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ABSTRACT
The success of immunotherapeutics over the past decade has fundamentally altered the therapeutic
landscape in melanoma and non-small cell lung (NSCLC) cancer care. Multiple clinical trials have
confirmed significant improvements in survival with a variety of immunotherapeutic strategies. The
careful and appropriate selection of standard of care (SOC) therapies is key to the successful design and
interpretation of these trials. To date immunotherapeutic trials have used best supportive care, matched
placebo, chemotherapy, targeted therapy or, more recently, established immunotherapeutics in
melanoma clinical trials as SOCs. Each of these SOC choices has a fundamental impact on the selection
and validity of response assessment criteria and clinical endpoints. As yet there is no established
approach, thus new data must be interpreted with an understanding of the limitations of the current
paradigm. Additionally, the pace of development has mandated the use of novel clinical trial designs,
answering multiple therapeutic questions simultaneously and designed to expedite regulatory approval.
This review addresses the most important challenges in the selection of SOC in immunotherapeutic trials
and the current and future challenges in trial design.
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Introduction

The past decade has seen unprecedented achievements in the
field of cancer immunotherapy, which has led to several novel
therapeutic strategies being approved. These recent successes
have led to many new challenges in immuno-oncology clinical
trial design, in particular the parameters for measuring benefit
and ethical considerations.

The premise of cancer immunotherapy is to utilize innate
and adaptive immunological pathways to induce antineoplastic
activity while limiting toxicities traditionally expected from
cytotoxic therapies. Building on the initial work of William
Coley, cancer vaccines were initially investigated as a mecha-
nism for engaging the adaptive immune system, with modest
success. Early approved agents were often non-specific immu-
nologic inducers, such as BCG in bladder cancer and high-dose
IL-2 in melanoma, and their therapeutic impact could not be
generalized to a broader population with metastatic disease.
Monoclonal antibodies, such as trastuzumab, rituximab and
cetuximab, offered a new, more targeted strategy that act
through both immunologic, such as antibody-dependent cellu-
lar cytotoxicity (ADCC) and complement-dependent cytotoxic-
ity (CDC), and non-immunologic mechanisms, including
direct receptor blockade or local delivery of cytotoxic chemo-
therapy.1-3 However it was not until 2010, with the success of
sipuleucel-T in prostate cancer, that an immunological thera-
peutic option designed to induce tumor-targeted T-lympho-
cytes as the prime mechanism of anti- tumor activity was
approved by the Food and Drug Administration (FDA).4 The

checkpoint inhibitors then expanded on this success, with the
cytotoxic T-lymphocyte antigen-4 (CTLA-4) antagonist, ipili-
mumab, shown to improve survival in melanoma and pro-
grammed cell death-1 (PD-1/PD-L1) directed therapies later
expanding the range of tumors that would benefit from immu-
notherapy, including non-small cell lung cancer (NSCLC),
renal cell cancer (RCC), urothelial cancer and many others.5-7

These clinical benefits have been hard won after years of
failed T-cell activating immunotherapeutic trials in the preced-
ing 2 decades. The experience of these trials, particularly in
NSCLC and melanoma, have shown the importance of trial
design with appropriate standard of care (SOC) comparators
that generate reliable results or signals of true activity.,8,9 The
SOC comparator is an important factor in the success of immu-
notherapeutic trials because it impacts the effective measure-
ment of trial endpoints, innovations in trial design and
statistical analysis, ethics of trial participation, the combination
novel therapeutics with existing standards of care, and require-
ments for regulatory approval.

New trial designs that more efficiently bring a drug to clini-
cal practice are altering the drug development and regulatory
approval paradigm. Phase 1 trials with expansion cohorts or
those testing multiple hypotheses simultaneously in early phase
may more rapidly deliver promising new therapies to the clinic,
through adaptable hypothesis testing, biomarker refinement
and appropriate patient selection.10 In this review we examine
the challenges and considerations inherent in comparing SOC
treatments against new immunotherapies entering large phase
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III clinical trials, with particular emphasis on recent develop-
ments in melanoma and NSCLC. For clarity, we focus primarily
on clinical trials involving checkpoint inhibitors as they encom-
pass the important challenges currently presented by SOC
selection, while acknowledging that emerging immunothera-
peutics, such as chimeric antigen receptor (CAR) T-cells or
dendritic cell/tumor cell fusions, may present unique challenges
as they become more widely used.

Clinical trial experience

As new immunotherapies approach regulatory approval their
efficacy is examined in large phase II or III clinical trials against
recognized SOCs. The choice of SOC depends on both the
tumor subtype and stage of disease examined. The evolution of
these SOCs is informative as many have changed significantly
over the past 10 years, and as immunotherapies have been
applied in a wider range of clinical settings. Furthermore, while
early trials of immunotherapeutics sought to establish signals
of activity against placebo, and as such were less concerned
with comparative efficacy against a therapeutic SOC, as the
impact of immunotherapeutics has become more significant so
the choice of SOC has become a vital consideration in the
design, undertaking and interpretation of clinical trials.

Immunotherapies have usually been initially tested in
advanced disease where few effective therapeutic options exist or
in the adjuvant setting where there is no effective adjuvant ther-
apy, or in addition to an effective adjuvant therapy. In both these
situations, selection of best supportive care (BSC) and/or pla-
cebo administration as SOC is an ethical and widely accepted
approach. Placebo was used as the SOC in 2 seminal trials of
advanced disease. The first, by Kantoff et al., of sipuleucel-T (an
active cellular immunotherapy consisting of peripheral blood
mononuclear cells activated ex vivo in the presence of the
PA2024 recombinant fusion protein) in castrate-resistant pros-
tate cancer,4 and the second by Hodi et al. of ipilimumab in met-
astatic or unresectable melanoma.11 Both demonstrated

improved OS compared with placebo, which then led to the
respective drug’s approval.5 Prior to these trials vaccines had
also been tested against placebo in the adjuvant setting, such as
the recombinant MAGE-A3 vaccine with AS15 immunostimu-
lant and tecemotide in NSCLC without success,8,9 although in
both of these examples the vaccine was given after the accepted
SOC (chemotherapy or chemoradiotherapy). In the case of vac-
cines, as opposed to T-cell activating therapies, the inclusion of
placebo is critical where the vaccine adjuvant can cause an
immunological response on its own. There are now several trials
exploring checkpoint inhibitors as adjuvant therapy.12 Recently,
data using ipilimumab versus placebo in resected Stage III mela-
noma demonstrated both a relapse free (HR 0.76; 95%CI: 0.64 –
0.89; PD<0.001) and overall survival benefit (HR 0.72; 95% CI:
0.58 – 0.88; P D 0.001) in a double-blinded study.13 Other stud-
ies being conducted include pembrolizumab (an anti-PD-1 anti-
body) vs. placebo in the adjuvant setting in resected stage III
melanoma, KEYNOTE-054 (NCT02362594) and resected early-
stage NSCLC, KEYNOTE-091 (NCT02504372), and atezolizu-
mab (an anti-PD-L1 antibody) being compared against BSC in
resected early-stage NSCLC (NCT02486718).

More recently though, as the efficacy of immunotherapy has
been proven in the initial clinical trials,14,15 new medications
have been compared in advanced disease against a well-estab-
lished chemotherapeutic SOC. The trials that led to the
approval of anti-PD-1 therapy in NSCLC compared pembroli-
zumab or nivolumab with docetaxel, the standard second-line
chemotherapeutic option,16-18 and first-line trials have used
platinum-based chemotherapy as the comparator, the widely
accepted first-line SOC (as shown in Fig. 1). While the design
of second-line trials in NSCLC is reasonably straightforward as
docetaxel therapy is a widely accepted therapy and treatment is
usually limited, first-line trials are made more complex by the
nature of the SOC. There are several potential regimens with
equivalent efficacy and the use of maintenance chemo- or tar-
geted therapy has also been shown to improve survival.19-22

Therefore, the SOC in this setting depends on tumor histology,

Figure 1. Current standard of care therapy in advanced NSCLC and Melanoma Notes: The current standards of care systemic therapy for metastatic non-small cell lung
carcinoma (NSCLC) and melanoma. EGFR D epidermal growth factor receptor; ALK D anaplastic lymphoma kinase rearrangement; TKI D tyrosine kinase inhibitor; PD-1 D
programmed cell death protein-1.

HUMAN VACCINES & IMMUNOTHERAPEUTICS 2165



performance status, response to initial therapy and physician
preference. In addition, treatment duration is an important
SOC consideration when comparing therapies that are given
until disease progression, such as the PD-1/PD-L1 inhibitors
and maintenance chemotherapy. If maintenance chemotherapy
were omitted in a SOC arm, any PFS difference may unduly
favor the experimental immunotherapy.

The first reported phase III trial of NSCLC in the first-
line setting compared ipilimumab with carboplatin-paclitaxel,
without maintenance therapy or bevacizumab,23 while first-
line trials of PD-directed checkpoint inhibitors have used a
variety of chemotherapy combinations as SOC. Trials such
as the recently reported KEYNOTE-024 with pembrolizumab
that demonstrated a significant improvement in PFS (HR
0.50; 95%CI: 0.37 – 0.68, P<0.001),24 and NEPTUNE with
durvalumab and tremelimumab (NCT02542293), used inves-
tigator’s choice chemotherapy with maintenance therapy as
SOC, whereas other trials have excluded maintenance ther-
apy, such as CheckMate 026 comparing nivolumab with plat-
inum doublet chemotherapy (NCT02041533), and still others
restricted chemotherapy to carboplatin-paclitaxel-bevacizu-
mab with maintenance bevacizumab, such as IMpower 150
with atezolizumab. The CheckMate 026 trial, which included
only PD-L1 positive tumors, is particularly interesting as its
primary end point was PFS, while also prohibiting mainte-
nance chemotherapy. This alone could have skewed the PFS
results in favor of nivolumab therapy, but an early press
release has indicated that the trial did not meet its primary
end point.25 Whether this failure is due to overperformance
of the SOC comparator, or intrinsic to the efficacy of nivolu-
mab in this setting should be elucidated in the publication of
the full results. These differences reflect the great challenge
in choosing an appropriate SOC for NSCLC, which is in fact
a complex set of diseases with a rapidly developing therapeu-
tic environment. However, the choice of SOC is crucially
important to ensure the validity of trial endpoints and appli-
cability of results.

The evolution of SOC selection in melanoma offers an
important contrast, largely due to the relative paucity of
well-established and effective chemotherapeutic options.
Dacarbazine, or its oral analog temozolomide, carboplatin-
paclitaxel, and nab-paclitaxel have remained the only che-
motherapeutic options in metastatic melanoma for many
years despite response rates of only 10–15%.26-29 Early trials
of ipilimumab, pembrolizumab and nivolumab in advanced
melanoma all used either dacarbazine alone or investigator’s
choice chemotherapy as SOC comparators, to establish their
efficacy in both previously treated and untreated patients.30-
33 However, the clear and rapid demonstration of superior
efficacy for these agents in the treatment of advanced mela-
noma, has meant immune checkpoint inhibitors are now
the SOC in both the first- and second-line settings in BRAF
wild-type tumors, or sequenced with BRAF inhibitors in
those patients with an activating BRAF mutation. In this
situation, SOC choices are more directly comparable to
experimental immunotherapeutics, but the pace of thera-
peutic innovation and continual gains in survival of patients
with advanced melanoma has meant SOC changes have out-
stripped the ability of trials to incorporate them

accommodated in a standard phased drug development pro-
gram. This has led to more innovative trial designs aimed at
addressing multiple therapeutic questions simultaneously.

Innovative trial design

Among the key aspects of recent immunotherapeutic advances
has been the acceleration of the standard drug development
and approval pathway. The accelerated FDA approvals for
pembrolizumab and nivolumab in melanoma were on the basis
of a phase Ib trial and subgroup analysis of a phase III trial
respectively,32,34 and bypassed the standard progression from
phase I “safety” to phase III “comparative efficacy” trials.
Although, accelerated approval has been granted to “break-
through” therapies in the past, such as ALK inhibitors in
NSCLC, checkpoint inhibitor trials with innovative new designs
that challenge the position of a traditional SOC show this
unconventional approach will continue beyond regulatory
approval. These trials seek to optimise the dosing of individual
immunotherapies or novel combinations in a phase III trial set-
ting, bring an SOC into an earlier phase trial with the explicit
aim of regulatory approval, or use new trial design to investi-
gate a new medication across multiple indications, rather than
merely a “head-to-head” comparison with an established SOC.
Three phase II/III trials of pembrolizumab demonstrated the
dose finding approach while simultaneously establishing effi-
cacy. KEYNOTE-002 in metastatic melanoma and KEYNOTE-
010 in advanced lung cancer both investigated pembrolizumab
at 2 mg/kg and 10 mg/kg doses compared with SOC chemo-
therapy,16,31 while KEYNOTE-006 in metastatic melanoma
compared 2 different dosing schedules of pembrolizumab
(2-weekly vs. 3-weekly dosing at 10 mg/kg) against ipilimumab
as the SOC.35

Optimal dosing of immunotherapy combinations is also
being investigated in the phase III setting, with a current phase
III trial comparing nivolumab 3 mg/kg and ipilimumab 1 mg/
kg against nivolumab 1 mg/kg and ipilimumab 3 mg/kg in mel-
anoma (NCT02714218). This trial is a good example of adapta-
tion in trial design challenging the established paradigm in the
face of a rapidly changing therapeutic environment. Prior to
public reporting of the initial results from trials of the combina-
tion of ipilimumab and nivolumab, showing superior response
rates and survival outcomes with the combination, compared
with either agent alone, but at the cost of significantly increased
toxicity, so this trial aimed at optimising dosing and minimis-
ing toxicity was initiated without including a traditional SOC
comparator. As companies aim to stay ahead of a dynamic and
competitive market, trials that challenge familiar design or
incorporate new practice-changing findings before reporting or
approval by regulatory bodies are likely to more frequent.

The paradigm established with the approval of the PD-1
inhibitors has also led to the design of new early phase trials
aimed at drug registration. The LUNG-MAP study, a bio-
marker-driven, second-line, phase II/III multi-sub-study “Mas-
ter Protocol” trial, evaluating multiple biomarker-targeted
therapies in squamous cell carcinoma (SqCC) NSCLC aimed
specifically at drug registration (NCT02154490) is an example
of using multiple arms targeted at subpopulations within a
broader group. The trial includes experimental arms with

2166 G. RIVALLAND ET AL.



nivolumab, durvalumab and ipilimumab in those patients with-
out a known biomarker for targeted therapy, and all arms are
compared against docetaxel as SOC. These trials challenge the
position of an established SOC as the only acceptable compara-
tor in the phase III trial setting. If a new drug can convincingly
demonstrate improved efficacy in an early phase setting, and
receive regulatory approval, then phase III trials will increas-
ingly be used to optimise delivery of medications rather than
demonstrate definitive efficacy. This, in turn, will further chal-
lenge those regulatory bodies when evaluating the comparative
efficacy of new medications, and determining which new thera-
pies offer good value for money without concrete survival data.
These represent significant challenges in the introduction of
immunotherapeutics in routine clinical practice in a timely and
accessible fashion.

Response assessment

Novel trial designs offer exciting new mechanisms to explore
drug efficacy, but of particular importance is establishing a reli-
able method for evaluating efficacy between immunotherapies
and SOC in late phase clinical trials. To this end, it is critical to
understand the differences in the response kinetics between
immunotherapies and chemo- or molecularly targeted thera-
pies. Chemotherapy and targeted therapies have well-defined
patterns of response, with susceptible tumors demonstrating a
predictable decrease in tumor size over a period of weeks.
Radiological techniques serve as reliable assessment tools of
drug efficacy with consistency between individual patients, trial
locations and therapeutic agents. However, the well-docu-
mented phenomena of delayed immune response, prolonged
stable disease and “pseudoprogression” have meant that tradi-
tional response assessments may underestimate the benefit of
immunotherapeutics when compared with a traditional
SOC.36,37 As yet there has been no consensus approach adopted
in immunotherapeutic clinical trials, although investigators
have insisted on survival endpoints being the major endpoints
rather than response for most studies.

The Response Evaluation Criteria in Solid Tumors
(RECIST), based on earlier WHO criteria, was developed to
standardise response assessment and in chemotherapy trials of
advanced malignancy.38,39 However, atypical patterns of
response seen in immunotherapeutic trials led to the adaptation
of these guidelines to recognize that response or prolonged dis-
ease stabilization can occur after an initial increase in tumor
size or the appearance of new lesions.40 The key differences
between these immune-related response criteria (irRC) and
RECIST 1.1 are the definition of progressive disease (PD) and
the use of bidimensional, rather than unidimensional, target
lesions measurements. PD is defined by RECIST 1.1 as an
increase of � 20% in tumor burden from baseline or nadir, or
the appearance of new lesions. By contrast, irRC defines PD as
an increase of � 25% in bidimensional tumor burden from
baseline, nadir or a reset baseline (where tumor burden has
increased at the first scheduled assessment). irRC also requires
confirmation of PD at 2 consecutive time points at least 4 weeks
apart, whereas RECIST 1.1 does not, and new lesions are incor-
porated in the assessment of total tumor burden and do not
define PD as with RECIST 1.1.

The altered patterns of response are particularly important
when considering the outcomes with immunotherapeutics
compared with chemotherapy or targeted-therapy SOCs. While
RECIST 1.1 is well-established and clinically validated across
thousands of clinical trials, is likely to underestimate the benefit
of immunotherapies, particularly in the assessment of progres-
sion-free survival. Prior to recent immunotherapy success, vac-
cine trials had demonstrated the phenomenon of late response
to immunotherapy,41 but most trials have continued to use
RECIST or modified WHO criteria to define response.8,42 In
addition, regulatory agencies have not accepted irRC as a vali-
dated end-point for drug approval, but recent trials of check-
point inhibitors have used varying approaches to this dilemma.

The initial trials of ipilimumab in melanoma used modified
WHO criteria with bidimensional measurement of tumor bur-
den but without the additional criteria included in the irRC.
Many trials have used RECIST 1.1 without adaptation, includ-
ing the landmark KEYNOTE-010, CheckMate 057, and Check-
Mate 017 trials comparing PD-1 inhibition with docetaxel in
previously treated NSCLC.16-18 While other trials have reported
responses based on RECIST 1.1, but included irRC assessment
as a sensitivity analysis, such as KEYNOTE-002 (comparing
pembrolizumab with investigator’s choice chemotherapy in ipi-
limumab-refractory melanoma),31 or as a secondary end point,
such as POPLAR 2 (comparing atezolizumab with docetaxel in
previously treated NSCLC).43 Later trials such as KEYNOTE-
006 comparing pembrolizumab with ipilimumab in advanced
melanoma, used RECIST 1.1 to evaluate response endpoints,
but irRC to manage therapeutic decisions.35 Similarly, Lynch
et al. used irRC to guide clinical care, but assessed response
with both modified WHO criteria and irRC.23

The exact extent to which immune-related responses, as dis-
tinct from RECIST-assessed responses, occur is unclear as
many trials have not undertaken irRC assessment. However,
some trials offer an insight into their frequency. In the dose
finding trial of ipilimumab in advanced melanoma, 22 of 227
(9.7%) patients treated with ipilimumab at 10 mg/kg who were
characterized as having PD went on to have responses consis-
tent with response on irRC (5 with irPR and 17 with irSD).40 In
the phase I trial of pembrolizumab in melanoma (KEYNOTE-
001), 24 of 327 (7.3%) patients with sufficient follow-up imag-
ing, demonstrated atypical responses (15 with early pseudo-
progression at <12 weeks, and 9 patients with delayed
pseudoprogression at >12 weeks). Furthermore, those patients
with PD by RECIST criteria but not irRC demonstrated
improved survival compared with patients who have PD
assessed by both RECIST and irRC. In this larger analysis, 262
of 584 demonstrated PD by RECIST 1.1, but a smaller subset
84 (14.4%) had PD by RECIST 1.1 but not irRC. Median OS
for patients with PD by RECIST 1.1 but not irRC was
22.5 months (95% CI: 16.5 months - not yet reached), com-
pared with 8.4 months (95%CI: 6.6 – 9.9 months).

Atypical immune responses are uncommon, but they appear to
impact survival in meaningful ways when immunotherapies are
compared with chemotherapeutic or targeted SOCs. The effective
assessment of these responses and further delineation of their
impact on outcomes across other tumor types are important chal-
lenges to overcome, particularly in the regulatory assessment of
immunotherapeutics by drug approval bodies.
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Statistical design

Statistical design of trials and interim analysis of outcomes are
also impacted by differing patterns of response, and are partic-
ularly important in the regulatory approval of immunothera-
pies. The delayed responses and long-term survival seen with
immunotherapies, not seen with traditional SOC, particularly
in melanoma and NSCLC, may result in loss of statistical power
and underestimation of study duration.44 Statistical design of
clinical studies are usually based on the assumption that the
risk of any event (for example death or recurrence) is propor-
tional between therapies at all points during the study. The
altered kinetics of response and potential for long-term survival
or cure with immunotherapies, compared with traditional
SOC, mean this critical assumption may be violated. This may
lead to a loss of statistical power to demonstrate a difference
between therapies.

Interim analyses are most often planned on a time-to-event
basis, such as the interim analysis after 380 deaths in the
CheckMate 057 trial, with the assumption that all participants
will be risk of the specified event for the duration of the trial.
However, if patients are cured, “functionally cured” or are
long-term survivors they will no longer be at risk of the pre-
specified event, thereby reducing the at-risk population remain-
ing in the study and increasing the trial duration required to
achieve the desired number of events and level of statistical
power. An example was the phase III registration trial of ipili-
mumab in melanoma where the final analysis of survival took
place 2 y later than initially estimated, with only 414 of a
planned 416 events having occurred.11,45 The significant rate of
long-term survival meant though 80% of deaths were observed
in the first 3 y of the study it took a further 2 y to accumulate
the final 20%, thereby delaying result accumulation and
reporting.

The importance of interim analyses is also demonstrated in
the approval of both pembrolizumab and nivolumab in the
treatment of NSCLC.46,47 While pembrolizumab was granted
accelerated approval on the basis of ORR of significant magni-
tude and duration in the phase 1 (KEYNOTE-001) trial,
interim results from the phase III KEYNOTE-010 trial were
included in the final risk-benefit analysis, and confirmed benefit
for pembrolizumab over docetaxel.46 In contrast, nivolumab
was approved by the FDA in the second-line treatment of
NSCLC solely on the basis on the interim analysis of OS in the
CheckMate 057.47 In this trial there was a 6 month delay before
the benefit of nivolumab became apparent in Kaplan-Meier
analysis. This is likely to be driven by the delayed response pat-
tern of checkpoint inhibiting MAbs and the large group of
non-responders skewing the early part of the curve when com-
pared against the response pattern seen with chemotherapeutic
SOC. This means early analyses would not necessarily demon-
strate superior efficacy against pre-specified stopping criteria.

In addition late or long-term responders are underestimated
in interim analyses. The phase III trial of tremelimumab, an
IgG2 CTLA-4-blocking MAb, compared with chemotherapy in
metastatic melanoma, was stopped early after the OS results
crossed the prespecified futility boundary at an interim analy-
sis.48 However, the trial did demonstrate non-significantly
improved OS with tremelimumab over chemotherapy 12.6 vs

10.7 months (HR 0.88; P D 0.127) and a significantly improved
duration of response 35.8 vs 13.4 months (P D 0.0011), despite
a comparably low ORR 10.7% vs 9.8%. This differing pattern
and duration of response may not have been effectively recog-
nized in the original statistical plan, and may have affected the
interim analysis and failed to adequately recognize the minority
of patients receiving significant benefit from the medication.
The importance of the study design cannot be underestimated
as ipilimumab, which was compared with placebo, was granted
FDA approval and tremelimumab was not.

These challenges will likely need to be met with new statisti-
cal approaches that account for differing response patterns, in
particular taking into account the effect of the comparator arm
where an SOC’s response kinetics differ from newer
immunotherapies.

Endpoint selection

One of the most important considerations in the selection of
SOC in clinical trials of immunotherapeutics is their impact on
the selection of appropriate clinical trial endpoints. As dis-
cussed above, the delayed response kinetics and the atypical
responses seen with new immunotherapeutics may underesti-
mate their clinical benefit if using standard response measure-
ments and/or timelines. This impact is particularly important
when considering PFS as an end point, as although it is an
attractive marker for efficacy that requires a smaller sample size
and shorter follow-up, it is has been shown in many immuno-
therapeutic trials that clinically meaningful and statistically sig-
nificant improvements in OS can be found despite no
significant difference in PFS.5,18 This is in stark contrast to
standard trials of chemotherapy, in which differences in PFS
are more readily demonstrated and confirmation of changes in
OS requires a greater number of subjects, longer timelines and
balancing of subsequent therapies.

For this reason most published clinical trials of immuno-
therapy to date in melanoma and NSCLC have used OS alone
as the primary end point,5,17,18,30 or a combination of OS and
PFS as co-primary endpoints.16 While many studies showed an
improvement in both PFS and OS, particularly in trials of mela-
noma, reported hazard ratios (HRs) were most often better for
OS than PFS, and some trials demonstrated improvements in
OS only. However, OS as a primary end point is limited too as
subsequent or crossover therapy can influence the likelihood of
a positive trial result. This phenomenon was observed in an
exploratory analysis of the IMPACT trial of sipuleucel-T in
prostate cancer, where subsequent infusion of an autologous
cellular therapy in a subset of the control group improved this
group’s survival over the remainder of the control group, and
affected the OS benefit seen in the population as a whole.49

After adjusting for this subsequent therapy the OS benefit of
sipuleucel-T would have improved from the reported
4.1 months to 7.8 months. While OS remains the preferred pri-
mary end point in trials of immunotherapy against a traditional
SOC, in situations where immunotherapy has become estab-
lished as the SOC, or where immunotherapy is added to a tradi-
tional SOC backbone, this limitation has been partially
overcome. PFS then becomes a reliable and valid marker of
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efficacy as both the experimental and comparator arms will
have similar response kinetics. This can be seen in the design of
current clinical trials where many use PFS as the sole primary
end point or in combination with OS (see Table 2).

These findings highlight a fundamental challenge in the
design of immunotherapeutic trials where OS is the most
reliable indicator of efficacy. As the FDA guidance on clini-
cal trial endpoints points out, despite being a universally
accepted outcome measure, OS is significantly affected by
subsequent therapies, crossover to the experimental immu-
notherapy following progression on the SOC is particularly
difficult. Ideally, from an ethical perspective, all trial partici-
pants would have access to an active experimental therapy
at some point in their treatment course, while still enabling
the trial to demonstrate sufficient and valid benefit. How-
ever, as some authors have argued, cross over may not be
ethical if it undermines the trial’s ability to answer the
question for which it was designed.50 However, even if cross
over is prohibited, as in KEYNOTE-010 in NSCLC, there
may be unintended consequences that potentially confound
trial results. Patients may withdraw from the trial if
assigned the SOC arm, or will seek alternative access to
similar medications, either with off-label prescription or in
clinical trials of other agents. In KEYNOTE-010, 34/343
(9.9%) assigned to the docetaxel arm withdrew consent, and
45/343 (13.1%) went on to receive off-trial immunotherapy
following progression on docetaxel.16 The potential for con-
founding will need to be actively addressed in future trials
of immunotherapy against traditional SOC, either through
pre-planned modeling and statistical analysis, or by the
development of validated immune-specific endpoints as sur-
rogates for OS benefit. New technologies, such as those
measuring circulating tumor DNA (ctDNA), have been
shown to correlate with temporal changes in disease activ-
ity,51 and correlate strongly with the likelihood of an objec-
tive response to TIL immunotherapy.52

An alternative approach is the use of novel endpoints, as
demonstrated in the phase III trial of the “first-in-class”
injected oncolytic virus talimogene laherparepvec (T-VEC)
against a GM-CSF control arm. T-VEC is a herpes simplex
virus type 1-derived oncolytic virus designed to enhance an
individual’s anti-tumor response by replicating solely within
tumors and producing granulocyte macrophage colony-
stimulating factor (GM-CSF).53 In this trial, the primary
end point was durable response rate (DRR) defined as the
rate of CR and PR lasting more than 6 months but begin-
ning within 12 months of T-VEC administration. ORR and
OS were secondary endpoints. T-VEC administration
resulted in a statistically significantly improved DRR and
ORR, and an improved OS, though not statistically so (p D
0.051). Nevertheless, on the basis of these results the FDA
approved T-VEC for use in October 2015 and it was subse-
quently also approved by the EMA in December 2015. This
trial demonstrated how the atypical kinetics of response can
be effectively taken into account in the design and analysis
of immunotherapeutic trials. Importantly, regulatory agen-
cies have also demonstrated that they are willing to adapt
to this changing environment and consider novel outcomes
that do not necessarily fit the standard outcome framework.

Future considerations for combination therapies

As immunotherapeutics have shown improved clinical out-
comes inevitably combination trials have been initiated
where immunotherapies are combined either with each
other, chemotherapeutic agents, or targeted therapies - as
can be seen from the multiple ongoing combination trials
in Table 2. Combined immune checkpoint blockade has
already shown impressive success in melanoma, at the cost
of significantly increased toxicity, in the CheckMate 067
and 069 trials (see Table 1.) with significant improvements
in ORR and PFS.54,55 There are also early signs in NSCLC
that the combination of chemotherapy and pembrolizumab
may have an additive effect. The initial report from the
KEYNOTE-021 trial showed a significantly improved ORR
for the combination therapy over chemotherapy alone (55%
vs 29%, P D 0.002).56 Results are still awaited for targeted
and immunotherapy combinations in melanoma and
NSCLC, but the combination of a MEK inhibitor (cobimeti-
nib) and an anti-PD-L1 mAb (atezolizumab) showed a
response rate of 17% in the phase 1 trial of microsatellite
stable colorectal cancer, in which PD-axis directed therapy
is usually ineffective.57 This provides early evidence for the
potential for success of novel therapeutic combinations.

If the early promise of these immunotherapies is fulfilled
then it is likely that immunotherapy alone or in combina-
tion will supplant the existing SOC in melanoma and
NSCLC. This suggests that new immunotherapies will either
need to be added to the existing backbone or compared
directly against the immunotherapeutic SOC, bringing with
it concerns about patient safety, the need for agreed
response criteria and the informed design of trial statistics.
Indeed studies combining chemotherapy with both nivolu-
mab and ipilimumab have already launched and it remains
to be seen whether such combinations are tolerable and effi-
cacious. However, the initial trials of combination therapy
indicate that immunotherapy may become the therapeutic
standard in the very near future for many different cancer
types.

Conclusion

The field of cancer immunotherapy is rapidly expanding, and
as numerous clinical trials with a dizzying array of agents,
including cancer vaccines, checkpoint inhibitors and novel
treatment strategies, are undertaken, so the broader cancer
community must adjust to the unique challenges presented by
these developments. The current clinical trial and drug devel-
opment framework is, at times, ill-suited to the direct compari-
son of therapies with distinct mechanisms of action, response
kinetics and impact on commonly accepted clinical outcomes.
The SOC in each trial fundamentally affects the design, man-
agement and interpretation of these trials, and only effective
communication between drug developers, researchers, clini-
cians and regulatory bodies will enable the development of a
modern, ethical and responsive approach to clinical trial execu-
tion. Novel approaches to trial end point selection, definition
and measurement will be required if we are to be able to rise to
these challenges. We owe it to our patients to do just that.
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