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Rationale for maintenance therapy
Given that many cancers will inevitably progress following initial response to treatment, and that newer
targeted cancer drugs often have fewer side effects than standard chemotherapy, maintenance therapy to
prevent or delay cancer progression or slow cancer growth is increasingly being considered as an option.
Maintenance trials are currently being conducted despite a lack of consensus on appropriate design;
additionally, it is often hard to interpret the results of these trials due to confounding effects such as
patient drop out and crossover to alternative treatments. Therefore, this panel was convened with the goal
of reaching consensus on the optimal design of clinical studies to assess the utility of maintenance
therapy.
The term “maintenance therapy” can have many specific meanings, but one usage refers to treating a
patient with a second-line drug immediately after that patient obtains maximal response to first-line
induction therapy (defined as “switch maintenance” by the NCCN). In many advanced cancers, patients
may respond well to first-line therapy but then progress and deteriorate so rapidly that they are unable to
receive second-line therapy. Thus, switch maintenance increases the number of patients exposed to an
active drug and, in theory, extends the progression-free period for these patients. Switch maintenance may
also prevent or delay the development of tumor-related symptoms. This form of maintenance therapy has
recently been studied in the treatment of non-small cell lung cancer (NSCLC), an aggressive malignancy
in which those patients who respond to first-line chemotherapy typically relapse quickly and have a
median survival of approximately one year. Specifically, three agents that have shown efficacy in the
second-line setting- docetaxel, pemetrexed, and erlotinib- have been tested as maintenance therapies (13), and pemetrexed and erlotinib have received FDA approval for this use (4, 5).
Another common form of maintenance therapy is referred to as “continuation maintenance”, in which a
patient continues to receive a targeted drug after induction therapy with that drug in combination with
chemotherapy. This form of maintenance therapy is based on the premise that persistent suppression of
certain molecular pathways may help restrain tumor growth. In some settings long term use of an active
targeted agent has been associated with better treatment outcomes. A prime example of this is the antiCD20 monoclonal antibody rituximab, which is regarded as the standard-of-care first-line treatment for
follicular lymphoma and has recently been approved for continuation maintenance of this disease (6, 7).
Rituximab has minimal toxicity, targets a relatively stable epitope, and can be administered infrequently
due to its long half-life, making its use as a maintenance therapy against this incurable disease appealing.
Continuation maintenance can also refer to continuing a targeted therapy that was a component of an
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induction regimen even after disease progression. This strategy has been employed with trastuzumab in
breast cancer (8) and with bevacizumab in a variety of malignancies (9, 10).
Although an attractive approach for staving off the progression of cancer and its symptoms, maintenance
therapy is not without its drawbacks. First, while targeted therapies may be more tolerable than standard
chemotherapy, they do have toxicities. By exposing patients to a targeted therapy for an extended
duration, the exposure to the toxicities of that therapy is expanded and the risk of cumulative toxicities is
increased. Second, while there are some tools available to demonstrate an improvement in QOL or a
reduction in symptoms, the direct benefit to patients of delaying tumor progression (whether assessed by
imaging or symptoms) is difficult to determine unless it results in prolongation of overall survival. In
addition, the risk of developing resistance to the therapy is increased, leaving the patient with one less
therapeutic option in the future. Third, it is not clear that maintenance therapy is necessarily superior to
administering or resuming the maintenance treatment at the time of tumor progression. Fourth, although
not a component of the risk-benefit ratio, maintenance therapy significantly increases cost and
inconvenience for the patient. With both the potential benefits and risks in mind, studies should be
designed to show that a patient obtains a true clinical benefit from receiving a maintenance therapy. The
ultimate goal of maintenance therapy should be to improve overall survival or patient quality-of-life
compared with either no maintenance or application of the “maintenance” treatment at the time of tumor
progression.

Case studies
The panel examined two clinical trial scenarios to evaluate the use of maintenance therapy in cancer
treatment. For each, the group considered how the studies can be optimally designed, what endpoints are
appropriate, and how large the trials must be to demonstrate a meaningful clinical benefit. To help with
this, a retrospective statistical analysis of previous and existing trials for each scenario was performed.
Scenario 1: Switch Maintenance
The first scenario is a clinical trial design that could be used to demonstrate the value of immediate
introduction of Drug X following achievement of best response to standard first-line chemotherapy with
the goal of maintaining remission as opposed to waiting until disease progression to begin treatment with
Drug X. This scenario is first examined assuming that Drug X has already demonstrated activity against
the cancer being treated, but has not been used in the course of treatment thus far. We then examine this
scenario for situations when Drug X has not yet been tested for efficacy in the cancer being treated.
The exemplar trial for this scenario is the SATURN trial used to support FDA approval of erlotinib for
maintenance therapy in NSCLC following 1st line platinum chemotherapy (3, 11). This trial compared
first-line maintenance erlotinib treatment to placebo followed by the physician’s choice of second-line
therapy at the time of progression (Figure 1A). The SATURN trial demonstrated improvements in
progression-free survival (PFS) and overall survival (OS) with erlotinib maintenance: median PFS in the
placebo group was 2.6 months compared to 2.8 months in the erlotinib group (hazard ratio [HR] = 0.71),
and median OS in the placebo group was 11 months compared to 12 months in the erlotinib group (HR=
0.81). Because erlotinib is an inhibitor of the epidermal growth factor receptor (EGFR), tumors were
analyzed by immunohistochemistry for EGFR expression (EGFR+ tumors). Among patients with EGFR+
tumors, the median OS in the placebo group remained 11 months while the median OS in the erlotinib
group was increased to 12.8 months (HR= 0.77).
Because erlotinib is an agent with demonstrated activity in the second-line setting, the efficacy seen in the
SATURN trial might not be surprising: in the placebo arm of this study, many patients may never have
received erlotinib at any point in their treatment regimen. Thus, although the control arm of the SATURN
trial might be a more accurate representation of clinical practice, the trial did not answer the question of
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whether or not a patient truly benefits more from receiving erlotinib as first-line maintenance than they
would have by simply waiting until disease progression to receive erlotinib. To specifically answer this
question, a trial comparing first-line erlotinib maintenance with second-line treatment (i.e. maintenance
vs. delayed treatment) would need to be performed (Figure 1B). A delay in tumor progression is likely a
predictable outcome of maintenance therapy but may come with increased toxicities; therefore, the
primary endpoint should be overall survival or some other endpoint that reflects clinical benefit, such as
delay in onset of tumor-related symptoms. We performed a calculation using outcomes from the
SATURN trial and applied them retrospectively to assess what sample size would be needed to show a
similar improvement in OS (HR= 0.81, one-sided type 1 error =0.25, power=90%) using the maintenance
vs. delayed therapy trial design. Given a median OS = 11.0 months in the control arm, a target hazard
ratio of 0.81 would correspond to an improvement in median OS to 13.6 months in the experimental arm
if the data were exactly exponentially distributed. This would require 1170 patients to be randomized over
a period of 3.25 years. Although NSCLC is a common disease, completing such a large trial in a timely
fashion might be difficult with an OS endpoint.
Of note, a confirmatory trial comparing first-line erlotinib maintenance with second-line erlotinib therapy
as depicted in Figure 2B is currently being performed (NCT01328951). This trial includes overall
survival as the primary endpoint and has an estimated enrollment of 610 patients. Eligibility criteria for
this trial are similar to those for the SATURN trial, with the exception that the current trial is restricted to
patients who do not have an EGFR-activating mutation (EGFR- tumors). The reason for the smaller
sample size than in our estimate is not clear but could be the result of targeting a smaller hazard ratio in
the trial.
In some situations, there may be compelling scientific rationale and data from preclinical studies to
suggest that the activity of a new drug would be optimal if given in the maintenance setting. In such an
instance, it would not be necessary to compare maintenance treatment with Drug X to delayed treatment
with Drug X. The trial design could be set up similarly to the SATURN trial used to test the utility of
maintenance erlotinib, but an important distinction would be that all patients would receive the same
therapy post-progression (Figure 1C). This post-progression therapy (“Drug Y”) should be the current
standard-of-care and would be specified in the protocol. This trial would use overall survival as the
primary endpoint.
Scenario 2: Continuation Maintenance
The second scenario is a clinical trial design that could be used to address the value of continuation of
Drug X for persistent target suppression through disease progression as other elements of the treatment
regimen are changed. One important aspect of this scenario is that it attempts to test whether there is a
risk to stopping target suppression rather than testing for a benefit of maintaining it. For this scenario, we
will examine continuation maintenance trials that have been performed with bevacizumab.
Bevacizumab inhibits the formation of new blood vessels by suppressing vascular endothelial growth
factor (VEGF). Some studies have suggested that there is a benefit to maintaining VEGF-suppression
throughout treatment and following remission. Further, because bevacizumab targets normal blood
vessels and has no direct effects on tumor cells, withdrawing VEGF-suppression may actually pose a risk
to patients. Calculation of tumor growth rates in renal cell carcinomas treated with bevacizumab has
suggested that withdrawing bevacizumab even after disease progression can have the undesirable effect of
accelerating tumor growth kinetics (12). This hypothesis provides one possible explanation for the
discrepancy between observed magnitudes of benefits in PFS and OS in cancers treated with
bevacizumab.
Bevacizumab in combination with chemotherapy extends overall survival in metastatic colorectal cancer
(mCRC) in the first and second-line settings (13, 14). An observational cohort study of bevacizumab
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combined with standard first-line chemotherapy in mCRC found that patients who continued to receive
bevacizumab even after disease progression had improved overall survival compared to patients who
discontinued bevacizumab at the time of progression (31.8 months OS vs. 19.9 months OS) (10). An
ongoing randomized Phase 3 trial, Hoffmann-LaRoche ML18147 (AIO_0504/NCT00700102), seeks to
test whether there is truly a survival advantage to continuing bevacizumab in metastatic colorectal cancer
past tumor progression (15). In this trial, patients who had received first-line chemotherapy with
bevacizumab are randomized at disease progression to receive second-line chemotherapy either with or
without continuing bevacizumab until disease progression, unacceptable toxicity, or patient refusal
(Figure 2A).
Here we describe a hypothetical trial assessing the benefit of bevacizumab continuation maintenance in
ovarian cancer. Bevacizumab has been shown to prolong PFS when given for a prolonged duration (15
months) following first line chemotherapy and as maintenance until progression following second line
therapy (16-18). This trial would use overall survival as the primary endpoint. In the ovarian cancer
setting, the median overall survival is approximately 35-45 months following first-line therapy; we will
use 36 months for a baseline and assume a clinically relevant improvement would require a hazard ratio
of 0.8, or an improved OS of 45 months. The design of this trial is similar to that of the ongoing
ML18147 trial, except that our hypothetical trial includes a third arm in which bevacizumab is not
continued after induction (see Figure 2B). This design includes two randomization points: the first occurs
after induction therapy; the second randomization point occurs at progression on the arm of the study
where patients received bevacizumab after induction (combined 1/2 arm). The first randomization will be
a 2:1 randomization and the second will be a 1:1 randomization. To have 80% power to detect a 20%
reduction in hazard of death (HR=0.8) the study will need to randomize 1500 patients between the 3 arms
(500 per arm). This design will also have 90% power to detect a HR of 0.8 between Arms 1 and 2 (18 vs.
22.5 months median OS), and 80% power to detect a HR of 0.8 between Arms 2 and 3 (36 vs. 45 months
median OS). This calculation assumes an overall accrual rate 300 patients per year.
For the analysis, Arm 1 will first be compared to Arm 3 at a 0.025 one-sided significance level. If Arm 1
is shown to be significantly better than Arm 3, this will demonstrate that continuing bevacizumab past
induction is beneficial. Arm 1 will then be compared to Arm 2 and Arm 2 will be compared to Arm 3
(both at 0.025 one-sided significance level). This strategy controls the overall type-one error of the
design. If Arm 1 is shown to be significantly better than Arm 2, this will demonstrate that treating with
bevacizumab through progression is beneficial.

Conclusion
While maintenance therapy can provide significant benefit to patients by suppressing tumor growth and
the development of tumor-related symptoms, it may be difficult to measure this adequately with hard
endpoints such as overall survival. Thus, this is a situation where alternative endpoints, such as patientreported outcomes, are sorely needed, and endpoints such as overall response rate (ORR) or PFS should
be explored with the aim to show that the activity of next-line therapy is not decreased. Also, although
PFS is generally not considered a sufficient measure of clinical benefit for drug approval as it is difficult
to quantify the benefit of time without progression (even for symptomatic progressions), progression is
typically considered an endpoint at which treatment stops or changes. Thus, both scenarios describe trial
designs that continue the study intervention beyond the first progression, and may necessitate a second
randomization. The feasibility of such designs, while theoretically attractive, will need to be determined,
as they will require more resources and will face real-world challenges to enrollment and timely
completion especially for drugs that are already available in the marketplace.

4

Figure 1: Switch Study Layouts
A.

Maintenance
Drug X

progression

Treatment with clinician choice
(may or may not include Drug X)

Observation /
Placebo

progression

Treatment with clinician choice
(may or may not include Drug X)

Maintenance
Drug X

progression

Treatment with
clinician choice

Observation /
Placebo

progression

Maintenance
Drug X

progression

Treatment with Drug Y

Observation /
Placebo

progression

Treatment with Drug Y

First-line
chemo

B.
First-line
chemo

C.

Treat
w/ drug X

progression

Treatment with
clinician choice

First-line
chemo

Figure 2: Continuation Maintenance
A.
First-line
chemo + Drug
X

B.
First-line
chemo + Drug
X

Drug X +
second line chemo
progression
Second line chemo

Maintenance
Drug X

Observation /
Placebo

Drug X maintenance
+ second line chemo

Arm 1

Second line chemo

Arm 2

Second line chemo

Arm 3

progression

progression

Acknowledgements
This panel graciously acknowledges Ed Korn and Boris Freidlin for providing statistical expertise and
guidance in preparing this report. We also thank Bertil Jonsson for providing his insight into maintenance
therapy approaches.

5

References
1.
Fidias PM, Dakhil SR, Lyss AP, Loesch DM, Waterhouse DM, Bromund JL, et al. Phase III
study of immediate compared with delayed docetaxel after front-line therapy with gemcitabine plus
carboplatin in advanced non-small-cell lung cancer. J Clin Oncol. 2009;27(4):591-8. Epub 2008/12/17.
doi: 10.1200/JCO.2008.17.1405. PubMed PMID: 19075278.
2.
Ciuleanu T, Brodowicz T, Zielinski C, Kim JH, Krzakowski M, Laack E, et al. Maintenance
pemetrexed plus best supportive care versus placebo plus best supportive care for non-small-cell lung
cancer: a randomised, double-blind, phase 3 study. Lancet. 2009;374(9699):1432-40. Epub 2009/09/22.
doi: 10.1016/S0140-6736(09)61497-5. PubMed PMID: 19767093.
3.
Cappuzzo F, Ciuleanu T, Stelmakh L, Cicenas S, Szczésna A, Juhász E, Esteban E, Molinier O,
Brugger W, Melezínek I, Klingelschmitt G, Klughammer B, Giaccone G; SATURN investigators.
Erlotinib as maintenance treatment in advanced non-small-cell lung cancer: a multicentre, randomised,
placebo-controlled phase 3 study. Lancet Oncol. 2010;11(6):521-9.
4.
Cohen MH, Cortazar P, Justice R, Pazdur R. Approval summary: pemetrexed maintenance
therapy of advanced/metastatic nonsquamous, non-small cell lung cancer (NSCLC). Oncologist.
2010;15(12):1352-8. Epub 2010/12/15. doi: 10.1634/theoncologist.2010-0224. PubMed PMID:
21148615.
5.
Cohen MH, Johnson JR, Chattopadhyay S, Tang S, Justice R, Sridhara R, et al. Approval
summary: erlotinib maintenance therapy of advanced/metastatic non-small cell lung cancer (NSCLC).
Oncologist. 2010;15(12):1344-51. Epub 2010/12/15. doi: 10.1634/theoncologist.2010-0257. PubMed
PMID: 21148614.
6.
FDA. Rituximab 2011. Available from:
http://www.fda.gov/AboutFDA/CentersOffices/CDER/ucm241928.htm.
7.
Salles G, Seymour JF, Offner F, Lopez-Guillermo A, Belada D, Xerri L, et al. Rituximab
maintenance for 2 years in patients with high tumour burden follicular lymphoma responding to rituximab
plus chemotherapy (PRIMA): a phase 3, randomised controlled trial. Lancet. 2011;377(9759):42-51.
Epub 2010/12/24. doi: 10.1016/S0140-6736(10)62175-7. PubMed PMID: 21176949.
8.
Blackwell KL, Burstein HJ, Storniolo AM, Rugo H, Sledge G, Koehler M, et al. Randomized
study of Lapatinib alone or in combination with trastuzumab in women with ErbB2-positive,
trastuzumab-refractory metastatic breast cancer. J Clin Oncol. 2010;28(7):1124-30. Epub 2010/02/04. doi:
10.1200/JCO.2008.21.4437. PubMed PMID: 20124187.
9.
Burger RA, Brady MF, Bookman MA, Walker JL, Homesley HD, Fowler J, Monk BJ, Greer BE,
Boente M, and Liang SX, editor. Phase III trial of bevacizumab (BEV) in the primary treatment of
advanced epithelial ovarian cancer (EOC), primary peritoneal cancer (PPC), or fallopian tube cancer
(FTC): A Gynecologic Oncology Group study. . ASCO Annual Meeting; 2010.
10.
Grothey A, Sugrue MM, Purdie DM, Dong W, Sargent D, Hedrick E, et al. Bevacizumab beyond
first progression is associated with prolonged overall survival in metastatic colorectal cancer: results from
a large observational cohort study (BRiTE). J Clin Oncol. 2008;26(33):5326-34. Epub 2008/10/16. doi:
10.1200/JCO.2008.16.3212. PubMed PMID: 18854571.
11.
Coudert B, Ciuleanu T, Park K, Wu YL, Giaccone G, Brugger W, et al. Survival benefit with
erlotinib maintenance therapy in patients with advanced non-small-cell lung cancer (NSCLC) according
to response to first-line chemotherapy. Ann Oncol. 2011. Epub 2011/05/26. doi: 10.1093/annonc/mdr125.
PubMed PMID: 21610154.
12.
Stein WD, Yang J, Bates SE, Fojo T. Bevacizumab reduces the growth rate constants of renal
carcinomas: a novel algorithm suggests early discontinuation of bevacizumab resulted in a lack of
survival advantage. Oncologist. 2008;13(10):1055-62. Epub 2008/10/02. doi:
10.1634/theoncologist.2008-0016. PubMed PMID: 18827177.
13.
Hurwitz H, Fehrenbacher L, Novotny W, Cartwright T, Hainsworth J, Heim W, et al.
Bevacizumab plus irinotecan, fluorouracil, and leucovorin for metastatic colorectal cancer. The New

6

England journal of medicine. 2004;350(23):2335-42. Epub 2004/06/04. doi: 10.1056/NEJMoa032691.
PubMed PMID: 15175435.
14.
Giantonio BJ, Catalano PJ, Meropol NJ, O'Dwyer PJ, Mitchell EP, Alberts SR, et al.
Bevacizumab in combination with oxaliplatin, fluorouracil, and leucovorin (FOLFOX4) for previously
treated metastatic colorectal cancer: results from the Eastern Cooperative Oncology Group Study E3200.
J Clin Oncol. 2007;25(12):1539-44. Epub 2007/04/20. doi: 10.1200/JCO.2006.09.6305. PubMed PMID:
17442997.
15.
AIO CCSG, Arnold D, Reinacher-Schick A, Müller L, Steffens C, Kröning H, Freier W,
Schmiegel W, Schmoll H, Greil R, Kubicka S., editor. Bevacizumab (Bev) beyond progression (BP) in
combination with second-line chemotherapy (CT) after failure of a Bev containing first-line CT in
patients (pts) with metastastic colorectal cancer (mCRC). Preliminary baseline and safety analysis from
the AIO 0504/AGMT phase III study. ASCO Gastrointestinal Cancers Symposium; 2008.
16.
Aghajanian C, Finkler NJ, Rutherford T, Smith DA, Yi J, Parmar H, Nycum LR, Sovak MA.,
editor. OCEANS: A randomized, double-blinded, placebo-controlled phase III trial of chemotherapy with
or without bevacizumab (BEV) in patients with platinum-sensitive recurrent epithelial ovarian (EOC),
primary peritoneal (PPC), or fallopian tube cancer (FTC). ASCO Annual Conference; 2011.
17.
Burger RA, Brady MF, Rhee J, Sovak MA, Nguyen H, Bookman MA., editor. Independent
radiologic review of GOG218, a phase III trial of bevacizumab (BEV) in the primary treatment of
advanced epithelial ovarian (EOC), primary peritoneal (PPC) or Fallopian tube cancer (FTC). ASCO
Annual Meeting; 2011.
18.
Kristensen G, Perren T, Qian W, Pfisterer J, Ledermann JA, Joly F, Carey MS, Beale PJ,
Cervantes A, Oza AM., editor. Result of interim analysis of overall survival in the GCIG ICON7 phase III
randomized trial of bevacizumab in women with newly diagnosed ovarian cancer. ASCO Annual
Meeting; 2011.

7

