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Opinion statement

NSCLC is the leading cause of cancer mortality in the United States. Approximately
30-40% of patients present with advanced stage disease (Stage IIIb with malignant
effusion and Stage IV) and the majority of those who present with “earlier” disease will
ultimately develop and succumb to metastatic lung cancer. Although platinum-based
combination chemotherapy has been shown to impact overall survival and quality of
life, it is not curative and less than 25% of patients survive 2 years. Therefore, the
benefits of chemotherapy must be weighed against toxicity, inconvenience, and cost.
Several randomized trials have shown that there is no added benefit of extending first
line, platinum-based chemotherapy beyond four cycles. There was no additional sur-
vival benefit and patients experienced increased toxicity with longer durations of
therapy. Attempts to improve outcome by planned sequential therapy, i.e. shifting
from one cytotoxic regimen to another after a fixed number of cycles have also not
been successful. Several new so-called “targeted” therapeutic agents have recently
been evaluated in clinical trials to assess whether the efficacy of first line chemo-
therapy with platinum doublets can be improved with the addition of these agents.
These include bevacizumab, epidermal growth factor receptor inhibitors (erlotinib and
gefitinib), bexarotene, matrix metalloproteinase inhibitors, and others. Other than
bevacizumab, none have demonstrated benefit in this scenario. The design of most of
these trials employed the concurrent use of the new agent with six cycles of platinum-
based chemotherapy (usually either carboplatin/paclitaxel or cisplatin/gemcitabine)
and then continued the new agent until relapse. Three agents have demonstrated
benefit in randomized studies in the second line setting, docetaxel, pemetrexed, and
erlotinib. No study has evaluated the optimal duration of therapy for these agents,
though for erlotinib, it appears that use until progression is optimal. Future studies of
novel agents will need to explore not only the potential use of these agents in
combination or in comparison with standard therapy, but also the duration of therapy
and consider issues of survival, quality of life, and cost.
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Introduction

Lung cancer is the leading cause of cancer mortality in
the United States. Approximately 85% of lung cancers
are non-small cell (NSCLC) and 30-40% of these
patients present with advanced stage disease, defined
by the presence of malignant effusions (IIIB) or met-
astatic disease (IV). Although advanced NSCLC is
incurable with current therapeutic options, platinum-
based chemotherapy has been shown to improve
overall survival and quality of life compared to best
supportive care [1-4]. Several trials have addressed
duration of first line chemotherapy. There was no
increased survival benefit but there was increased
toxicity when duration was extended beyond 3-4 cy-
cles. There have been no trials addressing duration of

second line chemotherapy. Recently, several trials
have addressed the question of whether the addition
of various targeted agents to first line chemotherapy
will improve survival in advanced NSCLC. In many of
the trials combining platinum-based chemotherapy
with targeted therapy, the duration of chemotherapy
was protocol specified for six cycles with continuous
administration of the “targeted agent” until progres-
sion. Therefore, the issue of optimal duration of these
agents has not yet been assessed. This article focuses
on the current data about duration of chemotherapy
in advanced NSCLC and highlights some of the
on-going trials that will likely impact optimization of
therapy in the future.

e Multiple randomized trials and several meta-analyses have all shown
survival benefit of platinum-based chemotherapy over best supportive
care. The recommended first line chemotherapy in NSCLC is platinum-
based combination chemotherapy. No one regimen has been shown to
be superior for first line therapy. Cisplatin or carboplatin with newer
agents paclitaxel, vinorelbine, gemcitabine or docetaxel is considered
standard of care for patients with preserved performance status (ECOG
PS 0-1 and possibly 2). Bevacizumab has recently demonstrated supe-
riority when combined with carboplatin/paclitaxel over carboplatin/
paclitaxel alone in selected patients with advanced NSCLC and PS 0-1.

e Non-platinum chemotherapy has also been demonstrated to be bene-
ficial with some randomized trials demonstrating comparable levels of
effectiveness in terms survival to platinum based treatment. However,
superiority has not been demonstrated and though the toxicity profile is
different, it is not clearly superior [5].

Duration of first line chemotherapy in NSCLC

¢ Evidence and consequent recommendations for the duration of first line
chemotherapy in advanced NSCLC has evolved in the past decade. In
1997, a consensus statement by American Society of Clinical Oncology
recommended that chemotherapy in advanced stage NSCLC should not
be extended beyond eight cycles [6]. These recommendations were based
on the only trial completed at that time by Buccheri et al. which com-
pared non-platinum based chemotherapy after 2-3 cycles to continuous
treatment [7]. No survival benefit was seen in continuous treatment. A
revision of these guidelines utilizing the additional information from
the studies by Smith and Socinski (see below) in 2003 reduced the
recommended number of cycles to six [8].

e In 2001, Smith et al. conducted a randomized trial comparing three
cycles versus six cycles of mitomycin/vinblastine/cisplatin (MVP) in
advanced lung cancer [9]. There was no significant difference between
median and 1 year survivals. A total of 72% patients randomized to three
courses completed treatment. Only 31% of the patients randomized to
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six courses completed treatment. Drop out rate was due to various factors
including progression, toxicity, and patient preference.

Socinski et al. reported a phase III randomized trial comparing car-
boplatin/paclitaxel x4 cycles versus continuous therapy [10]. At pro-
gression, both arms received weekly paclitaxel. Median survival and
1 year survival rates were not statistical different. Quality of life measures
were similar. There was significantly increased neuropathy in patients in
the continuous therapy arm. Subset analysis on patients who received
four cycles of therapy but were eligible to receive more cycles did not
show any statistical survival difference with the continuous therapy
group. In total 42.5% survived the first year versus 50.2% in the con-
tinuous therapy group, p = 0.9.

Von Plessen randomly assigned patients (n = 297) to either three or six
cycles of carboplatin and vinorelbine and found no benefit from the
longer duration of therapy [11]. There were no significant differences in
terms of median, 1 year or 2-year survival between the groups and no
differences in quality of life or symptom control.

Patient preference for duration of chemotherapy tends to favor longer
durations of chemotherapy, which has posed difficulties in devising
randomized trials. For example Smith and colleagues had planned a trial
where patients with advanced NSCLC who had responded to three cycles
of mitomycin, vinblastine, and cisplatin were randomized to stop che-
motherapy or continue for additional three cycles. However, this design
was not acceptable to a majority of patients who wanted more chemo-
therapy. As a result, the trial was modified to randomize patients before
initiation of therapy. This desire is likely based upon the perception that
there is an advantage of treatment as only 31% of the patients ran-
domized to six courses were able to complete treatment. Similarly, the
other randomized trials have demonstrated that there is a significant
drop off in the number of patients who can tolerate 6 versus 3-4 courses
of therapy either due to progression of disease or toxicity.

At this time, based upon four fully published randomized trials evalu-
ating the duration of initial chemotherapy for advanced NSCLC,
including three with platinum based chemotherapy and two with
“modern” regimens, the optimal duration is 3-4 cycles (see Table 1).

Table 1. Randomized trials of duration of chemotherapy in advanced NSCLC

Trial Regimen N Median survival Toxicity
Buccheri (1989) MACC x 2-3 cycles 74 30 wks vs 2 TRDs
MACC x cont. 47
Smith (2001) MVP X 3 cycles 308 6 mo vs Increased fatigue (p = .03)
MVP x 6 cycles 7 mo (p =.2) & nausea (p = .06)
Depierre (2001) MIP x 4(Observation 179 One year survival Increased leucopenia,
MIP x 4(V 40.4% vs 52.3 (p = .44) thrombocytopenia, infections, 7 TRDs
Socinski (2002) CP x 4 230 6.6 mo vs Increased neuropathy from
CP x cont 8.5 mo (p = .63) cycle 4 to 8 (19% vs 43%
Von Plessen (2006) CVx3 297 28 wks Increased anemia and transfusions
CVx6 32 wks (p = 0.58)

MACC, methotrexate, doxorubicin, cyclophosphamide, and lomustine; MVP, mitomycin, vinblastine, cisplatin; CP, carboplatin/paclitaxel; P,
paclitaxel; CV, carboplatin/vinorelbine; MIP, mitomycin, ifosfamide, cisplatin; TRD, treatment related deaths.
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Planned sequential therapy and/or maintenance chemotherapy

e With the advent of new agents in the 1990’s with different mechanisms
of action and early indications of benefit for several of these agents
(particularly the taxanes) after progression of disease despite platinum
based therapy, the question of planned sequential therapy arose. This
approach was based upon two assumptions, first, that the benefit of first
line platinum based chemotherapy was limited to 3-4 cycles and second
that cross over to a different chemotherapy regimen containing an agent
(or agents) with a different mechanism of action might be beneficial.
Preliminary, institutional phase II trials were promising and a ran-
domized phase II trial was undertaken by the Southwest Oncology
Group (SWOG 9806) [12]. Though the results of this trial were better
than previous SWOG studies, the approach was not felt to be sufficiently
promising to move to a definitive study. A similar trial evaluating cis-
platin/gemcitabine followed by docetaxel or docetaxel/gemcitabine fol-
lowed by docetaxel also failed to demonstrate an advantage for this
approach [13].

o A related approach of maintenance chemotherapy has also been evalu-
ated, defined as continuing one or more of the agents already utilized
but with altered dose or schedule to allow for chronic administration,
has not been demonstrated to be sufficiently active to warrant definitive
testing. DePierre et al. reported a trial where patients with advanced
NSCLC who had either radiographic stability or response to a regimen of
mitomycin, ifosfamide, and cisplatin were then randomized to obser-
vation versus continued treatment with vinorelbine. Of the 217 patients
eligible for the trial, 179 patients or 82% accepted randomization. As
stated above, no difference in survival was seen in the maintenance
therapy group [14].

o Therefore, based upon current evidence there is no benefit to changing
from one cytotoxic regimen to another or for the use of current cytotoxic
agents as maintenance therapy.

Continuation of cytotoxic therapy in the patient who is “benefiting from treatment”

¢ The majority of benefit in terms of measurable response and symptoms
occurs in the first two courses of therapy with almost all radiographic
responses seen within four courses of treatment. The question of whe-
ther continuing therapy in patients who “continue to respond” has not
been clearly answered though the weight of evidence is that it does not
improve the outcomes of survival or quality of life.

e As noted above, the study by Depierre evaluated the benefit of
vinorelbine in patients who had demonstrated response or stability
after platinum based therapy and found no advantage. Similarly,
Socinski analyzed the benefit in terms of survival for those who were
able to receive a full four cycles of therapy versus those who received
more than four (thereby excluding patient who had progressive dis-
ease or could not tolerate therapy) and found no advantage in terms
of survival.

e Based upon current information from randomized trials, there does not
appear to be any benefit for continuing cytotoxic therapy even in
patients who manifest a response after four courses of therapy.
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The impact of initial performance status on duration of chemotherapy

e Performance status is the major prognostic factor in patients with ad-
vanced NSCLC. Limited data exists about correlation between perfor-
mance status and duration of chemotherapy. In Smith et al., there was
no difference in survival between patient with poor performance status
and duration of chemotherapy. In contrast, the study of Socinski et al.
found that patients with worse performance status seemed to benefit
from prolonged chemotherapy. In this trial, patients with poor perfor-
mance status (Karnofsky PS of 70-80%) had worse outcomes. When
comparing Arm A (four cycles of chemo) with Arm B (continuous cycles
of chemo), patients with poor performance status had better outcomes
with continuous therapy. Patients with PS 70-80% in arm A had a
greater hazard ratio = 2.0, p = 0.19 with only 8.0% survival at 1 year
compared to 30.7% survival at one year in Arm B (continuous therapy).
This analysis was exploratory and the numbers were small. The possible
benefit of prolonged treatment with poor performance status patients
requires further study.

o At this time, there is inadequate information to make any recommenda-
tion regarding duration of therapy depending upon performance status.

Role of targeted agents and duration of first line chemotherapy

e Although current platinum based combination chemotherapy has im-
proved survival compared to supportive care, 1 year survival rates have
reached a plateau at 30-35% and improved first line chemotherapy regi-
mens are needed. Bevacizumab, a recombinant anti-vascular endothelial
growth factor (VEGF) antibody, was investigated with carboplatin and
paclitaxel in a randomized phase II trial [15]. A total of 99 patients were
randomized to three groups: carboplatin/paclitaxel (CP), CP + low dose
bevacizumab, and CP + high dose bevacizumab. Patients in the bev-
acizumab groups had overall improved response and time to progression
but increased rates of fatal hemoptysis. A phase III trial comparing car-
boplatin/paclitaxel to carboplatin/paclitaxel/bevacizumab in selected
patients with advanced NSCLC (non-squamous histology, no brain
metastases, PS 0-1, no bleeding or thrombotic problems, no hemoptysis)
has demonstrated improved survival for the bevacizumab arm [16]. In this
study (ECOG 4599) bevacizumab was continued until progression of
disease. It is interesting that in the pilot trial, patients receiving standard
chemotherapy were allowed to cross over to single agent bevacizumab.
Though no radiographic responses were seen, the median survival was
unexpectedly long (12.2 months), indicating the possibility of benefit.
Nineteen patients crossed over at the time of progression and five expe-
rienced disease stabilization. Therefore, when employing this agent in a
non-study situation, given the design of the randomized trial and the data
from the pilot study, continuation until progression is appropriate until
additional data regarding optimum use is generated.

e Data from renal cell carcinoma also lend support to the concept of
continuous use of anti-VEGF agents. The randomized discontinuation
design employed in the studies of sorafenib demonstrated that there was
benefit if these agents were continued in patients with stable or radio-
graphically responding disease [17].

e Other targeted agents include epidermal growth factor receptor tyrosine
kinase (EGFR TK) inhibitors, which have been studied with platinum
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based combination chemotherapy. In the TRIBUTE trial, patients with
advanced NSCLC were randomized to erlotinib vs placebo plus up to six
cycles of carboplatin and paclitaxel [18]. The median number of cycles
of carboplatin and paclitaxel was five for both arms. The median dura-
tion on study drug erlotinib was 4.6 months and 5.3 months with
placebo. Although erlotinib with concurrent carboplatin and paclitaxel
did not improve survival, a subset of patients with mutations in the
intracellular EGFR domain and/or never-smokers may gain greater
benefit from this combination. More trials are needed to verify these
findings. Similarly in INTACT-2, gefitinib in addition to first line
chemotherapy (carboplatin and paclitaxel) did not improve survival
[19]. Similar results were obtained with combinations of erlotinib and
gefitinib with cisplatin and gemcitabine (INTACT-1 and TALENT)
[20,21]. Additional clinical investigations are needed to verify sequential
regimens and duration schemes for maintenance therapy that might
improve efficacy. Of relevance to the issue of duration of therapy, these
studies utilized the EGFR TKI indefinitely. A retrospective analysis has
demonstrated possible advantage for patients who had stable disease
and continued on therapy with the EGFR TKI [22].

e Several phase II and retrospective trials have evaluated EGFR TKI therapy
as first line treatment in patients with lung cancer who never smoked
and in those with mutations in the EGFR tyrosine kinase site. These
studies demonstrate very high rates of response and prolonged survival.
Whether this treatment is superior to the initial use of standard therapy
is unclear. In these trials, the EGFR TKI was utilized continuously.

¢ A number of other studies evaluating new agents including bexarotene,
matrix metalloproteinase inhibitors (MMPIs), and other agents have
failed to demonstrate benefit. In most of these studies, the novel agent
was continued until progression was documented.

e At this time there is not sufficient evidence to recommend the use of
EGFR TKI therapy in any group as first line therapy. However, patients
with no smoking history or other features highly predictive of response
(e.g. EGFR mutation, bronchioloalveolar histology) may be considered
for this approach, preferably as part of a clinical trial [23-26].

Duration of second line chemotherapy in NSCLC

e Evidence for optimal duration of second line chemotherapy in advanced
NSCLC is very limited. In 2004, docetaxel was the first drug approved as
second line therapy for advanced NSCLC [27,28]. In these trials, patients
were treated with 75 mg/m? every 21 days of docetaxel until either
unacceptable toxicity or disease progression. In a Canadian trial com-
paring docetaxel to best supportive care, the median time duration of
response was 26.1 weeks. Therefore, approximately 8-9 cycles of therapy
were administered to patients with response or stable disease. No trials
evaluating duration of docetaxel have been reported.

e Pemetrexed (500 mg/m? q 21 days) has also been approved for second-
line therapy in advanced NSCLC. Though this approval was ostensibly
based upon response rate, in actuality it was due to the comparable
survival of this agent with docetaxel and a favorable toxicity profile [29].
In the phase III trial, there was no limit on the number of cycles of
therapy and as with docetaxel, no optimal duration of therapy has been
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defined. Patients on this trial received a median of four cycles of therapy,
but up to 20 were administered.

e The BR 21 trial conducted by National Cancer Institute of Canada
showed that single agent erlotinib improves survival, quality of life, and
time to progression in patients with advanced NSCLC who had pro-
gressed after first or second line chemotherapy [30]. Duration of therapy
was continuous until further progression. Erlotinib is an oral agent and
its mechanism, targeting of the tyrosine kinase domain of the EGFR is
distinctly different than the targets of DNA or tubulin by the conven-
tional cytotoxic agents (platinum, docetaxel, pemetrexed etc). While
EGEFR targeting can result in cell death, it is likely that there is also an
element of tumor suppression (i.e. cells are viable but not dividing) as
well. As noted above, data from other TKI agents in renal cell carcinoma
indicates that these agents are best administered in a continuous fashion
until progression.

e In second line therapy there are no studies clearly addressing the dura-
tion of therapy with docetaxel or pemetrexed. Erlotinib was utilized
continuously in the BR 21 study and therefore, should be employed
until progression of disease is documented.

Future therapies

¢ Many of the new targeted agents are currently being investigated alone or
in combination with other regimens for first line as well as second and
third line therapies. These agents have different mechanisms and it is
quite possible that, similar to the tyrosine kinase inhibitors, chronic
administration will be both beneficial and tolerable.

e Though currently available cytotoxic agents (i.e. agents targeting DNA
and tubulin) have not demonstrated benefit with prolonged use, these
findings employed doses and schedules based upon the concept that
drugs should be administered at the maximum tolerated dose. It is quite
conceivable that these agents, employed at lower doses and with novel
schedules (e.g. metronomic dosing) may be beneficial when employed
for more than the 3-4 cycles currently recommended. While theoreti-
cally attractive, such use will require phase III trials.
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