCLC. However, CE-CT alone is a good screening alternative.
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INTRODUCTION

Central nervous system (CNS) metastases frequently occur in non-small cell lung cancer
(NSCLC) patients.1 In all current NSCLC guidelines, it is advised to screen for
asymptomatic brain metastases in stage Ill NSCLC patients as usually only patients
without brain metastases are eligible for intense combined modality treatment.”” The
preferred imaging modality is post contrast magnetic resonance imaging (MRI) or,
when contra-indicated, a contrast enhanced computed tomography (CE-CT).””® Access
to MRI can be problematic and there are also some contra-indications for MRI (e.g.
some pacemakers, claustrophobia). In a recent (2014) survey among lung cancer lead
clinicians in the United Kingdom on brain imaging in neurologically asymptomatic lung
cancer patients, CE-CT was preferred above MRI, presumably due to lack of access to
MRIL.® Furthermore, in all patients eligible for therapy with curative intent, a whole body
18F-deoxyglucose—positron emission tomography (18FDG-PET) is advised to exclude
distant metastases.”” This ®*FDG-PET can be performed with a non-diagnostic low dose
CT (LD-CT) for attenuation correction or with a diagnostic CE-CT of the thorax and
upper abdomen. Combination with CE-CT of the brain is also an option and feasible.”
FDG-PET without a CE-CT of the brain is not suitable for the detection of brain
metastases.*™> From older studies including patients with mixed tumour types and
tumour stages it is known that MRI of the brain is more sensitive than a CE-CT in
detecting presence and especially number of metastases.”>"” However, it is unclear
whether this is still the case in the setting of excluding asymptomatic brain metastases
in ®FDG-PET staged stage Ill NSCLC patients with up-to-date MRI and CT techniques.
We recently performed a retrospective study with modern imaging techniques: no
additional brain metastases were found on MRI after ‘*FDG-PET-CT with CE-CT of the
brain in contrast to only a LD-CT of the brain."> However, brain metastasis is a serious
issue in these patients as 13% of the patients with a negative staging MRI developed
symptomatic brain metastases within a year of NSCLC diagnosis.12 If CE-CT performed in
the same setting as ®EDG-PET-CT could lead to the same yield of brain metastases
detection as “*FDG-PET-CT with LD-CT and separately a post contrast MRI, a substantial
gain in time and resources could be expected. In this prospective observational
multicenter study, we evaluated whether there is in stage Ill NSCLC patients a clinically
relevant additive value of post contrast MRI to CE-CT of the brain in detecting
asymptomatic brain metastases when both are performed in standard work-up,
including **FDG-PET-CE-CT.
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MATERIALS AND METHODS

PATIENT SELECTION

In the participating hospitals, it is routine practice to perform a ¥FDG-PET-CE-CT with
dedicated CE-CT of the brain and thorax when no recent diagnostic CE-CT of the thorax
is available. MRI of the brain is performed in all stage Ill NSCLC patients eligible for
therapy with curative intent to exclude brain metastases (flowchart work-up in Figure
3.1). Patients were included by prospectively screening the agenda of the weekly
multidisciplinary lung tumour boards of the three participating Dutch hospitals. As
according to Dutch guidelines all lung cancer patients have to be discussed in these
tumour boards, no patients are missed. All stage IlI (7th TNM edition) NSCLC patients
scheduled for treatment with curative intent were included. Excluded were: patients
with a second primary cancer within two years of stage Ill NSCLC diagnosis (except
recurring NSCLC eligible for treatment with curative intent and cervical cancer in situ or
non-melanoma skin cancer); no dedicated CE-CT of the brain during the ¥EDG-PET
scan, no brain MRI and mixed histology (i.e. SCLC and NSCLC). Initially, the aim was also
to exclude patients with a brain MRI performed more than three weeks after the BEDG-
PET-CE-CT scan. However during the study it proved to be very difficult to obtain the
MRI within this time period, so all patients fulfilling the other criteria were included,
irrespective of timing of MRI.

The following data were collected: age; gender; World Health Organization
performance score (WHO PS); smoking status; date of stage Ill NSCLC diagnosis (defined
as date of pathological diagnosis); date of ¥EDG-PET-CE-CT; date of brain MRI;
histology; whether molecular testing was performed and results (Epidermal Growth
Factor Receptor (EGFR)/ Kirsten rat sarcoma viral oncogene homolog (KRAS) mutation,
Anaplastic Lymphoma Kinase (ALK-) rearrangement or other molecular testing); T- and
N-stage; TNM stage (IlIA/IIB).

The ethics committee of the MUMC+ evaluated the protocol (METC 12-4-126) and
stated that patient informed consent was not mandatory according to the Dutch law
“Medical Research (human subjects) Act” as both ‘*FDG-PET-CE-CT and MRI are
standard workup according to the Dutch NSCLC guidelines and patients did receive
standard workup and treatment which is not influenced by the study protocol. The
study was registered on the Dutch Trial Registry (NTR3628).

MRI PROTOCOL

All patients underwent MRI examination of the brain. After a plan scan the examination
consisted of a axial T1-weighted scan (TR 615, TE 14, AV 2, FOV 230, scan% 80, matrix
256x154, thickness 5 mm/0.5 mm) with an on-resonance pre-pulse. This magnetization
transfer contrast enhanced T1-weighted pulse sequence was repeated after a single
dose of gadolinium contrast. If magnetization transfer contrast was not available on the
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system a double dose of gadolinium contrast was administered for the post-contrast
T1-weighted scan. The examination further consisted of an axial T2-weighted scan
(TR4632, TE 100, ETL 12, AV 2, FOV 230, scan% 50, matrix 512x192, thickness
5 mm/0.5 mm), an axial FLAIR (TR8000, TE 120, TI 2000, ETL 23, AV 1, FOV 230, scan%
71, matrix 256 x138, thickness 5 mm/0.5mm) and a sagittal T1-weighted volumetric
scan (TR 4, TE 4. Flip 15, AV 1, scan% 100, matrix 256x256, thickness 1mm). The total
examination time was approximately 20 min. For patients with brain metastases on
MRI, both MRI and *FDG-PET-CE-CT were reviewed by an experienced neuroradiologist
(PH), blinded to local results and outcome of the patient.

BRAIN CE-CT PROTOCOL (DURING “*FDG-PET-CE-CT)

The CT-scan of the brain was a part of a PET-CT examination (pitch 0,4 mm, slice
thickness 0,8 mm, 0,4 mm overlap, 120 kV, 400 mAs, FOV 250). The CT scans were
acquired after administration of 150 ml iodine contrast with a delay of 3 minutes. The
scans were reconstructed with a brain filter and a slice thickness of 5 mm in the
orbitomeatal plane.

SAMPLE SIZE CALCULATION

The primary endpoint for this study was the percentage of patients who were
diagnosed with brain metastases on MRI, but without suspect lesions on CE-CT of the
brain. A difference of more than two out of 100 patients (2%) was considered clinically
relevant. With an expected difference of 2% and a one-sided 95% confidence interval
(95% Cl) not exceeding 4%, a total of 118 patients was needed in order to calculate a
one-sided 95% confidence interval around 2% that excludes the 4% threshold, given
these assumptions. Therefore the sample size for this study was 118 consecutive stage
IIl NSCLC patients eligible for therapy with curative intent.

RESULTS

PATIENT INCLUSION

Between December 14" 2012 and June 17" 2015, 185 consecutive neurologically
asymptomatic, ‘®FDG-PET-staged NSCLC patients were screened (extracranial stage Il
based on '*FDG-PET). Four patients with extracranial stage Ill NSCLC based on ¥FDG-
PET-CE-CT were diagnosed with brain metastases on CE-CT of the brain, these were
subsequently confirmed on MRI in three patients. The fourth patient already had
multiple brain metastases on CE-CT. These four patients were excluded. 63 other
patients were excluded because of a second primary (N=15), no CE-CT of the brain
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(N=32) or no MRI brain (N=16). As a result, 118 stage Ill NSCLC patients were evaluable
(CONSORT diagram in Figure 3.1).

Extracranial stage Ill NSCLC
based on 8FDG-PET
N=185
| asymptomaticbrain metastaseson CE-CT
Y N=4
Stage Ill NSCLCbased on
18FDG-PET
N=181
Second primarywithin 2 years of NSCLC diagnosis
N=15
No CE-CT of thebrain N=28
>| «Already CE-CT thoraxbefore PET N=24
\ *Renal insufficiency N=4
sUnclearreason N=4
Stage Il NSCLCbased on
18FDG-PET and CE-CT brain
N=134
No MRI of thebrain N=16
«Claustrophobia N=9
«No clinical consequencesbecause
of rapidly deteriorating condition N=3
A eUnclearreason N=4

Included in study
N=118

Figure 3.1  CONSORT diagram for inclusion in study.

PATIENT CHARACTERISTICS

66 (55.9%) out of these 118 patients were male. The mean age (+ standard deviation
(SD)) was 66.6 + 9.7 years (range 32.5-88.5). 104 (88.1%) patients had a good WHO PS
(0-1), 56 (47.5%) were diagnosed with stage IlIIA (before MRI brain) and 45 (38.1%) had
an adenocarcinoma. Patient characteristics are shown in Table 3.1.

BRAIN MRI RESULTS

Median time (range) between "*FDG-PET-CE-CT and brain MRI was 2.0 (0.0-7.7) weeks.
For 33 (28.0%) patients, the time from ¥EDG-PET-CE-CT till MRI was more than three
weeks.

Three out of 118 (2.5%) patients without evidence of brain metastases on CE-CT of the
brain had evidence of brain metastases on MRI. Time between *FDG-PET-CE-CT and
MRI brain for these three patients was respectively three days, 13 days and three
weeks. These three MRI’s and *FDG-PET-CE-CTs were independently reviewed by an
experienced neuroradiologist (PH) and MRI results were concordant with the original
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report. Two patients had a solitary brain metastasis on MRI, with a maximum diameter
of 7 and 9 millimeter. The third patient had a brain metastasis of 15 millimeter and also
a suspect very small second lesion. After revision by the neuroradiologist, this patient
had in retrospect a single brain metastasis on ®FDG-PET-CE-CT. Patient characteristics

of these patients are shown in Table 3.2.

Table 3.1 Patient characteristics of included patients.
Patient characteristic N (%)
Male 66 (55.9)
Age (years)
Median + SD 66.6 £ 9.7
range 32.5-88.5
WHO PS
0 48 (40.6)
1 56 (47.5)
2 13 (11.0)
3 1(0.8)
cT-stage
0/X 2(1.7)
la 4(3.4)
1b 9(7.6)
2a 20 (16.9)
2b 8(6.8)
3 22 (18.6)
4 53 (44.9)
cN-stage
0/X 10 (8.5)
1 6(5.1)
2 68 (57.6)
3 34 (28.8)
Stage (before MRI brain)
A 56 (47.5)
1B 62 (52.5)
Histology
Adenocarcinoma 45 (38.1)
Squamous cell carcinoma 46 (39.0)
Large cell carcinoma/NOS 27 (22.9)
Molecular analysis
Not performed 79 (66.9)
EGFR/KRAS wt, ALK- 21(17.8)
EGFR mutation 1(0.8)
KRAS mutation 16 (13.6)
ALK translocation 1(0.8)
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Table 3.2 Patient characteristics of patients with brain metastases on MRI despite no suspect lesions on
CE-CT.

Patient characteristic Patient 1 Patient 2 Patient 3

Gender male male female

Age (years) 64 59 66

WHO PS 1 1 0

cT-stage 3 3 X

cN-stage 1 2 2

Stage (before MRI brain) 1A 1A A

Histology Squamous cell carcinoma Adenocarcinoma Adenocarcinoma

Molecular analysis Not performed Not performed EGFR/KRAS wt ALK-

Time between 18FDG-PET-CE-CT 3 13 21

and MRI brain (days)

Number of brain metastases 1 1 1 (and dubious second

found on MRI (original report) lesion)

Diameter metastasis on MRI (mm) 9 7 15 (second lesion

(original report) millimetric)

MRI review neuroradiologist Concordant Concordant Concordant

18FDG-PET-CE-CT review No metastasis No metastasis One metastasis

neuroradiologist (11 mm)

DISCUSSION

In this prospective multicenter study, with up-to-date imaging protocols and staging,
2.5% of neurologically asymptomatic extracranial stage Il NSCLC patients were
diagnosed with brain metastases on brain MRI after a negative CE-CT of the brain,
performed during '®FDG-PET-CE-CT. However, one of these patients had in retrospect a
solitary brain metastasis on ¥EDG-PET-CE-CT. We defined a difference of more than 2%
clinically relevant. In daily practice, without review of the ¥EDG-PET-CE-CTs, MRI is
superior to CE-CT in detecting asymptomatic brain metastases in stage Ill NSCLC. This
study also shows that adequate brain imaging is necessary in this patient population, as
four patients were already diagnosed with asymptomatic brain metastases on CE-CT of
the brain, and in retrospect one of the lesions on MRI brain could be identified on the
8EDG-PET-CE-CT. Moreover, in patients with only a LD-CT of the brain, MRI detected
brain metastases in 14.6% of the patients (results not shown). This percentage of
asymptomatic brain metastases diagnosis is comparable to previous studies.""?

Detecting brain metastases in this patient population is important as combined
modality treatment is intense with a high incidence of important side effects.'®"
Despite this intense treatment, the 5-year overall survival is about 30% in recent
series.”®** Most patients diagnosed with brain metastases will not be eligible for this
intensive treatment regimen. Moreover, some patients will be diagnosed with single or
oligo- brain metastases, potentially amenable to treatment with curative intent
(surgery or radical radiotherapy).”? In the participating hospitals, performing a MRI
brain within a reasonable time period after FDG-PET proved difficult, as in 29.8% of
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patients time from BEDG-PET to MRI was more than three weeks. This is not a problem
unique for the participating hospitals, as in a United Kingdom survey (2014) CE-CT was
preferred above MRI, presumably due to lack of access to MRI.° However, delay from
FDG-PET-CE-CT to MRI with subsequent growth of a microscopic brain metastasis
does not seem to be the explanation for the lesions found on MRI for the three patients
in the present study. Time to MRI was only three to 21 days for these three patients. In
general, an additional MRI of the brain can cause a delay in the workup of stage lll
NSCLC which is not desirable as, for example, according to the Dutch SONCOS
document (SONCOS: “Foundation for Oncological Collaboration”) treatment has to start
within six weeks (counted from general practitioner referral to start of treatment).*
Another important issue is that 13-15% of stage IIl NSCLC patients will develop (mostly
symptomatic) brain metastases within a year of NSCLC diagnosis.lz'25 It is not known
whether these metastases were already present at initial stage lll diagnosis and were
not detected by MRI or that these were newly developing metastases. Maybe some of
these metastases could have been detected with more sensitive MRI-techniques e.g.
with higher contrast doses. However, higher contrast doses also increase the possibility
for false positive findings.m'27 It is possible that a 3.0 Tesla scanner would have detected
brain metastases in more patients, but no studies exist showing increased sensitivity of
these scanners in detecting the presence or absence of brain metastases.

Regular brain imaging in the follow up is also an option to detect brain metastases at a
stage in which they are possibly still eligible for therapy with radical intent. Regular
follow up is not recommended in NSCLC guidelines except in the ESMO guideline on
locally advanced NSCLC. In this guideline it is suggested that for selected high risk
patients (adenocarcinoma) routine brain imaging is an option for the early detection
and possible radical treatment of brain metastases (level of evidence: V, C).3 However,
as not only adenocarcinoma patients develop brain metastases, a better risk
stratification tool would be useful. As far as we known, to date there are no reliable
serum or tissue biomarkers predictive for the development of brain metastases. In a
recent study, Single Nucleotide Polymorphisms in the PI3K-PTEN-AKT-mTOR pathway
were associated with the development of brain metastases in the follow-up.”® In
another study, serum tumor markers such as CEA, CYFRA21-1 and CA-125 were not
associated with the development of brain metastases.”” Some micro-RNA’s were
associated with the development of brain metastases in small series of mostly early
stage NSCLC patients but this still needs validation.*

Prophylactic cranial irradiation (PCl) to prevent the development of brain metastases is
also an option. This is currently tested in the phase Ill randomized NVALT11/DLCRG 02
study (NCT01282437) with as a primary endpoint the proportion of patients developing
symptomatic brain metastases. The study is closed for accrual and results are awaited
for.

In conclusion, brain metastases remain a problem in this patient population, and
imaging of the brain is needed before commencement of intensive treatment. MRl is in
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daily practice, without review of the ¥EDG-PET-CE-CT by an experienced
neuroradiologist, clinically relevant superior in detecting brain metastases. However,
access to MRl is often difficult and CE-CT is a good screening alternative.
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ABSTRACT

Introduction
Most brain metastases (BM) occur within one year after chemoradiotherapy (CRT) for stage IlI
NSCLC. Whether the specific chemotherapy used influences BM development is unknown.

Methods

Retrospective multicenter study including all consecutive stage 11l NSCLC patients who completed
CRT. Primary endpoints: BM development within the 1st year, BM as only site of first relapse.
Differences between treatment regimens were assessed with a logistic regression model.

Results

Between January 2006 and June 2014, 838 patients were eligible (737 concurrent (cCRT),
101 sequential (sCRT)). 11% developed BM within a year, 5% had BM as only site of first relapse.
BM patients were significantly younger, female, and had adenocarcinoma histology. In both cyclic
doublet chemotherapy cCRT (N=346) and daily low dose cisplatin (LDC) cCRT (N=391) BM were
found in 11% within one year (p=0.927). In 4% and 5%, respectively, BM were the only site of first
relapse (p=0.399). The chemotherapy regimen used (cCRT versus sCRT) had no influence on BM
development, neither within one year nor as only site of first relapse (OR 0.87 (p=0.695), OR 0.89
(p=0.838), respectively). LDC versus cyclic cCRT was not significantly different: neither within one
year nor as only site of first relapse (OR 0.96 (p=0.861), OR 1.36 (p=0.404), respectively).
Comparable results were found for LDC versus cyclic non-taxane (N=277) and cyclic taxane
regimens (N=69) and for cCRT regimens with >50 patients (LDC versus cisplatin/etoposide
(N=188), cisplatin/vinorelbine (N=65), weekly cisplatin/docetaxel (N=60)).

Conclusion
11% developed BM within one year after stage lll diagnosis, not dependent on the type of
chemotherapy regimen used within a CRT treatment.
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INTRODUCTION

The standard treatment for most patients with stage Ill non-small cell lung cancer
(NSCLC) is combined chemoradiation (CRT). Concurrent CRT (cCRT) results in a superior
overall survival (0S) compared to sequential CRT (sCRT)." As brain metastases
frequently occur in locally advanced NSCLC it is routine practice to perform brain
imaging during staging.”> The brain is still a frequent site of relapse after CRT, as
13-15% of patients develop symptomatic brain metastases within the first year after
NSCLC diagnosis.“’5 Most brain relapses are diagnosed in this first year, but over 30%
occur later.*” Brain metastases have a negative impact on quality of life (QoL) and are
associated with a worse 0S.*” Known risk factors for brain metastases are
adenocarcinoma histology and younger age.*® Several chemotherapy regimens are
used as part of CRT. In the European Society for Medical Oncology (ESMO) NSCLC
guideline, two to four cycles of cyclic dosed platinum based doublet chemotherapy are
recommended.® Platinum is usually combined with etoposide or vinorelbine.> An
alternative schedule often used in the United States is weekly carboplatin/paclitaxel.’
Other concurrent regimens are cyclic dose pIatinum/pemetrexed,10 weekly
platinum/docetaxel'" or daily low dose cisplatin."

To our knowledge, there are no phase Il head-to-head comparisons of these regimens
showing an improved OS with a specific regimen. A recent retrospective study (N=1842)
compared outcomes of stage Ill NSCLC patients treated with cisplatin/etoposide or
carboplatin/paclitaxel concurrent with radiotherapy within the Veterans Health
Administration and no significant OS differences were found.’

The impact of the specific chemotherapy regimen used during CRT on the development
of brain metastases is still unclear. To answer the question whether there is any
influence of the CRT chemotherapy regimen used on the development of brain
metastases, we performed a retrospective multicenter study in stage 11l NSCLC treated
with CRT.

METHODS

STUDY SUBJECTS

Data of all consecutive stage Ill NSCLC patients from five Dutch teaching hospitals,
treated with definitive CRT (with/without surgery) between January 1% 2006 and June
30" 2014 were retrospectively analyzed. Exclusion criteria were: diagnosis of another
malignancy within two years of stage Ill NSCLC (except cervical cancer in situ, non-
melanoma skin cancer, previously diagnosed NSCLC treated with curative intent); no
18fIuorodeoxyglucose-positron emission tomography (*|*FDG-PET)-scan; no adequate
brain imaging (i.e. no magnetic resonance imaging (MRI) or contrast-enhanced
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computed tomography (CE-CT)) during staging; no CRT completion (in order to exclude
bias from suboptimal treatment); prophylactic cranial irradiation (PCl) treatment.

The following details were extracted from the medical records: age; gender; world
health organization performance status (WHO PS); smoking status; date of pathology
diagnosis; staging brain imaging modality; histology; molecular testing (yes/no, results);
T- and N-stage; TNM stage; cCRT or sCRT; chemotherapy regimen; dose radiotherapy
(Gy); treatment completion (i.e. all planned cycles chemotherapy (delay/dose
reductions allowed) and radiotherapy completion); surgery post CRT; date progressive
disease and first site of progression (brain only, extracranial only, both); date brain
metastases diagnosis, symptoms; whether regular brain imaging was performed during
follow-up; date of death/last follow-up. CRT regimens were classified as daily low dose
cisplatin and cyclic dose doublet chemotherapy. Within the cyclic dose doublet
chemotherapy group, subgroups were made for taxane and non-taxane based
regimens. Patients treated with sequential cyclic dose doublet chemotherapy followed
by radiotherapy or cCRT were classified as “cyclic dose” regardless of the concurrent
chemotherapy regimen used. Last date of follow-up was June 30", 2015.

The ethics committee of the MUMC+ evaluated the protocol (METC 14-5-054) and
stated that study approval was not mandatory according to the Dutch law “Medical
Research (human subjects) Act”.”

STATISTICAL ANALYSIS

Statistical analysis was performed with SPSS (version 20; SPSS Inc., Chicago, IL). Patient
characteristics were described for the total group and according to treatment regimen.
Significant differences between regimens were assessed by X2-test, Fisher’s exact test,
Mann-Whitney-U test or ANOVA when applicable. Primary endpoints were
development of brain metastases within the first year after stage Ill NSCLC diagnosis
and whether the brain was the only site of first relapse within this year, these were
compared with the X-test. Secondary endpoint was development of brain metastases
regardless of timing (within a year as well as later), this was also compared with the
X’-test. A binary logistic regression model for brain metastases development was
constructed including covariates that are known risk factors for brain metastases (age,
gender, histology, stage). Chemotherapy regimens (sCRT versus cCRT and in the cCRT
group daily low dose cisplatin versus cyclic dose regimens) were added to this
regression model. Also, subgroup analyses were performed in the cCRT subgroup for
low dose cisplatin versus non-taxane and taxane based regimens respectively. For the
cCRT subgroup, logistic regression analysis was also performed for subgroups of
chemotherapy with 250 patients.

Progression free survival (PFS) was defined as time from stage Ill diagnosis till disease
progression or death; OS was defined as the time from stage Ill diagnosis till death.
Patients who were alive at last follow-up or who were lost-to-follow-up were censored
at last date of follow-up. The Kaplan—Meier method was used to estimate distribution
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of survival. Log-rank test was used to test difference in survival between subgroups.
P-values <0.05 for two-sided tests were considered statistically significant.

RESULTS

PATIENT CHARACTERISTICS

Between January 1% 2006 and June 30" 2014, 1026 patients were treated with CRT.
188 patients were excluded for the following reasons: second primary (N=32), no
adequate baseline brain imaging (N=81), CRT not completed (N=66) or PCl (N=9)
(CONSORT diagram in Figure 4.1).

Stage Il NSCLC started with CRT
N=1026

Second primary within 2 years of
stage |ll NSCLC diagnosis
N=32

No adequate baseline brain
imaging
N=81

CRT not completed
N=66

PCl+
N=9

Concurrent CRT Sequential CRT
N=737 N=101

i

Daily low dose cisplatin
N=391

Cyclic dose doublet
chemotherapy
N=346

Figure 4.1  Consort study inclusion.

Hence, 838 patients were eligible: 737 cCRT and 101 sCRT treated. Patient
characteristics for all patients and cCRT/sCRT subgroups are shown in Table 4.1.
Characteristics for the cCRT patients treated with cyclic dose doublet chemotherapy
versus daily low dose cisplatin are depicted in Table 4.2 (chemotherapy regimens
further specified in Table 54.1).
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Table 4.1 Patient characteristics for all eligible patients.
Patient characteristic Total group cCRT group sCRT group
N=838 N=737 N=101

Mean age + SD 62 +10 62+10 66+11
(range) 30-84 (30-84) (34-83)
Male N (%) 535 (64) 468 (64) 67 (66)
WHO PS N (%)

0-1 779 (93) 691 (94) 88 (87)

2 34 (4) 23 (3) 11(11)

Missing 25 (3) 23 (3) 2(2)
Smoking status N (%)

Current 239 (29) 201 (27) 38 (38)

Former 344 (41) 291 (40) 53 (52)

Never 8(1) 6(1) 2(2)

Unknown 247 (29) 239 (32) 8(8)
Histology N (%)

Adenocarcinoma 324 (39) 283 (38) 41 (41)

Squamous cell carcinoma 281 (33) 237 (32) 44 (44)

Other / NOS 233 (28) 217 (29) 16 (16)
Brain imaging initial diagnosis N (%)

MRI 720 (86) 635 (86) 85 (84)

CE-CT 118 (14) 102 (14) 16 (16)
Stage N (%)

A 494 (59) 441 (60) 53 (52)

ns 344 (41) 296 (40) 483 (48)
T-stage N (%)

T0-2 412 (49) 358 (49) 54 (54)

T3-4 426 (51) 379 (51) 47 (47)
N-stage N (%)

NO-1 109 (13) 101 (14) 8( 8)

N2-3 729 (87) 636 (86) 93 (92)
CRT chemo used N (%)

Cyclic dose 339 (46) 101 (100)

Low dose cisplatin 398 (54) 0(0)
Radiotherapy (Gy)

Mean + SD 65.4+3.4 65.5+3.2 64.6 4.8

Range 45-89.3 45-89.3 45-79.2
Surgery as part of multimodality treatment N (%)

Yes 93 (11) 92 (13) 1(1)
Type induction/sequential

Platinum/Gemcitabine 133 (18) 67 (66)

Platinum/Paclitaxel 8 (1) 2(2)

Platinum/Pemetrexed 41 (6) 23 (23)

Platinum/Etoposide 41 (6) 0(0)

Cisplatinum/Vinorelbine 3(0.4) 1(1)

Unknown 0(0) 7(7)

None 508 (69) 0(0)
Dose reduction N (%)

Yes 45 (5) 36 (5) 9(9)

N: number; cCRT: concurrent chemoradiation; sCRT: sequential chemoradiation; SD: standard deviation;
WHO PS: world health organization performance score; NOS: not otherwise specified; MRI: magnetic
resonance imaging; CE-CT: contrast enhanced computed tomography; T: tumour; N: node; CRT:
chemoradiation; Gy: gray.
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Table 4.2 Patient characteristics for patients treated with concurrent chemo-radiation.
Patient characteristic Cyclic dose doublet Daily low dose p-value
chemotherapy cisplatin
N=346 N=391

Mean age + SD 62+10 62+10 0.746

(range) 31-84 30-83

Male N (%) 223 (65) 245 (63) 0.646

WHO PS N (%)* 0.463
0-1 324 (93) 367 (93)

2 9( 3) 14 ( 4)

Smoking status N (%)* 0.035
Current 125 (37) 76 (49)

Former 213 (62) 78 (50)
Never 4 (1) 2(1)

Histology N (%) 0.036
Adenocarcinoma 146 (42) 137 (35)

Squamous cell carcinoma 113 (33) 124 (32)
Other / NOS 87 (25) 130 (33)

EGFR mutation N (%)* 0.439
Yes 2(2) 3(4)

No 101 (98) 75 (96)

KRAS mutation N (%)* 0.472
Yes 38(35) 26 (31)

No 69 (65) 59 (69)

ALK rearrangement N (%)*

Yes 3(12) 4 (13) 0.919
No 22 (88) 27 (87)

Brain imaging initial diagnosis N (%) 0.083
MRI 290 (84) 345 (88)

CE-CT 56 (16) 46 (12)

Stage N (%) 0.226
A 199 (58) 242 (62)

1] 147 (42) 149 (38)

T-stage N (%) 0.941
T0-2 169 (49) 189 (48)

T3-4 177 (51) 202 (52)

N-stage N (%) 0.604
NO-1 45 (13) 56 (14)

N2-3 301 (87) 335 (86)

Type concurrent chemotherapy N (%) N/A
Cisplatin/etoposide 188 (54) -
Carboplatin/etoposide 22( 6) -
Cisplatin/vinorelbin * cetuximab 65 (19) -
Carboplatin/vinorelbin 4( 1) -
Cisplatin/pemetrexed 6(2) -

Weekly platinum/docetaxel (+ induction high 61 (18) -
dose chemotherapy)
Cisplatin low dose daily - 391 (100)

Radiotherapy (Gy) Mean (+SD) 65 (5) 66 (x1) <0.001
Range 45-89 52-68

Surgery after cCRT N (%) 0.686
Yes 45 (13) 47 (12)
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Table 4.2 (continued)

Patient characteristic Cyclic dose doublet Daily low dose p-value
chemotherapy cisplatin
N=346 N=391
Dose reduction N (%)
Yes 36 (10) 0( 0) <0.001
Routine brain imaging in follow-up N (%)
Yes 0( 0) 0(0)

N: number; SD: standard deviation; WHO PS: world health organization performance score; NOS: not
otherwise specified; EGFR: epidermal growth factor receptor; KRAS: Kirsten rat sarcoma viral antigen; ALK:
anaplastic lymphoma kinase; MRI: magnetic resonance imaging; CE-CT: contrast enhanced computed
tomography; T: tumour; N: node; CRT: chemoradiation; Gy: gray; cCRT: concurrent chemoradiation.

DEVELOPMENT OF BRAIN METASTASES

153/838 patients (18%) were diagnosed with brain metastases in the follow-up, of
which 143 (93%) were symptomatic. The percentage of brain metastases diagnosis was
not significantly different for sCRT and cCRT patients (18/101 (18%) versus 135/737
(18%, p=0.904). The median time (95% confidence interval (Cl)) from stage Ill NSCLC
diagnosis to brain metastases diagnosis was 11.8 (7.4-16.3) months for sCRT and 10.4
(9.2-11.7) months for cCRT patients (p=0.453). As compared to patients not developing
brain metastases, those with metastases were significantly younger (mean age 59
versus 63 years, p<0.001), had female gender (44% versus 34%, p=0.018), had
adenocarcinoma histology (57% versus 35%, p<0.001) and had a more advanced N
stage (93% versus 86%, p=0.018) (Table S4.2).

BRAIN METASTASES DIAGNOSIS WITHIN A YEAR OF NSCLC DIAGNOSIS

88/838 (11%) patients developed brain metastases within a year. Patients diagnosed
with brain metastases were significantly younger (mean age 59 versus 63 years,
p<0.001), female (49% versus 35%, p=0.009), and had adenocarcinoma histology (51%
versus 37%, p<0.001) compared to patients not diagnosed with brain metastases (Table
4.3). No significant difference in percentage of patients diagnosed with brain
metastases was found for sCRT (10/101 ( 10%)) versus cCRT (78/737 (11%), p=0.834). In
4/101 (4.0%) and 35/737 (5%), respectively, the brain was the only site of first relapse,
this was not significantly different (p=0.724).

Within the cCRT subgroup, no significant differences were observed between cyclic
dose doublet chemotherapy (N=346) and daily low dose cisplatin (N=391). 37 (11%) and
41 (11%) patients were diagnosed with brain metastases, respectively (p=0.927). In 14
(4%) cyclic dose doublet chemotherapy and 21 (5%) daily low dose cisplatin patients
respectively, the brain was the only site of first relapse (p=0.399).
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Table 4.3 Patient characteristics for patients developing brain metastases within a year of NSCLC
diagnosis, compared to those without brain metastases within a year.

Patient characteristic Brain metastases No brain metastases p-value
N=88 N=750
Mean age + SD 59+10 6310 <0.001
(range) 36-80 30-84
Male N (%) 45 (51) 490 (65) 0.009
WHO PS N (%)*
0-1 77 (96) 702 (96) 0.839
2 3(4) 31 (4)
Smoking status N (%)*
Current 26 (41) 213 (40) 0.973
Former 36 (57) 308 (58)
Never 1(2) 7(2)
Histology N (%)
Adenocarcinoma 45 (51) 279 (37) <0.001
Squamous cell carcinoma 10 (11) 271 (36)
Other / NOS 33(38) 200 (27)
EGFR mutation N (%)*
Yes 1(4) 5(3) 0.811
No 27 (96) 176 (97)
KRAS mutation N (%)*
Yes 18 (53) 57 (30) 0.010
No 16 (47) 132 (70)
ALK rearrangement N (%)*
Yes 2 (18) 5(10) 0.426
No 9(82) 46 (90)
Brain imaging initial diagnosis N (%)
MRI 71 (81) 649 (87) 0.135
CE-CT 17 (19) 101 (13)
Stage N (%)
A 47 (53) 447 (69) 0.264
1B 41 (47) 303 (40)
T-stage N (%)
T0-2 38 (43) 374 (50) 0.235
T3-4 50 (57) 376 (50)
N-stage N (%)
NO-1 8(9) 101 (13) 0.248
N2-3 80 (91) 649 (87)
Radiotherapy (Gy) Mean = SD 664 653 0.842
Range 45-79 45-89
Surgery after cCRT N (%)
Yes 7(8) 86 (12) 0.321
Dose reduction N (%)
Yes 3(3) 42 (6) 0.342

* computed only for patients with known data. N: number; SD: standard deviation; WHO PS: world health
organization performance score; NOS: not otherwise specified; EGFR: epidermal growth factor receptor;
KRAS: Kirsten rat sarcoma viral antigen; ALK: anaplastic lymphoma kinase; MRI: magnetic resonance imaging;
CE-CT: contrast enhanced computed tomography; T: tumour; N: node; CRT: chemoradiation; Gy: gray; cCRT:

concurrent chemoradiation.
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PREDICTORS FOR BRAIN METASTASES DEVELOPMENT

In the total group (N=838), a lower risk of developing brain metastases within a year
was seen in older patients (age as continuous variable, odds ratio (OR) (95% CI) 0.97
(0.95-0.99), p=0.011) and squamous carcinoma histology (OR 0.28 (0.14-0.59),
p=0.001). The chemotherapy regimen used (cCRT versus sCRT) did not influence the
brain metastases risk (OR 0.87 (0.42-1.78), p=0.695). Comparable results were found
for the brain as the only site of first relapse: OR of 0.96 (0.96-0.99, p=0.011) for
increasing age, OR 0.12 (0.03-0.54, p=0.006) for squamous versus adenocarcinoma
histology, OR 0.89 (0.30-2.68, p=0.838) for cCRT versus sCRT. Advanced T-stage (T3-4
versus T0-2) was also associated with an increased risk of brain metastases (OR 2.31
(1.12-4.79), p=0.024). Comparable results were found for all brain relapses regardless
of timing (Table 4.4).

In the cCRT group (N=737), a lower risk of developing brain metastases within a year
was found for squamous versus adenocarcinoma histology (OR 0.22 (0.09-0.51),
p<0.001). For the brain as the only site of first relapse, older patients (OR 0.97
(0.93-0.10), p=0.045) and patients with squamous histology (OR 0.14 (0.03-0.62),
p=0.010) had a lower risk; patients with a more advanced T-stage had a higher risk (OR
3.45 (1.12-5.35), p=0.024). For all brain relapses regardless of timing, older age (OR 0.98
(0.96-0.99), p=0.037) and squamous histology (OR 0.19 (0.10-0.36), p<0.001) decreased
the brain metastases risk. In none of these subgroup analyses, chemotherapy regimen
(daily low dose cisplatin versus cyclic dose doublet chemotherapy) had an impact on
brain metastases development (Table 4.4). Comparable results were found for daily low
dose cisplatin (N=391) versus cyclic dose non-taxane (N=277) and cyclic dose taxane
based regimens (N=69). There was also no significant difference in brain metastases
development for the subgroups of cCRT regimens with 250 patients (daily low dose
cisplatin (N=391) versus cisplatin/etoposide (N=188), cisplatin/vinorelbine * cetuximab
(N=65), weekly cisplatin/docetaxel (N=60) respectively. This was regardless of timing
and whether the brain was the first and only site of relapse (Tables S4.3 and S4.4).

PROGRESSION FREE SURVIVAL AND OVERALL SURVIVAL

The median follow-up (95% Cl) for patients being alive was 45.1 (42.3-47.8) months.
PFS (95% Cl) was 16.7 (14.1-19.4) months for cCRT and 13.3 (10.9-15.7) months for
sCRT (hazard ratio (HR) 0.82 (0.64-1.06, p=0.122). The OS was 24.5 (21.9-27.2) and 16.8
(13.7-19.8) months, respectively (HR 0.76 (0.59-0.98), p=0.034). One-year survival was
70% and 66%, respectively (p=0.451). For daily low dose cisplatin cCRT, PFS was 15.1
(11.0-19.3) months compared to 17.2 (14.0-20.3) months for cyclic dose cCRT (HR 1.11
(0.92-1.33), p=0.270). OS was 23.7 (19.9-27.5) months for daily low dose cisplatin cCRT
and 25.5 (21.9-29.0) months for cyclic dose cCRT, respectively (HR 1.08 (0.90-1.30,
p=0.397). One-year survival was 68% and 73%, respectively (p=0.116).
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Table 4.4 Multivariate logistic regression analysis for brain metastases development.

All chemoradiation patients (N=838)

Brain relapse pattern OR (95% Cl) p-value
All brain relapses
Gender (female vs male) 1.05 (0.72-1.53) 0.807
Age (continuous, older vs younger) 0.97 (0.95-0.99) 0.002
T-stage (T3-4 vs T0-2) 1.19 (0.81-1.74) 0.375
N-stage (N2-3 vs NO-1) 1.80 (0.89-3.64) 0.102
Treatment regimen (concurrent vs sequential) 0.88 (0.50-1.57) 0.669
Histology (squamous vs adenocarcinoma) 0.24 (0.14-0.42) <0.001
Histology (NOS vs adenocarcinoma) 0.75 (0.50-1.14) 0.174
All brain relapses within one year
Gender (female vs male) 1.29 (0.81-2.06) 0.282
Age (continuous, older vs younger) 0.97 (0.95-0.99) 0.011
T-stage (T3-4 vs T0-2) 1.64 (1.02-2.64) 0.043
N-stage (N2-3 vs NO-1) 1.58 (0.70-3.58) 0.269
Treatment regimen (concurrent vs sequential) 0.87 (0.42-1.78) 0.695
Histology (squamous vs adenocarcinoma) 0.28 (0.14-0.59) 0.001
Histology (NOS vs adenocarcinoma) 1.11 (0.67-1.83) 0.674
Brain as the only site of first relapse within one year
Gender (female vs male) 1.61(0.81-3.18) 0.173
Age (continuous, older vs younger) 0.96 (0.96-0.99) 0.011
T-stage (T3-4 vs T0-2) 2.31(1.12-4.79) 0.024
N-stage (N2-3 vs NO-1) 0.81 (0.30-2.19) 0.681
Treatment regimen (concurrent vs sequential) 0.89 (0.30-2.68) 0.838
Histology (squamous vs adenocarcinoma) 0.12 (0.03-0.54) 0.006
Histology (NOS vs adenocarcinoma) 0.97 (0.48-1.97) 0.931
Only concurrent chemoradiation patients (N=737)
Brain relapse pattern OR (95% Cl) p-value
All brain relapses
Gender (female vs male) 1.01 (0.67-1.51) 0.974
Age (continuous, older vs younger) 0.98 (0.96-0.99) 0.037
T-stage (T3-4 vs T0-2) 1.18 (0.78-1.77) 0.431
N-stage (N2-3 vs NO-1) 1.88(0.90-3.93) 0.095
Treatment regimen (low dose cisplatin vs cyclic dose) 0.96 (0.65-1.41) 0.819
Histology (squamous vs adenocarcinoma) 0.19 (0.10-0.36) <0.001
Histology (NOS vs adenocarcinoma) 0.73 (0.47-1.12) 0.153
All brain relapses within one year
Gender (female vs male) 1.28 (0.78-2.10) 0.325
Age (continuous, older vs younger) 0.98 (0.95-1.00) 0.071
T-stage (T3-4 vs T0-2) 1.52(0.91-2.52) 0.107
N-stage (N2-3 vs NO-1) 1.67 (0.70-3.98) 0.248
Treatment regimen (low dose cisplatin vs cyclic dose) 0.96 (0.59-1.55) 0.861
Histology (squamous vs adenocarcinoma) 0.22 (0.09-0.51) <0.001
Histology (NOS vs adenocarcinoma) 1.08 (0.64-1.82) 0.768
Brain as the only site of first relapse within one year
Gender (female vs male) 1.77 (0.87-3.63) 0.117
Age (continuous, older vs younger) 0.97 (0.93-1.00) 0.045
T-stage (T3-4 vs T0-2) 2.45 (1.12-5.35) 0.024
N-stage (N2-3 vs NO-1) 0.78 (0.29-2.17) 0.655
Treatment regimen (low dose cisplatin vs cyclic dose) 1.36 (0.66-2.76) 0.404
Histology (squamous vs adenocarcinoma) 0.14 (0.03-0.62) 0.010
Histology (NOS vs adenocarcinoma) 0.92 (0.46-1.93) 0.817

N: number; OR: odds ratio; Cl: confidence interval; T: tumour; N: node; NOS: not otherwise specified.
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DISCUSSION

The brain is a frequent site of relapse after CRT and this has a negative impact on QoL
and 0S.*” In this retrospective multicenter study the type of chemotherapy did not
have an impact on the incidence of brain metastases in stage Ill NSCLC patients treated
with CRT. Also, no significant differences were found for sCRT versus cCRT treated
patients. Although brain metastases before treatment start were excluded by brain
MRI/CT and all patients were ‘*FDG-PET-CT staged, still 11% was diagnosed with brain
metastases within one year, and for half of them the brain was the only site of first
relapse. As demonstrated in previous studies, adenocarcinoma histology and younger
age were significant predictors for brain metastases development.z"8

An explanation for our findings is that subclinical brain metastases are already present
at staging and that the type of chemotherapy regimens does not differ in the effect to
eradicate these tumor deposits. This is likely due to the fact that these chemotherapies
have almost no penetration through an intact blood-brain barrier and/or are substrates
for brain efflux pumps.”® In general, chemotherapy added to local radical treatment
improves OS, as was found in a recent meta-analysis (HR 0.88 (p=0.0009), 4% increase
in 5-year survival)."> Impact on brain metastases development was not evaluated. The
finding that the chemotherapy regime does not influence brain metastases incidence is
not entirely new. For example, the early RTOG 88-08/ECOG 4588 trial randomizing 490
stage Il NSCLC patients between radical radiotherapy (standard or hyperfractionated)
and sCRT revealed no difference in brain metastases incidence in the follow up (but
significantly less distant metastases other than brain for sCRT compared to the
radiotherapy alone arms (p=0.04))."® However, it is likely that due to inadequate brain
imaging metastases at initial staging were missed. Indeed, in a recent study using brain
MRI up to 16% had asymptomatic metastases at initial staging.5

Strong points of this study are that it is a multi-center study including over 800
consecutive stage Ill NSCLC patients, all with up-to-date staging and all treated with
CRT, which represents current practice. In order to exclude bias from suboptimal
treatment only patients who completed treatment were included.

Limitations of our study are that within the cyclic dose doublet chemotherapy group
different chemotherapy regimens were used, and that the number of patients per cyclic
dose regimen was relatively small for comparing these regimens. However, when we
compared the major subgroups of chemotherapy within the cCRT group no differences
were found regarding brain metastases development. Comparable results were found
for daily low dose cisplatin versus cyclic dose taxane and non-taxane based regimens,
respectively. Some patients did receive weekly platinum/docetaxel concurrent with
radiotherapy (often preceded by full dose platinum based doubled chemotherapy) and
these patients were grouped within the cyclic dose group. One can argue that this
regimen has some low dose components. When we excluded these patients from our
analyses, results did not change significantly (data not shown). Adenocarcinoma
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histology is a risk factor for brain metastases and it is possible that the
chemotherapeutic regimens used have a different impact on adenocarcinoma histology
compared to other histologies. When the analyses above were repeated with only
adenocarcinoma patients, results did not change significantly (data not shown).
Furthermore, it is a retrospective study and as such follow up was not standardized but
according to local practice (i.e. PFS data difficult to compare). Only patients who
completed their CRT treatment were included (no intention-to-treat-analysis) and
patient selection for CRT eligibility was according to local protocols. This may have
caused an imbalance in favor of the patients treated with sCRT regarding prognosis in
the different subgroups. It is not common practice to perform regular brain imaging in
the follow-up of radically treated stage Il NSCLC patients.3 This results in
underdiagnosis of asymptomatic brain metastases. One can argue the relevance of
asymptomatic metastases when a patient dies of extracranial disease. Furthermore,
bias regarding different regimes for cerebral metastases screening did not occur
because brain imaging was only performed when a patient had symptoms indicative for
brain metastases or when brain imaging was required for renewed staging. As it is not
common practice to perform molecular screening in stage Il NSCLC, molecular
characteristics were mostly unknown. However, as especially patients with an ALK-
rearrangement are prone to develop brain metastases and percentage of ALK-
rearranged patients is low in the literature (+5%) it is unlikely that this has caused any
bias."” Finally, the time period chosen for the primary endpoints (brain metastases
within one year) is arbitrary. However, we chose this time period as in a previous study
brain metastases were most frequently diagnosed within this year and were often the
only site of progression.4 When we expanded our analyses to all patients diagnosed
with brain metastases irrespective of timing, comparable results were found.
Treatment factors that can reduce brain metastases development are important to
identify, for these metastases are often associated with reduced QolL and poor
prognosis.s’7 Prophylactic cranial irradiation (PCI) to eradicate microscopic brain
metastases is a possible treatment option. PCl is currently evaluated in the phase Il
randomized NVALT11/DLCRG 02 study (NCT01282437). It is closed for accrual and
results are awaited.

In conclusion, the specific chemotherapy regimen used during CRT for stage Il NSCLC
has no impact on the subsequent development of clinically manifest brain metastases.
It remains important to identify modifiable factors in order to reduce the development
of brain metastases.
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Table S4.1  Overview of chemotherapy regimens used within a chemo-radiation regimen.

Sequential/induction

Cycle: 21 days
Cisplatin/gemcitabin

Carboplatin/gemcitabin

Carboplatin/paclitaxel

Cisplatin/pemetrexed

Carboplatin/pemetrexed

Cisplatin/vinorelbin

Cisplatin/etoposide

Carboplatin/etoposide

cisplatin 75milligram (mg)/m’ day (d)1
gemcitabine 1250 mg/m2 di1,8
3-4 cycles (sequential)
carboplatin area under the curve (AUC)5 d1
gemcitabine 1250 mg/m2 di1,8
3-4 cycles (sequential)
carboplatin AUC7 d1
paclitaxel 175mg/ m’ d1

3-4 cycles (sequential)
cisplatin 75mg/ m” d1
pemetrexed 500mg/ m* d1
3-4 cycles (sequential)
carboplatin AUC5 d1
pemetrexed 500mg/ m’ d1
3-4 cycles (sequential)
cisplatin 50mg/ m* d1,8
vinorelbin 20mg/ m*d1-8

1-2 cycles (induction)
cisplatin 75 mg/ m* d1
etoposide 100 mg/ m* d1-3
1-2 cycles (induction)
carboplatin AUC5 d1
etoposide 100 mg/ m* d1-3
1-2 cycles (induction)

Concurrent

Cycle: 21 days
Cisplatin/etoposide

Carboplatin/etoposide

Cisplatin/vinorelbin

Cisplatin/vinorelbin + cetuximab

Carboplatin/vinorelbin

Cisplatin/pemetrexed

Cycle: 7 days
Weekly cisplatin/docetaxel
Weekly carboplatin/docetaxel

cisplatin 75 mg/ m* d1

etoposide 100 mg/ m* d1-3

2-3 cycles

carboplatin AUC5 d1

etoposide 100 mg/ m” d1-3

2-3 cycles

cisplatin 50mg/ m* d1,8

vinorelbin 20mg/ m?d1-8

2-3 cycles

cetuximab 250 mg/kg d1

before start radiotherapy one gift of cetuximab 400 mg/kg
cisplatin 50 mg/ m’d1,8 40 mg/ m”d22

Vinorelbine escalated in three steps; (1) 10 mg/ m” d1, 8 and
8mg/ m® d22, 29; (2) 20 mg/ m* d1, 8 and 8 mg/ m” d22, 29; 3) 20
mg/ m*d1, 8; 15 mg/ m” d22, 29

5 cycles

carboplatin AUC3 d1,8

vinorelbin 20mg/ m* d1-8

2-3 cycles

cisplatin 75mg/ m’ d1

pemetrexed 500mg/ m’> d1

3 cycles

cisplatin 20mg/ m” d1 — docetaxel 20mg/ m® d1, 6 cycles
carboplatin AUC2 d1 — docetaxel 20mg/ m> d1, 6 cycles
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Table S4.2  Patient characteristics for patients developing brain metastases regardless of timing, compared
to those without brain metastases.

Patient characteristic Brain metastases No brain metastases p-value
N=153 N=685
Mean age + SD 59+9 63110 <0.001
(range) 36-80 30-84
Male N (%) 85 (56) 450 (66) 0.018
WHO PS N (%)*
0-1 141 (98) 638 (95) 0.165
2 3(2) 31( 5)
Smoking status N (%)*
Current 51 (46) 188 (39) 0.400
Former 59 (53) 285 (59)
Never 1(1) 7( 1)
Histology N (%)
Adenocarcinoma 87 (57) 237 (35) <0.001
Squamous cell carcinoma 19 (12) 262 (38)
Other / NOS 47 (31) 186 (27)
EGFR mutation N (%)*
Yes 3(5) 3(2) 0.357
No 57 (95) 146 (98)
KRAS mutation N (%)*
Yes 28 (40) 47 (31) 0.173
No 42 (60) 106 (69)
ALK rearrangement N (%)*
Yes 2 (10) 5(12) 0.825
No 18 (90) 37 (88)
Brain imaging initial diagnosis N (%)
MRI 130 (85) 590 (86) 0.708
CE-CT 23 (15) 95 (14)
Stage N (%)
A 86 (56) 408 (60) 0.446
ns 67 (44) 277 (40)
T-stage N (%)
T0-2 78 (51) 334 (49) 0.619
T3-4 75 (49) 351 (51)
N-stage N (%)
NO-1 11(7) 98 (14) 0.018
N2-3 142 (93) 587 (86)
Radiotherapy (Gy) Mean = SD 653 65 +4 0.875
Range 45 -79 45-89
Surgery after cCRT N (%)
Yes 20 (13) 73 (11) 0.390
Dose reduction N (%)
Yes 5 (3) 40 ( 6) 0.319

*: computed only for patients with known data. N: number; SD: standard deviation; WHO PS: world health
organization performance score; NOS: not otherwise specified; EGFR: epidermal growth factor receptor;
KRAS: Kirsten rat sarcoma viral antigen; ALK: anaplastic lymphoma kinase; MRI: magnetic resonance imaging;
CE-CT: contrast enhanced computed tomography; T: tumour; N: node; CRT: chemoradiation; Gy: gray; cCRT:
concurrent chemoradiation.
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Table S4.3  Multivariate logistic regression analysis for brain metastases development including taxane
based and non-taxane based regimens versus daily low dose cisplatin.

All chemoradiation patients (N=838)
Brain relapse pattern

OR (95% ClI)

p-value

All brain relapses
Gender (female vs male)
Age (continuous, older vs younger)
T-stage (T3-4 vs T0-2)
N-stage (N2-3 vs NO-1)
Histology (squamous vs adenocarcinoma)
Histology (NOS vs adenocarcinoma)
Treatment regimen (non-taxane vs low dose cisplatin)
Treatment regimen (taxane vs low dose cisplatin)
All brain relapses within one year
Gender (female vs male)
Age (continuous, older vs younger)
T-stage (T3-4 vs T0-2)
N-stage (N2-3 vs NO-1)
Histology (squamous vs adenocarcinoma)
Histology (NOS vs adenocarcinoma)
Treatment regimen (non-taxane vs low dose cisplatin)
Treatment regimen (taxane vs low dose cisplatin)
Brain as the only site of first relapse within one year
Gender (female vs male)
Age (continuous, older vs younger)
T-stage (T3-4 vs T0-2)
N-stage (N2-3 vs NO-1)
Histology (squamous vs adenocarcinoma)
Histology (NOS vs adenocarcinoma)
Treatment regimen (non-taxane vs low dose cisplatin)
Treatment regimen (taxane vs low dose cisplatin)

1.05 (0.72-1.53)
0.97 (0.95-0.99)
1.18 (0.80-1.73)
1.78 (0.88-3.60)
0.24 (0.14-0.41)
0.74 (0.49-1.12)
1.12 (0.77-1.64)
0.80 (0.38-1.69)

1.30 (0.81-2.07)
0.97 (0.95-0.99)
1.62 (1.00-2.61)
1.53 (0.68-3.46)
0.28 (0.13-0.58)
1.08 (0.65-1.78)
1.19 (0.75-1.90)
0.43 (0.13-1.45)

1.62 (0.82-3.21)
0.96 (0.93-0.99)
2.29 (1.11-4.75)
0.80 (0.30-2.15)
0.12 (0.03-0.54)
0.92 (0.45-1.86)
0.87 (0.44-1.72)
0.27 (0.04-2.11)

0.811
0.003
0.398
0.108
<0.001
0.157
0.547
0.552

0.279
0.013
0.049
0.306
0.001
0.769
0.462
0.174

0.163
0.010
0.026
0.652
0.006
0.807
0.695
0.212

Only concurrent chemoradiation patients (N=737)
Brain relapse pattern

OR (95% Cl)

p-value

All brain relapses
Gender (female vs male)
Age (continuous, older vs younger)
T-stage (T3-4 vs T0-2)
N-stage (N2-3 vs NO-1)
Histology (squamous vs adenocarcinoma)
Histology (NOS vs adenocarcinoma)
Treatment regimen (non-taxane vs low dose cisplatin)
Treatment regimen (taxane vs low dose cisplatin)
All brain relapses within one year
Gender (female vs male)
Age (continuous, older vs younger)
T-stage (T3-4 vs TO-2)
N-stage (N2-3 vs NO-1)
Histology (squamous vs adenocarcinoma)
Histology (NOS vs adenocarcinoma)
Treatment regimen (non-taxane vs low dose cisplatin)
Treatment regimen (taxane vs low dose cisplatin)

1.01 (0.67-1.50)
0.98 (0.96-0.99)
1.17 (0.78-1.76)
1.86 (0.89-3.89)
0.19 (0.10-0.36)
0.72 (0.47-1.11)
1.10 (0.73-1.65)
0.83 (0.39-1.75)

1.28 (0.78-2.10)
0.98 (0.95-1.00)
1.49 (0.90-2.48)
1.62 (0.68-3.86)
0.22 (0.09-0.51)
1.04 (0.62-1.76)
1.18 (0.72-1.94)
0.44 (0.13-1.50)

0.981
0.040
0.454
0.101
<0.001
0.136
0.652
0.617

0.329
0.077
0.122
0.279
<0.001
0.872
0.508
0.191
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Table S4.3 (continued)

Brain as the only site of first relapse within one year

Gender (female vs male) 1.78 (0.87-3.63) 0.117
Age (continuous, older vs younger) 0.96 (0.93-1.00) 0.043
T-stage (T3-4 vs T0-2) 2.42 (1.11-5.28) 0.027
N-stage (N2-3 vs NO-1) 0.77 (0.28-2.11) 0.613
Histology (squamous vs adenocarcinoma) 0.14 (0.03-0.62) 0.010
Histology (NOS vs adenocarcinoma) 0.90 (0.43-1.90) 0.784
Treatment regimen (non-taxane vs low dose cisplatin) 0.84 (0.41-1.74) 0.641
Treatment regimen (taxane vs low dose cisplatin) 0.28 (0.04-2.19) 0.226

N: number; OR: odds ratio; Cl: confidence interval; T: tumour; N: node; NOS: not otherwise specified.

Table S4.4  Multivariate logistic regression analysis for brain metastases development including only

concurrent chemo-radiation patients and comparison for the largest chemotherapy subgroups.
Only concurrent chemoradiation patients (N=737)
Brain relapse pattern

OR (95% Cl) p-value

All brain relapses

Gender (female vs male) 1.03 (0.68-1.55) 0.887
Age (continuous, older vs younger) 0.98 (0.96-1.00) 0.065
T-stage (T3-4 vs T0-2) 1.12 (0.78-1.80) 0.417
N-stage (N2-3 vs NO-1) 1.91 (0.91-4.02) 0.089
Histology (squamous vs adenocarcinoma) 0.19 (0.10-0.35) <0.001
Histology (NOS vs adenocarcinoma) 0.68 (0.44-1.07) 0.092
Treatment regimen (cis/vino + cetuximab vs low dose cisplatin) 1.06 (0.52-2.16) 0.870
Treatment regimen (cis/eto vs low dose cisplatin) 1.28 (0.82-2.00) 0.285
Treatment regimen (cis/docetaxel vs low dose cisplatin) 0.73 (0.32-1.68) 0.459
All brain relapses within one year
Gender (female vs male) 1.35(0.82-2.23) 0.245
Age (continuous, older vs younger) 0.98 (0.95-1.00) 0.093
T-stage (T3-4 vs TO-2) 1.50 (0.90-2.51) 0.124
N-stage (N2-3 vs NO-1) 1.71 (0.71-4.09) 0.230
Histology (sqamous vs adenocarcinoma) 0.22 (0.09-0.51) <0.001
Histology (NOS vs adenocarcinoma) 1.02 (0.60-1.73) 0.950
Treatment regimen (cis/vino * cetuximab vs low dose cisplatin) 1.28 (0.57-2.87) 0.544
Treatment regimen (cis/eto vs low dose cisplatin) 1.23(0.71-2.14) 0.468
Treatment regimen (cis/docetaxel vs low dose cisplatin) 0.53 (0.16-1.84) 0.319
Brain as the only site of first relapse within one year
Gender (female vs male) 1.91(0.92-3.98) 0.084
Age (continuous, older vs younger) 0.96 (0.93-1.00) 0.027
T-stage (T3-4 vs T0-2) 2.67 (1.19-6.00) 0.017
N-stage (N2-3 vs NO-1) 0.77 (0.28-2.12) 0.616
Histology (squamous vs adenocarcinoma) 0.14 (0.03-0.62) 0.010
Histology (NOS vs adenocarcinoma) 0.84 (0.39-1.82) 0.666
Treatment regimen (cis/vino  cetuximab vs low dose cisplatin) 0.65 (0.18-2.33) 0.511
Treatment regimen (cis/eto vs low dose cisplatin) 0.86 (0.37-1.97) 0.715
Treatment regimen (cis/docetaxel vs low dose cisplatin) 0.35 (0.04-2.76) 0.317

N: number; OR: odds ratio; Cl: confidence interval; T: tumour; N: node; NOS: not otherwise specified; cis:

cisplatin; vino: vinorelbin; eto: etoposide

66



Chapter 5

Single organ metastatic disease and local
disease status, prognostic factors for overall
survival in stage IV non-small cell lung cancer:

results from a population-based study

Lizza E.L. Hendriks*, Jules L. Derks*, Piet E. Postmus, Ronald A. Damhuis,
Ruud M.A. Houben, Esther G.C. Troost, Monique M. Hochstenbag, Egbert F. Smit,
Anne-Marie C. Dingemans

* authors contributed equally to the manuscript

Eur J Cancer 2015;51:2534-44




Chapter 5

ABSTRACT

Purpose
To analyze the prognostic impact on overall survival (0OS) of single versus multiple organ
metastases, organ affected, and local disease status in a population based stage IV NSCLC cohort.

Methods

In this observational study, data were analyzed of all histologically confirmed stage IV NSCLC
patients diagnosed between 1-1-2006 and 31-12-2012 registered in the Netherlands Cancer
Registry. Location of metastases before treatment was registered. Multivariable survival analyses
[age, gender, histology, M-status, local disease status, number of involved organs, actual organ
affected] were performed for all patients and for an 18FDG—PET—staged subgroup.

Results

11094 patients were selected: 60% male, mean age 65 years, 73% adenocarcinoma. Median OS
for 1 (N=5676), 2 (N=3280), and >3 (N=2138) metastatically affected organs was 6.7, 4.3, 2.8
months, respectively (p<0.001). Hazard ratio (HR) for 2 versus 1 organ(s) was 1.33 (p<0.001), for
>3 versus 1 organ(s) 1.91 (p<0.001). Results were confirmed in the ®FDG-PET-staged cohort
(N=1517): patients with single organ versus 2 and >3 organ metastases had higher OS (8.6, 5.7,
3.8 months, HR 1.40 and 2.17, respectively, p<0.001). In single organ metastases, OS for low
versus high TN-status was 8.5 versus 6.5 months [HR 1.40 (p<0.001)]. 18FDG-PET-staged single
organ metastases patients with low TN-status had a superior OS than those with high TN-status
(11.6 versus 8.2 months, HR 1.62, p<0.001).

Conclusion

Patients with single organ metastases stage IV NSCLC have a favorable prognosis, especially in
combination with low TN status. They have to be regarded as a separate subgroup of stage IV
disease.
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INTRODUCTION

The tumor, node, and metastasis (TNM) classification of non-small cell lung cancer
(NSCLC) is a prognostic tool to stratify patients. The current 7" edition is based on an
analysis of a retrospective worldwide database of more than 100,000 cases including
data from clinical trials, consortium/surgical series, and registry-series.”* Currently,
within stage IV two prognostically different subgroups are distinguished; Mila
(intrathoracic: pleural and/or pericardial dissemination and/or metastasis to
contralateral lung) and M1b (distant metastasis), with median overall survival (OS) of 8
and 6 months, respectively.”” In the M1b group (N=4350), median OS was slightly
worse for patients with multiple distant metastatic sites compared to a single site. No
OS difference regarding the actual organ affected was encountered in the single organ
metastases subgroup (N=2480); it was not possible to analyze impact of single versus
multiple sites in a specific organ.2 Currently, there is a lack of data gathered in routine
clinical practice regarding the prognostic value of the extent of metastases in
population based stage IV NSCLC cohorts and it is not clear whether results are
comparable for 18quorodeoxygIucose-positron emission tomography (18FDG-PET)—
staged patients, due to possible upstaging.?

The Netherlands Cancer Registry (NCR) has registered all patients diagnosed with
cancer in the Netherlands since 1989 and has 98% nationwide coverage. In contrast to
TNM7, metastatic sites at time of NSCLC diagnosis are standardly recorded according to
clinical data.” Here, we analyzed the prognostic impact of single versus multiple organs
with metastases, local disease status, and impact of the actual organ affected in stage
IV NSCLC.

MATERIALS AND METHODS

PATIENT SELECTION: NCR

All patients diagnosed between 1-1-2006 and 31-12-2012 with NSCLC (adenocarcinoma
(AdC) and squamous cell carcinoma (SqCC)) were selected. Only histology was selected
to avoid cytological classification bias. Large cell carcinoma (LCC) was not selected
because of recent evidence separating 80% of LCC into AdC/SqCC, possibly introducing
classification bias.” Data retrieval was on 21-03-2014.

Data have been actively collected by data managers according to standardized formats
and have been linked to the Dutch Pathology Registry and National Civil Registry for
follow-up and histology confirmation.” Information includes: gender; age; diagnosis
year; morphology code; stage (until 2009 TNM6, 22010 TNM?7); first-line treatment;
diagnosis of previous malignancy, and metastases localization at diagnosis. Metastases
sites are recorded according to documented clinical data with maximal three separate
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locations. In cases with more than three locations, the first two are recorded and the
last is coded as 23 metastases. Organ count is irrespective of number of metastases
within this organ. Reporting of staging procedures as ‘*FDG-PET or magnetic resonance
imaging (MRI) brain is not mandatory.

Excluded were: no TNM recorded, previous malignancy within five years of NSCLC,
metachronous NSCLC, stage IV NSCLC according to TNM6 solely based on pulmonary
metastases (possibly TNM7 T4, i.e. no stage IV), no metastases sites documentation,
and no Civil Registry linkage.

Subgroup analyses were performed in patients in whom an '°FDG-PET-scan was
documented to investigate upstaging effects.? Separate subgroup analyses were
performed for TNM6 and TNM7 when required, as some changes in TNM7
T-classification occurred. To analyze impact of anticancer treatment an exploratory
analysis was performed in patients receiving active anticancer treatments as opposed
to best supportive care (BSC) only. Palliative radiotherapy without systemic treatment
was classified as BSC. Study approval was by the NCR data monitoring committee and
procedures were performed according to national privacy regulations.

STATISTICAL ANALYSIS

Statistical analysis was conducted with SPSS (v20; SPSS Inc., Chicago, IL). OS was
calculated from day of diagnosis till death and analysed according to the Kaplan-Meier
method and tested for significance with log-rank test. Patients who were alive at
closing date (31-12-2012) or who were lost-to-follow-up were censored at last date of
follow-up. A multivariate Cox regression model was constructed including covariates
that were found significant in univariate analyses. Covariates tested were: age, gender,
histology, TNM7 M1b versus Mla and TNM6 M1, low TN-stage versus high TN-stage
(i.e., T1-2 and NO-1 versus T3-4 and/or N2-3), number of organs with metastases (i.e., 1,
2 or 23) and within single organ metastases also actual organ affected. Proportional
hazard assumption was tested using visual inspection of Log (minus Log) survival plots.
Continuous variables were compared with the Mann Whitney U-test; categorical data
were tested according to the chi-square test. P values of <0-05 for two-sided tests were
considered statistically significant.

RESULTS

PATIENT CHARACTERISTICS

Between 01-01-2006 and 31-12-2012, 11094 stage IV patients were eligible for analysis
(CONSORT diagram, Figure 5.1).

Patient characteristic are described in Table 5.1. 5676 (51.2%) had single organ
metastases. Median follow up [95% CI] was 28.1 [26.7-29.5] months. At time of analysis
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1742 (15.7%) patients were alive and 5 were lost-to-follow-up. Bone was the most
frequent metastatic site at diagnosis. Significantly more common in AdC than in SqCC
were: bone (43.0% versus 36.5%, p<0.001), brain (22.0% versus 15.1%, p<0.001), pleura
(15.9% versus 12.6%, p<0.001), and lymph node metastases (only current M1b lymph
nodes included) (11.6% versus 10.1%, p=0.03) (Figure 5.2A).

Figure 5.1

Netherlands Cancer Registry

Histology confirmed cases of NSCLC

TNM classification
description incomplete
N=403

Other malignancy <5 years
before NSCLC diagnosis
N=909

Stage Il disease
N=20,047

Patients with pulmonary metastasis only
diagnosed according to TNM-6
N=1207

Metachronous NSCLC tumors
N=34

Cases not linked with Civil Registry;
incomplete follow-up for vital status
N=73

Patients with stage |V disease
without documentation of metastatic sites
N=293

Analysis of patients with metastatic NSCLC

CONSORT diagram presenting the selection of stage IV NSCLC patients between 2006 and 2012

from the Netherlands Cancer Registry database. NSCLC: non-small cell lung cancer.
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Table 5.1 Patient characteristics stage IV NSCLC.

Patient characteristic Total group Single organ metastases
Subgroup Total AdC SqCC Total AdC SqCC
Patient number (N) 11094 8134 2960 5676 3915 1761
Age (years) Mean = SD 65.4 £10.7 64.2+£10.8 68.7+9.9 66.1£10.8 64.7 £10.9 69.2+9.9
Categories (N (%))
<50 years 877 (7.9) 775 (9.5) 102 (3.4) 419 (7.4) 359 (9.2) 60 (3.4)
>50 and <60 years 2325 (21.0) 1904 (23.4) 421(14.2) 1113 (19.6) 881 (22.5) 232(13.2)
260 and <70 years 3721(33.5) 2767 (34.0) 954 (32.2) 1836 (32.3) 1289 (32.9) 547 (31.1)
270 4171 (37.6) 2688 (33.0) 1483 (50.1) 2308 (40.7) 1386 (35.4) 922 (52.4)
Gender (N (%))
Male 6625 (59.7) 4464 (54.9) 2171 (73.0) 3389 (59.7) 2089 (53.4) 1300 (73.8)
T-stage (N (%))
TNM6 4584 (100.0) 3321 (100.0) 1263 (100.0) 2089 (100.0) 1433 (100.0) 656 (100.0)
0/X 525 (11.5) 417 (12.6) 108 (8.6) 244 (11.7) 194 (13.5) 50 (7.6)
1 481 (10.5) 417 (12.6) 64 (5.1) 270 (12.9) 231(16.1) 39 (5.9)
2 1476 (32.2) 1025 (30.9) 451 (35.7) 729 (34.9) 464 (32.4) 265 (40.4)
3 314 (6.8) 186 (5.5) 128(10.1) 164 (7.9) 100 (7.0) 64 (9.8)
4 1788 (39.0) 1276 (38.4) 512 (40.5) 682 (32.6) 444 (31.0) 238(36.3)
TNM7 6510 (100.0) 4813 (100.0) 1697 (100.0) 3587 (100.0) 2482 (100.0) 1105 (100.0)
0/X 608 (9.3) 509 (10.6) 99 (5.8) 338 (9.4) 283 (11.4) 55 (5.0)
1a 312 (4.8) 285 (5.9) 27 (1.6) 186 (5.2) 167 (6.7) 19 (1.7)
1b 383 (5.9) 330 (6.9) 53 (3.1) 237 (6.6) 196 (7.9) 41(3.7)
2a 1205 (18.5) 910 (18.9) 295 (17.4) 718 (20.0) 509 (20.5) 209 (18.9)
2b 439 (6.7) 305 (6.3) 134 (7.9) 257 (7.2) 161 (6.5) 96 (8.7)
3 1257 (19.3) 851 (17.7) 406 (23.9) 727 (20.3) 467 (18.8) 260 (23.5)
4 2306 (35.5) 1623 (33.7) 683 (40.3) 1124 (31.3) 699 (28.2) 425 (38.5)
N-stage (N (%))
0/X 2769 (25.0) 2036 (25.0) 733 (24.8) 1733 (30.5) 1250 (31.9) 483 (27.4)
1 732 (6.6) 527 (6.5) 205 (6.9) 421(7.4) 292 (7.5) 129 (7.3)
2 4418 (39.8) 3138 (38.6) 1280 (43.2) 2155 (38.0) 1403 (35.8) 752 (42.7)
3 3175 (28.6) 2433 (29.9) 742 (25.1) 1367 (24.1) 970 (24.8) 397 (22.5)
M-stage (N (%))
TNM6
1 4584 (100.0)  3321(100.0) 1263 (100.0) 2089 (100.0) 1433 (100.0) 656 (100.0)
TNM7 6500 (100.0) 4813 (100.0) 1697 (100.0) 3587 (100.0) 2482 (100.0) 1105 (100.0)
1a 1419 (21.8) 957 (19.9) 462 (27.2) 1323 (36.9) 872 (35.1) 451 (40.8)
1b 5091 (78.2) 3856 (80.1) 1235 (72.8) 2264 (63.1) 1610 (64.9) 654 (59.2)
No of organs with
metastases (N (%))
1 5676 (51.2) 3859 (47.4) 1761 (59.5) N/A N/A N/A
2 3280 (29.6) 2480 (30.5) 798 (27.0)
>3 2138 (19.3) 1795 (22.1) 401 (13.5)

TNM: tumour, node, metastasis; N; number; SD: standard deviation; AdC: adenocarcinoma; SqCC: squamous cell carcinoma;

No: number; N/A; not applicable

Single organ metastases patients (N=5676) were significantly older (mean age 66.1
versus 64.7 years, p<0.001) and more often had SqCC (31.0% versus 22.1%, p<0.001)
and lower TN-status (18.3% versus 9.8%, p<0.001, Table 5.1) than patients with >2
organ metastases (N=5418). In single organ metastases patients, bone (28.7% versus

72



Prognostic factors for overall survival in stage IV non-small cell lung cancer

25.9%, p=0.031), brain (21.4% versus 14.1%, p<0.001), and pleural metastases (15.1%
versus 11.9%, p=0.010) were significantly more common in AdC compared to SqCC,
liver (7.7% versus 11.3%, p<0.001), adrenal (7.1% versus 9.3%, p=0.006), and lung
metastases (12.3% versus 18.2%, p<0.001) were significantly less common in AdC
(Figure 5.2B).

501
A 454 — N=2960 I SqcC
N=8134 Il AdC
N= 11094 Total NSCLC

401
[} =
0%
8 3
S 2-
& 0
o 154

104
5.

Liver Bone Brain Adrenal gland Lung t Pleura t Lymph node
B =
454 N=1761 Il SqCC
404 N=3915 Hll AdC
0 3 — N= 5676 [ Total NSCLC

Liver Bone Brain Adrenal gland Lung t Pleura t Lymph node

Figure 5.2 A. Prevalence of actual organ with metastases in the total group, and the AdC and SqCC
subgroups (one patient can have more than one organ metastases). AdC is compared with
SqCC.
B. Prevalence of actual organ with metastases in the single organ metastases group, and the
AdC and SqCC subgroups. AdC is compared with SqCC. t Analyzed only in TNM-7; * Significant,
p<0.05 Chi-square test. AdC: adenocarcinoma; SqCC: squamous cell carcinoma; N: number;
NSCLC: non-small cell lung cancer;

TNM6 AND TNM7 OVERALL SURVIVAL

Median OS for TNM6 (N=4584) did not significantly differ from TNM7 M1b (N=5091)
(4.6 [4.4-4.8] versus 4.7 [4.4-4.9] months; p=0.13). Median OS was significantly higher in
TNM7 M1a (N=1419) (8.3 [7.6-9.0] months; p<0.001) than in TNM6 and TNM7 M1b.

OVERALL SURVIVAL ACCORDING TO NUMBER OF ORGANS AFFECTED

Median OS was significantly longer in single organ metastases patients (N=5676)
compared to patients with 2 (N=3280) or 23 organs with metastases (N=2138)
(6.7 [6.4-7.0], 4.3 [4.1-4.6], and 2.8 [2.6-3.0] months, respectively; p<0.001; Figure
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5.3A). In multivariate analysis this remained significant. HR [95% Cl] for 2 organs versus
1 was 1.38 [1.31-1.44] (p<0.001) and 1.97 [1.86-2.09] for 23 organs versus 1 (p<0.001).
Other independent favorable factors for OS were younger age, female gender, AdC,
TNM7 M1a, and low TN-status (Suppl. Figure S5.1A).

Median 95%Cl  p-value
single organ 67  64-70

—— twoorgans 43 41-46 <0001
>threeorgans 28 26-30 <0-001

Survival
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%
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A 0.0 T )
0 12 24 36 48 60
Time (months
Number of patients at risk { )
single organ 5676 1342 392 129 58 26
two organs 3280 471 122 37 18 9
> three organs 2138 170 33 8 2 0
14
Median 95%Cl p-value
—— single organ 86  79-94
—— twoorgans 57 50-64 <0001
0,87 >threeorgans 3-8 31-44 <0001
w®
2
2
=]
wv
0,0 T T T T 1
12 24 36 48 60
Time (months
Number of patients at risk ( )
single organ 348 277 98 38 16 3
two organs 416 87 25 8 6 4
2 three organs. 253 84 7 1 1 0

Figure 5.3  A. Kaplan Meier curves for the overall cohort according to number of organs with metastases
(1,2,and 2 3).

B. Kaplan Meier curves for the "®*FDG-PET-staged subgroup according to number of organs with
metastases (1, 2, and 23).
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In patients with a documented staging ¥EDG-PET-scan (N=1517), OS was superior to
that of the group in which it was not documented whether a staging ‘*FDG-PET-scan
was performed (N= 9577). For the latter group, OS was 6.4 [6.1-6.7], 4.1 [3.9-4.4] and
2.7 [2.6-2.9] months (p<0.001) for single organ, 2 organs and 23 organs with
metastases, respectively. For the documented 8FDG-PET-scan group OS was 8.6
[7.9-9.4], 5.7 [5.0-6.4], and 3.8 [3.1-4.4] months, respectively; p<0.001, Figure 5.3B). In
multivariate analysis HR for 2 versus 1 organ(s) {1.40 [1.23-1.60] (p<0.001)}, and for >3
versus 1 organ(s) {2.17 [1.85-2.55] (p<0.001)} remained significant. Other independent
favorable factors for OS were identical to those for no documented *FDG-PET-scan
group (Suppl. Figure S5.1B).

OVERALL SURVIVAL IN SINGLE ORGAN METASTASES PATIENTS ACCORDING TO LOCAL
DISEASE STATUS AND IMPACT OF SPECIFIC ORGAN AFFECTED

Median OS was significantly higher in patients with low TN-status (N=1043) and was
8.5 [7.6-9.3] months compared to 6.5 [6.2-6.8] months for high TN-status (N=4375)
(p<0.001, Figure 5.4A). In multivariate analysis, this retained its prognostic value: high
versus low TN-status HR 1.40 [1.29-1.51] (p<0.001). Other independent favorable
factors were younger age, female gender, and AdC. Liver metastases were an
unfavorable prognostic factor, whereas adrenal, pulmonary, and pleural disease as well
as lymph node metastases were favorable factors (Figure 5.5A).

When TNM6 (N=2089) and TNM7 (N=3587) classified patients were analyzed
separately, low TN-status had a superior median OS compared to high TN-status in both
TNM6 (7.5 [6.2-8.8] versus 5.8 [5.3-6.2] months, respectively; p<0.001) and TNM7
(9.6 [8.3-10.8] versus 7.0 [6.5-7.4] months, respectively; p<0.001).

Patients with documented "®FDG-PET-scans (N=848) had superior OS compared to the
total single organ metastases group (p<0.001). Median OS differences for low versus
high TN-status remained significant (11.6 [8.1-15.1] months and 8.2 [7.3-9.1] months,
respectively; p<0.001, Figure 5.4B). In multivariate analysis, TN-status remained of
prognostic significance (high versus low TN-status: HR 1.62 [1.31-1.99], p<0.001). Other
independent favorable factors were younger age and female gender. Metastatic
disease in brain, lungs, pleura or lymph nodes was a favorable prognostic factor (Figure
5.5B).

When TNM6 and TNM7 classified patients were analyzed separately, median OS for
TNM6 low TN-status (N=81) was 12.5 [8.4-16.5] months compared to 7.0 [6.2-7.8]
months for high TN-status (N=300) (p<0.001). For TNM7 median OS was 10.1 [5.6-14.6]
months for low (N=83) and 9.7 [8.1-11.2] months for high TN-status (N=357) (p=0.121).
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Figure 5.4
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A. Kaplan Meier curves for the single organ metastases group according to local disease status.

B. Kaplan Meier curves for the single organ metastases "*FDG-PET-staged subgroup according to
local disease status. T: tumour; N: node; Cl: confidence interval.
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Chapter 5

SUBGROUP OF PATIENTS RECEIVING ACTIVE ANTICANCER TREATMENT

Patients receiving active anticancer treatment (N=6022) had a superior median OS
compared to the BSC group (median 8.4 versus 2.2 months, p<0.001).

Single organ metastases patients (N=3206) had a significantly superior OS compared to
patients with 2 (N=1791) or >3 organs (N=1025) involved. Median OS was 10.4 [10.0-
10.8], 7.3 [7.0-7.7], and 5.7 [5.3-6.1] months, respectively (p<0.001, Suppl. Figure
S5.2A). For the 18FDG-PET-staged subgroup this was 11.7 [10.5-12.9], 8.1 [7.2-9.0] and
6.4 [5.2-7.6] months, respectively (p<0.001).

Single organ metastases patients with low TN-status (N=547) had significantly higher
median OS compared to high TN-status (N=2581): 13.7 [12.5-14.9] versus 9.9 [9.4-10.3]
months, respectively (p<0.001, Suppl. Figure S5.2B). For the *FDG-PET-staged subgroup
this was 14.4 [11.2-17.5] and 9.2 [8.6-9.8] months, respectively (p<0.001).

DISCUSSION

In this large population-based study NSCLC patients with single organ metastases, in
particular with low TN-status, had a superior median OS compared to those with
multiple organs with metastases. These results add to results obtained by Albain et
al.’(N=2531, retrospective multicenter study), Jeremic et al.” (N=285, retrospective
single center study), Sanchez de Cos Esquin et al.® (N=640 (18% °FDG-PET staged),
prospective observational multiregional study), Oh et al.’ (N=1284, retrospective single
center study), Paralkar et al.’® (N=172 (10% ¥EDG-PET staged), retrospective single
tertiary center study), Pirker et al."™* (N=1125, FLEX study: chemotherapy with/without
cetuximab) and Parikh et al."> (N=186, prospective single center study including only
oligometastatic 18FDG—PET—staged NSCLC patients). However, compared to these
studies, our study is population-based and includes the largest ¥FDG-PET staged
subgroup (N=1517). Also in this subgroup the same prognostic factors were found.

In all previously reported studies, patients with single organ metastases had a better
prognosis than those with metastasis to more than one organ. Only in one study impact
of N-status was evaluated: patients with NO-1 disease had better outcome.” In two
other studies (N=67149 and N=850) N-status was evaluated, in one in the current M1la
group only.l?” " Nodal disease was a negative prognostic factor. However, number of
metastatic sites was not (extensively) evaluated.”™"* Other favorable prognostic factors
for OS found in our study (female gender, AdC, intrapulmonary metastases) were also
identified in other studies.®®*>*>"’

Potential explanations for better OS in single organ metastases patients is that smaller
tumor load contributes to longer survival, or that the disease is found in an earlier
stage, i.e. lead time bias.'®
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It is suggested that patients with single or oligometastatic brain metastases or adrenal
gland metastases have a favorable prognosis with reported median OS of 12-31
months.”*>?° In our study, patients with single organ brain or adrenal metastases did
not persistently have better OS compared to patients with other organs affected. A
possible explanation for the lack of survival advantage in the brain metastases group is
that we were not able to differentiate between single, oligo- and multiple brain
metastases. In addition, for both brain and adrenal glands data collected in the NCR do
not allow for differentiation between radical versus palliative local treatment.

Local disease status was another prognostic factor for OS. In this context a recently
developed Markov chain/Monte Carlo stochastic mathematical model for cancer
progression is of interest.”> In this model, cancer progression is regarded as a
multidirectional process instead of the commonly accepted unidirectional cancer
progression (i.e. initiated at the primary tumour and stepwise progression to distant
metastatic sites). For lung cancer, three types of tumor seeding were proposed:
primary tumor self-seeding, metastatic location to primary tumor reseeding and
metastasis reseeding with the most important metastatic pathway being lung to
regional lymph nodes and adrenals. Furthermore, lymph nodes (and adrenals) were
considered active re-seeders promoting dissemination. One can imagine that in this
model low TN-status represents a tumor behaving less aggressively.”’ Another
possibility is that patients with bulky central thoracic disease die sooner because of
respiratory complications.22

As patients with single organ metastases and low TN-status had the highest OS, it is
tempting to speculate whether a subgroup of these patients would achieve an even
better OS when treated radically. Radical treatment is often aimed at in patients with
oligometastasis in the brain or adrenal(s). However, it is not clear whether these
patients by nature have a superior OS or that OS can be improved with radical
treatment, as was also discussed in a recent review.”

A strong aspect of this study is that it is based on a population-based registry with over
98% case ascertainment.” Data were collected by trained data managers including an
extensive evaluation of TN-status, site specific metastases and first line treatment.
Moreover, the same prognostic factors were found in the *FDG-PET-staged subgroup
and in the (**FDG-PET-staged) active treatment subgroup.

Limitations are that although data were prospectively collected this was a retrospective
analysis. Some established prognostic factors (performance status, smoking status,
comorbidities), which may have influenced reported data, were not recorded in the
registry. Also, only first line treatment was recorded. Second, median OS in this dataset
is lower than usually reported in clinical trials reflecting the outcome of the general
population. Third, the effect of "*FDG-PET-scanning could only be evaluated in a subset
of patients. Fourth, under-diagnosis of brain metastases may have occurred for brain
imaging has not been mandatory in the stage IV NSCLC workup. Fifth, as in other
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published studies, ¥’ patients reported here with intrapulmonary metastases only
have a relatively good prognosis. A caveat is that some of these may in fact have two
primary tumours and were thus misclassified as stage IV. However, this study reflects
daily practice and these patients were regarded stage IV. Moreover, when we repeated
all analyses performed excluding these patients results remained comparable. Sixth,
data regarding mutation analysis (e.g. EGFR) were not available. However, as
percentage of non-squamous NSCLC patients with an activating EGFR-mutation is
approximately 9% in the Dutch population, and the percentage of other targetable
mutations or translocations is even lower, it is not likely that this has influenced our
results.”*”® Seventh, the definition for the low versus high TN-groups is arbitrary,
especially whether N1 should be included in the low TN-group. However, when the
multivariate analyses were repeated with NO and N1 as separate groups, prognosis for
the N1 group was not significantly different from the NO group (data not shown).
Finally, for the TNM classification slightly changed in the 7" edition, these changes
might have influenced our results. Data to recode TNM6 into TNM7 were not available.
However, results did not change significantly when we analysed TNM6 and
7 separately.

In conclusion, this hypothesis generating study shows that stage IV NSCLC patients with
single organ metastases have a favorable prognosis, especially in combination with a
low TN-status. Recently, the IASLC has started with the prospective collection of more
detailed patient data in order to refine the TNM7.%® It would be of interest to validate
our results in this dataset, as data regarding number of (organs with) metastases are
collected for the new TNM classification. We suggest that, besides the already existing
M1a category, patients in the M1b category are subdivided according to one versus
more organs with metastases, as the largest difference in OS is found between one and
two organs with metastases. If validated, this should also be considered as stratification
factor in clinical trials.
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Figure S5.2  A. Kaplan Meier curves for the subgroup receiving active anticancer treatment according to
number of organs with metastases (1, 2, and 23).

B. Kaplan Meier curves for the single organ metastases patients receiving active anticancer
treatment according to local disease status. T: tumour; N: node; Cl: confidence interval.
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Chapter 6

TO THE EDITOR

We were looking forward to the proposals for the eight TNM classification for non-
small cell lung cancer (NSCLC), as these were supposed to be based on a prospective
database including data regarding staging techniques (e.g. use of 18ﬂuorodeoxyglucose-
positron-emission-tomography (‘°FDG-PET) scanning or brain magnetic resonance
imaging (MRI))." This could be of interest because of possible upstaging.” We read with
interest the article by Eberhardt et al® in which proposals for the M-descriptor revision
were made. Data from 2411 NSCLC patients registered between 1999 and 2012 were
collected. For the final analysis, data from the electronic data capture (EDC) system
were used (EDC N=1059, 1025 patients used). We wonder whether selection bias could
have influenced the data as number of patients included per hospital was small. In
addition it is possible that the large subgroup (25.6%) of Chinese patients has
influenced the analyses. It is expected that approximately half of these patients have
targetable driver mutations, resulting in a superior OS. Subgroup analyses evaluating
impact of the specific organ affected were performed within the proposed M1b and
M1c categories excluding the Chinese patients. These analyses showed a decreased OS
for most of the organs analysed when excluding these Chinese patients. We hope the
authors can provide us the OS data of the Mla (unchanged from current Mla
category), M1b (single metastasis in a single organ) and M1c (metastases in multiple
organs/ multiple metastases in a single organ) categories of the subgroup of patients
excluding the Chinese patients. Moreover, patients should be split into different
prognostic groups including race (Caucasian versus Asian) and histology (squamous
versus non-squamous). Although we are aware that the TNM classification is merely
based on anatomical criteria, these additional analyses are necessary to ensure
extrapolation of the results globally.

From the data presented it is not clear how many patients were staged by ¥FDG-PET-
scanning and MRI brain. As this might impact staging we would like to ask the authors
what percentage of patients was PET/MRI staged and whether the M-descriptors
proposal changed if only these patients were included.

Moreover, in other studies it is suggested that an advanced (T- as well as) N-stage still
has a negative prognostic impact in the metastasized setting.4’5 Do the authors have
information regarding the prognostic impact of local disease status or will this
information be used in the eight TNM classification stage proposal?

We hope that by answering our questions the interpretation of the subdivision of the
M-categories improves and we look forward to the answer of the authors.
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Chapter 7

ABSTRACT

Introduction

Median survival after diagnosis of brain metastases is, depending on the Recursive Partitioning
Analysis (RPA) classes, 7.1 (class 1) to 2.3 months (class IlI). In 2011 the Dutch guideline on brain
metastases was revised, advising to withhold whole brain radiotherapy (WBRT) in RPA class IIl. In
this large retrospective study, we evaluated the guideline’s use in daily practice.

Material and methods

Data of 428 lung cancer patients undergoing WBRT for brain metastases (2004-2012) referred
from three Dutch hospitals were retrospectively analyzed. Details on Karnofsky performance
score (KPS), age, control of primary tumour, extracranial metastases, histology and survival after
diagnosis of brain metastases were collected. RPA class was determined using the first four
items.

Results

327 patients had non-small cell lung cancer (NSCLC) and 101 small cell lung cancer (SCLC). For
NSCLC, 6.1%, 71.9% and 16.2% were classified as RPA |, Il, and Ill respectively. 5.8% could not be
classified. For SCLC this was 8.9%, 66.3%, 14.9%, and 9.9%, respectively. Before the revised
guideline was implemented, 11.3-21.3% of WBRT patients were annually classified as RPA lll. In
the year thereafter, this was 13.0% (p=0.646). Median survival [95% CI] for NSCLC RPA class |, II,
and Ill was 11.4 [9.9-12.9], 4.0 [3.4-4.7], and 1.7 [1.3-2.0] months, respectively. For SCLC this was
7.9 [4.1-11.7], 4.7 [3.3-6.1], and 1.7 [1.5-1.8] months.

Conclusions

Although it is advised to withhold WBRT in RPA class Ill patients, in daily practice 11.3-21.3% of
WBRT treated patients were classified as RPA Ill. The new guideline did not result in a decrease.
Reasons for referral of RPA Il patients despite a low KPS were not found. Despite WBRT, survival
of RPA Il patients remains poor and this poor outcome should be stressed in practice guidelines.
Therefore, better awareness amongst physicians would prevent some patients from being
treated unnecessarily.
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INTRODUCTION

More than 50% of all intracranial tumours are metastases from extracranial primary
tumour sites.” Of these primary tumours, lung cancer is the most frequent2 and 30-60%
of lung cancer patients will develop brain metastases.>® The Radiation Therapy
Oncology Group (RTOG) has identified pre-treatment variables that determine survival
after the diagnosis of brain metastases including age, Karnofsky performance status
(KPS), control of primary tumour, absence of extracranial metastases and primary
tumour site (e.g., breast cancer versus lung cancer).” Based on the Recursive
Partitioning Analysis (RPA) classification using the above mentioned variables (except
for primary tumour site) patients can be divided into three categories: class | with good
prognosis, class Il with intermediate and class Il with poor prognosis (see Table 7.1).”
RPA classification has been validated in both non-small cell lung cancer (NSCLC) and
small cell lung cancer (SCLC). Survival ranges from a median of 7.1 months for RPA class
| to 2.3 months for RPA class I1l.>” Whole Brain Radiotherapy (WBRT) is considered the
standard treatment for patients with brain metastases not eligible for (radio)surgery or
stereotactic radiotherapy.8 Potential benefits of WBRT are improved quality of life and
performance status, improved neurological function, and a reduction in steroid dose
needed to control neurological symptoms. However, the benefit of WBRT as compared
to best supportive care (BSC) alone has not been studied in randomized controlled
trials.’

Table 7.1 RPA class and survival.
RPA Description Current study RTOG analysis[5]
class Median survival (months) Median survival (months)
NSCLC SCLC
| KPS>70 AND 11.4 79 7.1
Age<65 years AND
Controlled systemic disease AND
Metastases to brain only
I all other patients 4.0 4.7 4.2
Il KPS<70 1.7 1.7 2.3

RPA: recursive partitioning analysis; KPS: Karnofsky performance score

Moreover, data of an unplanned interim analysis (due to poor accrual) of the phase Il
QUARTZ trial (NCT00403065) comparing BSC with BSC plus WBRT in inoperable brain
metastases from NSCLC indicate that, with BSC only, there is no evidence of worsening
quality of life or overall survival in patients for whom clinician and patient are uncertain
of the benefit of WBRT.*°

Current practice is that most guidelines (European Society of Medical Oncology,
National Institute for Health and Clinical Excellence, National Comprehensive Cancer
Network) advise WBRT combined with BSC without taking into account the RPA
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classification or another prognostic classification.”"* However, in the revised Dutch
guideline ‘brain metastases from solid tumours’ (version 3.0, July 2011) it is advised to
treat patients with more than three metastatic lesions in RPA class | and the majority of
the patients in RPA class Il actively with WBRT and to treat patients in RPA class I
primarily symptomatically with BSC.™ The performance score is often implemented in
decision-making in other guidelines but RPA classification, although validated, is not
implemented in these guidelines. As RPA class seems strong in predicting early death,™
its use was advised in the revised Dutch guideline.

The aim of this study was to analyze whether the revised Dutch national guideline had
impact on the selection of patients for WBRT, i.e. whether the percentage of RPA Il
patients who underwent WBRT decreased. Results for referral of RPA Il patients
despite a low performance score were also studied. Furthermore the survival data of
the studied patient cohort were compared to the survival reported in the RTOG
validation studies.’

MATERIALS AND METHODS

PATIENT SELECTION

Data of 428 lung cancer patients from 3 teaching hospitals in the South of the
Netherlands who underwent WBRT for brain metastases between March 2004 and July
2012 were retrospectively analyzed. WBRT was delivered at MAASTRO Clinic
(Maastricht) and the Catharina Hospital (Eindhoven). Details on age, gender,
performance score (according to WHO/KPS), histology, local (intrathoracic) disease
control, presence of extracranial metastases, time from diagnosis of lung cancer to
development of brain metastases, and date of death or last follow-up visit were
collected. Control of the primary tumour was defined as a complete tumour response
or lack of local progression for at least three months before WBRT [based on chest
X-ray or computed tomography (CT) of the chest]. Diagnosis of extracranial metastases
was based on CTs of the chest and upper-abdomen, bone scintigraphy or ultrasound of
the abdomen within one month of diagnosis of brain metastases. When only a chest
X-ray was performed, the presence of extracranial metastases was stated as unknown.
Brain metastases were defined as synchronous if discovered at the time of diagnosis of
the primary cancer or within two months thereafter.” The RPA class was determined
using the following four items: KPS, age, local disease control and presence of
extracranial metastases. Histology was divided into NSCLC and SCLC, whereby NSCLC
was further sub-grouped in squamous cell carcinoma, adenocarcinoma, large cell
carcinoma and “not otherwise specified” (NOS). Survival time was assessed from the
date of diagnosis of brain metastases on imaging till death. Last date of follow-up was
February 2013. The study was approved by the local science committee and was
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conducted according to the Code of Conduct for the use of data in Health Research and
the Dutch “use of patient data” law.

STATISTICAL METHODS

All analyses were performed using SPSS statistical software (SPSS for Windows, version
20.0, IBM). Overall survival from time of diagnosis of brain metastases till death was
calculated for all included NSCLC and SCLC patients per RPA class using the Kaplan-
Meier method. A log rank test was performed to compare survival times between RPA
classes. Pearson Chi-Square test was used to evaluate whether there was a difference
in RPA class Ill before and after implementation of the revised guideline.

RESULTS

PATIENT CHARACTERISTICS

Between 2004 and 2012, a total of 327 NSCLC and 101 SCLC patients underwent WBRT
at two radiotherapy departments. All patients received WBRT delivered with a 6 MV
linear accelerator using two lateral fields. The prescribed dose was 5 x 4 Gy. In the
NSCLC patient group, the mean age (range) was 62.2 years (40.4-85.2), 55.4% was male
and 266 patients (81.3%) had a KPS of at least 70. In 208 patients (63.6%) the primary
tumour was uncontrolled, 139 (42.5%) had extracranial metastases and 157 (48.0%)
had brain metastases at primary diagnosis. (Table 7.2)

In the SCLC patient group, the mean age was 64.0 years (44.7-85.7), 58.2% was male
and 81 (80.2%) had a KPS of at least 70. In 60 patients (59.4%) the primary tumour was
not controlled, 43 patients (42.6%) had extracranial metastases and 41 patients (40.6%)
had brain metastases at primary diagnosis. (Table 7.2)

RPA CLASSIFICATION

For NSCLC, 20 of 327 patients (6.1%) were classified as RPA |, 235 patients (71.9%) as
RPA Il, and 53 (16.2%) as RPA IIl. RPA could not be defined in 19 patients (5.8%).

For SCLC the corresponding numbers were 9 (8.9%), 67 (66.3%), 15 (14.9%), and
10 (9.9%), respectively.
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Table 7.2 Patient characteristics.
Patient characteristics NSCLC N=327 SCLC N=101
Mean age (range) 62.2 (40.4-85.2) 62.1 (44.7-83.5)
% male 55.4 64.0
Histology
Adenocarcinoma 145 (44.3%)
Squamous cell carcinoma 37 (11.3%)
Large cell carcinoma 60 (18.3%)
Not otherwise specified 85 (26.1%)
Performance (KPS)
270 266 (81.3%) 81 (80.1%)
<70 53 (16.2%) 15 (14.9%)
Missing 8(2.5%) 5 (5.0%)
Diagnosis of primary to development of BM
Synchronous 157 (48.0%) 41 (40.6%)
Metachronous 170 (52.0%) 60 (59.4%)
KPS>70, control of primary
Under control 41 (15.4%) 17 (21.0%)
Uncontrolled 208 (78.2%) 60 (74.1%)
Unknown 17 (6.4%) 4 (4.9%)
KPS>70, extracranial metastases
No 104 (39.1%) 32 (39.5%)
Yes 146 (54.8%) 44 (54.3%)
Unknown 16 (6.1%) 5(6.2%)

NSCLC: non-small cell lung cancer: SCLC: small cell lung cancer; KPS: Karnofsky performance score; BM: brain
metastases

SURVIVAL

The majority of patients were dead at the time of analysis. Nine NSCLC patients (2.8%)
and two SCLC patients (2.0%) were alive. For one NSCLC patient the date of death was
unknown. These patients were classified as censored observations at the time of last
follow-up. Eight NSCLC (five RPA II, three RPA Ill) and two SCLC (one RPA II, one RPA Ill)
patients did not start or complete radiotherapy due to progressively deteriorating KPS.
Since these patients were first considered eligible for WBRT, they were included in the
analysis with the intention to treat principle.

Median survival [95% CI] for NSCLC RPA class I, Il and Ill was 11.4 [9.9-12.9],
4.0 [3.4-4.7] and 1.7 [1.3-2.0] months, respectively. This difference was statistically
significant (p<0.0001). (Figure 7.1A) For the NSCLC patients with an unknown RPA
classification, median survival was 2.7 [2.4-3.0] months.

For SCLC median survival [95% CI] for RPA class I, Il and lll was statistically significant
different at 7.9 [4.1-11.7], 4.7 [3.3-6.1], and 1.7 [1.5-1.8] months, respectively
(p<0.0001). (Figure 7.1B) For the SCLC patients with an unknown RPA class median
survival was 4.2 [3.5-5.0] months.

In the large group of RPA class Il patients a subgroup analysis was performed to
evaluate whether there were patient groups with different survival. Patients with
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extracranial metastases had a significantly worse median survival compared to patients
without (3.7 [2.8-4.5] versus 5.7 [4.7-6.7] months (p=0.004, Figure 7.1C). Age under or
over 65 years had no impact, median survival was respectively 4.6 [3.9-5.2] and 3.5
[2.8-4.1] months (p=0.472). The same was found for control or no control of primary

tumour, median survival was respectively 3.5 [1.6-5.4] and 4.3 [3.6-4.9] months
(p=0.912).
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Figure 7.1A  Survival post brain metastases in NSCLC patients per RPA class.
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Figure 7.1B  Survival post brain metastases in SCLC patients per RPA class.
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Figure 7.1C  Survival in RPA class Il subgroups with and without extracranial metastases.

RPA CLASS Il PATIENTS

In order to evaluate why RPA class Il patients were treated despite a low KPS, a more
detailed analysis was performed.

RPA class Ill patients were divided according to the presence or absence of extracranial
metastases and to the presence of synchronous or metachronous brain metastases.
Regarding the first, it was hypothesized that RPA class Ill patients with solely brain
metastases and no extracranial metastases at diagnosis were treated with WBRT
despite a low KPS.

Regarding the latter, it was postulated that having a first line systemic treatment option
available could also be a reason to treat these patients (although palliative systemic
treatment is not recommended in patients with a low KPS, with a possible exception of
SCLC patients because of high response rates to first line chemotherapy).

However, the majority (60.0% of NSCLC and 67.3% of SCLC) of RPA Ill patients was
diagnosed with extracranial metastases, and 50.0% of NSCLC and 66.6% of SCLC
patients had metachronous brain metastases. With the exception of SCLC patients
diagnosed with synchronous brain metastases (only three patients, median survival 5.0
[0.0-10.3] months), median survival for NSCLC and SCLC was 1.2-2.8 months. (Table 7.3)
Because of the low number of patients, groups were not further subdivided into
controlled versus uncontrolled primary tumour.
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Table 7.3 RPA class Il characteristics and survival.
RPA class I Synchronous Median survival Metachronous  Median survival,
(N (%)) BM (N (%)) [95% Cl], months BM (N (%)) months
NSCLC (N=52)
With ECM 14 (40.0) 1.7 [1.5-1.9] 21 (60.0) 1.5[1.2-1.8]
N=35 (67.3%)
Without ECM 6 (54.5) 2.0[0.1-3.8] 5 (45.5) 2.8[0.0-7.7]
N=11 (21.2%)
Unknown ECM 3(50.0) 1.7 [1.0-2.6] 3(50.0) 1.5[0.9-2.1]
N=6 (11.5%)
SCLC (N=15)
With ECM 3(33.3) 5.0 [0.0-10.3] 6 (66.6) 1.7[0.1-3.3]
N=9 (60.0%)
Without ECM 1(33.3) 1.4 [N/A] 2 (66.6) 1.6 [N/A]
N=3 (20.0%)
Unknown ECM 0( 0.0) N/A 3 (100) 1.2 [0.5-2.0]

N=3 (20.0%)

RPA: recursive partitioning analysis; BM: brain metastases; NSCLC: non-small cell lung cancer; ECM:
extracranial metastases; SCLC: small cell lung cancer.

EFFECT OF THE REVISED GUIDELINE

Before the revised Dutch national guideline was implemented in 2011, 11.3 to 21.3% of
WBRT patients was annually classified as RPA Ill (on average 9 patients per year). In the
year after implementing the guideline, this number only slightly dropped to 13.0%
(6 patients per year) (p=0.646).

DISCUSSION

Brain metastasis frequently occurs in lung cancer patients and is related with a poor
outcome.>*

Despite the recommendations in the Dutch national guideline, in our cohort 16.2% of
NSCLC and 14.9% of SCLC patients treated with WBRT were RPA class Ill. Despite the
release/implementation of the new national guideline in 2011, no substantial decrease
in class Ill patients as percentage of the total of patients treated with WBRT was
observed.

It is still largely unknown whether a poor overall prognosis is not only a poor prognostic
factor for survival, but also predictive factor for the poor effects of WBRT. In older
studies (in which all patients were treated with WBRT) a poor performance score was
found to be a poor prognostic factor. In two recent studies (one interim-analysis only),
this appeared to be also a poor predictive factor as there was no difference in survival
between patients treated with and without WBRT.'**
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Our study confirms the dismal outcome of these RPA Il patients. A possible explanation
for (continuing) treating RPA class Ill patients is that physicians overestimate the
benefit of WBRT." Furthermore, cancer patients and their relatives may have
unrealistic expectations and are more often than non-cancer patients willing to accept
an aggressive potentially toxic treatment with little or no benefit on survival or quality
of life.”®

In our study no explanation was found for treating RPA class Ill patients despite their
poor performance score. Most of these patients were already treated with first line
chemotherapy and were not diagnosed with brain metastases as the only site of
disease activity. (i.e., they did not have a more favourable prognosis).

Potential benefits of WBRT are not well studied and there are no completed
randomized trials of WBRT versus BSC with adequately defined endpoints. In older
WBRT studies, ™ symptomatic responses following WBRT of more than 60% were noted,
but quality of life was not the primary endpoint. Also, response was not well defined,
without any separation between response to corticosteroids or WBRT, and with
measurement techniques that were neither standardized nor validated. More recent
studies and a Cochrane review suggest that there is either only a modest effect of
WBRT on quality of life and/or survival, or that no conclusion can be drawn.?*?
Moreover, there is evidence that in NSCLC patients for whom the clinician (i.e.,
multidisciplinary lung/neuro-oncology team) and/or patient are uncertain of the
benefit of WBRT, withholding WBRT does not harm the patient. An unplanned interim
analysis of the QUARTZ trial (N=151) indicated that there is no early evidence of
worsening quality-adjusted life years (primary endpoint) for these NSCLC patients when
treated with BSC only.”® The total accrual of 534 patients in this study with a highly
relevant primary endpoint for these patients is expected mid-2014. A recent
retrospective study (N=113) in patients with brain metastases and adverse prognostic
factors reported comparable results.'® Another recent prospective non-randomized
study (N=91) found no additive value of WBRT to optimal supportive care in RPA class
Il patients (predominantly NSCLC).”*

However, current practice is that most guidelines advise WBRT in addition to optimal
supportive care.”™ Although the performance score is used for decision-making in
other guidelines, RPA classification is not mentioned. Furthermore, according to our
study, presence or absence of extracranial metastases could be used in RPA class Il to
further refine the prognostic classification in this group. In the original RTOG analysis,
this retained no significance, but it is possible that for lung cancer patients the presence
of extracranial metastases is also a poor prognostic factor.

There are some drawbacks to this study. First of all, due to the retrospective design we
were unable to collect all data (e.g., on performance status, control of primary tumour
or extracranial metastases). In clinical routine, the evaluation of the extent of the
intrathoracic disease is somewhat arbitrary and the effort to evaluate the extent of
extrathoracic disease is typically modest once the diagnosis of brain metastases is
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established. Despite this, evaluation of extracranial disease is important because of the
prognostic implications as we have shown in the subgroup of RPA class Il patients. Due
to these missing data we were unable to determine the RPA class for all patients (5,8%
of NSCLC patients, 9,9 % of SCLC patients). Second, the retrospective nature led to a
slightly different distribution of patients in the RPA classes compared to the original
RTOG analysis.5 In our study, less patients were classified as RPA class | and more as
RPA class II. In the only study validating RPA classification for SCLC-only patients with
brain metastases, more patients were classified as RPA 11l (33% compared to 14.9% in
our series).’

Except for NSCLC RPA class |, survival data were comparable to the original RTOG
analysis (Table 7.1),” as well as to three lung cancer only studies.®”** It is possible that
due to the small sample size our NSCLC RPA class | cohort is a highly selected group
with a favourable histology and thus longer survival. Third, we did not have full data
regarding patients who were evaluated by the radiation oncologist but were considered
ineligible for WBRT. For those evaluated, low performance score was the main reason
for ineligibility. Data regarding patients who were never considered candidates for
WBRT by the treating pulmonologist or multidisciplinary team were not retrievable. It
would be interesting to investigate why some RPA class Ill patients are considered
candidates for WBRT and some are not.

Fourth, only two radiotherapy departments (easily accessed by the three referral
hospitals) were included in our analysis. This may not be representative for the whole
country, however the lack of use of RPA class in other guidelines suggests that the use
of RPA Ill class is not common sense in selection of patients for WBRT.

Fifth, we did not have data regarding neurological outcome or quality of life after
WBRT. However, other studies found no additive value of WBRT in RPA class Il
patients/patients with adverse prognostic factors.'®**** Considering the results in our
study and bearing in mind the poor outcome of RPA class Ill patients use of RPA class
for selection of lung cancer patients for WBRT should be stressed. At the moment the
latter is most precisely described in the Dutch guideline, but in our opinion other
guidelines should also stress the importance of selecting the right patients. To facilitate
this, a prognostic classification and not only performance status should be
implemented in other guidelines. Physicians should be aware of their overestimation of
the effect of WBRT on quality of life for the patient or even survival. Discussing disease
prognosis, the effects and the side effects of WBRT with patients having brain
metastases by their referring physicians is important. These patients should also be
discussed in multidisciplinary meetings.
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CONCLUSION

Although the Dutch guideline does not advise WBRT in RPA class Il patients,

14.9-16.2% of the studied WBRT patients were class RPA ll. Despite the
release/implementation of the new multidisciplinary national guideline in 2011, no
decrease in referral of RPA class Ill patients for WBRT was observed. Reasons for
referral despite a low performance score were not found. The survival of RPA class Il
patients is poor and in agreement with the RTOG validation studies. In our view,
guidelines should be implemented more precisely and a prognostic classification should
also be implemented in other guidelines. Better awareness amongst physicians and
correct information of patients on treatment expectations would prevent some
patients from being treated unnecessarily.
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ABSTRACT

Objectives

Both bone and brain are frequent sites of metastasis in non-small cell lung cancer (NSCLC). Conflicting data
exist whether EGFR mutant (+) patients are more prone to develop brain metastases or have a better
outcome with brain metastases compared to EGFR/KRAS wildtype (WT) or KRAS+ patients. For bone
metastases this has not been studied.

Methods

In this retrospective case-control study all EGFR+ (exon 19 and 21) patients diagnosed at two pathology
departments were selected (2004/2008 to 2012). For every EGFR+ patient a consecutive KRAS+ and WT
patient with metastatic NSCLC (mNSCLC) was identified. Patients with another malignancy within 2 years of
mNSCLC diagnosis were excluded. Data regarding age, gender, performance score, histology, treatment,
bone/brain metastases diagnosis, skeletal related events (SRE) and subsequent survival were collected.

Results

189 patients were included: 62 EGFR+, 65 KRAS+, 62 WT. 32%, 35% and 40% respectively had brain
metastases (p=0.645). Mean time to brain metastases was 20.8 [+12.0], 10.8 [+9.8], 16.4 [+10.2] months
(EGFR+-KRAS+ p=0.020, EGFR+-WT p=0.321). Median post brain metastases survival was 12.1 [5.0-19.1], 7.6
[1.2-14.0], 10.7 [1.5-19.8] months (p=0.674). 60%, 52% and 50% had metastatic bone disease (p=0.528).
Mean time to development of metastatic bone disease was 13.4 [+10.6], 23.3 [£19.4], 16.4 [£9.6] months
(p=0.201). Median post metastatic bone disease survival was 15.0 [10.6-20.3], 9.0 [5.2-12.9], 3.2 [0.0-6.9]
months (p=0.010). Time to 1st SRE was not significantly different.

Conclusions

Incidence of brain and bone metastases was not different between EGFR+, KRAS+ and WT patients. Post brain
metastases survival, time from mNSCLC diagnosis to metastatic bone disease and 1% SRE did not differ either.
Post metastatic bone disease survival was significantly longer in EGFR+ patients. Although prevention of SRE’s
is important for all patients, the latter finding calls for a separate study for SRE preventing agents in EGFR+
patients.
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INTRODUCTION

Metastatic non-small cell lung cancer (mNSCLC) patients with activating epidermal
growth factor receptor mutations (EGFR+) have, compared to KRAS mutated (KRAS+) or
EGFR/KRAS wild type (WT) patients, a longer progression free survival (PFS) and overall
survival (OS) when treated with EGFR-tyrosine kinase inhibitors (TKI)." Differences in
tumor biology may also reflect metastatic pattern. Similar to patients with (EGFR/erB
family member) HER2 positive breast cancer,” the incidence of brain metastases may be
higher in EGFR+ patients as compared to EGFR- patients.s'9 One explanation is the
inability of currently available EGFR-TKI to cross the intact blood-brain barrier at
recommended doses.”® In the above mentioned studies only patients with brain
metastases were enrolled”’”’ and/or mutation status was not known for all included
patients.>®® Thus, the question whether the time to development of brain metastases
and outcome is different between EGFR+, KRAS+ or WT patients could not be
answered. Next to brain, bone is a frequent site of metastasis in NSCLC exerting a
negative impact on quality of life.""™ Brain metastases have also a negative impact on
survival."* Different metastatic patterns may have implications for diagnostic strategies
(e.g. screening) and treatment decisions (e.g. prophylactic treatment).

In this retrospective case-control study we compared EGFR+ to KRAS+ and WT mNSCLC
patients to determine whether EGFR+ patients are more prone to develop brain
metastases and/or metastatic bone disease, and whether they have a different survival
following the detection of these metastases.

MATERIALS AND METHODS

This study was designed as a retrospective case-control study, using a prospectively
collected database.

PATIENT SELECTION

All EGFR+ patients who were diagnosed at the pathology departments of two university
hospitals (MUMC+ and VUMC) were selected. For every EGFR+ patient the consecutive
KRAS+ and WT NSCLC patient was selected. The MUMC+ database covers the period
01-10-2008 to 01-08-2012 and the VUMC database 01-11-2004 to 01-01-2012. The
MUMC+ pathology department performs mutation analysis for the MUMC+ (both
general and referral hospital) and four surrounding general hospitals. From the VUMC
database only patients who underwent treatment at VUMC (mainly referral hospital)
were selected in order to obtain sufficient follow-up data.

Inclusion criteria: mNSCLC and known mutation status (activating EGFR+: exon 19
deletion or exon 21 mutation, KRAS+ or WT (defined as: no EGFR or KRAS mutation)).
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Exclusion criteria: exon 18 or 20 EGFR mutation, other active malignancy within 2 years
of diagnosis of mMNSCLC, mixed histology, EML4-ALK translocation positive (when
testing was performed) or no follow-up data available (at least one visit after diagnosis
of mNSCLC required).

The in- and outpatient medical records of all patients were retrieved and the following
data were collected: age at diagnosis of mMNSCLC; gender; smoking status; date of first
diagnosis NSCLC and of mNSCLC; histology; treatment; development, number,
symptoms and treatment of brain metastases; development, and treatment of
metastatic bone disease, skeletal related event (SRE) and time of death. Last date of
follow-up was August 2013.

Medical ethical committee approval was not obtained in accordance with local
regulations, as it is a retrospective study with no interventions.

MUTATION ANALYSIS

Mutation analysis for EGFR (exon 18-21) and KRAS (exon 2-3) was performed as part of
standard of care with high resolution melting as pre-screening followed by Sanger
sequencing to confirm genotype."

STATISTICAL ANALYSIS

Statistics were performed using SPSS (IBM statistics, version 20). Descriptive statistics
of demographic and clinical variables were obtained. Categorical variables were
compared using chi-square tests, continuous variables were compared using ANOVA.
For patients without metastatic bone disease or brain metastases at first diagnosis of
mNSCLC, time to diagnosis of these metastases was calculated from diagnosis of
mNSCLC and was expressed as mean with standard deviation (SD). Means were
compared using ANOVA with, if statistically significant, post-hoc Student’s—T-tests for
pair wise comparisons. OS was defined as time from diagnosis of mMNSCLC to death and
post metastatic bone disease and post brain metastases survival was calculated from
diagnosis of these metastases to death (patients without event were censored at last
visit). Both were estimated using the Kaplan-Meier method. Survival curves were
compared using the log-rank test. To estimate the hazard ratio (HR), Cox regression
analysis was used.

RESULTS

PATIENT CHARACTERISTICS

Respectively 59/603 (9.8%) and 26/346 (7.5%) NSCLC patients included in the MUMC+
and VUMC database carried an EGFR mutation. These 85 EGFR+ patients were paired
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with the consecutive KRAS+ and WT patients. The medical records of these 255 patients
were analyzed. Three EGFR+ patients had an exon 18 mutation and 8 had an exon
20 mutation; these patients were excluded together with the consecutive KRAS+ and
EGFR/KRAS WT patient. In addition, 33 patients were excluded because of: no
metastatic disease (N=13), another malignancy diagnosed within 2 years of mNSCLC
diagnosis (N=10), no follow up data (N=8) or ALK translocation (N=2). Finally,
189 patients were included in the analysis: 62 EGFR+, 65 KRAS+ and 62 EGFR/KRAS WT
(WT). Patient characteristics are shown in Table 8.1. Most EGFR+ patients (58/62
(93.5%)) received an EGFR-TKI during the course of their disease, 41/58 (70.7%) as first
line treatment.

Of the 62 EGFR+ patients, 41 had exon 19 deletions and 21 had exon 21 mutations (of
which one combined with an exon 19 deletion).

Table 8.1 Patient characteristics.

Characteristics EGFR+ KRAS+ Wildtype p-value
N=62 N=65 N=62

Female N (%) 46 (74.2) 38 (58.5) 26 (41.9) 0.001
Mean age, years (range) 60.7 (29.3-90.7) 61.0 (35.1-83.3) 63.0 (39.6— 81.8) 0.532
Never smoker N (%) 25 (40.3) 2(3.1) 9(14.5) <0.001
WHO PS 0-2 N (%) 59 (95.2) 62 (95.4) 60 (96.8) 0.164
Adenocarcinoma N (%) 57 (91.9) 53 (81.5) 52 (83.9) 0.217
Stage IV disease at first diagnosis 54 (87.1) 49 (75.4) 61 (83.9) 0.205
N (%)

PET-CT at first diagnosis of 38 (61.3) 46 (70.8) 48 (77.4) 0.232
metastatic disease N (%)*

Mutation analysis performed at 42 (67.7) 45 (69.2) 47 (75.8) 0.480

first diagnosis of metastatic
disease N (%)
1st line treatment N (%)

None 3(4.8) 8(12.3) 11(17.7) 0.080
Chemotherapy 18 (29.0) 55 (84.6) 46 (74.2) <0.001
EGFR-TKI 41 (66.2) 2(3.1) 5(8.1) <0.001
EGFR-TKI during course of 58 (93.5) 16 (24.6) 15 (24.2) <0.001

disease N (%)

EGFR: epidermal growth factor receptor; WHO PS: world health organisation performance score; TKI: tyrosine
kinase inhibitor. * except for one wildtype patient and for four EGFR+ patients with missing data: all other
patients Ct-thorax/upper abdomen

OVERALL SURVIVAL

Median OS [95% Cl] was significantly longer for EGFR+ patients compared to KRAS+ and
WT patients: 26.7 [20.4-32.9]; 11.0 [6.8-15.1] and 11.5 [7.6-15.3] months respectively
(HR 1.379 [1.135-1.677], p<0.0001, Figure 8.1).Within the EGFR+ group, median OS was
significantly longer for exon 19 than in exon 21 mutated patients: 29.8 [22.1-37.5] and
15.5 [9.4-22.6] months, respectively (HR 1.550 [1.122-2.141], p=0.006).
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Figure 8.1 Overall survival for EGFR+, KRAS and WT patients.

BRAIN METASTASES

Incidence of brain metastases was not different between the 3 groups: 20/62 (32.3%)
EGFR+, 23/65 (35.4%) KRAS+ and 25/62 (40.3%) WT patients had brain metastases
(p=0.645). At diagnosis of mNSCLC brain metastases were present in 5/20 (25.0%), 9/23
(39.1%) and 13/25 (52.0%) patients (p=0.184). Mean time [SD] to diagnosis of brain
metastases for patients without brain metastases at initial diagnosis of mNSCLC was
20.8 [+12.0]; 10.8 [+9.8] and 16.4 [+10.2] months respectively. EGFR+ patients had a
significantly longer time to development of brain metastases than KRAS+ (p=0.020) but
not compared to WT patients (p=0.321). No significant difference in median [95% Cl]
post brain metastases survival was observed: 12.1 [5.0-19.1]; 7.6 [1.2-14.0] and 10.7
[1.5-19.8] months (HR 1.119 [0.801-1.565], p=0.674, Table 8.2, Figure 8.2).

All 15 EGFR+ patients who developed brain metastases after initial diagnosis of mNSCLC
were treated with an EGFR-TKI during the course of their disease (9/15 (60%) first line,
12/15 (80%) before development of brain metastases). Mean time [SD] to development
of brain metastases was not significantly different between EGFR+ patients who were
in first line treated with an EGFR-TKI versus patients who received it in a later line (21.3
[£12.9] months versus 18.8 [+9.2] months, p=0.760) nor was there a significant
difference in time to brain metastases for patients who received an EGFR-TKI or only
chemotherapy before development of brain metastases (21.4 [+12.4] months versus
17.3 [£12.5] months, p=0.675). In the latter group (N=3) EGFR-TKI treatment was
started after diagnosis of brain metastases. Median survival [95% CI] post brain
metastases was not significantly different between patients receiving an EGFR-TKI
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before or after development of brain metastases (6.8 [0.0-18.9] months compared to
11.0 [9.1-12.8] months) (p=0.808). In addition no difference in OS was observed (37.3

[16.5-58.1] months and 31.6 [12.2-51.1] months respectively, p=0.861).

Table 8.2 Mutation status and bone / brain metastases.

EGFR+ KRAS+ Wildtype p-value
N=62 N=65 N=62

Brain metastases

Imaging at 1™ diagnosis of

mNSCLC N (%)

- MRI 15 (24.2) 19 (29.2) 18 (29.0) 0.417

-CT 20(32.3) 25 (38.5) 28 (45.2)

- None** 25 (40.3) 19 (29.2) 16 (25.8)

- Missing 2(3.2) 2(3.1) 0(0.0)

BM N (%)

-Yes 20 (32.3) 23 (35.4) 25 (40.3) 0.645
-At diagnosis - 5(25.0) - 9(39.1) -13(52.0) 0.184
-During follow up -15(75.0) -14 (60.9) -12 (48.0)

-No 42 (67.7) 42 (64.6) 37(59.7)

Time to BM months [SD] 20.8 [+ 12.0] 10.8[+9.8] 16.4 [+ 10.2] EGFR/KRAS 0.020,

EGFR/WT 0.321

EGFR-TKI before BM N (%) 15 (100.0) 1(7.1) 4(33.3) <0.001

- First line -12(80)

Symptomatic N (%) 16 (80.0) 17 (73.9) 24 (96.0) 0.097

Treatment

- WBRT N (%) 12 (60.0) 11 (47.8) 20 (80.0) 0.028

- SRS N (%) 2 (10.0) 8(34.8) 6(24.0) 0.161

- Surgery N (%) 0(0.0) 3(13.0) 1(4.0) 0.260

Post BM survival

months [95% Cl] 12.1[5.0-19.1]  7.6[1.2-14.0]  10.7[1.5-19.8]  0.674

Bone metastases

Imaging at 1st diagnosis of

mNSCLC N (%)

- PET-CT 38 (61.3) 46 (70.8) 48 (77.4) 0.232

-CT* 17 (27.4) 13 (20.0) 11 (17.7)

- Bone scintigraphy$§ 5(8.1) 4(6.2) 2(3.3)

- Missing 2(3.2) 2(3.0) 1(1.6)

Bone mets N (%)

- Yes 37 (59.7) 34 (52.3) 31 (50.0) 0.528

- At diagnosis -20(54.1) -26 (76.5) -18(58.1) 0.121
- During follow up -17 (45.9) - 8(23.5) -13(41.9)

-No 25 (40.3) 31 (47.7) 31 (50.0)

Time to bone mets months

[SD] 13.4 [+ 10.6] 23.3 [+ 19.4] 16.4 [+ 9.6] 0.201

SRE+ N (%) 19 (51.4) 22 (64.7) 15 (48.4) 0.361

Time to 1st SRE months [95%

Cl] 12.9 [5.0-20.7] 7.3[0.0-14.9] 3.5[0-7.7] 0.213

Post bone mets survival EGFR/KRAS 0.049

months [95% Cl] 15.5 [10.6-20.3]  9.0[5.2-12.9] 3.2 [0-6.9] EGFR/WT 0.004

EGFR: epidermal growth factor receptor; 95% Cl = 95% confidence interval; SD=standard deviation; SRE=
skeletal related event; EGFR-TKI=epidermal growth factor receptor; WBRT=whole brain radiotherapy; SRS=
stereotactic radiosurgery. * CT —thorax/upper abdomen; § when both PET-CT and bone scintigraphy were
performed, patients were scored for “PET-CT”; ** only low dose CT brain during PET-CT was scored as

“none”.
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Figure 8.2 Survival post brain metastases for EGFR+, KRAS+ and WT patients.

METASTATIC BONE DISEASE

Incidence of bone metastases was also not different between EGFR, KRAS+ and WT
patients: 37/62 (59.7%) EGFR+, 34/65 (52.3%) KRAS+ and 31/62 (50.0%) WT patients
were diagnosed with or developed metastatic bone disease during the course of their
disease (p=0.528). Of these 20/37 (54.1%), 26/34 (76.5%) and 18/31 (58.1%)
respectively had metastatic bone disease at diagnosis of mMNSCLC (p=0.121). Mean time
[SD] to first diagnosis of metastatic bone disease for patients without metastatic bone
disease at initial diagnosis of mMNSCLC was respectively 13.4 [+10.6]; 23.3 [+19.4] and
16.4 [£9.6] months for EGFR+, KRAS+ and WT patients, (p=0.201). No difference in SRE’s
was observed: 19/37 (51.4%), 22/34 (64.7%) and 15/31 (48.4%) respectively (p=0.361).
Also, time to first SRE was equal (p=0.213). However, post metastatic bone disease
survival was significantly longer in the EGFR+ group: median [95% Cl] of 15.5 [10.6-20.3]
months compared to 9.0 [5.2-12.9] months for KRAS+ and 3.2 [0-6.9] months for WT
patients. (EGFR+-KRAS+ p=0.049, EGFR+-WT p=0.004), Table 8.2, Figure 8.3). Mean time
[SD] to development of metastatic bone disease was longer, however not significant,
for EGFR+ patients first line treated with EGFR-TKI (15.9 [#11.1] months) compared to
those treated initially with chemotherapy (7.3 [£6.7] months) (p=0.380).
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Figure 8.3  Survival post bone metastases for EGFR+, KRAS+ and WT patients.

DISCUSSION

It is well known that patients presenting with an activating EGFR mutation have a
better prognosis than KRAS+ or WT patients.l'3 Although it is frequently suggested that
EGFR+ patients, like HER2 positive breast cancer patients, are more prone to develop
brain metastases during the course of their disease,”” this could not be confirmed in
our retrospective case-control study. To our knowledge, this is the first case control
study of EGFR+, KRAS+ and WT patients with follow-up from first diagnosis of mNSCLC
to evaluate incidence of brain and bone metastases and survival thereafter. Although
this was a retrospective study, bias regarding staging and treatment has been
minimized by not selecting exclusively patients with brain metastases at diagnosis, but
including all consecutive patients with an activating EGFR mutation and comparing the
pattern of metastasis with consecutive KRAS+ and EGFR/KRAS WT patients. In the
literature, one study is available that investigated the prevalence of metastases at first
diagnosis of mNSCLC however without follow-up data.'® In this study (209 consecutive
non-squamous mMNSCLC patients, 39 EGFR+, 49 KRAS+, 41 ALK+ and 80 triple negative)
comparable results were obtained. The percentage of bone and brain metastases was
not significantly different between EGFR+, KRAS+, ALK+ and triple negative patients at
initial diagnosis of mNSCLC.*

In our study time to development of brain metastases was significantly longer in EGFR+
patients compared to KRAS+ patients, but survival post brain metastases was not
significantly different. Although different treatments (EGFR-TKI versus chemotherapy)
might influence development of and survival after brain metastases in EGFR+ patients
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in our study time to development of brain metastases was not significantly different for
EGFR+ patients treated with EGFR-TKI compared to chemotherapy. However, with only
15 EGFR+ patients developing brain metastases after initial diagnosis of mNSCLC,
numbers are too small to draw firm conclusions. In contrast, in a retrospective study of
Heon et al., including 155 EGFR+ patients, time to central nervous system progression
was significantly longer in the EGFR-TKI than in the chemotherapy group (median of 56
versus 31.6 months).” In this study CNS progression was defined not only as newly
diagnosed brain metastases, but also as growth of pre-existing metastases. Brain
metastases in EGFR+ patients respond to treatment with EGFR-TKIs******* and
radiation therapy,zz’23 with median survival post brain metastases of 12-19
months.>>?*? Little is known of post brain metastases survival in EGFR+ patients
treated with EGFR-TKI who develop brain metastases. In two retrospective studies
(N=100 and N=155), median survival after diagnosis of brain metastases was 5.5 and
5.9 months.”” Although not significant, in our study survival after diagnosis of brain
metastases was shorter when a patient was on EGFR-TKI treatment compared to
starting EGFR-TKI treatment after diagnosis of brain metastases (6.8 versus 11.0
months).

More aggressive treatment of EGFR+ patients developing brain metastases while on
EGFR-TKI treatment might prolong post brain metastases survival. For example,
treatment with irreversible EGFR-TKIs or pulse therapy EGFR-TKI has been studied.”>?’
In a phase | trial with afatinib, a NSCLC patient developed brain metastases during
treatment with afatinib 10 mg once daily, but had a 10 month lasting intracranial
response on afatinib 40 mg once daily.27 In another study, 6/9 patients with EGFR
mutant lung cancer who developed brain metastases during treatment with regular
doses of EGFR-TKI had a partial response to pulse therapy erlotinib (median of 1500 mg
weekly), another 2 had stable disease. Median time to central nervous system (CNS)
progression was 2.8 months (range 0.8-14.5).”° Another option is radiotherapy and
continuation of EGFR-TKI, especially when the brain is the only site of progressive
disease.”®* In one study, CNS response rate and disease control rate were 41% and
76% respectively. Median OS was 408 days.28 In another study, PFS was 1.7-11.1
months, OS was not mentioned.”

Our study did also not show a different incidence and time to development of
metastatic bone disease between EGFR+, KRAS+ and WT patients. Survival post
metastatic bone disease was significantly longer in the EGFR+ group, but incidence of
first SRE and time to first SRE was not different. Based on these results, it seems that
EGFR+ patients have a longer survival with SREs. Prevention of metastatic bone disease
and subsequent development of SREs (for example with bisphosphonates or
denosumab) is important for all patients, but may be especially important in this
subgroup of patients due to a longer survival with metastatic bone disease and the
higher change of developing a SRE. This calls for a separate study of the effects of SRE
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preventing agents in EGFR+ patients. Strengths of the presented study include its
multicenter character, the prospectively collected database and the case-control
design. Limitations include its retrospective nature and the small number of patients
with brain or bone metastases. As not all EGFR mutations confer the same sensitivity to
TKls, only patients with exon 19 and 21 mutations were included. Some patients only
received best supportive care, but results did not change when we performed a
subgroup analysis excluding these patients (data not shown). Finally, as current practice
is not to screen for metastatic bone disease or brain metastases in mNSCLC, in our
series patients did not undergo standard imaging at first diagnosis of metastasized
disease or during follow-up, leading to a possible underdiagnosis of metastatic bone
disease and brain metastases. Since the lack of brain and/or bone imaging at first
diagnosis of MNSCLC was similar for the three groups, bias is less likely. To determine
whether this influenced our data at first diagnosis of mMNSCLC, we reanalyzed the data
excluding patients who had no brain or bone imaging at first diagnosis of mNSCLC.
Results were similar (data not shown).

CONCLUSION

Incidence of metastatic bone disease and brain metastases was not different between
EGFR+, KRAS+ and WT patients. Furthermore, survival post metastatic bone disease
was significantly longer in the EGFR+ group, which stresses the impact of bone
management especially in these patients and probably warrant more intense screening
for metastatic bone disease.
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Chapter 9

ABSTRACT

Recently, non-small cell lung cancer (NSCLC) has been partly subclassified into molecularly-
defined oncogene “addicted” tumours for which targeted agents are available. Tyrosine kinase
inhibitors (TKI) are currently approved for patients with an activating epidermal growth factor
receptor (EGFR) mutation or anaplastic lymphoma kinase (ALK) rearrangement. In these patients,
brain metastases are often the first site of progression while on TKI treatment. The TKI may
however still be active on extra-cranial sites and clinicians are thus faced with the question if the
TKI may be continued during cranial radiotherapy. Advantages of combining TKI with cranial
radiotherapy would be a possible synergistic effect on the brain metastases and the prevention
of a systemic disease flare-up. A disadvantage is the possibly increased risk of (neuro)toxicity. The
present systematic review addresses the toxicity of combining TKI with cranial radiotherapy in
NSCLC patients.
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INTRODUCTION

Increasingly, new molecular features of non-small cell lung cancer (NSCLC) are being
discovered, leading to an unprecedented growth of targeted agents. These are often
tyrosine kinase inhibitors (TKI)." Currently, TKI are approved for metastasized NSCLC
patients with an activating epidermal growth factor receptor (EGFR) mutation or an
anaplastic lymphoma kinase (ALK) rearrangement, either as first line or beyond.>’
Examples are erlotinib, gefitinib, afatinib and icotinib (China only) for EGFR-mutations,
and crizotinib and ceritinib (USA only) for ALK-rearrangements. Approximately 20-35%
of these patients are diagnosed with brain metastasis at initial diagnosis and these
patients are often amenable for initial treatment with TKI.*® However, a substantial
part will develop new brain metastasis or progression of brain metastasis during
treatment. On erlotinib and gefitinib treatment 14-33% of patients develop
(progression of) brain metastasis.” " In patients with a survival beyond five years, this
percentage increases to 52.9%.° On crizotinib treatment 70% of patients experience
progression of brain metastases after an initial cerebral disease control rate of 60%
(median time to intracranial progression: 7 months). 20% of patients without brain
metastasis at initial NSCLC diagnosis develop brain metastasis during crizotinib
treatment and this increases to about 58% in patients with a survival beyond three
years.*® In these patients, the brain is often the first and/or only site of progression
(oligo-progression).®'>**41

The TKI may however still be active on extra-cranial sites and clinicians are thus faced
with the question if the TKI may be continued during cranial radiotherapy. Although
there are pre-clinical studies suggesting that TKIs enhance radiation effects, the effects
on normal tissues are unclear.””® Data show that some molecular features of the
tumour are not only related to response to TKI but also to radiation susceptibility of the
tumour. As an example, tumours with activating EGFR-mutations not only show a high
probability to respond to EGFR-TKI but also to radiation.”" In current guidelines (ESMO
2014, NCCN 2014, ASTRO 2012) no recommendations are made regarding the
concurrent use of TKI’s and cranial radiotherapy in NSCLC patients with an activating
mutation.”**>** Frequently, TKI’s are discontinued during cranial radiation because of
(neuro)toxicity concerns. However, toxicity (e.g. radiation pneumonitis) does not seem
to increase when EGFR-TKI are combined with thoracic radiotherapy in the majority of
studies although some did report a higher incidence of grade 3-5 radiation
pneumonitis.zz"27 Advantages of combining TKI with cranial radiotherapy would be a
possible synergistic effect on the brain metastases and the prevention of a systemic
disease flare-up. The latter has been described in both EGFR-mutated patients (23% of
patients, median time to disease flare-up 8 days, range 3-21 days) and in an ALK-
translocated patient (time to disease flare-up 15 days).zg’29 Among the factors
associated with an increased risk for a disease flare-up was the presence of central
nervous system (CNS) disease.”®
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The aim of the present systematic review is to address the toxicity of combining TKI
with cranial radiotherapy in NSCLC patients as, to the best of our knowledge, there is
no systematic review on this topic. The focus will be on neurotoxicity. When possible, a
daily practice advice will be formulated.

METHODS

SEARCH STRATEGY AND SELECTION CRITERIA

The literature search was performed following the PICO method® and is shown in
Appendix 9.1. This search was used to identify studies in Pub Med, EMBASE, Web of
Science and the Cochrane Library from 2001 until the search date in November 2014.
Additionally, clinicaltrials.gov was searched to identify unpublished or ongoing clinical
trials.

Selection criteria were established prior to the search and selection of articles. These
included human only studies, including a minimum of 5 NSCLC patients treated with
concurrent cranial radiotherapy and TKI’s (EGFR: erlotinib, gefitinib, afatinib, icotinib,
ALK: crizotinib, ceritinib and alectinib). As safety was the primary endpoint there was
no restriction on the presence of a targetable mutation. Studies with whole brain
radiotherapy (WBRT) as well as stereotactic radiosurgery/stereotactic radiotherapy
(SRS/SRT) were included. Language was restricted to English, German and Dutch.
Original articles and conference proceedings were included, reviews were excluded.
Additionally, references of eligible articles were manually searched to find other
relevant studies. All inclusion and exclusion criteria are summarized in Table 9.1.

Table 9.1 Inclusion criteria for review.

Subjects included Human only

Language English, German, Dutch

Article type Original article, conference proceeding

Number of patients >5

Site of primary tumour NSCLC

Tumour stage v

Treatment WBRT and/or SRS/SRT concurrent with TKI (EGFR- or ALK-TKI)
Follow up period All

Outcome Safety / adverse events one of the outcomes measured

NSCLC: non-small cell lung cancer; WBRT: whole brain radiotherapy; SRS: stereotactic radiosurgery; SRT:
stereotactic radiotherapy; TKI: tyrosine kinase inhibitor; EGFR: epidermal growth factor receptor; ALK:
anaplastic lymphoma kinase.

OUTCOMES

One researcher (LH) conducted the search and selection of eligible studies. All articles
were then evaluated by another independent reviewer (JS). When available, the
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following data were extracted from eligible studies by one researcher (LH) and
independently by another researcher (JS): author, year of publication, original article or
conference proceeding only, type of study, duration of study, number of included
patients, EGFR mutation/ALK-translocation status available (yes/no) and results of
mutation testing, dose cranial radiotherapy (WBRT and/or SRS/SRT), description of TKI
used (including dosing and timing), safety and efficacy outcomes.

Data were extracted and tabulated independently (Appendix 9.2). Consensus was
reached by discussion between reviewers when outcomes differed.

RESULTS

SEARCH RESULTS

The initial search in the four databases included 710 articles in total. Using Endnote and
manual screening, 179 duplicate articles were excluded. Another 461 articles were
excluded based on not relevant titles for this study, 70 articles were further screened.
After reading of the abstracts, another 43 articles were excluded based on the
exclusion criteria. Of the 27 remaining articles and conference proceedings, the whole
article was read (not possible for conference proceeding). Based on the exclusion
criteria, 11 articles and 3 conference proceedings were eligible to include in this review.
With a manual search of the reference list of the included articles one other relevant
article was found (flowchart in Figure 9.1).

DESCRIPTION AND QUALITY OF THE STUDIES

Of the 12 original articles and 3 conference proceedings that matched the selection
criteria and were included in this review, 6 evaluated erlotinib concurrent with WBRT
(one study combined WBRT with SRS),**** 4 evaluated gefitinib concurrent with
WBRT>"* and in 3 studies both drugs were studied.”"™ In 2 studies icotinib concurrent
with WBRT was studied.*** For afatinib, crizotinib, ceritinib and alectinib no studies
were found concurrent with cranial radiotherapy.

Five studies were retrospective.gs"m'43 2 studies were phase |, 7 were phase
11,3%%°% and there was only one phase llI trial.>* The phase lll trial was a randomized,
but not placebo controlled study.34 4 out of 7 phase Il studies consisted of 2
arms.*?***3% |n one of these studies patients were not randomized to one of the arms,
but treatment allocation was based on whether EGFR-mutation status was determined.
These patients (irrespective of EGFR-testing results) were allocated within the
concurrent arm, the patients in which mutation analysis was not performed were
allocated within the WBRT only arm.*® Of the 4 phase Il, 2 arm-studies only one study
was a double blind, placebo controlled study.31

32,45
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710 articles after original
search

179 duplicates excluded

>

531 articles after identifying
duplicates (using Endnote
and manually)

E— 461 articles excluded based on title

70 articles eligible based on

title
43 articles excluded based on
>
abstract
27 articles eligible based on
abstract
— 13 excluded after reading article
-11 not concurrent
12 articles (one found by - 1 only concurrent lung irradiation
screening reference lists -1 <5 patients included and unclear
relevant articles) and 3 whether concurrent irradiation

conference proceedings
included in review

Figure 9.1 Flowchart article selection.

There was one study in which only patients with an activating EGFR mutation were
included® and there were 8 other studies in which at least part of the included patients
were tested for activating EGFR mutations.**>*****4*4 |4 these studies, percentage
of EGFR-mutated patients (computed as number EGFR-mutated/total number of
patients included) varied between 1.3 and 69.8%.

For WBRT, the total radiation dose varied between 20 and 50 Gy in 4 (20Gy) to 25
(50Gy) fractions. EGFR-TKI were initiated from one week before the onset of cranial
radiation to the first day of radiotherapy. In most studies, after WBRT, investigators
could continue the EGFR-TKI at their own discretion.**?**"* Only in one study the
EGFR-TKI was discontinued one month after completion of WBRT.*® In the two-arm
studies, the treatments that were compared varied between WBRT only (or combined
with temozolomide or chemotherapy) and WBRT concurrent with EGFR-TKI, and EGFR-
TKI only compared to WBRT concurrent with EGFR-TKI.>********* primary outcomes
ranged between overall survival (0S), (neurological) progression free survival ((n)PFS),
local PFS (LPFS), intracranial response rate, toxicity and quality of life (QoL). All studies
are summarized in Table 9.2. For the retrospective studies, all outcomes are listed as
primary.
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FREQUENCY AND METHODS OF TOXICITY EVALUATION

In 3 out of 10 (30%) prospective studies, toxicity was the primary objective.*>* In the

study of Lind et al., neurotoxicity was not an end point of the trial; neurological
examination was performed at baseline and was not specified during the follow-up
although adverse events were recorded according to the Common Terminology Criteria
of Adverse Events (CTCAE) criteria.’> Wang et al did not include specific neurocognitive
functioning tests.” Zhou et al (abstract only) only performed Mini Mental State
Examinations (MMSE) up to 20 weeks after WBRT.* In the study of Lee et al, toxicity
itself was not a primary objective, however nPFS was. This consisted of a clinical
(MMSE, assessment of motor strength, visual acuity and gait) and radiological
assessment. Adverse events according to the Common Terminology Criteria of Adverse
Events (CTCAE) criteria were only recorded up to 28 days after finalizing the treatment.*’
From the other 6 prospective studies, Welsh et al. did the most extensive neurotoxicity
evaluation. Neurological examination and MMSE were performed at baseline, at
6 months and at 12 months after treatment. Patients had also formal cognitive testing
(neurological examination, Hopkins Verbal Learning Test-Revised, Trail Making Test Part
A and B, Multilingual Aphasia Examination Controlled Oral Word Association) before
enrolment, within 14 days of WBRT completion and at each follow-up visit (at 1 month
and then every 3 months).35 In the study of Pesce et al., cognitive function (MMSE, Trail
Making Test part B, EORTC QLQ-C30 cognitive function subscale) was assessed prior to
start and on day one of cycles 2, 3 and 5.% In the study of Ma et al., neurological
examination was performed weekly during concurrent treatment.”’” In the other
studies, neurotoxicity was not a specific item and toxicity was scored according to the
CTCAE criteria.>****”* Methods and frequency of toxicity assessment are summarized
in Table 9.3. Only prospective studies are summarized, as in the retrospective studies
there was no specified protocol for follow-up.

TOXICITY OUTCOMES

All outcomes are summarized in Table 9.4. 9 trials (3 retrospective) specifically
mentioned neurotoxicity‘9’2'35'37'40’41’45 of which 5 reported that there was no increased
neurotoxicity of the concurrent treatment.*>******* However, in one of these studies
2 questionable late neurotoxicity events were reported: one 74-year old male
developed dementia two years after study completion and one 56-year old female had
5 months after study completion intracranial progression for which she received SRS,
she developed brain necrosis thereafter. Other contributing factors for these events
were older age (possibly unrecognized cognitive impairment) in the first patient and the
use of SRS in the second.” In one study 5% grade 3 dizziness for both the WBRT only
and the WBRT + erlotinib group was reported but no late neurotoxicity. Duration of
dizziness was not mentioned.*® In one retrospective study (N=8) 3 patients had mental
status change.
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Chapter 9

Two of these patients also had grade 3 hyponatremia and an intercurrent infection as a
possible contributing factor for the mental status change.”® In a prospective
randomized study of WBRT together with SRS and combined with erlotinib,
temozolomide or no systemic treatment, grade 4 brain necrosis and grade 5
haemorrhagic stroke both occurred in 1/41 patients in the erlotinib arm. Grade 3
confusion and ataxia were also found, but number of patients was not specifically
mentioned.* In a single arm prospective study (N=21) 14% grade 3 headache was
reported, but grade 4-5 toxicities did not occur.” In the other 6 studies neurotoxicities
were not specifically described. However, all grade/ grade 3-5 toxicities were
mentioned and these did not include grade 3-5 neurotoxicities. Time to resolution of
toxicities was not mentioned.*"**3>4

DISCUSSION

A relatively high percentage of EGFR-mutated and ALK-rearranged patients will develop
brain metastases during the course of their disease, often while on TKI treatment.”™ *
A possible explanation for this high percentage is that the first generation TKI’s do not
achieve therapeutic concentrations in the brain due to (relative) inability to cross the
blood-brain barrier.*’”** In this situation, extra cranially located cancer cells are often
still dependent on EGFR- or ALK-signalling and are responding to TKI's.™ In patients
with brain metastases both WBRT and SRS/SRT can be considered, mainly dependent
on the number/volume of brain metastases and the performance status of the patient.’
In current guidelines, no advice regarding TKI use during cranial radiotherapy is
given.z’g”zz’23 To our knowledge, the present study was the first to systematically review
the literature in order to evaluate the safety of concurrent cranial radiotherapy and TKI.
For ALK-TKI, no studies were found. For EGFR-TKI, 15 studies were found of which 5
were retrospective.*™ In only 9 studies, presence of an activating EGFR-mutation was
evaluated with varying percentages (1.3-100%).>"*>*****"*3%> only one study was a
phase I study34 and only 3 out of 7 phase Il studies were randomized 2 arm
studies.>*** In the identified papers, treatments studied varied between WBRT only,
WBRT concurrent with EGFR-TKI (in one study also combined with SRS) and EGFR-TKI
only. No studies were found for SRS without WBRT concurrently with TKI. No studies
were identified in which patients with an activating mutation/translocation developed
brain metastases while on TKI treatment and were subsequently randomized to cranial
radiotherapy with concurrent TKI or cranial radiotherapy with temporarily
discontinuation of the TKI. Primary outcomes varied and outcome data were measured
and reported in a non-uniform way. Based on these data, WBRT concurrent with EGFR-
TKI does not seem to increase neurotoxicity, although no firm conclusions can be made.
However, one should be cautious in interpreting the neurological toxicity data from
most of these studies, as in only two studies extensive neurocognitive tests were
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performed.35'38 In both of these studies neurotoxicity was not the primary endpoint;
one study was a single arm study and the other was not powered to detect
neurotoxicity differences. Moreover, in the two arm study there was no comparator
arm without an active systemic drug (one arm gefitinib concurrently with WBRT, the
other temozolomide concurrently with WBRT).38 As such, subtle changes in
neurocognitive functioning due to concurrent TKI and cranial radiotherapy cannot be
excluded. Furthermore, WBRT combined with SRS, concurrent with EGFR-TKI does
seem to increase neurotoxicity when compared to historical data for WBRT and SRS
without concurrent systemic treatment. In the study with concurrent EGFR-TKI, grade 3
confusion and ataxia (percentage not mentioned), grade 4 brain necrosis (2.4%) and
grade 5 stroke (2.4%) were reported.** In the study without systemic treatment, acute
toxicities were grade 3 in 2% of patients, grade 4 in 1% and none had grade 5
toxicities.” Non-neurological toxicities seem to increase with the concurrent use of
EGFR-TKI when compared to monotherapy EGFR-TKI or WBRT. EGFR-TKI’s are known to
cause grade 23 toxicities, like rash (3-13%), diarrhoea (0-25%), fatigue (0-19%), nausea
(3-6%), vomiting (3-5%) and interstitial lung disease (1.2%, all grades).51'53 When
compared to the 3-13% grade 23 rash encountered with monotherapy EGFR-TKI, this
percentage is slightly higher in the concurrent treated patients in this review
(9-20%).31'35’43 Grade 23 rash was more often encountered with erlotinib than with
gefitinib as is also known from literature, possibly because erlotinib is given at the
maximum tolerated dose (MTD) and gefitinib is given at approximately one third of the
MTD.> Although location of rash was not described, it is possible that this occurred on
the scalp due to the concurrent WBRT. The same holds true for grade 23 mucositis, as
this is seldom encountered with first generation EGFR-TKI,>®> and was observed in
5-12.5% in the studies described in this review.**** However, only one of these
studies was randomized and in this trial, in both arms a systemic agent was given
(temozolomide or gefitinib).*® Moreover, the technique of WBRT was very simple, thus
including some mucosa in the irradiated volumes. Percentages of grade 23 fatigue,
nausea and vomiting do not seem to increase with EGFR-TKI concurrent with WBRT
compared to monotherapy EGFR-TKI, although WBRT itself also can also cause fatigue,
nausea and vomiting (usually < grade 2).”

As safety was the focus of our review there was no restriction on the presence of a
targetable mutation. As such, the question whether the potential increase in local CNS
response rate and the prevention of tumour flare when the TKI is continued during
cranial radiation outweighs the potential risk of clinically significant side effects is not
answered. To date, there are no studies addressing this specific question in patients
with an activating mutation. In two out of four studies that compare WBRT to
concurrent EGFR-TKI and WBRT, the response rate and OS were higher in patients that
were treated with the combined treatment. However, in these trials EGFR mutation
status was not tested or known only for a subset of patients. It was also unclear
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whether EGFR-mutated patients treated with WBRT only were afterwards treated with
EGFR-TKI (i.e. possible undertreatment of these WBRT only patients).>"**3***

As mentioned above, no studies were identified in which patients with an activating
mutation/translocation developed brain metastases while on TKI treatment and were
subsequently randomized to cranial radiotherapy with/without concurrent TKI. In
current guidelines, no advice regarding TKI use during cranial radiotherapy is
given.2’3'22’23 In daily practice, the TKI is often discontinued for 4-5 times the half-life
(T%) of the drug before start of cranial radiotherapy and is reinitiated a couple of days
after cranial radiotherapy because of (neuro)toxicity concerns. For the first generation
TKI’s, T% is 36 hours (erlotinib) to 40-42 hours (gefitinib- crizotinib).”®® T¥% of icotinib is
only six to eight hours.” As a result, TKI’s are discontinued approximately two to three
weeks because of cranial radiotherapy with the risk of a systemic disease flare-up. The
4-5 times the T% is based on the finding that after this time drugs are eliminated from
the blood. However, it is unclear whether there are still remaining biological effects of
the drug. Moreover, it is also unknown whether there is a dose-dependent effect for
radiosensitisation. Furthermore, for other drugs like monoclonal antibodies T% is often
more than one week (e.g. ipilimumab T% 15 days) which makes it impossible due to the
need for systemic disease control to discontinue these drugs for 4-5 times the T%.% As
there is a lack of pre-clinical data for e.g. radiosensitisation and dose-dependency as
well as remaining biological effects after discontinuation of the drug (TKI as well as
monoclonal antibodies), this should be subjected to further research. Another question
that is not evaluated in this review is what the best treatment sequence is for patients
with an activating EGFR mutation or ALK-rearrangement with already a diagnosis of
asymptomatic brain metastasis before commencement of a TKI. Based on available
literature, patients with an activating EGFR mutation can start directly with an EGFR-
TKI, as, despite the poor blood-brain-barrier penetration of first generation EGFR-TKIs,
the cerebral response rate is more than 80%.” For ALK-rearranged patients, data are
less clear. In the retrospective pooled analysis of the subgroup of patients with
previously untreated brain metastases included in the PROFILE 1005 and 1007 studies,
cerebral response and disease control rate were only 18% and 53% respectively, and
the CNS was the initial site of progression in 70% of patients.8 One can argue that in this
patient population, cranial radiotherapy can be considered first.

Also, the place of the second and third generation TKI's (EGFR: afatinib, AZD9291, CO-
1686, ALK: ceritinib, alectinib) should be determined as these agents have a better
penetration in the CSF compared to first generation TKI’s and cranial responses are
found with these agents in patients who develop brain metastases when they have
already been treated with first generation TKI.%%%2 Another option that could be
explored in this patient population is the use of SRS without WBRT, even for multiple
(five to ten) brain metastases. This because recently it was found that results for SRS
alone did not differ between patients with two to four brain metastases compared to
five to ten metastases.”® The advantages for SRS/SRT without WBRT are that both
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cognition and quality of life are superior with SRS/SRT alone.®* Moreover, local control
rates are durable (12-month local control rate between 50 and more than 80%
dependent on radiation dose and volume of brain metastases) and complication rate is
low (grade 23 adverse events less than 5%).63’65’66 However, because of number and/or
volume of brain metastases, not all patients are suitable for SRS/SRT and WBRT still is
an option in this patient population. Although there are some studies investigating
WBRT concurrently with an EGFR-TKI (overview in Table 9.5), there are currently no
ongoing studies in patients with an activating EGFR-mutation oligoprogressive in the
brain while on EGFR-TKI treatment.

In summary, although there are arguments that EGFR-TKI can be safely applied
concurrent with WBRT, there is no high-level evidence to support this. With the
addition of SRS/SRT to WBRT, severe (grade 3-5) toxicities may increase, although
further studies are needed.* For ALK-rearranged patients no data are available. This
review stresses the need for high quality studies evaluating the use of TKI with
concurrent radiotherapy in patients with an activating EGFR-mutation and/or ALK-
rearrangement as well as for the further evaluation of the place of second and third
generation TKI’s and SRS/SRT in this selected patient population.
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APPENDIX 9.1

SEARCH STRATEGY

PICO Search terms

Patient

NSCLC OR
Non-small cell lung cancer

Intervention AND

EGFR-TKI OR
erlotinib

gefitinib

afatinib

icotinib

ALK

ALK-inhibitor

crizotinib

ceritinib

LDK378

alectinib
RO5424802

AND

whole brain radiotherapy OR

WBRT

whole brain irradiation
cranial radiotherapy
cranial irradiation
stereotactic radiotherapy
SRT

stereotactic radiosurgery
SRS

radiosurgery

Comparator

not specified in search strategy in order to include single arm studies

Outcome

not specified in search strategy in order to include studies in which
safety was not a primary outcome
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APPENDIX 9.2

DATA EXTRACTION SHEET

Titel

first author

year of publication

description of study (retrospective or prospective)
Phase study

number of arms in study

if applicable, randomization

if applicable, blinding

time period

number of patients included (and planned when different)
EGFR mutation status tested

number of patients tested, results

WBRT/SRS dose (Gy)

targeted treatment (drug, dose, start, how long)

if applicable, same for comparator arm(s)

primary objective(s) study

secondary objective(s) study

neurological safety outcome, as specified as possible
other safety outcomes

efficacy outcomes
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ABSTRACT

Objectives

Development of leptomeningeal metastasis (LM) in non-small cell lung cancer (NSCLC)-patients is
associated with a poor prognosis. It has been suggested that LM-patients with epidermal growth
factor receptor mutated (EGFR+) NSCLC have a superior prognosis compared to EGFR wild-type
NSCLC. Studies in EGFR+ NSCLC-patients with LM are scarce. We retrospectively evaluated a
multi-institutional cohort of EGFR+ NSCLC-patients for LM to assess clinical outcome in relation to
patient characteristics and treatment modalities.

Material and methods

Medical records of advanced-stage EGFR+ NSCLC-patients (diagnosed between August 2000 and
June 2014) from 11 Dutch hospitals were evaluated for LM as diagnosed by MRI and/or
cytopathological liquor analysis. Data on patient characteristics, treatment and outcome were
collected.

Results

Thirty-two of 356 (9.0%) advanced-stage EGFR+ NSCLC-patients (median follow-up 21.0 months),
were diagnosed with LM between 2006 and 2014. LM was diagnosed by MRI (59.4%), liquor
analysis (9.4%) or by both MRI and liquor analysis (31.3%). Median survival after LM-diagnosis
was 3.1 months (95% ClI 0.0-7.3). Six- and twelve-month survival rates were 43.8% and 18.8%,
respectively. Patients with performance status (PS) 0-1 at time of diagnosis of LM had a
significantly higher chance to be alive after six months and had a significantly longer survival after
diagnosis of LM compared to patients with PS >2. Age, treatment with high-dose EGFR-TKI,
radiotherapy and whether LM was the only site of progressive disease did not influence survival
after LM-diagnosis.

Conclusion

Although median survival after LM-diagnosis in EGFR-mutated NSCLC-patients was poor, a
substantial part of the patients had a prolonged survival of more than six months. PS of 0-1 at
time of diagnosis of LM was associated with prolonged survival. No other patient- or treatment-
related characteristics were identified. Further research is warranted to identify treatment
strategies that improve survival in EGFR+ NSCLC-patients with LM.
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INTRODUCTION

Neoplastic meningitis, or leptomeningeal metastasis (LM), is the result of spread of
malignant cells to the subarachnoid space within the compartment of the cerebrospinal
fluid (CSF)." It occurs in many types of cancer, including non-small cell lung cancer
(NSCLC). LM is associated with poor prognosis and rapid deterioration of performance
status.' Radiotherapy, surgery and intrathecal chemotherapy all have been described as
treatment options for NSCLC-patients with LM. However, the efficacy of these
treatments for LM-patients is unclear and there is no consensus which (combination)
provides the optimal therapeutic strategy.z'3 Treatment should be discussed in a
multidisciplinary team involved in the treatment of this complication of cancer.

It has been reported that central nervous system (CNS) metastases (including LM) are
more often diagnosed in epidermal growth factor receptor (EGFR)-mutated (EGFR+)
NSCLC-patients.* This may be due to the prolonged survival of EGFR+ NSCLC-patients
and/or the poor penetration of first generation tyrosine kinase inhibitors (TKIs) across
the blood-brain barrier (BBB) into the CSF.> Several studies have reported on LM in
NSCLC-patients. However, in most studies, EGFR-mutation status was not provided or
only in a small subset (N=6-23) of patients.”>**®

Small series suggest that EGFR-TKI naive EGFR+ patients who received EGFR-TKI
treatment after diagnosis of LM may experience a better survival than patients who do
not receive EGFR-TKI treatment after diagnosis of LM.***® However, since LM is usually
a late event, most EGFR+ NSCLC-patients have already been treated with EGFR-TKIs
prior to diagnosis of LM. In addition to the previous mentioned treatment modalities
for LM, high-dose EGFR-TKIs and switch of EGFR-TKI-treatment have been described as
treatment option for EGFR+ NSCLC-patients with LM.”****’

Altogether, data on LM in EGFR+ NSCLC are scarce. We therefore retrospectively
evaluated a multi-institutional cohort of EGFR+ NSCLC-patients for diagnosis of LM. The
purpose of this study was to describe diagnosis of LM and treatment modalities and
survival after diagnosis of LM, in EGFR+ NSCLC-patients.

MATERIALS AND METHODS

Medical records of EGFR+ NSCLC-patients from 11 Dutch hospitals (4 academic and
7 non-academic) who were diagnosed with advanced-stage (stage IlIB or IV) NSCLC
between August 2000 and June 2014 were retrospectively reviewed for diagnosis of
LM. A diagnosis of LM was defined as focal or diffuse enhancement of leptomeninges,
nerve roots or ependymal surface diagnosed by magnetic resonance imaging (MRI)
and/or a cytopathological diagnosis of malignant cells in the CSF. Detection of atypical
and/or suspicious cells in the liquor did not qualify for the diagnosis of LM. All patients
were tested for the presence of EGFR-mutations in their tumor as standard of care. An
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EGFR-mutation was defined as any mutation detected in exon 18, 19, 20 and/or 21 of
the EGFR-gene. Data on demographics, clinical and tumor-related features, treatments
and clinical outcomes were extracted from the medical records. The medical ethical
committee of the VU University Medical Center approved the protocol.

Follow-up was extended through October 2014 and was calculated from first diagnosis
of advanced-stage NSCLC until death or last day of follow-up. Objective response rate
(ORR) of extracranial lesions on standard-dose EGFR-TKI treatment was calculated as
the proportion of patients with complete or partial response according to Response
Evaluation Criteria in Solid Tumors (RECIST) 1.1." Disease control rate (DCR) on
standard-dose EGFR-TKI treatment was calculated as the proportion of patients with an
objective response or stable disease for at least 6 weeks according to RECIST 1.1.®
Progression-free survival (PFS) on standard-dose EGFR-TKI treatment was calculated as
the time from first day of EGFR-TKI treatment until progression of disease or death.
Overall survival (OS) was calculated from first diagnosis of advanced-stage NSCLC until
date of death or patients were censored at last follow-up. Survival after diagnosis of LM
was calculated as the time from date of diagnosis of LM until date of death or patients
were censored at last follow-up.

Comparison of categorical variables was performed with Pearson’s )(2 test. Comparison
of continuous variables was performed with independent T-test. Survival analyses were
performed according to the Kaplan-Meier method and tested for significance with the
log rank test. Two-sided p-values <0.05 were considered significant and confidence
intervals (Cl) were calculated at a 95% confidence level. Statistical analyses were
performed using SPSS for Windows (version 20; SPSS Inc., Chicago, Il, USA).

RESULTS

LEPTOMENINGEAL METASTASES IN EGFR+ NSCLC-PATIENTS

Medical records of 356 advanced-stage NSCLC-patients with an EGFR-mutation were
screened for diagnosis of LM. Median follow-up of these patients was 21.0 months
(range 0.2—-144.9). Two patients were lost to follow-up after 24.5 and 44.5 months. LM
was diagnosed in 9.0% of the patients (32 patients). Patient and tumor characteristics
are provided in Table 10.1.

In 19 patients (59.4%) LM was diagnosed by MRI, in three patients (9.4%) by CSF
cytology and in 10 patients (31.3%) by both MRI and CSF cytology (Table 10.2). In one
patient, LM was detected on MRI but CSF analysis was negative twice for malignant
cells. In three patients in whom LM was detected by CSF cytology, there was no
confirmation of LM by MRI; in one patient only a CT-scan was performed and in two
patients LM could not be detected on MRI.
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Table 10.1  Patient characteristics.

Patient characteristics EGFR+ NSCLC-patients EGFR+ NSCLC-patients P
without LM (N=324) with LM (N=32)
Median age * (years) 61.0 (range 30.0-90.7) 54.0 (range 29.2-78.6) 0.014
Median (months) 25.4 (95% Cl 22.3-28.5) 19.9 (95% Cl 11.6-28.2)  0.476
overall
survival ?
Frequency (percentage) Frequency (percentage) P
Gender Male 98 (30.2%) 14 (43.8%) 0.117
Female 226 (69.8%) 18 (56.2%)
Smoking Current smoker 31 (9.6%) 2 (6.2%) 0.925
Former smoker 117 (36.1%) 12 (37.5%)
Never-smoker 152 (46.9%) 16 (50.0%)
Unknown 24 (7.4%) 2 (6.2%)
Performance PSO 126 (38.9%) 16 (50.0%) 0.511
Status (PS)®  PS 1 139 (42.9%) 10 (31.3%)
PS2 23 (7.1%) 1 (3.1%)
PS3 8 (2.5%) 2 (6.3%)
PS4 2 (0.6%) 0 (0.0%)
Unknown 26 (8.0%) 3 (9.4%)
Histology Adenocarcinoma 297 (91.7%) 32 (100%) 0.577
Adenosquamous 1 (0.3%) 0 (0.0%)
carcinoma
Squamous cell carcinoma 1 (0.3%) 0 (0.0%)
Large-cell lung cancer 23 (7.0%) 0 (0.0%)
Non-small  cell  neuro- 2 (0.6%) 0 (0.0%)
endocrine carcinoma
Mutation EGFR-exon 18 9 (2.8%) 1 (3.1%) 0.730
EGFR-exon 18 + 20 12 (3.7%) 1 (3.1%)
EGFR-exon 18 + 21 2 (0.6%) 0 (0.0%)
EGFR-exon 19 169 (52.2%) 17" (53.1%)
EGFR-exon 19 + 21 2 (0.6%) 0 (0.0%)
EGFR exon 20° 42 (13.0%) 1 (3.1%)
EGFR-exon 20 + 21 3 (0.9%) 0 (0.0%)
EGFR-exon 21 85 (26.2%) 12 (37.5%)

“ At time of 1% diagnosis of advanced-stage NSCLC; ®From date of diagnosis of stage IV untill date of death or
last day of follow-up; ¥ All Exon 19 deletions; ® All non-T790M mutations;  All exon 21 L858R mutations. LM:
leptomeningeal metastasis. EGFR: epidermal growth factor receptor.

In six patients, mutation analysis was performed on the liquor specimen. In all six
patients the identical EGFR driver mutation was detected in the CSF as detected in the
diagnostic biopsy from a systemic lesion (four patients with an exon 19 deletion, one
patient with an exon 21 L858R and one patient with an exon 20 insertion). In one
patient with an exon 19 deletion who was progressive while on EGFR-TKI treatment,
the T790M mutation was detected in both a re-biopsy from an extracranial lesion as
well as in the liquor.
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CHARACTERISTICS OF EGFR+ NSCLC-PATIENTS WITH LEPTOMENINGEAL METASTASES

LM was diagnosed between November 2006 and March 2014. The majority of EGFR+
NSCLC-patients with LM was female (56.2%) and most patients were never- (50.0%) or
former smokers (37.5%), alike EGFR+ NSCLC-patients without LM (Table 10.1). At time
of first diagnosis of advanced-stage NSCLC, median age was 54.0 years (range
29.2-78.6), being significantly younger than EGFR+ NSCLC-patients without LM (61.0
(range 30.0-90.7), p=0.014). Median time from diagnosis of advanced-stage NSCLC until
diagnosis of LM was 13.6 months (95% Cl 7.7-19.5, range 0.0-61.4) (Table 10.2). ECOG
performance status (PS) at time of diagnosis of LM was PS 1 in 15 patients (46.9%), PS 2
in ten patients (31.3%) and PS 3 in seven patients (21.9%). Twenty-six patients (81.3%)
presented with symptoms of cerebral LM, five patients (15.6%) with symptoms of
thoracic and/or lumbar LM and one patient (3.1%) with symptoms of both cerebral and
thoracic LM. In 15 patients (46.9%) LM was the only site of progression; in these
patients all extra-CNS lesions were controlled at time of diagnosis of LM. In 17 patients
(53.1%) LM was diagnosed while extra-CNS lesions were progressive as well. Among
patients with cerebral LM, the most frequent presenting symptom was headache
(48.1%), followed by confusion (33.3%), weakness in limbs (29.6%), nausea/vomiting
(29.6%) and dizziness (25.9%). Diplopia occurred in three patients (11.1%) and seizure
in one patient (3.7%). All six patients with thoracic or lumbar LM presented with back
pain. One of these patients also presented with a cauda equina syndrome. Apart from
LM, parenchymal brain metastases were detected in 71.9% of the patients at some
time point in the course of their disease (Table 10.2).

Table 10.2  Leptomeningeal metastasis.

Patients (N=32)

Median time from advanced- Months 13.6 months (95% Cl 7.7-19.5)
stage NSCLC until diagnosis of
LM
No. of patients (percentage)
Anatomical location of LM Cerebral 26 (81.3%)
Thoracic / lumbar 5 (15.6%)
Thoracic / lumbar + cerebral 1 (3.1%)
Diagnosis of LM MRI 19 (59.4%)
Cytopathology 3 (9.4%)
MRI + cytopathology 10 (31.3%)
Detection of  parenchymal Concurrently with diagnosis of 16 (50.0%)
brain metasases LM
Prior to diagnosis of LM 6 (18.8%)
After diagnosis of LM 1 (3.1%)
None 9 (28.1%)

NSCLC: non-small cell lung cancer, LM: leptomeningeal metastases. MRI: magnetic resonance imaging.
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PREVIOUS EGFR-TKI TREATMENT IN EGFR-MUTATED NSCLC-PATIENTS WITH
LEPTOMENINGEAL METASTASES

Treatments and outcome of individual EGFR-mutated NSCLC-patients who developed
LM are provided in Figure 10.1. Patients received a median of 2 systemic lines of
treatment prior to diagnosis of LM (range 0-3). Twenty-seven patients (84.4%) were
treated with at least one line of EGFR-TKI treatment prior to diagnosis of LM, three
patients (9.4%) received only cytotoxic chemotherapy as systemic treatment prior to
diagnosis of LM and in two patients (6.3%) LM-diagnosis coincided with first diagnosis
of NSCLC. As first EGFR-TKI treatment prior to diagnosis of LM, 17 patients (63.0%)
received erlotinib and ten patients (37.0 %) received gefitinib. In two patients there was
no documented progression on EGFR-TKI treatment prior to diagnosis of LM, as these
patients underwent a pneumonectomy after treatment with erlotinib. The remaining
25 patients had developed progression on EGFR-TKI treatment and median PFS was
10.1 months (95% Cl 8.9-11.2). Median PFS on EGFR-TKI treatment of these patients
was not significantly different compared to EGFR+ patients who were treated with
EGFR-TKI (N=239) who did not develop LM (9.8 months (95% Cl, 8.3-11.3), p=0.885).
Six patients (24.0%) were diagnosed with LM at time of first progression on EGFR-TKI
treatment and 19 patients (76.0%) had developed progression on EGFR-TKI treatment
prior to diagnosis of LM. Among 27 patients who received EGFR-TKI treatment prior to
diagnosis of LM, the ORR was 92.6% and DCR was 100.0%. In patients who did not
develop LM ORR was 72.1% (p=0.021) and DCR was 88.9% (p=0.069).

TREATMENT OF EGFR-MUTATED NSCLC-PATIENTS WITH LEPTOMENINGEAL
METASTASES

At the time of diagnosis of LM most patients (62.5%) were on (re-)treatment with an
EGFR-TKI (Table 10.3). After LM had been diagnosed, six different types of systemic
treatment regimens were applied: continuation of current EGFR-TKI treatment (N=9),
continuation of current chemotherapy (N=2), start of EGFR-TKI treatment (N=4), switch
of EGFR-TKI treatment (N=4), high-dose EGFR-TKI treatment (N=8) and high-dose EGFR-
TKI treatment in combination with chemotherapy (N=4) (Figure 10.1, Table 10.3).
Fourteen patients were treated with radiotherapy; eleven with WBRT and three with
thoracic and/or lumbar RT (Figure 10.1).
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Table 10.3  Treatment prior to and after diagnosis of LM

Patients (N = 32)

No. of patients (percentage)
Treatment at time when EGFR-TK/ 20 (62.5%)
LM was diagnosed cT 7 (21.9%)
EGFR-TKI + CT 1 (3.1%)
No current treatment * 4 (12.5%)
Systemic treatment started Stop treatment 1 (3.1%)
after diagnosis of LM Continuation of EGFR-TKI 9 (28.1%)
Continuation of CT 2 (6.3%)
Start EGFR-TKI 4 (12.5%)
High-dose EGFR-TKI** 8 (25.0%)
High-dose EGFR-TKI + CT *** 4 (12.5%)
EGFR-TKI switch **** 4 (12.5%)
Radiotherapy started at WBRT 11 (34.4%)
time of diagnosis of LM Radiotherapy (thoracic/lumbal) 3 (9.4%)
None 18 (56.3%)

* Two patient had finished previous chemotherapy; ** Two patients were treated with erlotinib 600 mg every
4 days, 6 patients were treated with erlotinib 1500 mg once weekly; *** All patients received erlotinib 1500
mg once weekly; **** TKI-switch: in 1 patient gefitinib > erlotinib, in 1 patient afatinib = gefitinib and in
2 patients gefitinib = afatinib. LM: leptomeningeal metastases. EGFR: epidermal growth factor receptor. TKI:
tyrosine kinase inhibitor. CT: chemotherapy. WBRT: whole brain radiotherapy.

SURVIVAL AND RESPONSE OF EGFR-MUTATED NSCLC-PATIENTS WITH
LEPTOMENINGEAL METASTASES

At the time of analysis of this cohort of EGFR+ NSCLC-patients with LM, 28 patients
(87.5%) had died and median follow-up was 20.0 months (range 0.8—67.2).

Median survival after diagnosis of LM was 3.1 months (95% Cl 0.0-7.3, range 0.2—-29.9)
(Figure 10.2). One-year survival rate was 18.8% (six patients) and six-month survival
was 43.8% (14 patients) after diagnosis of LM.

Patients with PS 0—-1 at time of diagnosis of LM (N=15) had a significantly longer survival
after diagnosis of LM compared to patients with PS>2 (N=17) (11.0 months (95% ClI
7.7-14.3) and 2.1 months (95% Cl 1.4-2.8) respectively, p=0.0001). Patients in whom
LM was the only site of disease progression (N=15) had a longer median survival
compared to patients in whom there was evidence of synchronous extra-CNS
progression of disease (N=17); 6.5 months (95% Cl 0.9-12.1) versus 2.6 months (95% Cl
1.9-3.3) respectively, but this difference was not statistically significant (p=0.499).
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Figure 10.2  Survival of EGFR+ NSCLC-patients after diagnosis of LM.

Patients who were treated with high-dose EGFR-TKI treatment after diagnosis of LM
(N=12) did not survive longer than patients who were not (N=20); median 2.4 months
(95% CI 0.0-8.3) versus 3.1 months (95% Cl 0.0-7.3) respectively (p=0.863). There was
no difference between patients who received radiotherapy (N=14) and patients who
did not (N=18); median 3.1 months (95% CI 0.0-6.6) versus 2.4 months (95% Cl 0.0-9.7),
respectively (p=0.359). There was a trend for a longer survival after LM-diagnosis in
patients who were <60 years old at time of LM-diagnosis (N=18) compared to patients
who were >60 years old (N=14); median 5.7 months (95% Cl 1.6-9.7) and 2.4 months
(95% Cl 0.6—4.2), respectively (p=0.064).

Survival after diagnosis of LM was not statistically significantly different in patients in
whom LM was the only site of progression who were treated with pulsatile EGFR-TKI
treatment compared to patients who were not; 5.6 months (95% Cl., 0.00-11.8) and 6.5
months (95% Cl., 0.00—17.1), respectively (p=0.737).

Patients with PS of 0—1 at time of diagnosis of LM had a significantly higher chance to
be alive after six months compared to patients with PS>2 (p=0.002). Gender, smoking
status, type of EGFR-mutation, treatment with high-dose EGFR-TKIs, treatment with
radiotherapy and whether extra-CNS lesions were controlled were not related to six-
month survival (Supplement Table $10.1).

Fourteen patients were radiologically evaluated after treatment for LM had been
initiated; in 10 patients (31.3%) there was a radiological response of LM, in 3 patients
(9.4%) there was no radiological response and no radiological progression of LM and in
1 patient (3.1%) LM was progressive at re-evaluation. In the remaining 18 patients
(56.3%), no radiological follow-up was performed. Five patients had not been treated
with an EGFR-TKI prior to diagnosis of LM; four started EGFR-TKI treatment in standard
dose after diagnosis of LM. Three of these patients had a prolonged survival of 11.0,
14.4 and 29.9 months after diagnosis of LM (Figure 10.1). Two of these patients were
evaluated for response of LM and both experienced a partial response.
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DISCUSSION

In this cohort of EGFR+ NSCLC-patients LM was detected in 9.0%, comparable to the
previously reported rate of LM in EGFR-wild type NSCLC-patients." To the best of our
knowledge, this report describes the largest group of EGFR+ NSCLC-patients with LM.
The median survival after diagnosis of LM was a disappointing 3.1 months, which is
similar to unselected NSCLC-patients with LM.>* Interestingly, a considerable part of
the patients had a longer than expected survival with 43.8% and 18.8% still being alive
six months and one year after diagnosis of LM, respectively. Patients with PS of 0-1 at
time of diagnosis of LM had a higher chance to be alive after six months and had longer
median survival after diagnosis of LM.

Only one other study that included more than twenty EGFR+ patients with LM has been
published (N=23), however all of these patients were treated for the first time with
EGFR-TKIs after diagnosis of LM, which does not represent current practice.15 Another
study of Lee et al [8] compared erlotinib with gefitinib for control of LM in 25 NSCLC-
patients. It was suggested that erlotinib had a better LM control rate, however
16 patients were EGFR-TKI naive at diagnosis of LM and only 17 patients had a
confirmed EGFR-mutation. Although several treatment strategies for LM in EGFR+
NSCLC have been described, it is at present unclear which is the best treatment to be
preferred. In the present study no superior treatment could be identified either,
although due to the small sample size and retrospective design no firm conclusions can
be drawn. High-dose EGFR-TKI treatment (erlotinib 1500 mg once weekly, or erlotinib
600 mg every 3-4 days) is a strategy that has been described for EGFR+ NSCLC-patients
with CNS-metastases.” Due to the BBB, the concentration of available EGFR-TKIs is
considerably lower in the intra-CNS compartment as compared to systemic
concentrations.” Clarke et al demonstrated that once the systemic concentration of
EGFR-TKIs is high enough, therapeutic concentrations can be achieved in the CSF.**
Toxicity of this ‘pulsatile’ treatment strategy is generally acceptable.7'22'23 At present,
only a few reports have described this treatment strategy for EGFR+ NSCLC-patients
with LM, with both positive and negative results.”*** In this retrospective study
survival did not seem to improve by treatment with high-dose EGFR-TKIs as compared
to other treatment strategies. To answer this question, a randomized controlled trial is
urgently needed.

Afatinib is a second generation EGFR-TKI and irreversible blocker of the ErbB receptor
tyrosine kinase family. In a recent study that evaluated patients who progressed on
standard dose erlotinib or gefitinib, 66% had CNS disease control with afatinib.’®
However, there was no discrimination between patients with brain metastases or LM in
this study. In our study, three patients were treated with afatinib (and cetuximab) after
diagnosis of LM. One of these patients had been on afatinib treatment prior to LM-
diagnosis and survived for 0.2 months after LM-diagnosis. Survival of the other two
patients was 4.6 and 8.7 months (Figure 10.1). Data regarding the efficacy of the third
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generation EGFR-TKIs, AZD9291 and CO-1686 on CNS metastases are very scarce.”’*®

Further investigation on the efficacy of these agents in EGFR+ NSCLC-patients with LM
is warranted.

Radiotherapy is another treatment modality that is commonly applied after diagnosis of
LM. However, evidence for the efficacy of radiotherapy in NSCLC-patients with LM is
limited.? It has been suggested that this may be caused by the fact that only one
compartment of the CNS is irradiated, while LM is a disorder that affects all
compartments of the CNS.*® In this study we did not detect a difference in survival in
patients who were or were not irradiated. Yet, due to the retrospective setting and
small sample size, definite conclusions cannot be drawn. It is plausible that patients
with a ‘good’ performance score are better candidates for an ‘aggressive’ treatment
(i.e. high-dose EGFR-TKI treatment) and clinicians are more likely to advocate
radiotherapy for patients who are in a poor clinical condition. As radiotherapy increases
the BBB permeability and high-dose EGFR-TKI provides a better penetration of TKI into
the brain’' a sequential combination of radiotherapy and high-dose EGFR-TKI could be
an interesting treatment option for patients with LM. However, immediate toxicity of
radiotherapy should be taken into account in this often-symptomatic patient
population with a limited survival.

Intrathecal chemotherapy has been described as treatment option for NSCLC-patients
with LM.? However, this treatment strategy could not be incorporated in the analyses
of this study, since none of the patients received this treatment. In the Netherlands, as
in other European countries, this treatment is not routinely applied in NSCLC-patients,
as the evidence is rather limited.****

It has been stated that classic EGFR-TKI resistance mechanisms, i.e. the T790M-
mutation, develop under selective pressure of EGFR-TKI treatment. Given the fact that
the BBB inhibits penetration of EGFR-TKIs into the CNS, these mechanisms of resistance
would normally not be detected in tumor cells from the CNS.”* Interestingly, in this
study, in one patient in whom mutation analysis was performed on malignant cells
present in the CNS, the T790M mutation was detected.

Age above 60 years old was identified as a negative prognostic factor by Gwak et al. in a
study of unselected NSCLC-patients.2 Also in the present study, patients younger than
60 had a trend to a better survival after diagnosis of LM. Patients in whom LM was the
only site of progressive disease had longer survival compared with patients in whom
there was also extracranial progression at time of LM-diagnosis, although this
difference was not statistically significant. This is similar to NSCLC-patients with BM and
uncontrolled extracranial disease who have a worse prognosis compared to patients
with controlled extracranial disease.**>*

A strength of this study is that all patients were pathologically confirmed to carry an
EGFR-mutation in their primary tumors. Also, the disease control rate of 100% to first
EGFR-TKI treatment suggests that no patients with primary EGFR-TKI resistance were
included.
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However, some limitations should be taken into account when interpreting the results
of this study. First, the retrospective design and small sample size preclude strong
conclusions. Second, due to its non-invasive character, MRl is the technique of choice
to diagnose LM. However, the false-negative rate of MRI for detecting LM is
approximately 30%.% In this study, LM was diagnosed by MRI in most patients. The
same is true for cytopathological evaluation of CSF; it has a low sensitivity (50-60%)
compared to autopsy-proven LM.*® This may be caused by a low number of
recognizable malignant cells in the liquor or by compartmentalization. Ideally, a
negative lumbar puncture should be repeated at least twice to be able to exclude LM.*’
Finally, in the non-LM group, more patients with an EGFR exon 20 mutation were
included compared to the LM-group, which might have caused bias.

In conclusion, in this cohort of EGFR+ NSCLC-patients LM was diagnosed in 9.0% of the
patients. This study describes the largest cohort of EGFR+ NSCLC-patients with LM.
Survival after diagnosis of LM was disappointing (3.1 months) and is comparable to
EGFR wild type NSCLC-patients with LM. Nevertheless, 43.8% and 18.8% of the patients
survived for at least 6 months and 1 year, respectively. Patients with PS 0-1 at time of
diagnosis of LM had a better prognosis. Treatments associated with a superior survival
after diagnosis of LM could not be identified. Further research is warranted to identify
treatment strategies that improve survival in these patients.
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SUPPLEMENTARY TABLE

Table S10.1 1 -6 Month survival.

Alive after 6 months

Yes No
Frequency  (percentage) Frequency (percentage) P-value
Gender Male 6 (42.9%) 8 (44.4%) 0.928
Female 8 (57.1%) 10 (55.6%)
Smoking Never 5 (35.7%) 11 (61.1%) 0.103
Former 7 (50.0%) 5 (27.8%)
Current 2 (14.3%) 0 (0.0%)
Unknown 0 (0.0%) 2 (11.1%)
EGFR-mutation Exon 18 0 (0.0% 1 (5.6%) 0.358
Exon 19 6 (42.9%) 11 (61.1%)
Exon 20 0 (0.0%) 1 (5.6%)
Exon 21 7 (50.0%) 5 (27.8%)
Exon 18+20 1 (7.1%) 0 (0.0%)
PS at LM-diagnosis PS0-1 11 (78.6%) 4 (22.2%) 0.002
PS22 3 (21.4%) 14 (77.8%)
Pulsatile for LM Yes 5 (35.7%) 7 (38.9%) 0.854
No 9 (64.3%) 11 (61.1%)
Extra-CNS disease Yes 8 (57.1%) 7 (38.9%) 0.305
under control No 6 (42.9%) 11 (61.1%)
Radiotherapy for LM  Yes 6 (42.9%) 8 (44.4%) 0.928
No 8 (57.1%) 10 (55.6%)
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General discussion

INTRODUCTION

Brain metastases are diagnosed in approximately 40% of lung cancer patients during
the course of their disease.” Known risk factors for the development of brain
metastases are adenocarcinoma histology, advanced nodal status, tumor stage and
younger age.”” Brain metastases can have a negative impact on quality of life (QoL) and
overall survival (0S) is often poor after diagnosis of brain metastases.”®

Aims of this thesis were to explore controversies regarding the screening for brain
metastases in stage Ill non-small cell lung cancer (NSCLC), risk factors for brain
metastases (treatment related as well as molecular phenotype related), as well as in
the treatment of brain metastases and prognosis after diagnosis of brain and
leptomeningeal metastases. This to provide a more evidence-based management of
lung cancer brain metastases.

The following section will summarize the highlights of the thesis in perspective of the
currently available (lung cancer) brain metastases literature. Ideas for future research
will also be discussed.

MAIN FINDINGS

PART 1: BRAIN METASTASES IN STAGE 11l NSCLC

Screening for brain metastases in stage Il NSCLC: imaging

Brain magnetic resonance imaging (MRI) has marginally additive value above a contrast
enhanced computed tomography (CE-CT) performed during “*fluorodeoxyglucose-
positron emission tomography (**FDG-PET)-CE-CT in detecting occult brain metastases
in stage 11l NSCLC. However, although the screening MRI did not show evidence of brain
metastases, approximately 15% of patients developed mostly symptomatic brain
metastases within one year after NSCLC diagnosis.

Although MRI of the brain is recommended in neurologically asymptomatic stage Il
NSCLC patients to exclude asymptomatic brain metastases,”"? its value above a CE-CT
of the brain performed during **FDG-PET-CE-CT is not known. Time (as well as money)
could be saved when only an ®FDG-PET-CE-CT would be needed for staging purposes in
this patient population.

In part one, chapter two and three we evaluated this question in a retrospective study
and a prospective observational study, respectively. With up-to-date imaging
techniques, no additional value of brain MRI was found in the 45 patients in the
retrospective study described in chapter two. In the prospective observational study
described in chapter three an additional 2.5% of patients (three out of 118) was
diagnosed with brain metastases on MRI after a CE-CT without suspect findings.
However, in one patient a brain metastasis was in retrospect identified on CE-CT after a
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blinded review of these three CE-CTs by an experienced neuroradiologist. As we
defined “clinically relevant” as an additional 2% of patients with brain metastases found
on MRI, MRI has in daily practice, without extra review of the CE-CT, a (marginally)
additional value after a negative CE-CT. In 3.0 and 3.3% of cases asymptomatic brain
metastases were detected on CE-CT, as was found in chapter two and three,
respectively. Chapter two also stresses the need for adequate brain imaging in this
patient population, as 16% “extracranial stage Ill NSCLC” patients in whom only a low
dose CT (LD-CT) of the brain was performed had subsequent occult brain metastases on
MRI. It is important to realize that in most hospitals only a LD-CT for attenuation
correction is performed during a ®FDG-PET that is not suitable for excluding
asymptomatic brain metastases. Furthermore, in most hospitals, comparable to the
participating hospitals in chapter two and three, a LD-CT is performed when there is
already a CE-CT of the thorax available.

Moreover, access to MRI proved often difficult, as in the prospective study described in
chapter three 29.8% of patients did not underwent a brain MRI within three weeks of
the *FDG-PET. Problems with timely access to MRI are not unique for the participating
hospitals, as in a United Kingdom survey (2014) CE-CT was preferred above MRI,
presumably due to lack of access to MRI." From an economical point of view the cost-
effectiveness of an additional MRI when already a CE-CT of the brain has been
performed is interesting.

Despite up-to-date brain imaging before start of intensive therapy, we have shown in
part one chapter two and four that 10.5-13% of stage Ill NSCLC patients will develop
(mainly symptomatic) brain metastases within a year of NSCLC diagnosis. Percentages
of brain metastases diagnosis after treatment for stage Ill NSCLC are varying in the
literature. In two retrospective studies (N=177 and N=51) including stage Ill NSCLC
patients with negative brain imaging at initial diagnosis, 34% and 43% had brain
metastases as the first site of progression.”*" It is possible that this higher percentage
is caused by undetected asymptomatic brain metastases at initial diagnosis because of
the older imaging techniques used (patients included from 1988-2000 and 1990-2004
respectively). However, a retrospective review from four SWOG studies (N=422 stage III
NSCLC patients with negative brain imaging at initial diagnosis, all studies closed for
accrual in the 1990’s) found that 16.8% developed brain metastases and 11.8% had
brain metastases within a year of NSCLC diagnosis.” In a more recent retrospective
study (N=217, stage Ill patients with baseline brain imaging included from 2003-2005),
the 1-year risk for brain metastases was 9.2%, 14.7% had brain metastases as first site
of relapse and for 6.9% this was the only site of relapse (both irrespective of timing).16
In all studies, despite improving imaging techniques, is it still possible that some of
these metastases were already present at initial stage lll diagnosis but were not
detected by CE-CT and/or MRI. Maybe some of these already present micrometastases
could have been detected with more sensitive MRI-techniques. However, in both
chapter two and three MRI sensitivity was already increased with MTC prepulse
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(resulting in an increased enhancement equivalent to a double dose of gadolinium
contrast) and the addition of a post-contrast fluid attenuated inversion recovery (FLAIR)
sequence.””*® Higher contrast doses also increase the possibility for false positive
findings.w’20 It is possible that a 3.0 Tesla scanner would have detected brain
metastases in more patients, but no studies exist showing increased sensitivity of these
scanners in detecting the presence or absence of brain metastases.

An interesting new development for early visualisation of brain metastases is the use of
a targeted MRI contrast agent that enables imaging of endothelial vascular cell
adhesion molecule-1 (VCAM-1). VCAM-1 is upregulated on vessels closely associated
with brain metastases, and in a murine model the use of this VCAM-1 targeted MRI
contrast agent enabled the visualisation of a tumour two to three times smaller
compared to the minimum detectable tumour (2-5 mm) on a standard gadolinium
contrast-enhanced MRI.* Unfortunately, this contrast agent is non-biodegradable and
not suitable for use in humans. Comparable contrast agents suitable for use in humans
are in development.”> Moreover, as VCAM-1 is also upregulated in non-tumour
associated inflammation, this technique could lead to false positive cases.”" To visualise
a brain metastasis with a gadolinium contrast enhanced MRI requires permeability of
the blood brain barrier (BBB) located near the tumour. The BBB integrity starts to fail
when a brain metastasis reaches a diameter of 2-5 mm.* Earlier local permeabilisation
of the BBB would enable earlier detection of a brain metastasis with gadolinium
contrast enhanced MRI. In a mouse model, local expression of tumour necrosis factor
receptor 1 (TNFR1) was found only on the vascular endothelium of blood vessels
associated with brain metastases and administration of TNF permeabilized the BBB
selectively at sites of brain metastases. TNFR1 expression was also found in human
brain metastases, but clinical translation of this technique has yet to be made.” It is
also possible that despite more sensitive imaging techniques the brain metastasis will
not be detected at an early stage. In a mouse model it has been described that lung
cancer cells can invade the brain and remain dormant as single cells in the perivascular
spaces for some time before they develop into detectable brain metastases.”* These
single cells will escape detection with all the imaging modalities described above.

Strategies to reduce incidence of (symptomatic) brain metastases in the follow-up of
radically treated stage Il NSCLC patients: systemic therapy

The specific chemotherapy used in a chemoradiation regimen for stage Ill NSCLC does
not have an impact on the subsequent development of brain metastases and 10.5-13%
of the patients will develop (mainly symptomatic) brain metastases within a year of
NSCLC diagnosis

The risk factors for the development of brain metastases described in the retrospective
multicentre study in chapter four were found to be consistent with the literature (i.e.

adenocarcinoma histology, advanced tumour stage, younger age).”” However, the
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specific chemotherapy regimen used within a CRT treatment had no impact on the
diagnosis of brain metastases in the follow up.

There are two explanations for this brain metastases development. The first is that
these metastases were already present at initial stage Ill NSCLC diagnosis but were not
detected by MRI. Strategies to improve brain metastases diagnosis are discussed above,
strategies to prevent outgrowth of these metastases are described below. The other
explanation is that the seeding and subsequent development of brain metastases
occurred during or after treatment for stage Ill NSCLC but that these metastases were
not present at the time of initial brain imaging.

As microscopic brain metastases are not detected with current up-to-date imaging
techniques, it would also be a good option to prevent outgrowth of these
micrometastases, for example with chemotherapy. However, in the retrospective study
described in chapter four, the specific chemotherapeutic regimen during CRT had no
impact on the development of brain metastases. Still, chemotherapy does have some
effect on the development of metastases in general. From older retrospective stage Il
studies (N=267 and N=1765) without routine *FDG-PET-scan or brain imaging, a
decrease in extracranial (but not cranial) metastases was observed with the addition of
systemic dose, cisplatin based chemotherapy to local radical treatment.>” To also
prevent outgrowth of micrometastases in the brain, the drug used has to penetrate the
intact BBB. Although not many data exist for chemotherapy penetration through an
intact BBB, from current literature it is clear that the chemotherapeutics used in a CRT
regimen do not penetrate this BBB. They are all substrates for brain efflux pumps such
as the P-glycoprotein (PgP) pump or the multidrug-resistance-associated protein (MRP)
efflux pump family.zs'28 New strategies are necessary to prevent active efflux of these
drugs. An option could be to redesign a drug to take advantage of innate influx
transporter systems expressed at the BBB. Angiopeps are an example. They are
transported into the brain via low-density lipoprotein receptor-related protein (LRP1).
Angiopep-2 conjugated to paclitaxel has been tested in a phase | trial including patients
with solid tumors. It was well tolerated and showed some activity in patients with
already diagnosed brain metastases.”” A trial with the same drug tested in NSCLC
patients diagnosed with brain metastases was prematurely closed because of slow
accrual (NCT01497665). Another option to transport drugs to the brain is conjugation
to transferrin, which is actively transported through the BBB.*° Changing the drug
formula to a liposomal based form is also an option to increase brain delivery.30
Another possible way to prevent outgrowth of micrometastases is to target the
vascular endothelial growth factor (VEGF). Angiogenesis is necessary for NSCLC brain
metastases to grow and is mainly driven by VEGF activation. VEGF blockade with the
humanized monoclonal anti-VEGF antibody bevacizumab has been shown to inhibit
brain metastases formation in an experimental setting in mice injected with a lung
cancer, but not melanoma cell line.”**" Whether bevacizumab prevents brain
metastases formation has only been retrospectively studied in cancer patients although
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there are prospective data that it has an effect on established brain metastases in
NSCLC. In an exploratory phase Il study including NSCLC patients with untreated
asymptomatic brain metastases a bevacizumab based regimen (first line carboplatin-
paclitaxel-bevacizumab or second line erlotinib-bevacizumab) was safe and elicited an
intracranial response (intracranial overall response rate (ORR) 61.2%).32 Furthermore, in
an unplanned retrospectively analysis of the randomized first line phase Il AVAIl study
a lower risk for (symptomatic) brain metastases as site of first relapse was found for the
bevacizumab arm compared to the control arm. This study included 1043 metastasized
non-squamous NSCLC patients and excluded those with brain metastases at baseline
(imaging only required when symptomatic). Patients were randomized to receive
gemcitabine 1250 mg/m2 plus cisplatin 80 mg/m2 for up to six cycles plus bevacizumab
7.5 mg/kg, bevacizumab 15 mg/kg or placebo every three weeks until disease
progression. 2.6% of bevacizumab treated patients developed brain metastases as site
of first relapse compared to 5.8% in the control arm (p<0.001). Time to development of
these brain metastases was also longer in the bevacizumab arm: median [95%
confidence interval] 7.8 [1.1-16.2] months compared to 4.5 [0.3-12.1] months in the
control arm (hazard ratio 0.36 [0.19-0.68]) No difference was found for the
development of extracranial metastases.’”® Unfortunately, the addition of
bevacizumab to thoracic radiotherapy is not feasible, as in a phase | study four out of
six patients developed >grade 2 radiation pneumonitis after which the study was
closed.®® Moreover, tracheoesophageal fistulas have been described after
(chemo)radiation combined with bevacizumab.>**® However, it should be evaluated
whether low dose bevacizumab treatment started after completion of
chemoradiotherapy for NSCLC is safe and effective in preventing brain metastases
formation in NSCLC patients with a high risk of brain metastases development
(adenocarcinoma patients). A low dose of bevacizumab would be of interest from an
economical point of view, and preclinical data show that low dose bevacizumab still
inhibits brain metastases formation in non-squamous NscLc.*

Recently, it has been suggested that low dose chemotherapy administered on a
frequent regular schedule with no drug-free break periods (“metronomic”
chemotherapy) can exert a broad range of antitumor activity different from systemic
chemotherapy. It is suggested that metronomic chemotherapy can inhibit cancer stem
cells, stimulate the immune system, cause anti-vascular effects and prevent the
acquisition of epithelial-to-mesenchymal transition which is necessary for tumour cells
to metastasize.”’* In contrast, some cyclic systemic dose chemotherapies seem to
cause a rebound in circulating endothelial progenitor cells (CEP) which supply cells that
may participate in tumour angiogenesis.z‘o’42 CEP rebound has been described especially
for taxane-based chemotherapy, but also for anthracyclines (although conflicting
results exist for doxorubin).”>* Cancer stem cells are thought to be the most probable
cause for the seeding of (brain) metastases.”’ Metastases development is also
dependent on epithelial-to-mesenchymal transition and angiogenesis.44 Therefore, it is
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possible that metronomic chemotherapy is superior in preventing the development of
brain metastases compared to regular cyclic systemic dose chemotherapy. However, in
chapter four, daily low dose cisplatin (a possible metronomic schedule) was not
superior in preventing brain metastases as compared to systemic dose chemotherapy.
The most probable explanation is that the daily low dose cisplatin regimen used did not
act as metronomic chemotherapy. There are few data on metronomic chemotherapy in
lung cancer patients, and none of these data are regarding low dose cisplatin or stage IlI
NSCLC. One study (N=40 advanced NSCLC) evaluated the anti-angiogenic effects of a
maximum-tolerated dose (MTD) regimen of a single dose cisplatin 75 mg/m’ plus
docetaxel 75 mg/m’ (both day 1) versus a “metronomic” dose of cisplatin 25 mg/m’
plus docetaxel 25 mg/m2 (both day 1 of week 1, 2 and 3). The anti-angiogenic effect
(measured with serum VEGF, VEGFR1 and thrombospondin-1 (TSP1)) was not superior
in the metronomic dose group.® To our best knowledge there are no other clinical data
for NSCLC using a purely metronomic regimen and neither there are data for other
tumors using a metronomic cisplatin schedule. In an urothelial carcinoma cell line,
metronomic cisplatin (2 mg/kg/3 days a week) was not superior in inhibiting tumor
growth as compared to standard cisplatin (6 mg/kg/once a week), although the
metronomic dosing showed some anti-cell-migratory activity.46 In contrast, data from a
hepatocarcinoma cell line combined with data in mice suggest that daily low dose
cisplatin (0.6 mg/kg/day) has a superior anti-angiogenic effect as compared to a single
MTD dose (9 mg/kg) (measured in vitro with human umbilical vascular endothelial cells
(HUVECs) and the hepatocarcinoma cell line, in mice with VEGF and matrix
metallopeptidase 2 (MMP-2) expression, microvessel density and tumor growth).47 Few
and only preclinical data exist regarding immunomodulatory effects of cisplatin. As
opposed to topo-isomerase inhibitors (e.g. etoposide) and anti-microtubule agents (e.g.
vinblastin, paclitaxel, docetaxel) cisplatin had in vitro no effect on the maturation of
dendritic cells which are necessary for presenting tumor-associated antigens to effector
T-cells.”® And although data exist that metronomic chemotherapy can reduce the
cancer stem cell population, neither data exist for a cisplatin based regimen nor for
lung cancer patients specifically.37'39 It is also possible that daily low dose cisplatin acts
as metronomic chemotherapy, but that the duration (only concurrent with
radiotherapy) was not long enough.

As is has been described that especially taxane-based chemotherapy causes a rebound
in CEP, and if it is assumed that a CEP rebound increases the risk for brain metastases
development, one can also argue that patients treated with a taxane-based
chemotherapy regimen would have the highest risk for brain metastases
development.m'42 However, no increased risk was found in chapter four. The CEP
rebound for taxanes was found when paclitaxel or docetaxel were given at the
maximum tolerable dose (MTD) and it is possible that the taxane based CRT regimen
used (weekly docetaxel) has less CEP rebound because of the lower weekly dose. It is
also possible that the taxane subgroup (N=60) was not large enough to demonstrate a
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difference, or that CEP rebound has no influence on the subsequent development of
brain metastases.

Strategies to reduce incidence of (symptomatic) brain metastases in the follow-up of
radically treated stage Il NSCLC patients: prophylactic cranial irradiation

Prophylactic cranial irradiation (PCl) to prevent the outgrowth of microscopic brain
metastases is also an option and is an accepted treatment for SCLC patients with a
response to initial therapy. In the non-metastasized as well as in the metastasized
setting, PCl reduced the incidence of symptomatic brain metastases. PCl also prolonged
disease free survival (DFS) and 0S.***° However, in the randomized phase Ill RTOG0214
study (PCI versus observation after radical treatment for stage 1ll NSCLC) no difference
was found for OS, the primary endpoint of this trial. A significant difference was found
for the 1-year rate of brain metastases diagnosis (PCl 7.7%, observation 18%). In this
study, regular brain imaging in the follow-up was mandatory. The study was
prematurely closed due to slow accrual (planned 1058 patients, accrued 356).>" Regular
brain imaging after radical treatment for stage Ill NSCLC is not recommended in current
NSCLC guidelines, in contrast to the RTOG0214 study. An approach more resembling
routine clinical practice regarding follow up is the phase Il randomized
NVALT11/DLCRG 02 study (NCT01282437). This study has as a primary endpoint the
proportion of patients developing symptomatic brain metastases. The study is closed
for accrual and the results are awaited for. The downside of PCl is the risk for
neurocognitive decline. In the RTOG0214 study, no significant differences were found
with respect to Qol, Mini Mental State Examination (MMSE) and the Activities of Daily
Living Scale (ADLS). However, a trend for a greater decline in patient reported cognitive
functioning as well as a significant decline in memory (Hopkins Verbal Learning Test
(HVLT) was found for the PCI group.52 As, despite the relatively high risk for brain
metastases development, most patients will not develop brain metastases. Moreover,
PCl comes at a cost of a risk of neurocognitive decline especially in the long-term
(3-year OS after cCRT 23.8%, 5-year OS 15.1%).>* Thus, a risk stratification tool before
commencement of PCl would be ideal.

Strategies to improve diagnosis of brain metastases in the follow-up of radically
treated stage Ill NSCLC patients: identifying high risk patients

As micrometastases in the brain are not diagnosed with current staging techniques, and
the current treatment applied does not seem to reduce the development of brain
metastases, another strategy would be to diagnose the brain metastases before they
become symptomatic. Routine brain imaging during follow up after CRT is not advised
in current guidelines.ll'12 Only the ESMO guideline on locally advanced NSCLC suggests
that for selected high risk patients (adenocarcinoma) routine brain imaging is an option
for the early detection and possible radical treatment of brain metastases (level of
evidence: V, C).° Despite these known risk factors, it is difficult to predict on an
individual patient level which patient will develop brain metastases and which one will
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not. As such a better risk stratification tool would be useful. The easiest method would
be a serum-based test. However, currently known serum tumour markers such as CEA,
CYFRA21-1 and CA-125 were not associated with the development of brain
metastases,™ although an elevated CEA-level was associated with already present brain
metastases in two other studies.®® In a recent study, Single Nucleotide
Polymorphisms in the PI3K-PTEN-AKT-mTOR pathway were associated with the
development of brain metastases in the follow-up.”’ Another option is testing the
available tissue from the primary tumour. The expression of three genes (CDH2, KIFC1
and FALZ) in the primary tumour had predictive value for the development of
symptomatic brain metastases in NSCLC (N=142, stage I-IV).58 As one micro-RNA
(miRNA) regulates several hundred genes, miRNA profiling could be superior in
predicting the development of brain metastases compared to single gene profiling.
miRNA-328 expression was in a small series of NSCLC patients (N=6 with brain
metastases, N=6 without brain metastases) associated with a diagnosis of brain
metastases.” miRNA-378 was also differentially expressed in a small series of NSCLC
patients (N=21 with brain metastases, N=8 without brain metastases).*’ In a large study
(N=272 stage | NSCLC patients) 10 miRNA’s correlated with the development of brain
metastases. The above described miRNA-378 and miRNA-328 were not among these
miRNAs.*!

PART 2 BRAIN METASTASES IN STAGE IV DISEASE (ALL COMERS).

Impact of the organ(s) affected in stage IV NSCLC on prognosis

In stage IV NSCLC, number of organ sites affected has a prognostic value. In single organ
disease, local disease status has an impact on prognosis. Besides the TNM7 M1a group,
no other organ sites were consistently associated with a favourable prognosis. The
prognostic value of number of organ sites affected and local disease status did not
change in the ®FDG-PE T-staged subgroup.

Although the concept of a superior prognosis in patients with single organ metastasis is
not new, available studies are not population based and they included a smaller,
sometimes very selected number of patients.®®” Moreover, except for one study,
(N=186 oligometastatic NSCLC patients)66 information on ‘*FDG-PET scanning was not
available or was not used for subgroup analysis. In chapter five we describe the first
large population based study (including a large subgroup analysis (N=1517) of **FDG-
PET staged patients) in which number of organs with metastases, the actual organ with
metastases as well as the prognostic value of local disease status is evaluated in stage
IV NSCLC at diagnosis. Results were validated in a substantial subgroup analysis with
FDG-PET staged patients and patients receiving active anticancer treatment. Single
organ metastasis and a low TN-status were associated with a superior OS in the total
cohort as well as in the subgroups.
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N-status in stage IV NSCLC is evaluated in only three other studies.®®*®®® In these

studies a low N-status was also prognostic. However, one study included a relatively
small number (N=186)° of oligometastatic NSCLC patients, one (N=67149) evaluated N-
status only in T4 and M1a patients and did not include information obtained from
FDG-PET staging.69 The third study (N=850) evaluated a selected group of non-
squamous NSCLC patients with a good PS (ECOG 0/1), without brain metastases,
receiving first line carboplatin plus paclitaxel with/without bevacizumab, but did not
include information on single organ metastasis or *°FDG-PET staging.”®

We did not have information regarding number of metastases per organ or the total
volume of NSCLC in a patient. It could be that a patient with multiple organs affected
with single or small lesions per organ has a different prognosis compared to a patient
with bulky metastases in multiple organs. It is also possible that a patient with a high
tumour burden in one organ (e.g. multiple lesions in one organ) has a different
prognosis compared to a patient with a only one metastasis in one organ. The latter is
suggested in the proposals for the revision of the M descriptors for the eight edition of
the TNM classification for lung cancer. Based on an analysis of 1025 patients (registered
in multiple centres between 1999-2012) the authors advise to maintain the current
M1la category, and to divide the current M1lb category into a new M1lb (single
metastasis in a single organ) and M1c (multiple metastasis in a single organ/ single or
multiple metastases in multiple organs).” In chapter six we discussed in a letter this
proposal with regard to a possible selection bias and an uncertainty regarding imaging
modalities performed for staging work-up.

18FDG-PET-scanning is a good method to evaluate both number of lesions per organ
(except for the brain) as well as the total volume of (lung) cancer in a patient. The
prognostic value of the metabolic tumour volume (MTV) and the total lesion glycolysis
(TLG) of the primary tumour in NSCLC has recently been reviewed.”* Thirteen studies
(all retrospective, all stages) with in total 1581 patients were included and a high MTV
and TLG were associated with a poor prognosis in stage I/l as well as stage IlI/IV
disease.”* Especially in stage IV NSCLC the whole-body MTV and TLG would be of
interest, as this would be a better reflection of the total tumour burden. Indeed, in a
recently published retrospective study (N=328 NSCLC, 111 stage IV) the addition of
whole-body MTV to the TNM classification enabled a better discrimination between
poor and good prognosis patients across all TNM stages. However, number of organs
affected was not incorporated in the stage IV subgroup.72 Despite the usually poor
prognosis of stage IV NSCLC patients, further stratification into relatively good or poor
prognosis groups would be useful. These differences in prognosis could cause bias in
clinical trials and should be taken into account as a stratification factor. Whether
aggressive therapy could improve prognosis should be studied especially in the good
prognosis patients as is discussed below.
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Local disease status is not frequently studied in stage IV NSCLC. However, despite a
metastasized setting, local disease still had a prognostic impact in chapter five. This was
also found in two other studies.””’* As patients with single organ metastases and low
TN-status had the highest OS, it is tempting to speculate whether a subgroup of these
patients with single or oligometastases in one organ would achieve an even better OS
when treated radically. Radical treatment is often aimed at in patients with
oligometastases in the brain or adrenal(s). However, it is not clear whether these
patients by nature have a superior OS or that OS can be improved with radical
treatment, as was also discussed in a recent review.”> Hopefully this answer will be
provided with one ongoing trial (NCT01725165) and one trial in preparation (SARON,
NCT02417662). In the ongoing randomized phase Il trial, oligometastatic (one to three
metastases) NSCLC patients are allocated to local ablative therapy or
surveillance/maintenance therapy after completion of 4 cycles of induction platinum
doublet chemotherapy (or TKI in case of an EGFR-mutation or ALK-rearrangement).
Primary endpoint is progression free survival (PFS). In the randomized phase Ill SARON
study, oligometastatic (one to three metastases) NSCLC patients, staged with ¥EDG-
PET-scan and MRI brain, are randomized to either standard platinum based
chemotherapy (4 cycles) or standard platinum based chemotherapy and radical
radiotherapy to the primary tumour as well as the metastases. Primary endpoint is OS.
Another interesting topic in oligometastatic stage IV NSCLC is the location of the
adrenal metastasis (ipsilateral side as the primary tumour or the contralateral side). It is
suggested that an ipsilateral adrenal metastasis occurs via lymphatic spreading and a
contralateral via hematogenous spreading. In small series it is suggested that an
ipsilateral adrenal metastasis has a superior prognosis compared to a contralateral
one.”® This would be of interest to evaluate in the SARON trial as well as in the
population based Dutch database (IKNL) (in the fully staged patients treated with
radical intent).

Prognosis of lung cancer patients with brain metastases

In general, prognosis of lung cancer patients diagnosed with brain metastases is dismal.
The advised treatment for patients with multiple brain metastases is whole brain
radiotherapy (WBRT). As the prognosis of Recursive Partitioning Analysis (RPA) class Il
is very poor, it is advised in the revised Dutch guideline on brain metastases to withhold
WBRT in this patient population. However, in daily clinical practice 11.3-21.3% of WBRT
treated patients is classified as RPA class Ill and this did not significantly decrease after
implementation of the guideline

In the retrospective study described in chapter seven, a large cohort of Dutch lung
cancer patients undergoing WBRT was studied. The existing RPA classes were validated
and except for a longer OS in the NSCLC RPA class | cohort, median OS was dismal and
comparable to the original RTOG analysis.” Moreover, in the RPA class Il cohort patient
groups with a different survival were found when evaluating the presence or absence
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of extracranial metastases. Median OS of the RPA class Ill cohort was only 1.7 months.
In the revised Dutch guideline on brain metastases it is advised to withhold WBRT in
this poor prognosis group. However, we found that this advice had no impact on daily
clinical practice, and we could not identify factors possibly associated with a decision to
pursue active treatment (e.g. younger age, option to receive first line chemotherapy,
brain metastases as the only site of disease activity). The most probable explanation for
active treatment despite a dismal prognosis is that both physicians as well as
patients/relatives overestimate the effect of a palliative treatment with respect to
symptoms as well as 0S.”””° In a survey including 384 lung cancer patients treated with
palliative radiotherapy, 67% of patients believed that radiotherapy would improve
symptoms associated with their cancer, 78% of them believed that radiotherapy would
help them to live longer and 64% did not understand that the radiotherapy
administered had no curative intent.” Comparable results were found in a study with
palliative chemotherapy (69% of lung cancer patients did not understand that the
chemotherapy administered was not likely to cure their cancer).’’* However, the
majority of oncologists (98%) stated in another survey that they explain to their
patients that their disease is incurable although they are more unwilling to disclose a
specific time period till death.®" The easiest explanation for the discrepancy between
patients’ expectations about the effects of palliative treatment is stating that the
involved physicians did not adequately discuss treatment effects and prognosis with
their patients. In contrast, it was found that patients who rated the communication
with their physician as good (defined as a physician who listens carefully, explains in an
understandable way, gives as much information as a patient wanted, in other words
probably gives all the necessary information to understand the treatment effect) were
also at an increased risk for incorrect expectations.80 However, in this study it was not
asked whether the physician provided a specific estimation of the effect of the planned
treatment or whether the patient wanted to hear this information. In contrast, in
another recent study, prognostic disclosure was associated with more realistic patient
expectations. Importantly, this was not associated with a reduced patient emotional
well-being or a reduced patient-physician relationship.82 It is also possible that the
physician correctly explains the dismal prognosis and possible treatment (side-)effects
but that the timing of the conversation was not right, e.g. directly after breaking the
bad news, without time for processing this news. By switching directly from disclosing
the fact that the disease is incurable to treatment options patients focus eagerly on
these options and do not want to acknowledge that all the treatment efforts made are
with a palliative intention.® By focusing on offered treatments the patients and
physicians often ignore the dismal future due to a focus on short-term goals (e.g. make
it to the next treatment or test.®’ Moreover, supportive care was often not viewed as a
real alternative compared to active treatment (WBRT) in a survey on decision making in
palliative radiation therapy including 19 brain metastases patients and 20 caregivers.84
By just being offered treatment, patients and caregivers retained some hope for
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symptom improvement, an increased life expectancy and sometimes even cure while
on the same time most of them acknowledged that they had an incurable disease.®*
Possibly a team-based consult service through a multidisciplinary integrated palliative
oncology clinic would have improved this decision making process. In a recent study
(2013) this team consisted of one clinical nurse specialist, one spiritual care counselling
consultant, one palliative care physician and one radiation oncologist (unfortunately no
medical oncologist/pulmonologist). The team focused on reviewing patient- and
cancer-related characteristics and QoL but also on patients’ understanding and
expectations including spiritual care. Prognosis, advanced care planning (including
palliative and home care services) and goals of care are discussed in the consultation,
supplemented with printed and/or online resources and referral when necessary.84
When there was doubt of the patients’ eligibility for WBRT, the decision was deferred
for one or two weeks pending reassessment. By introducing this multidisciplinary team,
end-of-life WBRT (defined as WBRT within 30 days of death) was reduced from a
historical 19% to 9%.**

Till recently, no randomized studies were available evaluating whether a poor overall
prognosis is not only a poor prognostic factor for OS but also translates into a predictive
factor for a poor effect of WBRT (on symptoms as well as OS). One retrospective study
(N=113) in patients with brain metastases and adverse prognostic factors found that
withholding WBRT did not harm these patients.®> Comparable results were found in a
prospective randomized study in RPA class Ill patients (N=91).* At the 2015 ASCO
annual meeting, QoL and OS data from the QUARTZ randomised non-inferiority clinical
trial (NCT00403065) were presented. In this trial, NSCLC patients with inoperable brain
metastases for whom clinician and patient were uncertain of the benefit of WBRT were
included. They were randomised between WBRT and BSC versus BSC only. Primary
outcome measure was quality adjusted life years (QALY). It was shown that WBRT
provided no additional clinically significant benefit to BSC for this group of patients.®’
Till now, results are only available in abstract-form and some critical comments need to
be made about this trial. Recruitment was slow: the trial duration was from 2007-2014
with 72 participating hospitals in order to recruit 538 patients (i.e. approximately one
patient per year per hospital included). This can have resulted in selection bias. Only
38% of patients had a Karnofsky Performance Score (KPS) of <70 (i.e. RPA class Ill) and it
is not clear from the abstract whether there was a difference in QALY between RPA
class Il and the other patients. 30% of patients had a solitary brain metastasis and it is
not clear why these patients were ineligible for stereotactic radiotherapy or surgery.
Furthermore, histology (squamous cell versus non-squamous cell carcinoma) and the
presence or absence of driver mutations were not specified in the abstract. It is
possible that patients with a driver mutation in the non-squamous group would have
had a different prognosis or neurological outcome when treated with WBRT as for
example EGFR-mutations and ALK-rearrangements have a radio sensitising effect.®®*!
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Moreover, the last years effective tyrosine kinase inhibitors (TKI) have become
available and good responses have been noted in poor performance patients with
(even when withholding cranial radiotherapy) and without central nervous system
metastases.””” As such, it is not clear whether the results from the QUARTZ trial can be
extrapolated to a patient in the clinic, although in general a lung cancer patient without
a targetable driver mutation diagnosed with brain metastases, classified as RPA Il
should receive BSC only.

RPA class Il applies to the largest group of NSCLC patients with brain metastases, and it
is stated in the revised Dutch guideline that in this class the effects of WBRT are
uncertain. In chapter seven the RPA class Il category could be further subdivided by the
presence or absence of extracranial metastases. It would be interesting to evaluate
whether prognosis could be even further refined by evaluating the number of organs
with metastases, a prognostic factor which we have found in chapter five. Although the
presence or absence of extracranial metastases is taken into account in prognostic
classifications number of organs with metastases is not. Furthermore, it is not taken
into account whether an effective systemic treatment is available for the extracranial
disease (especially first line chemotherapy for SCLC and TKI for patients with molecular
drivers, but in a lesser extent also first line chemotherapy for NSCLC) and whether this
systemic treatment also penetrates the (compromised) BBB to also have an effect on
the brain metastases. Ideally, prognostic classification, patient preferences, available
systemic options and patient outcome (symptoms and OS) should be incorporated into
a decision aid that continues to improve by the input it receives.

PART 3: BRAIN METASTASES IN STAGE IV NSCLC PATIENTS WITH DRIVER MUTATIONS
(ESPECIALLY EGFR) AND CENTRAL NERVOUS SYSTEM INVOLVEMENT

Brain metastases incidence as well as survival after brain metastases diagnosis are not
significantly different for EGFR-mutated, KRAS-mutated or EGFR/KRAS wildtype
patients. The diagnosis of leptomeningeal metastasis confers a poor prognosis in most
EGFR-mutated patients although exceptions occur. There are arguments that EGFR-TKI/
can be safely combined with WBRT although no high-level evidence exists. For ALK-TKI
no data exist.

Incidence and survival after brain metastases diagnosis

NSCLC patients with an activating EGFR-mutation have a superior OS as compared to
EGFR-wild type patients.97 However, in the literature controversies exist whether these
patients have a higher risk of central nervous system (CNS) metastases compared to
EGFR-wild type patients and whether they still have a superior OS when diagnosed with
CNS metastases.”®**'* This is an important question because of need for screening or
(preventive) treatment options. The possible higher risk for brain metastases can be
subdivided into two parts. The first part is the question whether EGFR-mutated patients
have a higher biological tendency to develop brain metastases, i.e. whether the EGFR-
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mutation by itself is a risk factor for the development of brain metastases. If this is true,
screening would be useful in order to subsequently choose a treatment modality with
cranial as well as extracranial activity. The second part is whether the systemic
treatment given to an EGFR-mutated patient influences the development of brain
metastases in the follow up (i.e. brain as a sanctuary site due to pharmacological
failure). Then, treatment should be aimed at the prevention of (symptomatic) brain
metastases development. Again, screening could play a role.

The first part is best studied in treatment naive stage IV patients. We could not
demonstrate a difference in percentage of patients diagnosed with brain metastases
for EGFR-mutated patients compared to KRAS-mutated and EGFR/KRAS wildtype
patients in the retrospective study described in chapter eight. This was also found in
another retrospective study by Doebele et al’® although percentage of patients
diagnosed with brain metastases at initial stage IV diagnosis was higher in this study
(EGFR-mutated 23% versus 8.1% in our study). Percentage of EGFR-mutated patients
diagnosed with brain metastases at stage IV diagnosis ranges from 10-33% in other
studies (N=49-155). In these studies no comparison was made between EGFR-mutated
and EGFR-wildtype patien’cs.lm'm?"105 In part two chapter five, the percentage of
patients with brain metastases (23% in adenocarcinoma) was not different compared to
those EGFR-studies. The varying percentage of (EGFR-mutated) patients diagnosed with
brain metastases probably reflects the (lack of) imaging performed at initial diagnosis
as screening for brain metastases is not recommended in stage IV NSCLC not eligible for
therapy with curative intent.""***'%’ Percentage of patients with brain imaging ranged
from 60% in chapter eight (and less than half of these patients had a MRI) to 69%
(Doebele et al.®®, over 90% MRI) and even 100% in two other studies (method not
specified).mg'104 Other studies did not mention the percentage of patients with baseline
brain imaging."*"*® The optimal method to study whether there is a difference in brain
metastases at initial stage IV diagnosis in EGFR-mutated patients compared to other
molecular drivers and wildtype patients would be a prospective population based study
in which imaging modality, presence or absence of molecular drivers and diagnosis of
brain metastases is recorded. At the moment we are discussing a retrospective pilot
and a prospective registration of these data in order to provide an answer.

It has been described that time to development of brain metastases in EGFR-mutated
patients is influenced by the systemic treatment given. In a retrospective study
including only EGFR-mutated patients (N=155) first-line EGFR-TKI reduced the risk for
CNS progression with 40% compared to first line chemotherapy.'® This is something we
could not demonstrate in chapter eight, probably because of a limited number of
patients (N=15) diagnosed with brain metastases in the follow-up. Often it is stated that
EGFR-mutated patients have a higher risk to develop brain metastases compared to
EGFR-wildtype patients and that in these patients the brain frequently is the first (and
only) site of progression. However this statement is based on studies including only
patients with already diagnosed brain metastases in which, in at least a subgroup of
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patients, molecular analysis is performed.%’gg’100 When EGFR-mutated patients from

stage IV diagnosis to development of brain metastases are documented, the brain is the
first and only site of progression in less than 10%.°*'°**®® In one study 16% has been
described, however in this study all patients were regularly screened for brain
metastases.'® Furthermore, control of already diagnosed brain metastases is not lower
compared to extracranial disease control as was summarized in a recent (2014) review
and brain response rate was 74-89% with first-generation EGFR-TKI.'®® Because of a
longer OS compared to EGFR-wildtype patients, brain metastases eventually will
become a problem in EGFR-mutated patients. In long-term survival patients the
cumulative incidence of brain metastases is 28%-52.9%."°*'%*M%M With the
development of third-generation EGFR-TKI (rociletinib and AZD9291) OS will be
extended in a substantial proportion of patients, especially the T790M resistance
mutation patients.m’113

Survival is significantly superior when a first-generation EGFR-TKI is given after
diagnosis of brain metastases.”®***"** This is not current practice as these are usually
given as first line treatment.""'%” Survival is dismal when brain metastases develop
during EGFR-TKI therapy, as we have shown in chapter eight. This is also described in
another study.lo?’ Brain metastases have a negative impact on Qol® and therefore it
remains important to develop strategies to prevent the development or progression of
brain metastases and to extent survival post brain metastases diagnosis. It is possible
that survival would have been longer when EGFR-TKI had been continued after
progression in the patients described in chapter eight. This relatively new treatment
strategy was neither incorporated in chapter eight nor in the study by Heon et al.’® By
continuing the first generation EGFR-TKI after RECIST defined progression
(with/without local therapy), PFS2 was 3.7 -7.1 months, with the highest PFS2 found in
patients with brain-only progression treated with local therapy."**™ Another
interesting concept is EGFR-TKI pulse therapy. It has been demonstrated for pulse
therapy erlotinib that therapeutic concentrations can be reached in the central nervous
system fluid (CSF).M® Currently this concept is used in series to treat brain metastases
that developed during standard dose EGFR-TKI. Erlotinib dose is usually 1500 mg once a
week.'"” It is also interesting to evaluate whether EGFR-TKI pulse therapy can prevent
the development of brain metastases. This has been tested in a phase | trial presented
at the ASCO 2015. By using a mathematical model the best treatment predicted was
erlotinib pulse twice weekly (day 1 and 2, MTD 1200 mg) and 50 mg daily on days 3-7.
ORR and PFS were similar to standard dose erlotinib, however none of the 34 patients
included (16 treated at the MTD) had CNS progression at the time of extracranial
progression (including 35% with already present CNS disease).118 For afatinib, a second
generation EGFR-TKI it has been described that although CSF concentration is only 1%
of the systemic concentration, this percentage is around the IC50 for afatinib.*
However, this was measured in a patient already diagnosed with brain metastases (i.e.
BBB more permeable). CNS responses for afatinib have been described after
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progression on a first-generation EGFR-TKI. Of the 31 patients with evaluable CNS
lesions, 42% had a partial response, 39% had stable disease and the others had
progressive disease. Disease control rate was four months (range 1-13 months).>* It
might be that afatinib would be a better option for pulse therapy to control or prevent
CNS lesions but this has never been studied. New EGFR-TKI specifically developed to
penetrate the BBB and the third generation EGF-TKI are more promising. AZD3759 is an
EGR-TKI specifically developed to penetrate the BBB and is not a substrate for PgP or
BCRP efflux pumps. In vitro a very good BBB penetration was found and in the
subsequent phase | trial it was effective in treating CNS as well as extracranial
disease.™™ For the third generation EGFR-TKI not many data exist regarding effect on
brain metastases. In a case report, a brain response was noted for a patient treated
with rociletinib.”® In the subgroup of patients with central nervous system involvement
(N=170) in the phase I/ll TIGER-X study (NCT01526928) the RECIST 1.1 overall response
rate was 41% (brain response not specifically mentioned).”” AzZD9291 showed
significant exposure in the brain (approximately ten times higher than gefinitib) in
preclinical studies and simulations predicted that a dose of 80 mg (the currently
recommended dose) would be sufficient to elicit a brain response. In the subsequent
phase | study, brain responses have been observed.” In the AURA phase Il extension
cohort and the AURA2 phase Il study (NCT01802632 and NCT02094261) patients with
asymptomatic and stable brain metastases were eligible and 39% of included patients
(N=162) had brain metastases. Overall response rate was 56% compared to 64% for
patients without brain metastases. Shrinkage of brain metastases has been observed,
and CSF concentration in one patients was comparable to the predicted plasma free
circulating AZD9291 concentration.'” It is not clear whether these third generation
EGFR-TKI are superior in preventing brain metastases development or treating brain
metastases compared to first line EGFR-TKI. Both drugs are currently tested in the first
line and hopefully this will provide an answer (AZD9291: NCT02296125, rociletinib
NCT02186301 (TIGER-1)). The combination of erlotinib plus bevacizumab to prevent
brain metastases development is worthwhile to investigate. In a randomized phase I
study (N=154) EGFR-mutated patients were treated with erlotinio monotherapy or
erlotinib plus bevacizumab. Patients with brain metastases at baseline were excluded.
Median PFS [95% confidence interval] significantly improved with the combination
therapy: 16.0 [13.9-18.1] months versus 9.7 [5.7-11.1] months for the erlotinib
monotherapy arm (hazard ratio 0.54 [0.36-0.79], p=0.0015)."** Differences in incidence
of brain metastases during treatment were not described but would be interesting to
evaluate.

Leptomeningeal metastases in EGFR-mutated patients

For EGFR-mutated patients diagnosed with leptomeningeal metastasis it has also been
suggested that incidence is higher and that survival is longer compared to wildtype
patients. However in the retrospective study described in chapter ten we described the
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percentage of patients diagnosed with leptomeningeal metastases in a cohort of EGFR-
mutated patients and percentage (9%) was not substantially higher compared to a
historical cohort (7.7%).” For most of the patients survival was dismal after diagnosis of
leptomeningeal metastasis (median OS of 3.1 month). Only a WHO PS of 0-1 was
associated with a longer survival and no treatment related factors could be identified.
This dismal survival reflects the fact that in chapter ten 84.4% of patients already had
received treatment with an EGFR-TKI before development of leptomeningeal
metastases. For these patients, the same treatment options remain as discussed above
in the brain metastases section (although in most clinical trials patients with
leptomeningeal metastases are excluded). Although pulse therapy EGFR-TKI did not
result in a substantial survival (median OS 2.4 months for the 12 patients treated with
pulse therapy) in chapter ten, half of these patients seemed to benefit as OS was
clearly prolonged. The use of third generation EGFR-TKI in this patient population
would be interesting; the effect of AZD9291 on leptomeningeal metastases is currently
tested, including CSF penetration rate and CSF response rate (NCT02228369).

TKI concurrent with cranial irradiation

When brain metastases develop during EGFR-TKI treatment there is often no effective
systemic treatment available or the effect of a new systemic treatment cannot be
awaited as the brain metastases are symptomatic. Furthermore, in oligoprogressive
patients continuing the EGFR-TKI beyond progression combined with a local ablative
therapy has been found to be effective especially when the progression occurs in the
brain. Time to second progression was 7.1 months in a small series.'"* Although cranial
radiotherapy (WBRT as well as stereotactic radiotherapy/radiosurgery (SRT/SRS) is an
accepted treatment for brain metastases,'®'”'* controversies exist regarding the
safety of cranial radiotherapy concurrent with EGFR-TKI. Continuing the EGFR-TKI
during cranial radiotherapy would decrease the risk of an extracranial flare-up. In a
series of 61 patients treated with a TKI, 23% of patients experienced a flare-up after TKI
discontinuation with a median time to disease flare-up of only eight days (range 3-21).
Patients with CNS disease were among those with the highest risk of a flare-up.’*® In
the systematic review chapter nine we evaluated the available literature. There are
arguments that EGFR-TKI (erlotinib, gefitinib and icotinib, no data found for other EGFR-
TKI) can be safely combined with WBRT although no high-level evidence exists. Besides
the prevention of a flare-up, another possible advantage would be a synergistic effect
of the WBRT and the EGFR-TKI on brain metastases response. Preclinical data indicate
that TKIs enhance radiation effects.*®*** EGFR-mutated cells also respond better to
radiation therapy compared to EGFR-wildtype cells.””” There are no trials evaluating
whether an EGFR-mutated patient diagnosed with brain metastases during EGFR-TKI
treatment has a superior outcome (i.e. higher cranial response rate, no increased
neurotoxicity, lower percentage of extracranial flare-up) when treated with concurrent
EGFR-TKI and WBRT compared to temporarily discontinuing this EGFR-TKI. A study to
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evaluate this question would have to randomize these patients to one of the treatment
arms and document cranial response rate, neurotoxicity and percentage of flare-up in
the follow-up. Another option would be to treat at least some of these patients with
SRS/SRT without WBRT as this is a short-course treatment which obviates the need for
a long EGFR-TKI discontinuation. SRS results alone did not differ between (molecularly
unselected) patients with two to four brain metastases compared to five to ten
metastases.'?® The advantages for SRS/SRT without WBRT are that both cognition and
quality of life are superior with SRS/SRT alone.™ In a recent (2015) prospective series it
was found that SRS concurrent with a TKI was safe. Among the 112 NSCLC patients
treated with SRS, 19 were treated concurrently with a TKI, and adverse radiation effects
were not significantly different (all grades 7% versus 5%).”° In contrast, in chapter nine
we described a higher incidence of neurotoxicity when erlotinib was combined with
WBRT and SRT. This discrepancy between toxicities is possibly caused by the
combination of WBRT and SRT in the study described in chapter nine.

GENERAL CONCLUSION

Brain metastases are a frequent problem in NSCLC. However, there is still a gap in
knowledge on treatment as patients diagnosed with brain metastases are often
excluded from clinical trials because of symptoms or a poor performance status.
Several clinical trials were prematurely closed due to slow accrual. Brain metastases
research remains a niche and often has no priority in lung cancer research. Strategies
are needed that can predict and reduce the risk of brain metastases development.
There should be more awareness among clinicians as well as patients that survival after
brain metastases diagnosis is often dismal and that only best supportive care is a valid
option in poor prognosis patients without a targetable molecular alteration like EGFR or
ALK. A multidisciplinary team could provide a role in providing support in these brain
metastases management decisions.

Incidence and prevalence of CNS involvement increases in EGFR-mutated patients.
EGFR-mutation status per se does not seem to be a risk factor for brain metastases as
these are diagnosed especially in patients with prolonged survival. Unfortunately, when
brain metastases develop during EGFR-TKI treatment survival in EGFR-mutated patients
is as poor as in wildtype patients. However, new treatment options (EGFR-TKI
treatment beyond progression with (concurrent) local therapy, pulse therapy EGFR-TKI,
third generation EGFR-TKI) are promising for EGFR-mutated patients with brain as well
as leptomeningeal metastases.

Stage IV NSCLC patients with single organ metastases have a superior OS compared to
patients with multiple organs with metastases and local disease status has prognostic
impact in the single organ metastases group. The specific organ with metastases
(except the current M1la category) has no prognostic impact. Number of organs with
metastases could be a stratification factor in clinical trials, when validated.
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The results described in this thesis indicate that there are opportunities for additional
research that hopefully will improve outcome in this patient population.
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Summary

ENGLISH SUMMARY

Lung cancer patients are frequently diagnosed with brain metastases. These patients
often have a poor quality of life and a poor survival. In this thesis we tried to unravel
clinical questions regarding screening for and prevention of development of brain
metastases in stage lll non-small cell lung cancer (NSCLC). We also evaluated the
prognosis of patients already diagnosed with brain metastases and whether clinicians
adhered to the revised Dutch guideline on brain metastases from solid tumours with
respect to offering patients whole brain radiotherapy (WBRT). The last part focused on
patients with a driver mutation (especially the epidermal growth factor receptor
(EGFR)-mutation).

PART 1: DIAGNOSIS AND PREVENTION OF BRAIN METASTASES IN STAGE IIl NSCLC

The recommendation in guidelines is to stage all NSCLC patients eligible for therapy
with curative intent with *Fluodeoxyglucose positron emission tomography computed
tomography (**FDG-PET-CT). In stage Ill NSCLC it is also advised to perform a magnetic
resonance imaging (MRI) scan of the brain to exclude asymptomatic brain metastases.
It is unknown whether this MRI has an additional clinically relevant value if there is
already a contrast enhanced CT (CE-CT) of the brain performed during this *FDG-PET-
CT. This question is evaluated in chapter 2 and 3 in a retrospective monocentre study
and a prospective multicentre study, respectively. Chapter 2 shows that a *FDG-PET is
insufficient to exclude brain metastases, as 16% of these patients (5 out of 32) had
brain metastases on the MRI. When a CE-CT of the brain was performed during the
18FDG-PET-CT, no additional brain metastases were found on MRI (45 patients). In the
prospective chapter 3 these results do change a little: in this chapter 3 out of
118 patients (2.5%) who underwent a CE-CT of the brain during the ¥EDG-PET-CT were
diagnosed with brain metastases on MRI. In retrospect, in one of these three patients a
solitary brain metastasis could be identified on the ‘*FDG-PET—CE-CT. We defined a
difference of more than 2% clinically relevant. So, in daily practice, without review of
the 18FDG-PET-CE-CTs, MRI is superior to CE-CT in detecting asymptomatic brain
metastases in stage Ill NSCLC. Despite a MRI without brain metastases during initial
staging, 9 patients (12.5%) were diagnosed with brain metastases within a year of this
MRI in chapter 2. For more than 75% of these patients the brain was the first site of
progression. Also in retrospect, revision of the original baseline MRIs revealed no brain
metastases.

The findings of both chapters show that screening for asymptomatic brain metastases is
useful in stage Ill NSCLC and that LD-CT is insufficient for screening. Also, MRI is
(marginally) clinically relevant superior to CE-CT.

As brain metastases are frequently diagnosed in stage Ill NSCLC patients after
chemoradiotherapy, we evaluated in the retrospective multicentre study described in
chapter 4 whether the specific chemotherapeutic regime during this chemoradio-

191



therapy has an influence on the development of brain metastases in the follow up.
Focus is on the diagnosis of brain metastases within a year of stage Ill NSCLC diagnosis
and whether the brain is the first and only site of progression. Diagnosis of brain
metastases irrespective of timing is also evaluated. In this study only adequately staged
stage Il NSCLC were included (**FDG-PET-CT and CE-CT or MRI of the brain) who
completed their chemoradiotherapy treatment and who did not receive prophylactic
cranial irradiation within a trial. 838 patients were eligible: 737 were treated with
concurrent chemoradiotherapy and 101 with sequential chemoradiotherapy. 153 out of
these 838 patients (18%) were diagnosed with brain metastases, for 93% these were
symptomatic. No significant difference was found with respect to the diagnosis of
(symptomatic) brain metastases for patients treated with concurrent or sequential
chemoradiotherapy (both 18%). Median time to diagnosis of these brain metastases did
not differ either. Compared to patients not diagnosed with brain metastases, patients
diagnosed with brain metastases were significantly younger, were more often female
and were more often diagnosed with an adenocarcinoma. 11% was diagnosed with
brain metastases within a year of NSCLC diagnosis. Approximately half of these patients
had only brain metastases as first site of progression. No significant differences were
found for concurrent versus sequential chemoradiotherapy. Also within the concurrent
chemoradiotherapy group 11% of patients was diagnosed with brain metastases within
a year of NSCLC diagnosis and also for approximately half of them the brain was the
only site of first progression. In logistic regression analysis the type of chemotherapy
(cyclic dosed doublet chemotherapy or daily low dose cisplatin) had no influence on the
development of brain metastases. Furthermore, the specific type of chemotherapy
within the doublet chemotherapy group (regression analysis performed for all groups
with 250 patients) versus the daily low dose cisplatin group had no significant influence.
In all analyses it was found that patients with a squamous cell carcinoma had a lower
risk on the development of brain metastases compared to patients with an
adenocarcinoma. Moreover, in most of the analyses it was found that younger patients
had a higher risk, and in some of the analyses it was found that a higher T- and/or
N-stage increased the risk of brain metastases development.

In conclusion: approximately 1 out of 10 stage Ill NSCLC patients treated with
chemoradiotherapy will develop brain metastases within a year of NSCLC diagnosis. The
specific chemotherapy used within a chemoradiotherapy regimen has no influence on
this. As brain metastases significantly reduce the quality of life as well as the prognosis,
it remains important to identify strategies to reduce brain metastases development.

PART 2: BRAIN METASTASES IN STAGE IV LUNG CANCER (“ALL-COMERS”)

Within the current (7th) tumour, node, metastasis (TNM) classification for lung cancer,
stage IV disease is separated into M1la (intrathoracic metastases) and M1lb
(extrathoracic metastases), as the latter group has a worse prognosis. It is unknown
whether in the general population the specific organ affected (with the exception of
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M1a disease) has an influence on prognosis: in other words it is unknown whether for
example patients with metastases in the brain have a worse prognosis compared to
patients with another extrathoracic organ affected. It is also unknown whether local
disease status (T- and N-status) and number of organs affected influences prognosis.

In chapter 5 these questions are evaluated with data of the IKNL, in which almost all
(98%) of the NSCLC patients diagnosed in the Netherlands are registered. The median
overall survival (OS) was significantly longer for patients with one organ affected
(6.7 months) compared to those with 2 organs affected (4.3 months) or 3 or more
organs affected (2.8 months). This was irrespective of age, gender, histology, M1la
status and low local disease status. Younger age, female gender, adenocarcinoma, Mla
status and low local disease status were independently associated with a longer OS. In
subgroup analyses of patients with a documented BFDG-PET-CT (more accurate
staging) and in subgroup analyses of patients receiving active anticancer treatment, a
superior OS was found compared to those without a documented “*FDG-PET-CT or
active treatment. However, differences in OS regarding the number of organs affected
remained significant. Within the group of patients with one organ affected, a low local
disease status (T1-2 and NO-1) had a significant predictive value for a superior OS. In
this group median OS was 8.5 months compared to 6.5 months for patients with a high
TN-status. These differences remained when only ¥EDG-PET-CT staged patients or
those receiving active anticancer treatment were selected. Except for the current M1la
organs and extrathoracic lymph node metastases, no organs were found that were
consistently associated with a worse or superior OS.

As a result, the proposal is to subdivide the stage IV NSCLC group into three distinct
groups: the current Mla, a new group for patients with one extrathoracic organ
affected and a group with more than one extrathoracic organ affected.

The proposals for the M-categories for the 8th TNM classification for lung cancer also
comprises three groups, but these are slightly different from the groups proposed in
chapter 5. The proposal for the TNM8 is a subdivision into M1a (same as current M1a),
M1b (solitary metastasis in one organ) and M1c (multiple metastases in one organ or
multiple organs, or solitary metastasis in multiple organs). In chapter 6 this proposal is
discussed. The proposal for the TNM8 is based on a relatively small group of patients
(N=1025) from multiple hospitals, representing a risk for selection bias. It is also unclear
which staging methods were used and it is possible that this has influenced the
diagnosed number of organs affected as well as the number of diagnosed metastases
per organ. As approximately a quarter of patients included was Asian, it is likely that
these patients have influenced the results as the percentage of patients with a driver
mutation is higher among Asians which results in a superior OS. Furthermore, in the
proposals for the TNM8 it is unclear whether local disease status has a prognostic
impact.

In chapter 7 it is evaluated whether clinicians adhere to the revised Dutch guideline on
brain metastases. This with respect to lung cancer patients diagnosed with brain
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metastases not eligible for surgery or stereotactic radiotherapy. In this retrospective
study we evaluated whether the percentage of recursive partitioning analysis (RPA)
class lll patients treated with WBRT decreased after the release of the updated
guideline (2011). Furthermore, the median OS per RPA class was compared to data
from the original RTOG analysis. 11.3-21.3% of treated patients was classified as RPA
class Ill and this percentage did not decrease significantly after the release of the
guideline. Reasons for WBRT despite a poor RPA class were not found. Median OS was
11.4, 4.0 and 1.7 months for NSCLC patients in RPA class |, Il and Ill, respectively. For
SCLC patients this was 7.9, 4.7 and 1.7 months, respectively. We concluded that the
median OS in especially RPA class Il is poor. Clinicians as well as patients should be
aware of this to avoid unnecessary treatment.

PART 3: STAGE IV NSCLC PATIENTS WITH CENTRAL NERVOUS SYSTEM METASTASES
AND A DRIVER MUTATION, WITH A FOCUS ON EGFR-MUTATIONS

Approximately 10% of the Caucasian patients with a non-squamous NSCLC has an
EGFR-mutation. It is unclear whether these patients have a higher risk of developing
brain metastases compared to patients without an EGFR-mutation. It is also unclear
whether these patients have a superior OS after diagnosis of brain metastases. The
current literature does not provide a clear answer.

In chapter 8 we tried to answer these questions in a retrospective, multicentre case-
control study. All patients diagnosed with metastasized NSCLC and an EGFR-mutation
(exon 19 or 21) were selected from two pathology databases (MUMC and VUMC). The
consecutive patient with a KRAS-mutation and the consecutive EGFR/KRAS wildtype
patient with a metastasized NSCLC were selected. These patients were compared. The
percentage of patients diagnosed with brain metastases was not significantly different:
32%, 35% and 40%, respectively. No significant difference was found regarding the
percentage of patients with brain metastases at initial stage IV NSCLC diagnosis. The
time to development of brain metastases (if not already diagnosed at initial stage IV
diagnosis) was significantly longer for EGFR-mutated patients compared to KRAS-
mutated patients (mean 20.4 months versus 10.8 months), but not compared to
EGFR/KRAS wildtype patients (16.4 months). Median survival after brain metastases
diagnosis was not significantly different and was 12.1, 7.6 and 10.7 months,
respectively. All EGFR-mutated patients were treated with a first generation EGFR-TKI
somewhere during the course of their disease and 80% of these patients were already
treated with an EGFR-TKI before diagnosis of brain metastases. Time to development of
brain metastases was not significantly different for those EGFR-mutated patients only
treated with chemotherapy before brain metastases diagnosis compared to these
treated with an EGFR-TKI. Also, survival after diagnosis of brain metastases was not
significantly different, however number of patients per group was small.

To prolong survival in EGFR-mutated patients after diagnosis of brain metastases, local
treatment and continuation of the EGFR-TKI or pulse EGFR-TKI is an option (in
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Summary

oligoprogressive patients). When a patients has a more generalised progression, second
or third generation EGFR-TKIs are an option. Both treatments were not administered to
the patients included in chapter 8.

An accepted strategy in oligoprogressive (brain only) EGFR-mutated patients is to treat
locally with radiotherapy (WBRT or stereotactic radiotherapy) with a temporarily
discontinuation and afterwards re-initiation of the EGR-TKI. It is possible that
extracranial disease is still dependent on EGFR-inhibition and the risk exists that an
extracranial flare up of the disease occurs with this discontinuation of the EGFR-TKI
during cranial radiotherapy. Preclinical data indicate that TKIs augment the sensitivity
for radiotherapy. The same is noted for EGFR-mutated cells. So, it is possible that EGFR-
TKI concurrent with cranial radiotherapy has a superior outcome compared to temporal
discontinuation of the EGFR-TKI. A disadvantage is the possible increased risk of (neuro-
Jtoxicity. In current guidelines no recommendation is made regarding patients on
(EGFR-)TKI treatment who develop brain metastases and have an indication for cranial
radiotherapy. In daily practice the TKI is often discontinued because of the fear for
(neuro-)toxicity.

In chapter 9 we evaluated in a systematic review whether this fear for increased
toxicity is justified. The systemic search comprised EGFR-TKI's (erlotinib, gefitinib,
icotinib, afatinib) and anaplastic lymphoma kinase (ALK)-TKI’s (crizotinib, ceritinib,
alectinib). 15 articles were included. In 6 articles erlotinib concurrent with WBRT was
evaluated (one study also stereotactic radiotherapy after the WBRT), in 4 articles
gefitinib concurrent with WBRT was evaluated, 3 articles evaluated gefinitib or erlotinib
concurrent with WBRT and 2 articles evaluated icotinib concurrent with WBRT. For the
other drugs no studies were found. Five of the 15 studies were retrospective and in
9 studies the EGFR-mutation status was evaluated in at least some of the patients
(EGFR-mutation present in 1.3% to 100%). Only one study was a randomised phase IlI
study (erlotinib concurrent with WBRT and stereotactic radiotherapy) and 3 out of 7
phase |l studies were randomised 2-arm studies. No study was found evaluating only
EGFR-mutated patients who developed brain metastases during EGFR-TKI treatment
and who were treated with radiotherapy concurrent with EGFR-TKI. Primary outcomes
of the studies varied and where reported in a non-uniform way. Based on the results it
seems safe to combine erlotinib, gefitinib or icotinib with WBRT although no high-
quality data exist. The combination of erlotinib with WBRT and stereotactic
radiotherapy seems to increase the percentage of severe neurological complications.
Patients diagnosed with leptomeningeal metastases usually have a very poor survival.
In chapter 10 we evaluated whether this is also true for EGFR-mutated NSCLC patients
and whether we could identify factors associated with a superior survival. Data from
356 EGFR-mutated patients were retrospectively evaluated. 32 of these patients (9.0%)
were diagnosed with leptomeningeal metastases. Median survival was only 3.1 months
and this was comparable to historical data from EGFR-wildtype patients. Only a good
clinical condition was associated with a superior survival. After diagnosis of
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leptomeningeal metastases patients were treated with, among others: an EGFR-TKI (or
switch of EGFR-TKI), pulse therapy EGFR-TKI, EGFR-TKI in combination with
chemotherapy and/or radiotherapy. 75% of the patients (three out of four) not treated
with an EGFR-TKI before diagnosis of leptomeningeal metastases had a relatively long
survival (11.0-29.9 months). No other treatment could be identified that was associated
with a significantly longer survival. In conclusion: EGFR-mutated patients do not have a
superior survival compared to (historical data of) EGFR-wildtype patients when
diagnosed with leptomeningeal metastases during or after EGFR-TKI treatment. It is
possible that the third generation EGFR-TKIs can change this survival.

In chapter 11 the findings summarized above are discussed.
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NEDERLANDSTALIGE SAMENVATTING

Hersenmetastasen komen frequent voor bij longkanker patiénten. Patiénten met
hersenmetastasen hebben vaak een slechtere kwaliteit van leven en een kortere
overleving. In dit proefschrift wordt getracht klinische vraagstellingen te beantwoorden
met betrekking tot screening op en preventie van ontwikkeling van hersenmetastasen
bij patiénten met stadium Il niet-kleincellig longkanker (NSCLC). Tevens wordt er naar
de prognose gekeken van patiénten met hersenmetastasen en of na diagnose de
richtlijn hersenmetastasen is gevolgd met betrekking tot het aanbieden van totale
schedelbestraling (Whole Brain Radiotherapy (WBRT)). Het laatste deel focust op
patiénten met een driver-mutatie (met name de epidermal growth factor receptor
(EGFR)-mutatie).

DEEL 1: DIAGNOSTIEK EN PREVENTIE VAN HERSENMETASTASEN BIlJ STADIUM III
NSCLC

Het advies in richtlijnen is om alle NSCLC patiénten die in aanmerking komen voor
curatieve behandeling te stadiéren middels "*Fluodeoxyglucose positron emission
tomography computed tomography (**FDG-PET-CT) en om bij stadium Il ook een
magnetic resonance imaging (MRI)-scan van het brein te maken om asymptomatische
hersenmetastasen uit te sluiten. Het is echter niet bekend of deze MRI nog een klinisch
relevante meerwaarde heeft indien er al een contrast CT (CE-CT) van het brein is
gemaakt tijdens deze '°FDG-PET-CT. Deze vraagstelling wordt in hoofdstuk 2 en 3
geévalueerd in respectievelijk een retrospectief monocenter onderzoek en een
prospectief multicenter onderzoek. Uit hoofdstuk 2 blijkt dat een ¥FDG-PET
onvoldoende is om hersenmetastasen uit te sluiten, aangezien bij 16% van deze
patiénten (5 van de 32) alsnog hersenmetastasen werden gevonden op MRI. Indien er
een CT van het brein met contrast (CE-CT) werd gemaakt tijdens de ‘*FDG-PET-CT, werd
er bij niemand hersenmetastasen gevonden op de MRI (45 patiénten). In het
prospectieve hoofdstuk 3 worden deze resultaten iets bijgesteld: hier hadden 3 van de
118 patiénten (2.5%) die een CE-CT van het brein hadden gehad tijdens de “*FDG-PET-
CT alsnog hersenmetastasen op MRI. Echter, bij geblindeerde revisie van de CE-CT’s kon
bij een van deze 3 patiénten alsnog een hersenmetastase worden gediagnosticeerd op
de CE-CT. Vooraf hadden we 2% patiénten met hersenmetastasen op MRI die niet
gevonden waren op CE-CT als klinisch relevant gedefinieerd. In de dagelijkse praktijk,
zonder een extra revisie van de CE-CT’s is MRI dus net klinisch relevant beter. Ondanks
een MRI zonder hersenmetastasen bij initiéle diagnose van het stadium Il NSCLC
werden in hoofdstuk 2 9 patiénten (12.5%) alsnog gediagnosticeerd met
hersenmetastasen binnen een jaar na deze MRI. Voor ruim driekwart van deze
patiénten was het brein de eerste plek van progressie. Revisie van de oorspronkelijke
MRI’s liet ook in retrospectie geen hersenmetastasen zien.
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De bevindingen van beide hoofdstukken samen laten zien dat screenen op
asymptomatische hersenmetastasen bij stadium Ill NSCLC noodzakelijk is, en dat MRI
(net) klinisch relevant beter dan CE-CT.

Aangezien hersenmetastasen vaak voorkomen na chemoradiotherapie voor stadium I
NSCLC, wordt in de retrospectieve multicenter studie beschreven in hoofdstuk 4
onderzocht of het specifieke chemotherapie schema dat tijdens deze behandeling
wordt gebruikt van invloed is op het ontstaan van hersenmetastasen binnen een jaar na
diagnose van stadium Il NSCLC en of het brein de eerste en enige plek van progressie
is. Er wordt verder ook gekeken naar de diagnose van hersenmetastasen ongeacht het
tijdstip van diagnose. In deze studie werden alleen adequaat gestadieerde stadium Ill
NSCLC patiénten geincludeerd (**FDG-PET-CT plus CE-CT of MRI van het brein) die de
gehele behandeling met chemoradiatie afgerond hadden en die geen profylactische
schedelbestraling hadden gehad in studieverband. Van de 838 geschikte patiénten
werden er 737 behandeld met concurrente chemoradiatie en 101 met sequentiéle
chemoradiatie. Bij 153 van deze 838 patiénten (18%) werden binnen een jaar
hersenmetastasen vastgesteld, bij 93% van hen waren deze symptomatisch. Er was
geen verschil tussen de patiénten die behandeld worden met concurrente of
sequentiéle chemoradiatie (beiden 18%) en mediane tijd tot de diagnose van
hersenmetastasen was niet significant verschillend. De patiénten die gediagnosticeerd
werden met hersenmetastasen waren significant jonger dan degenen zonder, waren
vaker vrouw en hadden vaker adenocarcinoma histologie. 11% werd gediagnosticeerd
met hersenmetastasen binnen een jaar na NSCLC diagnose. Ongeveer de helft van deze
patiénten had alleen hersenmetastasen als eerste plek van progressie. Ook hier werd er
geen significant verschil gevonden tussen concurrente en sequentiéle chemoradiatie.
Binnen de concurrente chemoradiatie groep werden eveneens bij 11% van de
patiénten binnen een jaar na NSCLC diagnose hersenmetastasen gediagnosticeerd, en
ongeveer de helft van deze patiénten had alleen maar hersenmetastasen als enige plek
van eerste progressie. In logistieke regressie analyse had de soort chemotherapie
(cyclisch gedoseerde doublet chemotherapie of dagelijks lage dosis cisplatinum) geen
invloed op het ontwikkelen van hersenmetastasen. Ook wanneer er specifiek naar de
soort chemotherapie binnen de polychemotherapie groep werd gekeken (regressie
analyse verricht voor alle groepen met > 50 patiénten) en deze werd vergeleken met de
lage dosis cisplatinum groep, werden er geen verschillen gevonden. Wel werd er in alle
analyses gevonden dat patiénten met een plaveiselcelcarcinoom een lager risico
hadden op het ontwikkelen van hersenmetastasen dan patiénten met een
adenocarcinoom. Tevens werd in het merendeel van de analyses gevonden dat jongere
patiénten een hoger risico hadden, en werd in sommige analyses gevonden dat een
hoger T- en /of N-stadium het risico op hersenmetastasen verhoogde.

Concluderend kan gezegd worden dat ongeveer een op de tien patiénten met een
stadium Il NSCLC die behandeld wordt middels chemoradiatie gediagnosticeerd wordt
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met hersenmetastasen binnen een jaar na NSCLC diagnose, en dat het specifieke
chemotherapie regime dat gebruikt wordt tijdens deze chemoradiatie geen invioed
hierop heeft. Aangezien hersenmetastasen de kwaliteit van leven en de prognose
beduidend verminderen blijft het belangrijk om een strategie te vinden om het
ontwikkelen van hersenmetastasen tegen te gaan.

DEEL 2: HERSENMETASTASEN BIlJ STADIUM IV LONGKANKER (“ALL-COMERS”)

Binnen de huidige (7°) tumor, nodus, metastase (TNM) classificatie voor longkanker
wordt bij stadium IV ziekte een onderscheid gemaakt tussen M1la (intrathoracale
metastasen) en M1lb (extrathoracale metastasen), omdat de laatste groep een
slechtere prognose heeft. Het is onbekend of binnen de algehele populatie het
specifieke orgaan dat aangedaan is (met uitzondering van de M1a ziekte) invlioed heeft
op de prognose, m.a.w. het is onduidelijk of hersenmetastasen bij stadium IV NSCLC de
prognose verminderen, vergeleken met andere extrathoracale organen die aangedaan
zijn. Het is ook onduidelijk of de lokale ziektestatus (T- en N-status) en de hoeveelheid
organen die aangedaan zijn invlioed heeft op de prognose.

In hoofdstuk 5 wordt dit geévalueerd met data van het IKNL, waarin vrijwel alle (98%)
NSCLC patiénten die in Nederland zijn gediagnosticeerd in worden opgenomen. De
mediane overleving was significant langer voor patiénten met 1 orgaan aangedaan (6.7
maanden) vergeleken met degenen met 2 (4.3 maanden) of 3 of meer organen (2.8
maanden) aangedaan. Dit was onafhankelijk van leeftijd, geslacht, histologie, M1la
status en lage lokale ziekte status. Jongere leeftijd, adenocarcinoom, M1la status en
lage lokale ziekte status waren ook geassocieerd met een langere overleving. In
subgroep analyses van patiénten met een gedocumenteerde *FDG-PET-CT (accuratere
stadiering) en in subgroep analyses van patiénten die actief behandeld werden
(waarschijnlijk patiénten met betere klinische conditie), werd een betere overleving
gevonden dan bij degenen waarbij dit niet het geval is, maar de verschillen in
overleving met betrekking tot het aantal organen aangedaan blijven bestaan. Binnen de
groep patiénten met metastasen in 1 orgaan, had een lage lokale ziektestatus (T1-2 en
NO-1) een significant voorspellende waarde voor een betere overleving. In deze groep
was de mediane overleving 8.5 maanden vergeleken met 6.5 maanden voor de
patiénten met een hoge TN-status. Deze verschillen bleven bestaan indien alleen
¥FDG-PET-CT gestadieerde patiénten of degenen met actieve oncologische
behandeling werden geselecteerd. Behalve de huidige M1a organen en extrathoracale
lymfkliermetastasen werden er geen organen gevonden die consistent geassocieerd
waren met een betere of slechtere overleving.

Het voorstel is dan ook om binnen de stadium IV NSCLC groep een onderverdeling te
maken in drie groepen: de huidige M1la, en dan een nieuwe groep met patiénten
waarbij een extrathoracaal orgaan is aangedaan en een groep waarbij meerdere
extrathoracale organen zijn aangedaan.
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Het voorstel voor de M-categorieén voor de 8° TNM classificatie bevat ook drie
groepen, maar deze verschillen enigszins van de groepen die in hoofdstuk 5 worden
voorgesteld. Het voorstel voor de TNMS8 is een onderverdeling in M1a (conform huidige
M1a), M1b (solitaire metastase in een orgaan) en Mlc (meerdere metastasen in een
orgaan of meerdere organen, of solitaire metastasen in meerdere organen). In
hoofdstuk 6 worden discussiepunten bij dit voorstel aan de orde gesteld. Het voorstel
voor de TNMS8 is gebaseerd op een relatief kleine groep van patiénten (1025) uit
meerdere ziekenhuizen, waardoor de kans op selectiebias groot is. Ook is onduidelijk
hoe deze patiénten gestadieerd zijn en dit kan van invloed zijn op zowel het aantal
organen dat aangedaan is als op het aantal metastasen per orgaan. Aangezien
ongeveer een kwart van de patiénten van Aziatische komaf is, is er een reéle kans dat
deze patiénten de uitkomsten beinvloedt hebben aangezien het percentage patiénten
met een driver-mutatie hoger ligt in deze groep met als resultaat een betere
overleving. Ook is het in het voorstel voor de TNM8 onduidelijk of lokale ziektestatus
nog een rol speelt in de prognose.

In de retrospectieve multicenter studie hoofdstuk 7 wordt geévalueerd of men zich aan
de Nederlandse richtlijn hersenmetastasen houdt indien er bij een longkanker patiént
hersenmetastasen worden gediagnosticeerd die niet geschikt zijn voor chirurgie of
stereotactische radiotherapie. In deze studie wordt gekeken of na het invoeren van de
richtlijn (2011) het percentage Recursive Partitioning Analysis (RPA) klasse Il patiénten
dat behandeld werd met WBRT daalt. Tevens wordt de overleving van de patiénten per
RPA klasse vergeleken met data uit de originele RTOG analyse. 11.3-21.3% van de
behandelde patiénten kon als RPA klasse Ill geclassificeerd worden en dit percentage
daalde niet na invoering van de richtlijn. Een oorzaak voor behandelen met WBRT
ondanks een ongunstige RPA klasse wordt niet gevonden. Mediane overleving was
11.4, 4.0 en 1.7 maanden voor NSCLC patiénten in RPA klasse I, Il en Ill respectievelijk.
Voor SCLC was dit 7.9, 4.7 en 1.7 maanden respectievelijk. Dit was grotendeels in lijn
met de originele RTOG analyse. Geconcludeerd kan worden dat overleving in met name
RPA klasse Il slecht is, en dat clinici en patiénten hiervan beter op de hoogte zouden
moeten zijn om onnodige behandeling te voorkomen.

DEEL 3: STADIUM IV NSCLC PATIENTEN MET CENTRAAL ZENUWSTELSEL
BETROKKENHEID MET EEN DRIVER-MUTATIE, MET DE FOCUS OP EGFR-MUTATIES

Ongeveer 10% van de Caucasische patiénten met een niet-plaveiselcelcarcinoom NSCLC
heeft een EGFR-mutatie. Het is onduidelijk of deze patiénten een hoger risico hebben
op het ontwikkelen van hersenmetastasen vergeleken met patiénten zonder een EGFR-
mutatie. Het is ook onduidelijk of deze patiénten een langere overleving hebben na
diagnose van hersenmetastasen. De bestaande literatuur is tegenstrijdig.

In hoofdstuk 8 wordt geprobeerd deze vragen te beantwoorden in een retrospectieve,
multi-center case-control studie. Alle patiénten met gemetastaseerd NSCLC en een
EGFR-mutatie (exon 19 of 21) werden geselecteerd uit twee pathologie databases
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(MUMC en VUMC). De daaropvolgende KRAS-gemuteerde en EGFR/KRAS wildtype
patiént met een gemetastaseerd NSCLC werd geselecteerd. Deze patiénten werden
vergeleken. Het percentage patiénten dat werd gediagnosticeerd met
hersenmetastasen was niet significant verschillend: 32%, 35% en 40%, respectievelijk.
Er was ook geen significant verschil in percentage patiénten met hersenmetastasen bij
initiele diagnose van het gemetastaseerde NSCLC. Tijd tot ontwikkelen van
hersenmetastasen (indien niet al gediagnosticeerd bij initiéle diagnose) was significant
langer voor EGFR-gemuteerde patiénten vergeleken met KRAS-gemuteerde patiénten
(mean 20.4 maanden versus 10.8 maanden), maar niet vergeleken met EGFR/KRAS
wildtype patiénten (16.4 maanden). Mediane overleving na diagnose van
hersenmetastasen was niet significant verschillend en was respectievelijk 12.1, 7.6 en
10.7 maanden. Alle EGFR-gemuteerde patiénten werden ergens in het beloop van hun
ziekte behandeld met een eerste generatie EGFR-TKI, en 80% van hen kreeg deze al
voor diagnose van de hersenmetastasen. Tijd tot ontwikkelen van hersenmetastasen
was niet significant verschillend voor de EGFR-gemuteerde patiénten die alleen
chemotherapie hadden gekregen voor diagnose van hersenmetastasen vergeleken met
degenen die behandeld werden met een EGFR-TKI. Ook overleving na diagnose van
hersenmetastasen was niet significant verschillend, maar aantallen per groep waren erg
klein.

Om overleving na diagnose van hersenmetastasen te verlengen bij EGFR-gemuteerde
patiénten, is (indien oligoprogressie) lokaal behandelen en continueren van de eerste
generatie EGFR-TKI of pulse EGFR-TKI een optie. Bij meer gegeneraliseerde progressie
zijn tweede of derde generatie EGFR-TKI’s een optie. Deze behandelingen werden niet
toegepast op de patiénten die geincludeerd werden in hoofdstuk 8.

Zeker indien er oligoprogressie cerebraal is, is lokaal behandelen met radiotherapie
(WBRT of stereotaxie) met hierbij alleen tijdelijk onderbreken van de EGFR-TKI een
geaccepteerde behandelingsstrategie. Extracraniele ziekte kan echter nog goed
reageren op de EGFR-TKI, en het risico bestaat dat er een extracraniele opflakkering van
de ziekte optreedt indien de EGFR-TKI rondom de radiotherapie wordt onderbroken.
Preklinische data wijzen er verder op dat TKl's de gevoeligheid voor radiotherapie
verhogen. Ditzelfde wordt gezien voor EGFR-gemuteerde cellen. Het is dus mogelijk dat
gelijktijdige behandeling met radiotherapie en een EGFR-TKI een betere uitkomst geeft.
Nadeel is dat de (neuro-)toxiciteit mogelijk toeneemt. In huidige richtlijnen staat geen
advies wat te doen met een (EGFR)-TKI indien een patiént die hiermee behandeld
wordt hersenmetastasen ontwikkeld en een indicatie heeft voor craniale radiotherapie.
In de praktijk wordt deze vaak tijdelijk gestopt wegens de angst voor (neuro-)toxiciteit.
In hoofdstuk 9 wordt in een systematisch review onderzocht of deze angst voor
toegenomen toxiciteit terecht is. De systemische literatuursearch omvatte EGFR-TKI's
(erlotinib, gefitinib, icotinib, afatinib) en anaplastic lymphoma kinase (ALK)-TKI’s
(crizotinib, ceritinib, alectinib). 15 artikelen werden geincludeerd. In 6 artikelen werd
gekeken naar erlotinib tegelijkertijd met WBRT (een studie ook nog stereotaxie na




WBRT), in 4 werd gekeken naar gefitinib tegelijkertijd met WBRT, 3 artikelen
evalueerden gefinitib of erlotinib tegelijkertijd met WBRT en 2 artikelen evalueerden
icotinib met WBRT. Voor de andere medicijnen werden geen studies gevonden. Vijf van
de 15 studies waren retrospectief, en in 9 studies werd (in een deel van de patiénten)
de EGFR-mutatie bepaald (EGFR-mutatie aanwezig variérend van 1.3 tot 100%). Maar
een studie was een gerandomiseerde fase Ill studie (erlotinib plus WBRT en
stereotaxie), en 3 van de 7 fase Il studies waren gerandomiseerde 2-arm studies. Geen
enkele studie evalueerde alleen EGFR-gemuteerde patiénten, die hersenmetastasen
ontwikkelen gedurende EGFR-TKI behandeling en die dan behandeld werden met
radiotherapie met continueren van de EGFR-TKI. Primaire uitkomsten van de studies
varieerden en werden niet uniform weergegeven. Gebaseerd op de resultaten lijken
erlotinib, gefitinib en icotinib veilig met WBRT gegeven te kunnen worden maar er zijn
geen harde data. De combinatie van erlotinib met WBRT en stereotaxie lijkt het aantal
ernstige neurologische complicaties te verhogen.

Patiénten die gediagnosticeerd worden met leptomeningeale metastasen hebben
meestal een zeer slechte overleving. In de retrospectieve multicenter cohortstudie
beschreven in hoofdstuk 10 onderzochten we of dit ook het geval was voor EGFR-
gemuteerde NSCLC patiénten, en of we factoren konden vinden die geassocieerd waren
met een betere overleving. Hiervoor bekeken we retrospectief de data van 356 EGFR-
gemuteerde patiénten. 32 van hen (9.0%) werd gediagnosticeerd met leptomeningeale
metastasen. Mediane overleving was maar 3.1 maanden en dit is vergelijkbaar met
historische data van de overleving van EGFR-wildtype patiénten. Alleen een goede
klinische conditie was geassocieerd met een betere overleving. Patiénten werden na
diagnose van de leptomeningeale metastasen behandeld met onder andere: een EGFR-
TKI (of switch van EGFR-TKI), pulstherapie EGFR-TKI, EGFR-TKI in combinatie met
chemotherapie en/of radiotherapie. Driekwart (drie van de vier) patiénten die nog niet
waren behandeld met een EGFR-TKI voor diagnose van leptomeningeale metastasen
hadden een relatief lange overleving (11.0 -29.9 maanden). Verder kon er geen
behandeling geidentificeerd worden die voor een significant langere overleving zorgde.
Concluderend hebben EGFR-gemuteerde patiénten geen langere overleving vergeleken
met (historische data van) EGFR-wildtype patiénten indien ze deze leptomeningeale
metastasen ontwikkelen tijdens of na EGFR-TKI behandeling. Mogelijk dat de derde
generatie EGFR-TKIs hier verandering in aan kunnen brengen.

In hoofdstuk 11 wordt een algemene discussie over deze thesis gehouden.
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VALORIZATION

In 2013 in the Netherlands, 12,660 patients were diagnosed with lung cancer.’
Approximately 30% was diagnosed in a locally advanced state (i.e. stage Ill) and 50% in
an already metastatic state (stage IV).> Non-small cell lung cancer (NSCLC) and small cell
lung cancer (SCLC) account for 80-85% and 15-20% of lung cancer cases, respectively.’
Approximately 40% of lung cancer patients will develop brain metastases during the
course of their disease.” These brain metastases often have a negative impact on
quality of life (QoL).” In this thesis we tried to unravel clinical questions regarding
screening, prevention and treatment of brain metastases. As a result of the scientific
content of this thesis several recommendations have been made in chapter 11.
However, besides a scientific analysis of these studies, there are some socio-
economical applications and the possibility to develop clinical decision aid tools.

The percentage of the “Gross Domestic Product” spend on health care in the
Netherlands is approximately 14% and is still increasing.5 From an economical point of
view, the results described in this thesis can aid in reducing the costs of treating lung
cancer patients in several possible ways. Examples are omitting unnecessary imaging
procedures (brain magnetic resonance imaging (MRI) in stage Ill NSCLC), omitting end-
of-life-whole brain radiotherapy (WBRT) and using population based databases for
prognostic information and concepts for validation in future studies.

The first to be discussed is the MRI of the brain in neurologically asymptomatic stage IlI
NSCLC patients. Depending on the specific MRI protocol and the hospital, one brain
MRI costs around 300-400 euros. In the Netherlands, approximately 3000 patients per
year are diagnosed with stage Ill NSCLC . Depending on clinical condition, comorbidities
and patient’s wishes, these patients are candidates for therapy with curative intent. As
brain MRI was found to be only marginally superior to a dedicated computed
tomography (CT) of the brain, a significant amount of money can be saved by omitting a
brain MRI in every stage Ill NSCLC patient staged with “*fluorodeoxyglucose-positron
emission tomography contrast-enhanced CT (18FDG-PET-CE-CT). Moreover, as timely
access to MRI was difficult for the participating hospitals, time to start of treatment can
also be shortened by omitting a brain MRI. Problems with timely access to MRI are not
unique for the participating hospitals, as in a United Kingdom survey (2014) CE-CT was
preferred above MRI, presumably due to lack of access to MRI.

The second example to reduce health care costs is the prevention of end-of-life-WBRT.
For one patient, WBRT costs are € 9886.01 (MAASTRO data).8 In general, it is advised to
withhold active treatment in patients with a very poor prognosis and to pursue only
optimal supportive care as these patients do not benefit from active treatment.’ This
thesis describes the results of a large group of lung cancer patients diagnosed with
brain metastases and treated with WBRT. As is shown, the overall survival in the
recursive partitioning analysis (RPA) class Il group is dismal and no prognostic factors
could be identified that were associated with an improved survival. Moreover, in the

207



QUARTZ study, it was shown that omitting WBRT in a poor prognosis group does not
harm patients.'°

The third example is the use of population based databases. Clinical trials are becoming
more and more expensive and it is not always clear whether results found within a
clinical trial / registry based on data from selected patients treated at a referral center
can be extrapolated to the general population. Population based registries, like we
have used in chapter five can aid in validating clinical trial results or providing data for
future clinical trials without additional costs. For example, number of organs with
metastases could be used to stratify patients in clinical trials. Furthermore, the concept
of oligometastatic disease should be further explored especially in the patients with a
low local disease status as we have described that these patients have the best survival.
Population based results can also provide prognostic factors such as the ones described
above. These factors should be validated in the 9th tumour, node, metastasis (TNM)
classification for lung cancer.

This thesis has also some social implications. An example is that it should not matter in
which hospital in a certain region a patient is diagnosed with lung cancer: work-up and
treatment should not be different. However, as is clear from chapter three,
chemotherapy regimens within a chemoradiotherapy regimen vary widely across
hospitals. There are no head to head clinical trials comparing these regimens, but from
published clinical trials it seems that there is no superior one."* Moreover, we have
shown that there is no impact of the chemotherapy used on the diagnosis of brain
metastases after treatment completion. As there are no significant differences for
these regimens (also no difference for overall survival), this thesis provides evidence to
adopt one single regimen within the Netherlands. This would also prevent
miscommunication with referred patients because of different treatment regimens
applied in different hospitals. Moreover, there is no consensus whether NSCLC patients
with a driver mutation, treated with a tyrosine kinase inhibitor (TKI) and diagnosed with
brain metastases, can be treated with cranial irradiation concurrent with the TKI. In a
short survey among pulmonologists and radiation oncologists, practice varied between
continuation of the TKI, discontinuation of the TKI only for the days of cranial
irradiation to discontinuation of the TKI for five half-times before and after the cranial
irradiation (personal communication). This thesis provides evidence that it is safe to
combine a first generation epidermal growth factor receptor (EGFR)-TKI and WBRT.
These data also provide evidence that can be used in a new guideline on cranial
radiotherapy concurrent with systemic treatment.

Another social aspect is that cancer patients do not want to lose hope. However,
sometimes the definition of hope needs to be rephrased, e.g. in poor prognosis lung
cancer patients diagnosed with brain metastases.'” By focusing on offered treatments
the patients and physicians often ignore the dismal future due to a focus on short-term
goals (e.g. make it to the next treatment or test.”> Moreover, in a survey supportive
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care was often not viewed as a real alternative compared to active treatment.’
Possibly a team-based consult service through a multidisciplinary integrated palliative
oncology clinic would have improved this decision making process as was shown in a
recent study."” The results described in this thesis provide additional grounds to have
such a multidisciplinary approach including physician and patient education in every
hospital as it seems that the prognosis of the RPA class Il patients was overestimated.
Another translational of these results would be the development of a clinical decision
aid.

This thesis can also aid in improving the ongoing revision of the Dutch guideline on
brain metastases. Examples already mentioned are the value of MRI in diagnosing
asymptomatic brain metastases in stage Ill NSCLC and omitting end-of-life-WBRT in
poor prognosis brain metastases patients. However, more factors should be taken into
account when deciding whether a patient is eligible for cranial radiotherapy and this
should be described in the revised guideline. Prognostic examples found in this thesis
are the presence or absence of extracranial metastases and number of organs with
metastases. Furthermore, today it is not taken into account whether an effective
systemic treatment is available for the extracranial disease (especially first line
chemotherapy for small cell lung cancer (SCLC) and TKIs for patients with molecular
drivers, but in a lesser extent also first line chemotherapy for NSCLC) and whether this
systemic treatment also penetrates the (compromised) blood-brain barrier (BBB) to
also have an effect on the brain metastases. Ideally, prognostic classification, patient
preferences, available systemic options and patient outcome (symptoms and survival)
should be incorporated into the guidelines and preferably into a decision aid that
continues to improve by the input it receives.

In conclusion, this thesis has a socio-economical relevance and provides opportunities
to develop decision support tools. The economical relevance is demonstrated by
possibilities to reduce costs by sometimes omitting imaging and by omitting end-of-life
WBRT. The social relevance comes from described possibilities to make uniform
treatment decisions (chemotherapy regimens within a chemoradiotherapy regimen, TKI
concurrent with WBRT) and education of physicians and patients about poor prognosis
in RPA class Il patients. It also provides opportunities to develop new clinical decision
aid tools and might have impact on the revision of the Dutch guideline on brain
metastases from solid tumours.
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Het is zover, het wetenschappelijk deel van dit proefschrift is afgerond. Dit was niet
mogelijk geweest zonder de hulp van vele mensen, die ik hieronder wil bedanken.

Allereerst alle patiénten. De klinische vraagstellingen in dit proefschrift berusten veelal
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Allereerst Anne-Marie Dingemans. Anne-Marie, toen ik nog in Heerlen werkte heb je
me enthousiast gemaakt voor longkanker onderzoek en je hebt me “binnengehaald” in
het longartsenteam in Maastricht. Bedankt voor alle nuttige, opbouwende en snelle
feedback. Begonnen zonder al te veel onderzoekservaring kon ik altijd binnen komen
vallen met vragen en problemen. Ook qua combinatie van patiéntenzorg en onderzoek
ben je een voorbeeld van een betrokken longarts die net een stapje (grote stap!) verder
gaat voor haar patiénten. Deze waarderen dat dan ook ten zeerste. Verder verheug ik
me op zowel klinische als onderzoekssamenwerking de komende jaren. Ik zal de
dropjespot op mijn kamer nog vaak moeten bijvullen......

Beste prof. dr. Wouters, beste Miel. Dank voor het opnemen in de staf longziekten en
het geloof in mij dat ik de combinatie deels kliniek en deels onderzoek aan kon. Tevens
dank voor de ruimte die ik kreeg om aan mijn onderzoek te werken binnen de staf
longziekten.

Verder wil ik de leden van de beoordelingscommissie, prof. dr. Tjan-Heijnen, prof. dr.
Lambin, prof. dr. Van Meerbeeck, prof. dr. Ramaekers en dr. Gijtenbeek, bedanken
voor de kritische beoordeling van het proefschrift.

Prof. dr. De Ruysscher, beste Dirk. Ondanks je drukke schema heb je altijd binnen korte
tijd zeer bruikbare feedback gegeven op mijn manuscripten, ze zijn er veel beter van
geworden. Je kritische kijk op zowel de dagelijkse praktijk als onderzoeksresultaten is
een voorbeeld van hoe het zou moeten. Je inbreng op het longoncologie MDO en ons
“kleine MDO" is waardevol, en dat je terug bent in Maastricht is zeker een aanwinst.

Prof. dr. Troost, beste Esther, helaas werk je nu in Duitsland, maar in de gezamenlijke
tijd in Maastricht heb ik je ervaren als een fijne collega, altijd klaar staand voor zowel
patiénten als onderzoek. Dank voor je bijdrage aan dit proefschrift.

Prof. dr. Smit, beste Egbert. Je waarschuwde me de eerste keer toen je feedback op
een manuscript terugstuurde dat “het een beetje rood was geworden en dat ik hier niet
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van moest schrikken”. Ik heb er veel van geleerd (en ben er niet van geschrokken) en de
artikelen zijn er alleen maar beter van geworden.

Prof. dr. Hofman, beste Paul, dank voor alle radiologische feedback, revisie van
beeldvorming en de adviezen met betrekking tot ons volgende gezamenlijke MRI-
onderzoek.

Alle collega longartsen, AIOS en radiotherapeuten die me gefaciliteerd hebben om data
op te komen zoeken of ze zelf geregistreerd hebben voor mij. Zonder jullie zou dit
proefschrift niet mogelijk zijn geweest. Gerben, dankjewel voor het enthousiasmeren
voor de longoncologie, het aanleveren van patiénten data en het warme welkom in
Heerlen als ik weer eens langs kwam, met of zonder collega’s die ook data nodig
hadden. Marcel, Vivian, ik weet niet hoe vaak ik jullie om weer wat informatie heb
gevraagd, maar jullie hebben het altijd zonder problemen of vertraging aangeleverd.
Cordula, Ragnar, de patiénten in Roermond boffen met jullie! Ben en Katrien, ook in
Eindhoven ben ik met open armen ontvangen, op naar nog meer ONCOZON
samenwerking. Michel, Wilma, José, dank voor het mogen gebruiken van jullie AvL-
database en het kritische commentaar op het uiteindelijke manuscript. En wat een
service voor het case report. Jos, het was een stukje rijden, maar wat een positieve
indruk kregen we van de longziekten in Zwolle. Dank voor alle medewerking. Robin,
Mohammad, Bonne, ik ben erg blij met alle data en feedback die jullie hebben
geleverd. Anita en Janna, op naar jullie eigen proefschrift!

Jules, je bent mijn redding geweest met SPSS of Adobe problemen. We hebben twee
mooie artikelen samen en ik ben blij dat je mijn paranimf wil zijn. Heel veel succes bij je
volgende manuscripten en het afronden van je eigen proefschrift. Het wordt goed! En
ooit leer ik zelf mooie figuren maken.....

Monique Hochstenbag, dank voor de kritische noot en de taalkundige ondersteuning.
Op naar nog veel samenwerking met de drie (inmiddels vier) long oncologie dames.

Ruud Houben, dank voor de statistische ondersteuning bij de manuscripten.

Justine en Wouter. De samenwerking met jullie was prettig in het VUMC. Wouter, je
proefschrift is goed geworden. Justine, succes met de laatste loodjes.

Marlies, je hebt binnen 2.5 jaar je proefschrift afgerond, wat een prestatie. Dank voor
alle praktische feedback rondom studies opzetten. Karin, ook jij gaat als een speer!
Hopelijk kunnen we genoeg patiénten enthousiast maken voor jouw onderzoeken.
Janna, het begin van je promotietraject is er, ik ben blij dat je er bent en verder gaat
met waar ik gebleven was.
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Alle andere coauteurs. Het zijn er teveel om allemaal op te noemen. Bedankt dat jullie
de tijd vrijmaakten om mijn manuscripten kritisch door te lezen.

De oncologie/researchverpleegkundigen, datamanagers en researchcoérdinator.
Desiree, beide Gerry’s, Erna, Anneke, Esther, Michelle, Lianne, Lilian, Esmee: niets is
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Alle longartsen, arts-assistenten, verpleegkundigen en ondersteunend personeel van de
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Tiny Wouters. Bedankt voor het goede en snelle verzorgen van de editing van dit
proefschrift.

Daan Janssen, de lay-out is dankzij jou mooi geworden. Op naar een mooie carriere als
medisch illustrator (of toch sportarts).

Sanne, fijn dat je mijn paranimf wilt zijn. Heel veel plezier en geluk met de kleine
Samuel en met Javier natuurlijk. Op naar nog veel ijs eten samen!

Tjeu, Truus, Ingrid, Jeroen. Dank voor de uitstekende verzorging van Jourie, zonder
jullie had ik niet rustig in Maastricht gezeten. lk heb me altijd en nog steeds welkom
gevoeld bij jullie en ik hoop dat ik nog lang kan blijven komen. Misschien krijg ik de
hond nog eens slank met mijn gewandel.

Mijn ouders. Jullie staan altijd voor me klaar en stiekem ben ik best een beetje
verwend, zeker met alles wat jullie de afgelopen jaren voor me gedaan hebben.
Hopelijk heb ik ook wat terug kunnen doen. Papa, ik hoop dat ik nog lang veel
langzamer fiets dan jij en dat we nog veel samen kunnen fietsen, beiden weer eens op
een nieuwe fiets. Dank voor jullie liefde.

Donné, dankjewel voor alle begrip als ik weer eens ’s avonds of in het weekend achter
de laptop zat en verder ook nog wilde wielrennen, naar het paard, de hond uitlaten. En
slapen natuurlijk, daar ben ik goed in.... Je kent me beter dan dat ik mezelf ken. Je hebt
altijd alle vertrouwen in me gehad en me ondersteund, niet alleen psychisch maar ook
met erg lekker eten. Ik kan iedereen zo’n goede kok als vriend aanraden. Op naar nog
vele jaren samen!
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