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Oncology drug development has benefited from the
ability in many cases to directly measure disease burden
by clinical and radiographic measures. Tumor-based
end points including objective response rate (ORR)
and progression-free survival (PFS) have been imple-
mented as early clinical end points and have been ex-
tensively used in the evaluation of anticancer agents.
However, recent oncology trials have highlighted a lack
of correlation between these early efficacy end points
and overall survival (OS). Six randomized controlled
trials (RCTs) in either non-Hodgkin lymphomas
(NHLs) or chronic lymphocytic leukemia (CLL) that
demonstrated PFS improvements were associated
with potential detriments in OS.1-4 Similarly, three trials
in recurrent ovarian cancer with initial PFS benefit
were associated with potential OS detriment with
longer follow-up.5-8 Moreover, several immunotherapy
trials demonstrated improvements in OS without im-
provements in PFS and/or ORR.9-13

EARLY AND LATE ONCOLOGY END POINTS

OS is considered a gold standard for oncology drug
approvals and is a clinically meaningful objective
measure assessing both safety and efficacy. Be-
cause end points including PFS and ORR can be
assessed earlier than OS, these end points have
been used to expedite drug approvals for patients
with life-threatening diseases.14 These early end
points are commonly used in indolent hematologic
malignancies and in solid tumors where randomized
trials with an OS primary end point would result in
significant delays or be impractical because of lim-
ited patient numbers. The relationship between
these early end points and OS has not been formally
established, and this relationship may vary based on
multiple factors, including the drug class, the natural
history of the disease, available subsequent thera-
pies, the effect size on the end point, and the safety
profile of the drug or regimen. Early tumor-based end
points are heavily weighted to assess efficacy, and
the impacts of late toxicity and other postprogression
events are either not captured or minimally assessed
by these end points. Although these earlier end

points have been used in accelerated approvals in
oncology, they have also supported regular approvals
based on the understanding that delaying disease
progression (as measured by PFS or time to pro-
gression) or reducing tumor bulk (assessed by ORR)
may represent a clinical benefit to patients and, if of
sufficient magnitude with acceptable tolerability,
may lead to an improvement in OS.

Time-to-event end points—PFS and OS—cannot be
accurately interpreted in nonrandomized trials, as the
comparison with an external control introduces bias.
ORR can be used where RCTs may not be feasible,
including rare diseases or where prior clinical data
indicating superior efficacy of a drug compared with
currently available drugs lead to lack of clinical
equipoise. ORR is unique because it can be directly
attributed to treatment, since tumors generally do not
regress spontaneously. The demonstration of objective
response is also clinically relevant, as evaluation of
tumor response is integral to guiding therapeutic de-
cisions in routine practice. In terms of PFS, long pe-
riods of response without disease recurrence or
progression can be meaningful to patients.

Despite their clinical relevance and utility in drug
development, ORR and PFS have not been estab-
lished as surrogates for OS. Prentice15 proposed
operational criteria to validate potential surrogates,
including that the surrogate must be a correlate of
the true clinical end point irrespective of the inter-
vention and the treatment effect on the surrogate
should capture the full effect of treatment on the
clinical end point. Other statistical methods, such as
meta-analyses, have been developed to characterize
the relationship of potential surrogates to OS.16 Most
early end points have not been rigorously assessed
using patient-level data from meta-analyses.

REASONS FOR DISCORDANCE BETWEEN EARLY END
POINTS AND OS

Discordance between early end points and OS may
occur for several reasons, and the risk of discor-
dance is likely to increase in settings with a modest

Author affiliations
and support
information (if
applicable) appear
at the end of this
article.

Accepted on February
23, 2023 and
published at
ascopubs.org/journal/
jco on March 17,
2023: DOI https://doi.
org/10.1200/JCO.23.
00225

Published by
American Society of
Clinical Oncology

2706 Volume 41, Issue 15

http://ascopubs.org/journal/jco
http://ascopubs.org/journal/jco
http://ascopubs.org/doi/full/10.1200/JCO.23.00225
http://ascopubs.org/doi/full/10.1200/JCO.23.00225
http://ascopubs.org/doi/full/10.1200/JCO.23.00225


magnitude of effect on ORR or PFS in the context of
significant toxicity. Even larger effects on PFS or ORR
could be accompanied by unfavorable OS findings in
settings of substantive toxicity causing treatment-related
deaths. Adverse events need not be fatal to have a
negative effect on OS. Side effects can affect the ability of
a patient to receive full exposure to the known effective
components of a combination regimen or impact a pa-
tient’s ability to receive effective subsequent therapies.

Trial design can also impact the relationship between early
end points and OS. Many trials are designed with a PFS
primary end point that allows crossover of the control arm to
the investigational treatment. In this setting, control arm
patients can receive the investigational drug as a subse-
quent therapy which can lead to a trial result with superior
PFS results without demonstrating a statistically significant
improvement in OS. Even without crossover, trials with a
PFS primary end point may not have adequate statistical
power to detect statistically significant improvements in OS.
A large PFS benefit with an attenuated OS trend toward
improvement is not necessarily an example of discordance,
but rather a lack of comparable improvement. Nonetheless,
while crossover and lack of power may attenuate the ability
to detect an OS difference, they should not result in a
negative effect on the observed OS.

The discordance between early tumor-based end points
and OS is bidirectional, and the US Food and Drug Ad-
ministration (FDA) has evaluated multiple trials in which an
OS advantage has been demonstrated without substantive
improvements in PFS or ORR. Examples include recent
approvals of immune checkpoint inhibitors for non–small-
cell lung cancer, head and neck squamous cell cancer,
and melanoma. In several trials, statistically significant and
clinically relevant improvements in OS have been dem-
onstrated; however, minimal or no improvements in PFS or
ORR have been observed in the same trial (Table 1).10-13

Unlike conventional cytotoxic drugs where the relationship
between early end points and OS has been more consis-
tently observed, the unique mechanism of action of the
immune checkpoint inhibitors and other treatments that
may alter tumor growth kinetics rather than solely act via
direct cytotoxicity may account for this disconnect.

Importantly, some trials have not only failed to show a
significant improvement in OS but also demonstrated a
potential detriment (Table 1).1-4,7,8,17-34 Many of these trials
evaluate molecularly targeted drugs with prolonged use
and highlight the need to evaluate mature OS data in
establishing the final assessment of a drug’s risks and
benefits. The FDA’s experience with the phosphatidylino-
sitol 3-kinases (PI3K) inhibitor drug class in indolent NHL
and CLL was presented at the April 2022 Oncologic Drugs
Advisory Committee Meeting. FDA highlighted multiple
randomized trials evaluating this drug class that raised
concerns for potential OS detriments despite earlier PFS
advantages. Several of these examples were in the setting of

drugs with significant toxicities that resulted in a high in-
cidence of dose interruptions and dose reductions.

The discordances seen are due in part to toxicity, and
understanding the relationship between dosage, toxicity,
and efficacy or dose optimization is not always adequately
explored before initiating randomized trials for drug reg-
istration. Historically, the maximum tolerated dose has
been selected for use in late-stage drug development.
However, investigational drugs are increasingly delivered
orally and for longer periods of time, and better dose op-
timization is critical to maximize adherence. Inadequate
attention to dose optimization, for both monotherapy and
combination regimens, may contribute to randomized trials
with potential OS detriments. Toxicity can negatively impact
OS by limiting the patient’s ability to receive full exposure of
both the investigational treatment and effective subsequent
anticancer drugs. Inadequate exposure could also theo-
retically lead to more resistant disease after progression
negatively affecting the efficacy of subsequent drugs. The
FDA’s Oncology Center of Excellence (OCE) has estab-
lished Project Optimus to collaboratively work with sponsors
to explore the relationship between dose schedule, safety,
and efficacy.35,36 Project Optimus encourages interactions
between drug developers and FDA review divisions early in
development to discuss dose finding and development
and communicates expectations for dose finding and
dose optimization through guidance, workshops, and other
public meetings.

Discordance between early tumor-based end points and
OS may be observed in specific subpopulations in ran-
domized trials, and these analyses are usually exploratory.
The clinical importance of a subgroup analysis for OS must
be put in the context of the magnitude of the drug’s effect
on the subpopulation, the degree of subgroup’s repre-
sentation in the overall intention-to-treat (ITT) population,
and the biologic plausibility of a differential effect in the
subgroup, among other factors. For example, in relapsed or
refractory ovarian cancer, despite a PFS advantage ob-
served across subgroups with niraparib maintenance
therapy compared with placebo, an OS detriment was
observed in the nongermline breast cancer susceptibility
(non-gBRCA) mutated, homologous recombination defi-
ciency positive population, but not in the gBRCA-mutated
patients.8 Discordance can also be observed between an
early end point and OS in an ITT population while a sub-
population may demonstrate concordance. For example, in
relapsed or refractory multiple myeloma, when venetoclax
was added to bortezomib and dexamethasone, an OS
detriment was observed in the ITT population, but not in
patients with the t(11;14) translocation.3 While there is
biologic plausibility, based on the anti-BCL2 activity of
venetoclax, the small numbers of patients with this trans-
location coupled with a lack of a prespecified statistical plan
limited any conclusions regarding this subgroup. Early
attention in a drug’s development should focus on patient
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TABLE 1. Selected Clinical Trials With Disconnects Between Early End Points and OS

Disease and Setting Trial
ORR, Study

Arm, % (95% CI)
ORR, Control

Arm, % (95% CI)
PFS HR
(95% CI)

OS HR
(95% CI)

Trials with PFS benefit and concerns for OS decrement

CLL, R/R DUO17

Duvelisib v ofatumumab
73 (66 to 80) 43 (38 to 53) 0.52 (0.39 to 0.69) 1.09 (0.79 to 1.51)a

CLL, first-line and R/R UNITY-CLL18

Umbralisib 1 ublituximab v obinutuzumab 1
chlorambucil

83.3 (78.1 to 88.6) 68.7 (62.2 to 75.2) 0.55 (0.41 to 0.72) 1.2319,a (—)

Indolent NHL, R/R 313-01242

Idelalisib 1 rituximab v placebo 1 rituximab
— — 0.50 (0.29 to 0.85) 4.74 (0.60 to 37.12)

313-01252

Idelalisib 1 BR v placebo 1 BR
— — 0.74 (0.5 to 1.1) 1.51 (0.71 to 3.23)

CHRONOS-320

Copanlisib 1 rituximab v placebo 1
rituximab

81 (—) 48 (—) 0.52 (0.39 to 0.69) 1.07 (0.63 to 1.82)

Mantle cell lymphoma,
first-line

SHINE21

Ibrutinib 1 BR v BR
89.7 (—) 88.5 (—) 0.75 (0.59 to 0.96) 1.07 (0.81 to 1.41)

Multiple myeloma, first-
line

KEYNOTE-18522

Pembrolizumab, lenalidomide, dex v
lenalidomide 1 dex

64 (55.4 to 71.2) 62 (53.7 to 69.8) 0.55 (0.20 to 1.50) 2.06 (0.93 to 4.55)

Multiple myeloma, R/R BELLINI3

Venetoclax 1 Bd v Bd
82 (—) 68 (—) 0.63 (0.44 to 0.90) 2.03 (1.04 to 3.95)

OCEAN4

Melphalan 1 dex v pomalidomide 1 dex
33 (27 to 39) 27 (22 to 33) 0.79 (0.64 to 0.98) 1.10 (0.85 to 1.44)

RCC, recurrent or
metastatic

TIVO-123

Tivozanib v sorafenib
33 (—) 23 (—) 0.80 (0.64 to 0.99) 1.25 (0.95 to 1.62)

RCC, first-line advanced KEYNOTE-581
Pembrolizumab 1 lenvatinib

v sunitinib

ITT24 71 (66 to 76) 36 (31 to 41) 0.39 (0.32 to 0.49) 0.66 (0.49 to 0.88)

IMDC favorable — — 0.4125 (0.28 to 0.62) 1.1525 (0.55 to 2.40)

Ovarian cancer, recurrent ARIEL426

Rucaparib v chemotherapy
38 (32 to 45) 30 (22 to 40) 0.67 (0.52 to 0.86) 1.316,a (1.00 to 1.73)

NOVA17

Niraparib v placebo
gBRCA mutated — — 0.2717 (0.17 to 0.41) 0.858,a (0.61 to 1.20)

Non-gBRCA mutated (all) — — 0.4517 (0.34 to 0.61) 1.068 (0.81 to 1.37)

Non-gBRCA mutated (HRD1) — — 0.3817 (0.24 to 0.58) 1.298 (0.85 to 1.95)

SOLO327

Olaparib v chemotherapyb
ITT 72.2c (—) 51.4 (—) 0.62 (0.43 to 0.91) 1.077,a (0.76 to 1.49)

$3 prior lines of therapy 58.9c (—) 39.4 (—) — 1.337 (0.84 to 2.18)

(continued on following page)
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TABLE 1. Selected Clinical Trials With Disconnects Between Early End Points and OS (continued)

Disease and Setting Trial
ORR, Study

Arm, % (95% CI)
ORR, Control

Arm, % (95% CI)
PFS HR
(95% CI)

OS HR
(95% CI)

Trials with OS benefit and no or minimal benefit in ORR or PFSd

Melanoma, metastatice MDX010-20
Ipilimumab 1 gp100 v ipilimumab

v gp100

Ipilimumab 1 gp100 v gp100 5.7 (3.7 to 8.4) 1.5 (0.2 to 5.2) 0.8113 (—) 0.68 (0.55 to 0.85)

Ipilimumab v gp100 10.9 (6.3 to 17.4) 1.5 (0.2 to 5.2) 0.6413 (—) 0.66 (0.51 to 0.87)

HNSCC, untreated
recurrent or metastatic

KEYNOTE-048
Pembrolizumab, platinum, fluorouracil v cetuximab,

platinum, fluorouracil

36 (30.0 to 41.5) 36 (30.7 to 42.3) 0.92 (0.77 to 1.10) 0.77 (0.63 to 0.93)

NSCLC with PD-L1 .1%,
stage III or metastatic

KEYNOTE-042
Pembrolizumab v investigator choicef

27 (24 to 31) 27 (23 to 30) 1.07 (0.94 to 1.21) 0.81 (0.71 to 0.93)

NSCLC, advanced,
previously treated

CHECKMATE-057
Nivolumab v docetaxel

19 (15 to 24) 12 (9 to 17) 0.92 (0.77 to 1.11) 0.73 (0.60 to 0.89)

Abbreviations: Bd, bortezomib plus dexamethasone; BR, bendamustine 1 rituximab; CLL, chronic lymphocytic leukemia; dex, dexamethasone; gBRCA, germline breast cancer susceptibility; gp100,
glycoprotein 100; HNSCC, head and neck squamous cell; HR, hazard ratio; HRD1, homologous recombination deficiency positive; IMDC, International Metastatic RCC Database Consortium; ITT,
intention-to-treat; NHL, non-Hodgkin lymphoma; NSCLC, non–small-cell lung cancer; ORR, objective response rate; OS, overall survival; PFS, progression-free survival; RCC, renal cell carcinoma; R/R,
relapsed or refractory.

aOS data reflect a later data cutoff.
bSingle-agent paclitaxel, topotecan, pegylated liposomal doxorubicin, or gemcitabine.
cOdds ratio is 2.53 (95% CI, 1.40 to 4.58) in ITT population and 2.21 (95% CI, 0.96 to 5.20) in subgroup.
dResults are from the US prescribing information unless otherwise noted.
eIn patients who are HLA-A*0201 positive.
fPemetrexed 1 carboplatin or paclitaxel 1 carboplatin.
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subgroups who may be expected to have different out-
comes, and adequate plans in both patient accrual and
statistical analysis should be made to characterize this
potential difference.

STATISTICAL AND REGULATORY CONSIDERATIONS

Early tumor-based end points may be meaningfully eval-
uated when few survival events have occurred, particularly
in diseases where survival may be prolonged. Trials are
often not powered to detect OS differences at the time of
final PFS analysis; however, FDA relies on an OS analysis,
even if descriptive, to assure there is no decrement. When
formal statistical testing of OS is not specified, a rigorous
plan for OS evaluation as a safety end point including
monitoring for early safety signals that may adversely affect
OS can allow for a more thorough assessment of OS. The
number of OS events expected at the time of a PFS analysis
and the expected time for mature survival analysis can help
determine the appropriate design of interim and final an-
alyses. Sponsors should provide plans for continuing to
collect OS data after disease progression, minimize missing
OS data, and outline their efforts to capture subsequent
therapies and causes of death (Table 2). For situations
where the OS analysis will be immature at the time of an
FDA submission, plans for continued OS evaluation in-
cluding a long-term OS analysis with more events may be
requested as a postmarketing commitment or requirement.

The results and maturity of an OS analysis at the time of an
FDA submission may affect the appropriate approval
pathway for randomized trials with an early end point such
as PFS. Where there may be uncertainty regarding the
results of an OS analysis despite a meaningful effect on
PFS, an accelerated approval rather than a traditional
approval may be warranted. This may be particularly rel-
evant if significant safety findings are discovered or pre-
vious discordance between PFS and OS have been
observed in a similar drug class. The accelerated approval
pathway allows approval in serious and life-threatening
diseases for drugs that demonstrate an improvement
over available therapy based on earlier clinical end points.
In fact, the statute for accelerated approval was recently
amended by congress to provide new procedures for ex-
pedited withdrawal of a product. If subsequent post-
marketing data reveal an adverse effect on a mature OS
analysis, the risk benefit must be reassessed, and when
unfavorable, both parties should honor the regulatory
prenuptial agreement of drug approval and seek expedited
withdrawal of the indication.

In conclusion, tumor-based assessments and OS form
critical drug development end points that are measured at
different time points in a patient’s disease, have different
confounding factors, and may be impacted differently by
specific drugs. OS is not a feasible primary efficacy end
point in all trials, and reducing tumor burden (ORR) and
delaying its progression (PFS) have clinical relevance in
routine care and can be sufficient to provide evidence of
efficacy. However, even a meaningful improvement in ORR
or PFS is insufficient when a potential OS detriment is
observed. Thus, regardless of primary end point used, OS
must be carefully assessed and a reasonably mature de-
scriptive OS analysis provided as part of the totality of data.
The divorce between the efficacy findings of early end
points like ORR and PFS and their complicated relationship
to OS highlights possible irreconcilable differences. In
2023, the FDA’s OCE plans a series of workshops to ex-
amine the role of early end points, their relationship to OS,
and considerations around obtaining the information
necessary to make informed decisions on the risks and
benefits of a novel cancer therapy.
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TABLE 2. Key Considerations for Early End Point and OS Analysis in
Oncology Trials
Consideration

Toxicity

Greater attention to dose optimization is needed to minimize
toxicity while maximizing efficacy. This has the potential to
result in a more favorable benefit-risk profile.

Adequate capture of information on subsequent therapy and
long-term safety outcomes is important to assess the overall
benefit risk.

OS analysis

Clinical trial design and statistical analysis plans should consider
the amount of OS information that will be available at the time of
early end point analysis.

If OS is not the primary efficacy end point, when feasible, OS
should be included as a key secondary end point.

When OS is not the primary or key secondary efficacy end point, OS
information should be provided to assess the potential for harm.

Trials should provide for adequate OS follow-up and analysis.

Subgroup considerations

Consider biomarker predictiveness and mechanism of action in
the trial design, sample size, and prespecified analyses.

Clinical trials should include an adequate number of patients,
including relevant subpopulations to evaluate both early end
points and OS.

Abbreviation: OS, overall survival.
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