Abstract

This 5-part Lung Cancer Supplement includes an overview of what is new in lung cancer from the most
recent ESMO meeting (October 2011), authored by Gwyn Bebb, MA, BMBCh, PhD, FRCPC. A summary by
Peter Ellis, MBBS, MMed, PhD, FRACP, PRCPC, on the current challenges posed by metastatic NSCLC reflects
the many strides that have been made in improving treatment options. Christopher W. Lee, MD, FRCPC, and
Nimira Alimohamed, MD, with Gwyn Bebb, MA, BMBCh, PhD, FRCPC, address mesothelioma and small cell
lung cancer respectively, malignancies where progress seems disappointingly slower. Julia Devonish, PhD,
Nicole Culos-Reed, PhD, and Gwyn Bebb, MA, BMBCh, PhD, FRCPC, review the emerging role of physical
activity in lung cancer, an intervention that is validated in other cancers, but has yet to make useful inroads
in lung cancer management. The fact that this topic is now entering consciousness is testament in itself that
expectations in lung cancer management are growing. We need to tout our successes in lung cancer treatment
and let our marathon-running lung cancer survivors start to take the limelight.
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As summer faded and autumn announced its
presence, Stockholmers, not unlike their Canadian
counterparts, were enjoying the last pleasures of
balmy weather while anticipating an early start to
what is forecast to be a long, cold winter. A brief
glimpse at the geography of the Swedish capital
reveals an unlikely location for a city, not to mention
the seat of government. It consists of a system of
islands, scattered in a mixture of sea and fresh water,
all connected by a series of bridges to somehow
create a cohesive, urban theme. From a lung cancer
perspective, the 16™ European CanCer Organization
(ECCO)/36™ European Society for Molecular Oncology
(ESMO) European Cancer Congress, hosted by
Stockholm for the second time in 4 years, will not
go down in the annals as a meeting that rocked
clinical practice in lung cancer to its core. Indeed,
at times, the lung cancer program appeared to
resemble Stockholm’s own geography, an
archipelago of seemingly unrelated trials, topics
and presentations. Nevertheless, with some help
from Swedish icons, it is possible to string some of
these threads together to form cohesive commen-
tary from the lung cancer presentations related to
locally advanced Stage Ill non-small cell lung cancer
(NSCLC), metastatic NCSLC, small cell lung cancer
(SCLQ), key trial data from AVAPErl, ECOG 5508,
FLEX and BMS-099, as well as important findings
regarding IHC and H scores.

LOCALLY ADVANCED STAGE IlI NSCLC:
RADIATION MAY BE KEY TO BETTER
OUTCOME

Combination radical chemoradiation remains the
mainstay of treatment for patients with locally
advanced Stage Ill NSCLC, a paradigm based on
research initiated in the 1990s. Long-term survival
remains stubbornly steady at about 15-20%.

Changing this outcome has been challenging:
newer agents are proving difficult to incorporate
into this recipe, while the role of surgery as the
third component of a trimodality approach remains
controversial. In addition, increasing the dose of
radiation seems unlikely to be the key to further
improvements since, as pointed out by Senan et al,’
even in countries such as the Netherlands, only
about one-third of patients are candidates for
radical treatment. Clearly, a concerted effort to
make radical treatment more feasible to a larger
proportion of patients is required.

So what can be done? A number of presenta-
tions at the16" ECCO/36™" ESMO European Cancer
Congress by Senan,' Price? and Pastorani® contrib-
uted to the impression that the key may lie in
improving radiation approaches. Clearly, increasing
what is already considered “a radical dose”is not
generally feasible, but making minor adjustments
to several other approaches may pay dividends.
While we cannot improve one thing by 100%, it
may be possible to improve 100 things by 1%.
Better imaging allows for improved staging and
better subclassification of what is a very heterog-
enous group of patients. Radiating only positron
emission tomography (PET)-positive disease may
lead to improved targeting of active disease and a
reduction in the volume of lung treated. Better
tumour targeting using newer techniques such as
intensity-modulated radiation therapy (IMRT) and
image-guided radiation therapy (IGRT) may also
play a substantial role. True, we may have heard
this before, but a few tweaks here and there can,
just as in a cover version of an ABBA song, make
the sound a lot more palatable. In practical clinical
terms, this will require (i) a more integrated multi-
disciplinary approach, (ii) the willingness to apply
more expensive technology to the cause of lung
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cancer, and (iii) a willingness to design more Phase llI
trials for this heterogeneous category of NSCLC
patients. Although the first two seem doable, the last,
as alluded to by Dr. E Felip, the discussant, does not
seem forthcoming at present.

METASTATIC NCSLC: MAINTENANCE
TREATMENT UNDER DEBATE

There was more to digest in the world of metastatic
NSCLC, which is still confronted by 2 main topics

of interest: maintenance chemotherapy and the
identification of predictive markers of response.
The relentlessness of Swedish tennis star Bjorn Borg
is echoed by attempts to demonstrate that
treatment beyond the classic 4-6 cycles of first-line
platin-based chemotherapy yields useful clinical
benefits. This area of research is clouded by, among
other things, matters of definition: Does “mainte-
nance” constitute merely the continuation of one of
the agents used in the initial therapeutic regimen
— such as in the continuation of bevacizumab —
to progression, or does it also include what may be
termed “early second-line” treatment with a different
agent, such as pemetrexed initiated immediately
after completion of 4-6 cycles of platin-based
treatment? An acknowledgement of the need for
clarity here was reflected by Des Guetz* in his
presentation of the results of a meta-analysis of
maintenance treatment in NSCLC. His findings
pointed to a benefit of using maintenance treat-
ment, but the magnitude of benefit seemed to
depend on its specific nature. A hazard ratio (HR)
of 0.93 was quoted for “continuation treatment,”
0.85 for “switch treatment” and 0.83 for “biologic
treatment.” These benefits come at the expense of
toxicity. However, given the inconsistency of trial
design in this field to date, it was concluded that
the jury is still out on this issue.

AVAPERL AND ECOG 5508 TRIALS —
MAINTENANCE TREATMENT HERE TO STAY?
More light on the maintenance issue was provided
by the presentation of the AVAPErl trial (AVAPErl: A
Study of Avastin (Bevacizumab) With or Without
Pemetrexed as Maintenance Therapy After Avastin
in First Line in Patients With Non-Squamous
Non-Small Cell Lung Cancer) by Barlesi.® In this trial,
patients with metastatic NSCLC were assessed for
response after completing first-line chemotherapy.

Those who had progressed were excluded from the
rest of the trial and those with either stable disease
or partial responses and who had not experienced
significant toxicity were then randomized to mainte-
nance pemetrexed versus maintenance pemetrexed
and bevacizumab. A total of 376 patients were
enrolled. At the end of definitive first-line chemo-
theapy, the disease control rate was 62%, meaning
that 253 patients were randomized to the mainte-
nance arms. Analysis showed a significantly longer
progression-free survival (PFS) (starting from the
beginning of treatment) in the maintenance
pemetrexed and bevacizumab combination arm,
at 10.2 vs. 6.6 months (HR 0.50, p < 0.001).

There were a number of criticisms laid against this
trial as outline by the discussant R. Dziadziuszka:
there was no non-maintenance arm for comparison.
In addition, the design of the trial whereby those
who progressed on chemotherapy were excluded
made for a very select group of patients. Conse-
quently, it is difficult to ascertain how much of the
benefit was attributable to the nature of the enrolled
patients. As was pointed out by the discussant, it is
also difficult to know which of the agents is really
responsible for the benefit seen. Additional, more
meaningful information will come from the ECOG
5508 trial (a randomized Phase IlI study of mainte-
nance therapy with bevacizumab, pemetrexed or
a combination of bevaciaumab and pemetrexed,
following carboplatin, paclitaxel and bevacizumab
for advanced NSCLC) currently ongoing in the US.
We were left with the impression that this Borg-like
relentnessness is paying off and that maintenance
treatment will soon be here to stay, but that the
concept does need one of those classic Borg winning
passes from the baseline to secure its place in the
lung cancer management paradigm.

Another Swedish icon, IKEA, has taught us that
great things can be achieved in small spaces. It
could be said that “IKEAfication”is the way we would
like to go in NSCLC. Although we have recognized
several histologic subtypes of NSCLC since pre-
ABBA days, the management implications of that
analysis was until recently non-existent. Over the
last several years the need to distinguish squamous
from non-squamous cancers has been highlighted
by the need to avoid treating those tumours with
anti-angiogenic agents and to reserve pemetrexed
for the treatment of non squamous disease. However,
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the most significant trend is that of the further
subdivision of the broad swathe of NSCLC into several
molecularly-defined subgroups. A vision exists for
NSCLC to be divided into a range of smaller sub-
groups, each maybe making up no more that 5-7%
of the total, whereby a more individualized approach
to treatment can be made. Currently, this is most
notable in the EGFR-activating mutation positive
and the EML4 ALK translocation positive subgroup
of NSCLC, where molecular classification is already
directing treatment decisions.

FLEX TRIAL: POST HOC ANALYSIS

Recent experience has tempered some of this
enthusiasm because of an inexplicable inability to
put K-RAS into context in NSCLC in the way it has
been placed in colorectal cancer. A very interesting
and potentially management-changing series of
presentations was made by O'Byrne,® Lynch’ and
Ruschoff® regarding the post hoc analysis of the
FLEX (First-Line Erbitux in Lung cancer) trial.

In this trial, Stage IV NSCLC patients were random-
ized to receive chemotherapy with or without the
anti-epidermal growth factor receptor (EGFR)
monoclonal antibody (mAb) cetuximab. Of note,
a biopsy assessable for EGFR expression was a
required for enrolment. O’'Byrne explained how
previous analysis using classicimmunohistochemistry
(IHQ), with a 1+, 2+, 3+ scoring system, suggested
that IHC-based assessment of EGFR was not a
factor in determining the utility of cetuximab in this
setting. However, a more quantitative IHC method,
H analysis, whereby samples are given a score out
of 300 based on both intensity of staining and the
proportion of the sample that stains (H score = 1 x
[% 1+ cells] + 2 x [% 2+ cells] + 3 x [% 3+ cells]),
seemed to change this picture. Statistical analysis
suggested that patients whose tumours scored 200
or more on this scale benefited from the addition of
cetuximab, increasing the median overall survival
from 8.9 to 11.2 months. While more pronounced
in adenocarcinomas, this benefit was seen across
all histologies.

BMS-099TRIAL: IHC SCORES AND RESPONSE RATES
In light of the preliminary analysis presented at
International Association for the Study of Lung
Cancer (IASLC) earlier in Amsterdam, a similar analysis
was carried out on the BMS-099 trial. In this trial,

cetuximab was added to carboplatin and paclitaxel
in the same setting. Unlike the FLEX trial, tissue
availability was not a prerequisite for enrolment
and only 22% of patients had tissue available for
IHC analysis, compared with 96% in FLEX. Despite
this, a high IHC H score (>200) predicted for a better
response rate to the cetuximab-containing regimen
and showed a trend toward better survival. This was
interpreted by Lynch’ as lending significant support
to the finding in the FLEX trial and adds further
weight to the utility of this quantitative IHC approach.

VALIDATION OF H SCORING

The final part in this series of presentations out-
lined how H scoring had been validated during its
introduction into the trial and how interobserver
variation was evaluated, then minimized. Riischoff®
explained that 14 “blinded” pathologists had
independently scored 30 NSCLC samples stained
for EGFR using the same antibody. The importance
of this approach was illustrated by showing 2
examples of IHC EGFR staining that would both
have been assessed as 3+ on the classic scoring
system, but which on H scoring differed dramati-
cally, scoring 30 (10% of cells staining 3+) vs 270
(90% of cells scoring 3+). Pretraining concordance
rate was 76% with a k of 0.5 but a posttraining
concordance rate of 90% and k of 0.8 was achieved.
As usual, the concordance rate was lowest in the
mid-scoring range, between 150 and 200.

As summarized by the discussant Hirsch, it is
difficult to be certain what the implications of these
results will be, but there are grounds for thinking
that they will soon affect clinical practice. First,
these findings demonstrate that a methodologic
approach to IHC can yield a more meaningful,
less subjective scoring system. While not quite as
guantitative a system as HistoRX AQUA,® the H
system does account for both intensity and extent
of expression within a given sample while still not
requiring “fancy” equipment. Second, from a
mechanistic angle, it makes sense that the efficacy
of a therapeutic mAb is related to the density of the
target in the tissue of interest. Whether the mAb
is thought to exert its effect through modulation
of the target in the cancer cell or by inducing an
immune response against those cells, the target
needs to be there for binding to occur. It would
seem therefore that more quantitative assessment
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of the presence of specific targets will become a
watchword in this era of personalized medicine.
Third, it helps put the role of K-RAS into context and
suggests that at least in NSCLC, as long as there is
enough EGFR expression, K-RAS status may not be
important in determining the usefulness of anti-
EGFR mAbs. Last, although it is a post hoc analysis,
samples in the FLEX study were collected prospec-
tively in 100% of the patients and so the quality of
the data is high. There is no doubt that Sanofi-aventis
will now file for an indication for use in NSCLC based
on these data — probably the biggest clue that
day-to-day oncology practice will be affected. The
IKEAfication of NSCLC must continue.

PROGESS IN LUNG CANCER EXCEPTIONAL

IN NSCLC, NOT SCLC

From a lung cancer perspective, a striking feature of
the 16% ECCO/36" ESMO European Cancer Congress
was continued silence in the field of SCLC, an area
of study that continues to be a graveyard for investi-
gative treatments. Discouragingly, management of
this disease remains remarkably similar to its manage-
ment in the heyday of ABBA and when Borg last
won Wimbledon. As reviewed later in this supple-
ment, recurrent SCLC remains incurable and is an
area of particular research and therapeutic need.
SCLC represents one of the few areas of oncology
where management is yet to be influenced by an
improved understanding of its molecular basis.

However, in surveying the field of NSCLC in
2011, it is impossible not to marvel at the progress
that has been made in 20 years: from no systemic
treatment to the availability of third- and fourth-
line options; from no molecular guidance to the
acceptance of 2 predictive markers into current
management paradigms; and from a culture of “no
hope”to one of increasing possibilities and even an
expectation that significant progress is just around
the corner. One discussant from the 16" ECCO/36"
ESMO European Cancer Congress commented that
the fact that other tumour sites are trying to
emulate the success of the adoption of multidisci-
plinary management in NSCLC is testament to how
far things have come.

Equally noteworthy is that this remarkable
progress has not come about as a result of one
Nobel prize-worthy “eureka moment,” but rather
as a consequence of a series of difficult small steps.

Each small step represents years of dedication by
researchers, extensive and sometimes protracted
clinical trials, the meticulous translation of new
evidence into oncology practice and the time and
energy of many thousands of patients who are
rather anonymously represented on all those survival
curves. While Alfred may be disappointed that there
is no award to be given on his behalf in the field of
lung cancer, he would be at least happy to think
that the previous nihilism associated with lung
cancer has been exploded: boom goes the dynamite.
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SYSTEMIC THERAPY FORNON-SMALL CELL

LUNG CANCERIN 2011

Multiple options linked to improved survival

and quality of life

The last 2 decades have seen a movement from
relative nihilism about the role of systemic therapy
for non-small cell lung cancer (NSCLC) to support
based on high-quality evidence for the use of chemo-
therapy in the adjuvant setting'?, as well as first** and
subsequent lines of therapy for advanced disease.*®
Data have emerged to promote the use of mainte-
nance therapy following first-line chemotherapy.’"
Targeted agents have been incorporated into
treatment algorithms for advanced NSCLC,'*'*and
an understanding of the molecular phenotypes of
NSCLC is being used to guide treatment selection.'>"”
This article provides an overview of the current
status of therapy for NSCLC.

ADJUVANT CHEMOTHERAPY

Prior to 2004, routine use of postoperative adjuvant
systemic therapy was not recommended. Many trials
published since then'2'® demonstrate about a 10%
improvement in overall survival (OS) for completely
resected stage Il and Il NSCLC patients receiving
adjuvant cisplatin-vinorelbine chemotherapy."
Retrospective subgroup analyses of the National
Cancer Institute of Canada Clinical Trials Group
(NCIC CTG) BR.10 and Cancer and Leukemia Group B
(CALGB) 9633 trials also support improved survival
from adjuvant chemotherapy for patients with larger,
Stage IB tumours (=4 cm).2*' Adjuvant chemotherapy
is now the standard of care for patients with resected
Stage IB =4cm, Il and [IIA NSCLC.

is a Medical FIRST-LINE CHEMOTHERAPY
Oncologist at the We have known for some time that chemotherapy
Juravinski Cancer Centre,  results in modest survival improvements for
and Associate Professor  patients with advanced NSCLC.%22 Gemcitabine,
at McMaster University  vinorelbine, paclitaxel or docetaxel combined with

in Hamilton, Ontario. a platinum agent are all similarly effective and
Email: peter.ellis@jcc. result in gains in median survival of 3 to 4 months.3*
hhsc.ca Typically, chemotherapy would not be continued

beyond 4 to 6 cycles. Recent data have shown the
importance of histologic subtypes in the selection
of chemotherapeutic drugs.*?* For patients with non-
squamous histology, regimens containing pemetrexed
may offer small OS improvements compared to
other regimens. However, recent evolution of the
NSCLC treatment paradigm means that no one
first-line treatment option is clearly superior.

MAINTENANCE THERAPY

Recent data have challenged the theory on duration
of therapy. Several trials have shown improved
survival for patients switching to pemetrexed or
erlotinib immediately following 4 cycles of first-line
chemotherapy.'®* Questions exist about the design
of these trials and whether the benefit is limited to
subgroups of patients with stable disease following
first-line therapy. Nevertheless, maintenance therapy
is now a consideration for patients completing
first-line chemotherapy.

TREATMENT BEYOND PROGRESSION
Data from a number of randomized trials indicate
that second- and third-line treatments improve
survival of NSCLC patients.5® Trials initially demon-
strated that docetaxel increased median survival by
2 to 3 months.8 These gains were associated with
quality of life improvements.* Subsequently,
pemetrexed was shown to be noninferior to
docetaxel.” A retrospective analysis also showed
non-squamous histology was predictive of
improved survival for patients treated with
pemetrexed.” More recently, molecular-targeted
agents have also shown benefit for this patient
group. Erlotinib, an epidermal growth factor
receptor (EGFR) inhibitor, improves survival and
quality of life as second- or third-line therapy in
patients not eligible for further chemotherapy.®?
Questions continue about the appropriate
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sequence of therapy following progression on
first-line therapy. Two trials, INTEREST (IRESSA NSCLC
Trial Evaluating Response and Survival against
Taxotere),” which compared second-line docetaxel
vs gefitinib, and TITAN (Tarceva in Treatment of
Advanced NSCLC,% evaluating pemetrexed vs
erlotinib, showed similar progression-free survival
(PFS) and OS for second-line chemotherapy or
second-line EGFR therapy. These data suggest that
the sequence of second- and third-line therapy is
probably less important than maximizing the
number of patients who receive both lines.

INTEGRATING TARGETED THERAPIES
INTO SYSTEMIC TREATMENT

Many molecular targets have been identified that
appear important in NSCLC cell growth and prolifera-
tion. To date, the most promising approach has
been the inhibition of angiogenesis. Bevacizumab,
a monoclonal antibody against circulating vascular
endothelial growth factor (VEGF), is the only agent
approved for NSCLC. The Eastern Cooperative
Oncology Group (ECOG) 4599 trial evaluated the
addition of bevacizumab to carboplatin-paclitaxel
chemotherapy.' Results showed increased objective
response rates (ORR) and PFS, translating to a 2-month
OS improvement. A second trial, AVAIL (Avastin in
Lung), studied bevacizumab in combination with
cisplatin and gemcitabine,'??° but was not able to
demonstrate any improvement in OS. Nevertheless,
bevacizumab is incorporated in first-line treatment
algorithms for advanced NSCLC. Toxicity concerns
limit this to good-performance status patients with
non-squamous histology, no brain metastases, no
history of hemoptysis and no history of venous
thromboembolic or bleeding disorders.

Several trials have assessed the addition of
cetuximab, a monoclonal antibody against EGFR,
in combination with chemotherapy.'*° FLEX (First-Line
Erbitux in Lung Cancer) showed a small OS
improvement, with increased toxicity."* Cetuximab
does not have regulatory approval for NSCLC and
has had limited impact on treatment. To date,
approaches targeting the insulin-like growth factor
receptor (IGFR) have not improved survival.®'

MOLECULAR-GUIDED THERAPY
The discovery of activating mutations of the EGFR
gene has changed the paradigm that all NSCLC

patients should be treated in the same manner.32%
The presence of an exon 19 deletion or an L858R point
mutation of exon 21 is predictive of a high likelihood
of response to EGFR tyrosine kinase inhibitors. Multiple
randomized trials have now demonstrated large
improvements in PFS for EGFR mutation-positive
patients receiving first-line gefitinib or erlotinib in
comparison to platinum-based doublets.'>163*
Additionally, EGFR wild-type patients appear to
suffer harm from first-line EGFR therapy." Testing for
the presence of an EGFR mutation should be routinely
performed in patients with advanced NSCLC.

More recently, a new molecular subset of NSCLC
has been defined based on a translocation of the
echinoderm microtubule-associated protein-like 4
(EML4) and anaplastic lymphoma kinase (ALK)
genes.®* The presence of such translocations
appears to predict benefit from crizotinib, an ALK
inhibitor.”” Comparative trials against first- and
second-line chemotherapy options are ongoing,
as is research to further characterize the molecular
phenotypes of lung adenocarcinomas.

BALANCING BENEFITS AND RISKS
Multiple options now exist for the systemic treatment
of NSCLC. Benefits are modest but linked to both
improved survival and quality of life. The challenge
for clinicians treating patients with NSCLC remains
to balance the expected benefits against toxicities
and patient preference.
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PHYSICAL ACTIVITY IN LUNG CANCER
Emerging data link physical activity
with long-term benefits
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Interventions aimed at improving physical activity
(PA) levels in cancer patients have been established
as safe and generally well tolerated both during and
after cancer treatments, providing numerous benefits,
and perhaps extending survival.'? PA guidelines for
exercise testing and prescription in adult survivors
of breast, prostate, colon, hematologic and gyne-
cologic cancers have been published.?

Although lung cancer (LC) is the second most
common malignancy, guidelines do not include this
patient population. Emerging data suggest PA benefits
both as an exercise-based physiologic assessment
during evaluation for resection and as a comple-
mentary approach to reproduce benefits observed in
other cancer and chronic lung disease populations.'**
PA interventions must be tailored to 3 distinct clinical
settings: 1) resectable disease, 2) unresectable locally
advanced disease and 3) metastatic disease.

RESECTABLE DISEASE
The majority of LC PA research has focused on the
surgical population. Approximately two-thirds of
patients report activity levels insufficient to meet
guideline recommendations.® Importantly, those
meeting guidelines report better quality of life
(Qol) than less active counterparts.”
Cardiopulmonary exercise testing (CPET) has
become an integrated component of the preopera-
tive risk assessment, as it replicates stressful condi-
tions similar to those experienced during surgical
pro- cedures.? Evidence of its safety and feasibility
in LC has been documented.® Exercise testing that
assesses maximal oxygen consumption (VO,max) is
preferred as it is a strong independent predictor of
both survival and surgical complications as well as
a key factor in determining candidacy in patients
whose predicted postoperative forced expiratory
volumein 1 second (FEV,) or diffusing capacity of lung
for carbon monoxide (D, ;) are <40%.*%"° Patients
with a preoperative VO,max of >15ml-kg™-min”,
10-15 ml-kg'-min”, and <10 ml-kg'-min™ are at low,

increased, and very high risk of surgical complica-
tions respectively.®'2

A compelling reason for PA intervention in LC is
the possibility of increasing the number of candidates
for curative intent treatments. Through improve-
ments in VO, max via exercise training, potential
surgical candidates may alter their risk category,
potentially deeming themselves eligible. Feasibility
was demonstrated in 8 patients who, despite favour-
able clinical stage, were denied surgery based on
poor pulmonary functioning.” Following 4 weeks
of individualized aerobic and resistance training,
each patient significantly improved exercise capacity
and subsequently received surgery with no mortality
and 25% morbidity. Another investigation provided
aerobic training at 60-100% of baseline VO,max
until surgical resection.” Intention-to-treat analyses
found a 2.4 mL-kg™-min"' improvement in VO, max
prior to surgery. Per protocol analyses revealed
greater improvement in those attending =80% of
the prescribed sessions (3.3 mL-kg'-min™). Despite
small patient series and no level | evidence, some
European bodies recommend early pre- and
post-operative programs to surgical candidates.'>
Improvements in peri- and post-operative recovery
have also been noted with this approach.™

LOCALLY ADVANCED AND

METASTATIC DISEASE

Advanced LC poses additional challenges. CPET
feasibility in inoperable disease found 28% lower
VO,max in patients than in sedentary age- and sex-
matched controls.® In unresectable or medically
inoperable disease, sequential chemotherapy and
radiation provides modest improvements in survival
in Stage Il and Il disease, while concurrent radical
chemoradiotherapy offers long-term control at the
cost of increased toxicity (i.e. Grade 3-4 esophagitis).'s
The systemic effects of chemotherapy on physical
functioning, compounded by radiation-induced
fatigue and fibrosis likely contribute to the observed
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exercise intolerance.>'® Significantly more physical
symptoms, psychologic problems and QoL declines
in comparison to other populations of cancer
survivors are reported.”

Only one intervention in this clinical subset (i.e.
Stage llIB or IV) exists within the literature.’® The
program involved aerobic, resistance and flexibility
exercise. No significant differences in QoL, fatigue,
mood, muscular strength or functional capacity
were observed from pre- to post-intervention, with
the exception of improved LC symptoms. While this
lone study does provide preliminary evidence of
the feasibility of such interventions, it also suggests
that maintaining the status quo for longer may be
the main benefit. Within the general cancer literature,
evidence suggests PA benefits in both metastatic
disease and palliation, but extrapolating these con-
clusions to LC may not be an easy proposition.'>

FUTURE DIRECTIONS
Guidelines for exercise testing and prescription in
cancer have been recently published, with general
adult PA guidelines serving as a framework.? Given
the likelihood that a LC patient will be of an advanced
age at presentation, guidelines for older adults may be a
more appropriate framework.?' To further the LC PA
evidence, researchers should employ these recom-
mendations around the specificity, frequency, intensity
and type of aerobic, resistance and flexibility exercise.
Clearly, there is a dearth of evidence to guide how
PA can be incorporated into LC management. While
the naysayers will tend to point to the dismal outlook
associated with LC as a reason for not pursuing this
line of research, there are compelling reasons to
drive new research forward. The last decade has seen
the acceptance of second- and third-line treatments
which have extended LC survival even in the metastatic
setting. The incorporation of targeted treatment for
molecularly defined patients extends progression-
free survival while creating minimal toxicity. It is also
important to recognize that 15% of LC patients are
never-smokers and are therefore not prone to the
classic exercise limitation often associated with LC.
There is a need for statistically powered randomized
controlled trials within the 3 broad patient catego-
ries to examine and validate efficacious intervention,
with adequate followup to assess long-term effects, so
that the benefits of PA demonstrated in other cancers
can potentially be extended to the LC patient.
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MESOTHELIOMA UPDATE
Aggressive management under debate
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The incidence of mesothelioma in Canada has been
steadily increasing since the 1970s. The number of
new cases diagnosed in 2007 was 514, up from 276
in 1992.' From 1960 to 1968, there only 99 cases of
mesothelioma in Canada.?

The main goal of treatment for malignant pleural
mesothelioma (MPM) is disease control. Aggressive
management involving radical surgery, chemo-
therapy and radiotherapy is feasible in suitable
candidates,® but long-term survivorship may be a
function of patient selection.*

AGGRESSIVE MANAGEMENT: ROLE OF
RADICAL SURGERY

The results of the Mesothelioma and Radical Surgery
(MARS) trial have raised questions about the role of
extrapleural pneumonectomy (EPP).> Intended to
address the feasibility of performing a randomized
trial of radical surgery, a total of 50 subjects were
assigned to either EPP or no EPP. Based on an
intention-to-treat analysis, the no-EPP group had a
better outcome, with a median survival of 19.5 vs
14.4 months, a difference primarily due to periop-
erative complications, leading the MARS trialists to
caution against EPP. Proponents of EPP have criticized
this conclusion given the small size of the trial and
because survival was not the primary endpoint.

The next study planned by the MARS trialists
eschews EPP in favour of pleurectomy.® A large
retrospective review of surgery at major Ameri-
can centres demonstrated no major differences
in outcomes between EPP and pleurectomy.”
However, with the goal of surgery to achieve
maximal cytoreduction, the latest strategy of the
MARS trialists has also been criticized,® and the
definition of what qualifies as a pleurectomy for
MPM is under debate.

The MARS trial highlights another important
management issue. Enrollment occurred at 12 centres
in the United Kingdom over a 3-year period. Screening
logs were not mandatory, and only 261 patients were
accounted for in this manner. Of all those diagnosed
with MPM, 112 were registered for the trial, and

over half were not randomized due to a variety of
factors, such as disease progression and the decision
by patients to withdraw. Regardless of the exact
denominator, the 50 patients randomized to EPP or
no EPP undoubtedly represent a small fraction of
the patients diagnosed with MPM.

In Ontario, there are at least 2 major thoracic
surgery centres that routinely perform radical surgery
for MPM. A recent review of practice in the province
indicates that approximately 10% of patients are
managed aggressively? (probably representing the
upper limit of the MPM population in whom radical
surgery might be performed). In many other
communities, there is a lack of expertise and/or
interest in performing radical surgery for MPM.

MANAGEMENT WITH CHEMOTHERAPY
Chemotherapy is associated with a modest survival
benefit in fit patients with MPM.™® The combination
of cisplatin + pemetrexed is standard, although
reimbursement issues may affect access to pemetrexed.
Retrospective reviews suggest comparable survival
outcomes using gemcitabine or raltitrexed in
place of pemetrexed.>'" Similarly, carboplatin can
substitute for cisplatin. Vinorelbine and pemetrexed
have demonstrated activity as single agents, and
may be alternatives for individuals with platinum
-analog contraindications.

In individuals with a long progression-free interval,
retreatment may be considered.'? However, there
is little data to support second-line systemic therapy.
A trial of single-agent pemetrexed as salvage
therapy following a platinum-based doublet failed
to demonstrate any benefit.”* Recently, a large
placebo-controlled trial of the histone deacetylase
inhibitor, vorinostat, in the second-line setting has
also reported negative results.’

There remains hope that novel targeted agents
will prove useful in treating MPM despite the
finding that epidermal growth factor tyrosine
kinase inhibitors, specifically gefitinib and erlotinib,
and angiogenesis inhibitors, such as bevacizumab
and sunitinib, have demonstrated little activity.'
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FIGURE 1. MPM, with proportion (%) of patients suitable for each treatment category

AllMPM

100

Fitfor chamathe rapy

Not fit or declines

Ebl!'ﬂ‘lﬂ!htl'ﬂp\l'
0 50
|
1 1 !
Aggressive management Mot a candidate for Palliativa
with radical surgery radical surgery management
5-10 40-45 50
lioma: clinical outcomes of the Mesothelioma and
Radical Surgery (MARS) randomised feasibility study.
PALLIATIVE TREATMENT ot Y

While 10% of patients are candidates for aggressive
management, only about 50% are suitable for
chemotherapy. For the rest, the focus is entirely on
palliative measures (see Figure 1). Radiotherapy is
used primarily for control of chest pain.'

Essential elements of active symptom manage-
ment include:" regular specialist followup; structured
assessments for physical, psychologic and social
issues; rapid access to other specialty services, such
as pain management and social work; and parallel
nursing support. With the benefit of early integration
of palliative care into management of advanced
non-small cell lung cancer, it is likely that there
would be a comparable advantage in MPM.
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Small cell lung cancer (SCLC) is characterized by a
rapid doubling time, early development of meta-
static disease and sensitivity to chemotherapy and
radiation. Despite additions to treatment regimens
over the past 20 years, including prophylactic cranial
radiation, improvements in survival with this disease
have been modest: the vast majority of patients
with SCLC will die within 2 years.

INCIDENCE AND ETIOLOGY

The incidence of SCLC is declining, representing
13% of all lung cancers in 2002, compared with 17%
in 1986.! Despite this, SCLC continues to account for
approximately 4% of all cancer mortality.

STAGING

The 2-stage Veterans Administration Lung Group
staging system continues to be used in clinical
practice. Limited-stage SCLC (LSCLC) refers to a
volume of disease that can be encompressed
within a tolerable radiation field, an area that may
include hilar, mediastinal and supraclavicular
adenopathy, while extensive-stage disease (ESCLC)
is everything else. A recent study showed that survival
of patients with LSCLC with an effusion is interme-
diate between those with limited-stage disease
without effusion and those with extensive-stage
disease, suggesting that the tumour, node,
metastasis (TNM) staging systems can identify
patients with distinct prognoses.® In practice, most
patients with a cytology proven malignant effusion
are considered to have extensive-stage disease. The
American Joint Committee on Cancer - L'Union
Internationale Contre le Cancer (AJCC/UICC) TNM
classification, 7t edition, is now the recommended
staging system for SCLC, although the adoption
into clinical practice is slow. At the time of diagnosis
60-70% of patients have extensive-stage disease.

THE ROLE FOR SURGERY

There is no role for surgery alone as the primary
treatment for LSCLC. As part of multimodality therapy,
initial surgery may improve survival in a limited set

of patients with Stage IA disease who have had
appropriate preoperative nodal evaluation, although
data is retrospective.* Due to the presumed high
likelihood of disseminated micro-metastases, most
centres recommend adjuvant treatment with
cisplatin and etoposide. Surgery after induction
chemoradiotherapy may improve local control and
survival in a carefully selected subset of patients
with Stage I-lllA disease if complete resection is
achieved, as demonstrated by recent Phase Il data.®

EVOLUTION OF CHEMOTHERAPY

In LSCLG, the relatively inexpensive combination of
cisplatin + etoposide chemotherapy (EP) along with
thoracic radiation remains the standard of care, as
these modalities can be combined at full doses with
tolerable toxicity profiles. EP regimens are superior
to cyclophosphamide combination chemotherapy.®
Attempts to increase dose intensity or add other
agents caused more hematologic and nonhema-
tologic toxicities with lower survival rates when
compared to full-dose EP and radiation.” Paclitaxel
+ EP in a Phase Il trial seemed to have comparable
survival numbers, but significant esophagitis and
mortality due to toxicity resulted.’

For ESCLC, combination chemotherapy with a
platin and etoposide remains the standard of care in
the first-line setting. Cisplatin-containing regimens
are superior to cyclophosphamide-based therapies.’
Carboplatin can be used if cisplatin is contraindicated,
although response rates are lower compared with EP™
Adding other agents such as paclitaxel or ifosfamide
to EP has not impacted survival enough to outweigh
the added toxicities." Irinotecan when combined
with cisplatin initially had promising resultsin a
Japanese study, with median survivals of 12.8 months
vs 9.4 months. However, a Phase lll North American
study, of irinotecan and cisplatin with a different dosing
regimen failed to show any benefit over standard
EP.? Epirubicin combined with cisplatin compared to
EP has similar outcomes but less hematologic toxicity
and presents another viable alternative for treatment
of ESCLC in the first-line setting.” Four drug regimens
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have shown modest improvements in response
rates and overall survival (OS), however the added
toxicities have also limited their clinical application.'

For ESCLC, 4 to 6 cycles of induction treatment
is optimal. A meta-analysis revealed small but
statistically significant improvements in progression-
free survival (PFS) and OS with maintenance
chemotherapy.’ However, randomized trials have
failed to prove superiority.

RADIATION THERAPY

Radiation therapy, when combined with chemo-
therapy, has improved intrathoracic tumour control
rates and OS in patients with LSCLC.'"” Modest
survival improvements occur with early concurrent
therapy, and if treatment is completed within 30
days of chemotherapy initiation."” Total dose and
fractionation schedules remain an area of active
research. One study demonstrated a 10% improve-
ment in OS when 45 Gy of radiation therapy was
delivered twice-daily over 3 weeks compared to
45 Gy daily over 5 weeks. Although rates of esophagitis
were higher in the twice-daily treatment group,
overall tolerability was comparable.'®

PROPHYLACTIC CRANIAL IRRADIATION
At the time of diagnosis of ESCLC, 14-24% of patients
will have brain metastases.”” A meta-analysis of 7
randomized trials, with a predominantly LSCLC
population with complete response to initial therapy,
demonstrated a 50% reduction in the development
of brain metastasis and a 5.4% improvement in 3-year
OS with prophylactic cranial irradiation (PCI)."” A
randomized Phase lll trial evaluated the role of PCI
in ESCLC after chemotherapy and demonstrated a
reduction in the incidence of symptomatic brain
metastases and improvement in survival.?® PCl has
thus been established as the standard of care for all
patients with SCLC who respond to initial therapy.

SECOND-LINE THERAPY

Relapses are common despite high response rates
to initial chemotherapy and recurrent disease is
considered incurable. Chemosensitivity is inversely
related to the rapidity of recurrence: SCLC that
progresses through initial therapy or within 3 months
of completion is considered “refractory.” Disease
recurring >3 months after completion of first-line
therapy is considered sensitive, and disease that

occurs >6 months after initial treatment is often
treated with the same regimen with a useful response.
Response rates of 8-28% are seen with CAV
treatment after first-line EP?' Single-agent topotecan,
intravenous and oral, improves survival, quality of
life and symptom control when compared to best
supportive care in relapsed SCLC.%2 Oral topotecan
has emerged as one viable option in the second-
line treatment of SCLC. Amrubicin has also shown
activity in relapsed SCLC and, when compared in a
Japanese Phase Il study to oral topotecan,
demonstrated higher response rates and PFS.2
In a North American Phase Il trial, the response rate
was lower although still promising.* Many other
drugs have been investigated in the second line,
including irinotecan, gemcitabine, paclitaxel,
docetaxel and vinorelbine, but none demonstrates
significant improvements in efficacy.

CURRENT OUTCOMES

Survival of patients with LSCLC and ESCLC has modestly
increased over the past 3 decades. Two-year survival
of patients with ESCLC was 4.6% in 2000 compared
with 1.5% in 1973. Median survival is now estimated
at 8-13 months. Five-year survival is poor at 1-2%.
Median survival of patients with LSCLC is 15-20 months,
compared with 12-17 months in the 1980s; 20-40%
of patients will survive to 2 years and 10-13% will
survive to 5 years with limited-stage disease.

NEW DIRECTIONS AND CHALLENGES
Several new cytotoxic agents continue to be evaluated
in SCLC. Amrubicin in the first-line setting in combina-
tion with cisplatin achieved a response rate of 88%
and median OS of 14 months in a Japanese study.
North American and European trials are underway
to determine the efficacy of amrubicin in other
ethnic groups.

Immunotherapy and targeted agents have gener-
ally been unsuccessful in changing the outcome of
SCLC. Interferon therapy has not show benefit but
did increase toxicity. Thalidomide has failed to show
any benefit when added to chemotherapy and
caused thrombotic events.?*¥” Oblimersen, a B-cell
lymphoma-2 (Bcl-2) antisense oligonucleotide,
demonstrated a trend towards a worse outcome as
initial therapy for ESCLC.8 In relapsed SCLC, imatinib
and gefitinib have not been successful. Bevacizumab
and sorafenib both seem to have some activity in
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sensitive relapsed SCLC from Phase Il data.
Although the incidence of SCLC is declining, survival
outcomes remain dismal. Systemic chemotherapy
for SCLC has not significantly advanced in the last
20 years. Unlike the case in several other tumour sites,
the understanding of molecular pathways has not
yet to led to the use of targeted agents that provide
a clear survival advantage. However, combinations of
targeted agents with chemotherapy and the investiga-
tion of new targeted therapies is ongoing. It is to be
hoped that the two decades of minimal progress
merely herald an imminent explosion of new clinical
breakthroughs to parallel the progress made in NSCLC.
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