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Abstract: Clinical endpoints are essential for assessing the safety and efficacy of new cancer therapies. They are
used by oncologists to help guide clinical decision making. While overall survival (OS) has frequently been regarded
as the “gold standard” primary clinical endpoint, it’s utility is constrained by several disadvantages. The time-con-
suming nature of trials using OS has led to a recent push to explore surrogate clinical endpoints and their potential
to serve as primary clinical endpoints in lieu of OS. Additionally, it is becoming evident that other endpoints add
valuable information about quality of life and treatment failure as their use is becoming increasingly prevalent in on-
cology clinical trials. Without a doubt, the use of clinical endpoints will continue to expand and evolve as new cancer
therapies are developed and novel treatments, including immunotherapy, draw interest. This review explores the
roles of primary and surrogate clinical endpoints as well as the benefits and drawbacks of each specific endpoint.
In addition, it directly compares the unique features of each suggesting some of the specific uses each one fulfills.
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Introduction

Clinical trials are critical to the development of
medical interventions as they assess the safety
and efficacy of each new approach. A clinical
endpoint is an objective tool used to measure
how beneficial a medical intervention is to a
patient’s feeling, function, and survival. Clinical
endpoints are used in clinical trials to assess
validity and generalizability of the study, and
the evidence they generate is important to clini-
cians and patients alike. Clinical endpoints also
have the capacity to evaluate the outcomes of
using a medical intervention to guide clinical
decision making. When addressing potential
treatment options with a patient, physicians
look for interventions that will improve survival,
reduce symptoms, restore functional capacity,
or lower the chances of developing a chronic
condition. These desirable effects are weighed
against any negative side effects or assumed
risks.

Since medical interventions can have a number
of effects on a patient, it is important to use
multiple endpoints to assess changes in clini-
cal course that occur as a result of the inter-
vention [1]. Additionally, the use of multiple

endpoints allows a team to evaluate outcomes
that will arise independently of intervention or
that will be modified by intervention [1]. While
non-clinical endpoints, such as biomarkers, are
frequently utilized as objective measures of bio-
logical processes, their use falls outside of the
scope of this paper in which we will focus on
clinical and surrogate endpoints. There are
different ways to categorize clinical endpoints
depending on the trial goals and objectives.
Generally, clinical endpoints can be classified
as primary, secondary, or tertiary depending on
their relevance to the main research question.
While primary endpoints are efficacy measures
that address the question directly, secondary
and tertiary endpoints may be utilized to dem-
onstrate additional effects, support a mecha-
nism of action, or explore less frequently occur-
ring outcomes [1]. For example, a primary end-
point in oncological clinical trials is usually sur-
vival: a direct, measurable outcome based on
the drug’s expected effects. A secondary end-
point, such as quality of life, may be chosen to
explore additional benefit the patient may gain
including functional and emotional status. All
other exploratory endpoints would be classified
as tertiary endpoints.
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There are many qualities a good primary clinical
endpoint should have. Endpoints should be
easy to measure either objectively or subjec-
tively by a clinician, observer, or patient [2].
Most importantly, a primary clinical endpoint
should have clinical relevance to the patient
and directly measure a patient’s feelings, abili-
ty to perform daily tasks, or survival [3]. Since
choosing the wrong endpoint can make it diffi-
cult to detect study outcomes, many trials uti-
lize numerous endpoints which may have pri-
mary or secondary significance [4]. Clinical tri-
als also frequently rely on the utilization of sur-
rogate endpoints to substitute for clinical end-
points [5]. In the classical definition of surro-
gate endpoints, they are referred to as “bio-
markers”, however, not all biomarkers will meet
the criteria to be surrogate endpoints [6]. In
order for a biomarker to be considered a surro-
gate endpoint, there must be a relationship
between the biomarker and the clinical out-
come; a mere association between the bio-
marker and the pathophysiology of the disease
is not sufficient [6]. If general information
about the disease pathophysiology and the
intervention’s mechanism of action, surrogate
endpoints are expected to predict clinical ben-
efit or harm [6]. While surrogate endpoints have
historically been used to rapidly assess medi-
cal interventions in clinical trials, they do not
have strict validation criteria [6]. Alternatively,
there exists a set of guidelines that provides a
framework for understanding the evidence sur-
rogate endpoints provide in a study [7].

Clinical endpoints can also be categorized as
quantitative or qualitative depending on how
the outcome is measured. Quantitative end-
points are measured objectively by the amount
of time that has elapsed from randomization
or treatment initiation to the desired event. In
comparison, qualitative endpoints are mea-
sured subjectively and are typically reported
based on observations made by the patient,
caregiver, or physician. The development of
novel cancer treatments especially relies on
clinical trials and the utilization of relevant
clinical endpoints. In trials with cancer patients,
it is also important to account for the different
cancer types, histological subgroups, and life
expectancy [8]. For example, while clinical end-
points were traditionally reserved to evaluate
therapies during phase Il clinical trials, their
use in early-phase clinical trials has become
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more frequent with the development of novel
immunotherapies [9]. This paper will explore
the benefits and drawbacks of using different
clinical endpoints in clinical trials that assess
the efficacy of new cancer treatments.

Overall survival

Overall survival (OS) is defined as the time from
randomization to death [10]. Any patients lost
to follow up or still alive at the time of evalua-
tion are censored [11]. Since the goal of cancer
treatment is generally to extend survival, OS is
often referred to as the gold standard endpoint
in oncology clinical trials [6]. OS is a patient-
centered endpoint that is easy to measure; it is
definite since the final time point is death [12].
Moreover, OS is objective, and researcher bias
is unlikely to take place [13, 14]. While 0OS
remains the preferred clinical endpoint in on-
cology clinical trials, it has some drawbacks.
Primarily, the expectation of long-term patient
follow-up indicates a larger patient population
is required and the study will require more
financial support [15]. Additionally, OS has lim-
ited use in diseases that are slowly progressing
and have an expected long-term survival. In
these cases, OS may be influenced by treat-
ment in further steps, sequential use of other
agents, and cross-over treatments, making it
difficult to attribute the clinical endpoint to a
specific medical intervention [4]. Additionally,
as a primary clinical endpoint, OS can also be
influenced by non-cancer deaths since the end-
point is defined as time from randomization to
death of any cause [10].

Progression-free survival and time to progres-
sion

Progression free survival (PFS) is defined as the
time from randomization until first evidence of
disease progression or death [10]. PFS is mea-
sured by censoring and patients who are still
alive at the time of evaluation or those who
were lost to follow up [14]. PFS is a popular sur-
rogate endpoints since fewer patients are
needed to obtain the data that becomes avail-
able early in the trial [14]. These factors often
lead to early completion of clinical trials and
reduced associated costs [13]. PFS also pro-
vides the benefit of objective evaluation with-
out being influenced by subsequent therapies
or cross-overs [4]. PFS is an attractive choice in
clinical endpoint for its direct information with
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regards to drug activity and their rapid turn-
around in data compared to OS. Additionally,
PFS has drawn more attention as a clinical
endpoint for its ability to assess treatment
paradigms that include multi-stage therapies.
Where OS fails to assess the short-term, incre-
mental changes of each round of treatment,
PFS can [16]. However, PFS’s use as a clinical
endpoint is debatable because prolonged PFS
does not always result in an extended survival
[4].

Time to progression

Time to progression (TTP) is defined as the
time from randomization until first evidence of
disease progression [15]. Since PFS and TTP
are similar, it is important for studies to clarify
what is meant by evidence of disease progres-
sion. In advanced breast cancer, some in-
vestigators use PFS and TTP interchangeably,
potentially leading to confusion when com-
paring the outcomes of various trials [17].
Meanwhile, studies have used TTP to evaluate
aggressive therapies for advanced non-small
cell lung cancer, however, its use as a surro-
gate marker is not definitive and it should be
avoided as a primary endpoint [18]. The value
of TTP’s assessment has the potential to be
adversely affected by disease characteristics
unique to each patient including inter-tumor
variation and the tumor’s natural growth rate.
In response, researchers have proposed a
patient-personalized “TTP ratio” as an addition-
al parameter to measure the effectiveness of
targeted therapy [19]. This variant of TTP com-
pares tumor growth both on and off treatment,
serving as an intra-patient control for natural
tumor growth rate [19].

Disease free survival

Disease free survival (DFS) is defined as the
time from randomization until evidence of dis-
ease recurrence [4]. It is closely related to
duration of response (DOR): the length of time
a tumor will respond to treatment without
growing or metastasizing [18]. While PFS is
used as a clinical endpoint for treatments that
are used to manage more advanced, metastat-
ic malignancies, DFS is used as a clinical end-
point for adjuvant treatments after definitive
surgery or radiotherapy. Similar to PFS, DFS is
a surrogate endpoint which requires a small-
er patient number and shorter follow-up than
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other endpoints such as OS [4]. For this reason,
DFS is often regarded as an important end-
point for cancers with a prolonged OS [20]. The
value of DFS has been contended by experts in
the field for a number of reasons. Primarily, the
definition of ‘disease-free interval’ continues to
raise questions. Moreover, questions of the
validity of an incidental finding of cancer regard-
less of symptoms in such patients continue to
be controversial [20]. For these reasons, it is
increasingly important that recurrence be
defined when utilizing DFS as a clinical end-
point. Despite its draw backs, DFS has been
used as a strong surrogate endpoint for OS in
clinical trials for stage Ill colon cancer, in an
adjuvant setting in lung cancer, and in breast
cancer [21-23].

Event-free survival

Event-free survival (EFS) is defined as the time
from randomization to an event which may
include disease progression, discontinuation of
the treatment for any reason, or death [24].
While EFS and DFS used to be interchangeable,
the patient is not technically “disease-free” at
the time of randomization in a neoadjuvant set-
ting; EFS is now the clinical endpoint reserved
for neoadjuvant settings while DFS is applied
in adjuvant settings [24]. EFS is a surrogate
endpoint that can be used in the place of a pri-
mary endpoint, such as OS, to reduce sample
size, costs, and duration of follow-up [25].
Since EFS is a surrogate endpoint, it needs to
be validated for each unique tumor type, treat-
ment, and stage of disease. Studies of acute
myeloid leukemia (AML) have been used to
evaluate EFS’s strength as a surrogate end-
point [25, 26]. One of the benefits of using EFS
over OS in cases of AML is that it is not depen-
dent on therapy given after failure to reach, or
relapse from, remission; this quality means EFS
provides a more direct assessment of therapy-
based benefit during treatment induction [25].

Time to treatment failure

In the context of oncology clinical trials, time-
to-treatment failure (TTF) is the time from the
initiation of chemotherapy treatment/interven-
tion to its early discontinuation. Reasons for
prematurely discontinuing treatment can in-
clude cancer progression but also adverse
events, patient choice, or death. Unlike other
clinical endpoints, TTF is regularly used for reg-
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ulatory drug approval since it does not directly
measure treatment efficacy [27, 28]. When TTF
is used as a primary endpoint, secondary end-
points are strategically chosen to explore the
portion of patients that discontinued chemo-
therapy due to disease progression compared
to other reasons [29]. It is also important to
consider the age of patients enrolled in the trial
when using TTF as a clinical endpoint. Older
patients experience higher rates of adverse
events during clinical trials; this difference
could impact TTF due to adverse events and
should be considered during study design [29].
TTF can be an effective endpoint when used
alongside OS to provide context to survival, the
“gold standard” of treatment assessment.

Time to next treatment

Time to next treatment (TTNT) is defined as
the time from initiating treatment to initiating
the next line of therapy [30]. In low grade, incur-
able diseases, TTNT is a meaningful endpoint
for patients who will require many therapeutic
interventions to extend survival. Unlike most
disease-related endpoints, TTNT includes the
time course of treatment tolerability and pa-
tient compliance [30]. TTNT continues to emer-
ge as a measure of duration of treatment effi-
cacy, specifically in primary cutaneous T-cell
lymphomas [31]. Despite its usefulness, TTNT
is a surrogate marker for duration of clinical
benefit and requires validation before serving
as a standalone marker to assess treatment
efficacy.

Duration of clinical benefit

Duration of clinical benefit (DoCB) is defined as
the time from randomization to disease pro-
gression or death in patients who achieve com-
plete response, partial response, or stable dis-
ease for 24 weeks or longer [32]. It is a primary
endpoint that is used in clinical trials in which
disease stabilization in order to prolong surviv-
al is the primary goal.

Duration of response

Duration of response (DoR) is defined as the
time from randomization to disease progres-
sion or death in patients who achieve complete
or partial response [32]. It is closely related to
DFS and measures how long a patient will
respond to treatment without tumor growth or
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metastasis. DoR is useful in assessing treat-
ments that promise durable response and de-
lay disease progression as opposed to treat-
ments that provide a temporary remission with-
out lasting benefit [32].

Objective response rate

Objective response rate (ORR) is a measure of
how a specific treatment impacts tumor burden
in a patient with a history of solid tumors [33].
It is defined as the proportion of patients that
respond either partially or fully to therapy [34].
ORR is a good measure of anti-tumor activity,
and there are many different evaluation criteria
that have been used to assess ORR in the past
[4]. The World Health Organization (WHO) was
the first to develop criteria to evaluate ORR in
clinical trials of cancer treatments. ORR was
primarily assessed by tumor size and total
tumor load as found via different anatomic
imaging modalities [35]. Despite its favora-
bility for nearly two decades, the WHO criteria
fell out of favor for its interobserver variability
of the number of lesions and the selection of
measurable targets [36]. It was replaced by the
Response Evaluation Criteria in Solid Tumors
(RECIST) which has also undergone modifica-
tion since its initial design. In its most recent
version, RECIST selects target lesions by size
and defines them as representative lesions of
all involved organs. A maximum of 2 lesions
per organ and 5 in total are considered base-
line target lesions while all other lesions are
non-target [33]. RECIST can also be used to
assess for PFS and defines a progression of
disease as a 20% increase in the sum of up to
5 target lesion diameters in reference to the
smallest sum acquired [34]. Using RECIST
makes ORR a standard clinical endpoint across
multiple clinical trial locations, however, there
are still some concerns when it comes to ORR’s
usefulness as a clinical endpoint. Primarily,
ORR fails to capture patients with a stable dis-
ease, and it does not differentiate patients wi-
th complete response from those with partial
response [9]. While transitioning from the WHO
criteria to RECIST helped eliminate some of the
interobserver variability, it does not completely
eliminate the human error that is frequently
introduced when measuring tumors via CT or
MRI modalities [34]. Moreover, there remain
the fundamental concerns that ORR does ade-
quately reflect endpoints such as PFS, DFS,
and OS despite tumor regression [4]. For now,
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ORR provides the most utility in trials evaluat-
ing neoadjuvant therapies, especially those in
breast cancer patients [4].

Complete response

Complete response (CR) is defined as the lack
of detectable evidence of tumor [37]. Imaging
studies and histopathology are used to mea-
sure CR which can be used as a surrogate or
primary endpoint depending on the specific
disease or context of use [37]. For example: CR
in the setting of multiple myeloma therapy has
proven to be clinically relevant as it conveys a
survival advantage associated with improved
OS and prolonged EFS in specific treatment
studies [38, 39].

Pathological complete response

Pathologic complete response (pCR) has most
oftenbeen used as a surrogate marker in breast
cancer and is defined as the absence of resi-
dual invasive cancer upon evaluation of the
resected breast tissue and regional lymph no-
des [40]. This clinical endpoint is commonly
used in trials of neoadjuvant chemotherapy for
breast cancer patients under FDA's accelerat-
ed approval program [41]. In studies following
patients after neoadjuvant chemotherapy for
breast cancer, patients who achieved pCR we-
re associated with improved OS and EFS [42,
43].

Disease control rate

Disease control rate (DCR) describes the per-
centage of patients with advanced cancer
whose therapeutic intervention has led to a
complete response, partial response, or stable
disease [44]. DCR is related to ORR and has
the greatest utility in evaluating cancer thera-
pies that have predominating tumoristatic ef-
fects rather than tumoricidal effects [34]. For
example, DCR has been found to predict subse-
quent survival in extensive stage small cell lung
cancer in phase Il clinical trials [45]. However,
the use of DCR in phase Il clinical trials offers
little insight to the clinical benefit patients may
receive from this therapy. Moreover, some ar-
gue that DCR might provide ambiguous infor-
mation and potentially exaggerate the antican-
cer-effect of the therapy [44].
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Clinical benefit rate

Clinical benefit rate (CBR) is defined as the
percentage of advanced cancer patients who
achieve complete response, partial response,
or at least six months of stable disease as a
result of therapy [44]. It has been argued that
CBR should not be used at all since it does not
measure clinical benefit [44]. There is also sup-
port to its use since like DCR, CBR can be use-
ful for the rapid assessment of anticancer
activity and can further capture disease stabili-
zation [44].

Health-related quality of life

Health-related quality of life (HRQoL) is an im-
portant measure that is patient reported and
demonstrates clinical benefit. It is an evalua-
tion of a patient’s quality of life with respect to
health status over time [46]. The goal of in-
cluding HRQoL as a clinical endpoint is to com-
plete the results quantitative endpoints such
as 0S. Quality of life is often used as a secon-
dary clinical endpoint to compare treatments
that have similar effects with differences in tox-
icity, but it can also be used as a co-primary
endpoint with OS [4, 47]. HRQoL is usually
assessed using a set of four core questions
developed by the Centers for Disease Control
and Prevention (CDC). The four core questi-
ons include concepts related to overall health,
physical health, mental health, and activities
of daily living [48]. The items from this survey
are brief and provide results that are easy for
the assessor to interpret [48].

Milestone survival

Milestone survival is defined as the survival
probability at a given time point [9]. It is classi-
fied as an endpoint related to OS, however, it
is considered a qualitative endpoint that de-
scribes a cross-sectional assessment at a spe-
cific time point and does not account for all 0S
data [49]. Milestone survival remains a possi-
ble surrogate endpoint for OS in late-stage drug
development and, similar to the other end-
points used to evaluate cancer immunology
advancements, requires further validation [49].
Table 1 summarizes the above described end-
points and Figure 1 depicts their relationship
with tumor recurrence.
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Table 1. Comparison of different clinical endpoints

Serial No Endpoint Definition Unique feature

1. Overall survival Time from randomization to death. The ‘gold standard’ primary clinical endpoint.

2. Progression-free survival Time from randomization to disease progression or death, whichever Used to assess therapies targeting advanced or metastatic
comes first. malignancies.

3. Time to progression Time from randomization to disease progression. Only uses time to progression and does not include time to

death.

4. Event-Free Survival Time from randomization to disease progression, discontinuation of ~ Used to evaluate highly toxic treatments.
treatment for any reason, or death.

5. Disease-free survival Time from randomization to disease recurrence. Used to assess adjunctive and curative therapies.

6. Time to Treatment Failure Time from initiation of chemotherapy to premature discontinuation of Used with other endpoints to assess reasons for discontinuing
treatment. treatment.

7. Time to Next Treatment Time from initiation of treatment to beginning the next line of Used as a meaningful endpoint for patients with low grade,
therapy. incurable malignancies.

8. Duration of Clinical Benefit Time from randomization to progression or death in patients who had Used in settings where disease stabilization is meaningful.
a complete or partial response or a stable disease for over 24 weeks.

9. Duration of Response Time from randomization to progression or death in patients who had Used to assess therapies for durable response.
a complete or partial response.

10. Objective Response Rate Proportion of patients with partial or complete response to therapy. Used to assess neoadjuvant therapies.

11. Complete Response Lack of detectable evidence of tumor. Included as a major goal of multiple myeloma treatment.

12. Pathological Complete Response Lack of residual invasive cancer in resected breast tissue or regional Used in accelerated approval for neoadjuvant therapies

lymph nodes.

targeting breast cancer.

13. Disease Control Rate Percentage of patients with complete response, partial response, or  Used to assess the tumorstatic efficacy of a therapy.
stable disease as a result of their therapy.
14. Clinical Benefit Rate Percentage of patients with complete response, partial response, or  Used to capture tumorstatic efficacy of a therapy and stable
at least months of stable disease as a result of their therapy. disease.
15. Health-Related Quality of Life ~ Assessment of patient quality of life with respect to health status. Used to directly measure patient quality of life.
16. Milestone survival Survival probability at a prespecified time point. Used to evaluate a cross-section of OS data.
1126 Am J Cancer Res 2021;11(4):1121-1131
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Figure 1. lllustration of various endpoints with relationship to hypothetical tumor size on a time scale.

Discussion

The development of targeted therapies has
been followed by a shift in the usage of primary
clinical endpoints utilized in the evaluation of
cancer drugs. The FDA initially used ORR to
approve cancer drugs in the 1970s, relying on
imaging studies and physical assessments to
measure outcomes [27]. It wasn’t until the
1980's when the Oncologic Drugs Advisory
Committee (ODAC) and FDA recognized that
improvements in survival, quality of life, physi-
cal functioning, and tumor related symptoms
didn’t always correlate with ORR [50]. OS pr-
oved to be a superior clinical endpoint for mea-
suring direct clinical benefit in oncologic trials.
Despite this finding, ORR remains a common
surrogate clinical endpoint for cancer drugs
under consideration for accelerated approval
[50]. Special consideration for ORR as a prima-
ry clinical endpoint is also given in single-arm
trials of patients with refractory tumors and no
current therapy options [51]. Between 1990
and 1999, 30% of trials with FDA-approved
cancer drugs used survival as their primary
clinical endpoint [8]. This number decreased to
14.5% of clinical trials between 2006 and 2011
[8]. As the number of clinical trials utilizing
OS as a primary endpoint decreased, endpoints
such as PFS and DFS became more frequently
used. Financial and time constraints continue
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to facilitate this shift since OS requires longer
trials with larger numbers of patients compared
to surrogate endpoints including PFS and DFS
for metastatic and curative cancers, respec-
tively. From 2005 to 2013, DFS was used as a
primary end point in five of the eight United
States approved adjuvant or curative drugs in
solid tumors [20]. DFS’s use as a primary clini-
cal endpoint in the setting of adjuvant thera-
pies is supported by the fact that a large por-
tion of patients will have cancer symptoms at
the onset of disease recurrence [52]. The FDA
now recognizes the clinical benefit of both DFS
and PFS and allows for their use as primary
end-points in trials seeking regulatory approval
[24]. Moreover, there is growing evidence for
using PFS and DFS as primary clinical end-
points in special circumstances as outlined
above. In a recent announcement by the FDA
(regulation 21CFR813, subpart H), PFS and
other surrogate endpoints can be used in cases
to accelerate approval of drugs targeting seri-
ous or life-threatening diseases [53].

While prolonging survival is of primary goal of
cancer treatments, the value of additional clini-
cal endpoints to support OS is becoming clear.
Adding more fulfilling time to a patient’s life
should be the long-term goal of cancer therapy,
and measures including TTP, DCR, CBR and
HRQoL can tell physicians more about what
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those extra years of life might look like for a
patient. Part of chronic disease management
includes mental health support, and clinical tri-
als that can tell patients what to expect with
regards to their disease state are of particular
relevance. Additionally, with increasing interest
in immuno-oncology, new endpoints will need
to be explored starting from early-phase trials
with MTD and MInED. These, paired with mile-
stone survival in late-phase trials, will allow
researchers to evaluate the nonlinear dose-
response and dose-toxicity kinetics character-
istic of novel immunotherapy treatments [9].
Since immunotherapy is still a relatively new
concept, validation of these unique endpoints
will be critical to assessing future studies.

Endpoints will continue to evolve not only with
the development of new therapies but also as
current imaging and detection modalities are
defined. This shift has already been demon-
strated with the development of RECIST criteria
to replace WHO criteria. As clinicians become
better at identifying and classifying tumors, it
is possible that patients who might have once
been labeled with a stable disease would be
found to have micrometastasis in the future.
While current endpoints might capture future
changes in imaging, some might start to fall out
of favor while others increase in use to safely
accelerate drug approval. As more endpoints
continue to be developed for specific types of
cancer and specific therapies, it is important
that studies clearly define which endpoints they
are using and be able to differentiate them
from other endpoints. For example, differentiat-
ing EFS and PFS is heavily dependent on docu-
menting death as a distinct event from other
adverse outcomes. Moreover, it is important
for those involved with study design to be fa-
miliar with differences in terminology. While the
differences between related endpoints (CBR
and DCR; EFS and DFS; CR and pCR) might
seem subtle, they are critical to understanding
what is being assessed in the study and are
each specific to a treatment or cancer type.

Conclusions

In review, OS remains the “gold standard” pri-
mary clinical endpoint. It is easy to measure
and since it is not a surrogate endpoint, it can
be validated and is widely accepted in the med-
ical community. However, it is important to con-
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tinue to explore the value other endpoints add
to assessing adjuvant and neoadjuvant thera-
pies. Surrogate endpoints have the potential to
lower costs and reduce the number of resourc-
es needed to complete clinical trials. Moreover,
it has become clear that the use of clinical end-
points in oncology will continue to evolve as
treatment modalities do, too. Clinical endpoints
will be designed with novel immunotherapies in
mind and as survival increases, qualitative end-
points will become critical secondary endpoints
to assess clinical benefit.

Acknowledgements

The study has not been presented in any form
in any meeting or forum. This manuscript is not
under consideration in any other journal. All au-
thors have read the manuscript and agree to
the content.

Disclosure of conflict of interest
None.

Address correspondence to: Dr. Achuta Kumar
Guddati, Division of Hematology/Oncology, Georgia
Cancer Center, Augusta University, GA 30909, Au-
gusta. Tel: 312-404-8928; E-mail: aguddati@augus-
ta.edu

References

[1] McLeod C, Norman R, Litton E, Saville BR,
Webb S and Snelling TL. Choosing primary
endpoints for clinical trials of health care inter-
ventions. Contemp Clin Trials Commun 2019;
16: 100486.

[2] Fleming TR and Powers JH. Biomarkers and
surrogate endpoints in clinical trials. Stat Med
2012; 31: 2973-2984.

[3] Fleming TR and DeMets DL. Surrogate end
points in clinical trials: are we being misled?
Ann Intern Med 1996; 125: 605-613.

[4] Kilickap S, Demirci U, Karadurmus N, Dogan
M, Akinci B and Sendur MAN. Endpoints in on-
cology clinical trials. J BUON 2018; 23: 1-6.

[5] Prentice RL. Surrogate endpoints in clinical tri-
als: definition and operational criteria. Stat
Med 1989; 8: 431-440.

[6] Feigin A. Evidence from biomarkers and surro-
gate endpoints. NeuroRx 2004; 1: 323-330.

[71 Bucher HC, Guyatt GH, Cook DJ, Holbrook A
and McAlister FA. Users’ guides to the medical
literature: XIX. Applying clinical trial results. A.
How to use an article measuring the effect of
an intervention on surrogate end points. Evi-

Am J Cancer Res 2021;11(4):1121-1131


mailto:aguddati@augusta.edu

(8]

(9]

(10]

[11]

[12]

[13]

(14]

[15]

(16]

(17]

(18]

[19]

Oncology clinical endpoints

dence-based medicine working group. JAMA
1999; 282: 771-778.

Martell RE, Sermer D, Getz K and Kaitin KI. On-
cology drug development and approval of sys-
temic anticancer therapy by the U.S. Food and
drug administration. Oncologist 2013; 18:
104-111.

Anagnostou V, Yarchoan M, Hansen AR, Wang
H, Verde F, Sharon E, Collyar D, Chow LQM and
Forde PM. Immuno-oncology trial endpoints:
capturing clinically meaningful activity. Clin
Cancer Res 2017; 23: 4959-4969.

Lebwohl D, Kay A, Berg W, Baladi JF and Zheng
J. Progression-free survival: gaining on overall
survival as a gold standard and accelerating
drug development. Cancer J 2009; 15: 386-
394.

Prinja S, Gupta N and Verma R. Censoring in
clinical trials: review of survival analysis tech-
niques. Indian J Community Med 2010; 35:
217-221.

McKee AE, Farrell AT, Pazdur R and Woodcock
J. The role of the U.S. Food and drug adminis-
tration review process: clinical trial endpoints
in oncology. Oncologist 2010; 15 Suppl 1: 13-
18.

Driscoll JJ and Rixe O. Overall survival: still the
gold standard: why overall survival remains the
definitive end point in cancer clinical trials.
Cancer J 2009; 15: 401-405.

Cheema PK and Burkes RL. Overall survival
should be the primary endpoint in clinical trials
for advanced non-small-cell lung cancer. Curr
Oncol 2013; 20: e150-160.

Wilson MK, Karakasis K and Oza AM. Out-
comes and endpoints in trials of cancer treat-
ment: the past, present, and future. Lancet
Oncol 2015; 16: €32-42.

Sheth M and Ko J. Exploring the relationship
between overall survival (OS), progression free
survival (PFS) and objective response rate
(ORR) in patients with advanced melanoma.
Cancer Treat Res Commun 2020; 26: 100272.
Saad ED and Katz A. Progression-free survival
and time to progression as primary end points
in advanced breast cancer: often used, some-
times loosely defined. Ann Oncol 2009; 20:
460-464.

Hotta K, Fujiwara Y, Matsuo K, Kiura K, Takiga-
wa N, Tabata M and Tanimoto M. Time to pro-
gression as a surrogate marker for overall sur-
vival in patients with advanced non-small cell
lung cancer. J Thorac Oncol 2009; 4: 311-317.
Cirkel GA, Weeber F, Bins S, Gadellaa-van Hooi-
jdonk CG, van Werkhoven E, Willems SM, van
Stralen M, Veldhuis WB, Ubink |, Steeghs N, de
Jonge MJ, Langenberg MH, Schellens JH, Slei-
jfer S, Lolkema MP and Voest EE. The time to
progression ratio: a new individualized volu-

1129

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

metric parameter for the early detection of
clinical benefit of targeted therapies. Ann On-
col 2016; 27: 1638-1643.

Robinson AG, Booth CM and Eisenhauer EA.
Disease-free survival as an end-point in the
treatment of solid tumours--perspectives from
clinical trials and clinical practice. Eur J Cancer
2014; 50: 2298-2302.

Sargent DJ, Patiyil S, Yothers G, Haller DG, Gray
R, Benedetti J, Buyse M, Labianca R, Seitz JF,
O’Callaghan CJ, Francini G, Grothey A, O'Con-
nell M, Catalano PJ, Kerr D, Green E, Wieand
HS, Goldberg RM and de Gramont A; ACCENT
Group. End points for colon cancer adjuvant
trials: observations and recommendations
based on individual patient data from 20,898
patients enrolled onto 18 randomized trials
from the ACCENT group. J Clin Oncol 2007; 25:
4569-4574.

Grothey A, de Gramont A and Sargent DJ. Dis-
ease-free survival in colon cancer: still relevant
after all these years! J Clin Oncol 2013; 31:
1609-1610.

Mauguen A, Pignon JP, Burdett S, Domerg C,
Fisher D, Paulus R, Mandrekar SJ, Belani CP,
Shepherd FA, Eisen T, Pang H, Collette L, Sau-
se WT, Dahlberg SE, Crawford J, O’'Brien M,
Schild SE, Parmar M, Tierney JF, Le Pechoux C
and Michiels S; Surrogate Lung Project Collab-
orative Group. Surrogate endpoints for overall
survival in chemotherapy and radiotherapy tri-
als in operable and locally advanced lung can-
cer: a re-analysis of meta-analyses of individu-
al patients’ data. Lancet Oncol 2013; 14:
619-626.

Gyawali B, Hey SP and Kesselheim AS. Evaluat-
ing the evidence behind the surrogate mea-
sures included in the FDA's table of surrogate
endpoints as supporting approval of cancer
drugs. EClinicalMedicine 2020; 21: 100332.
Othus M, van Putten W, Lowenberg B, Peters-
dorf SH, Nand S, Erba H, Appelbaum F, Hills R,
Russell N, Burnett A and Estey E. Relationship
between event-free survival and overall surviv-
al in acute myeloid leukemia: a report from
SWOG, HOVON/SAKK, and MRC/NCRI. Hae-
matologica 2016; 101: e284-286.

Yin J, LaPlant B, Uy GL, Marcucci G, Blum W,
Larson RA, Stone RM and Mandrekar SJ. Eval-
uation of event-free survival as a robust end
point in untreated acute myeloid leukemia (al-
liance A151614). Blood Adv 2019; 3: 1714-
1721.

Pazdur R. Endpoints for assessing drug activity
in clinical trials. Oncologist 2008; 13 Suppl 2:
19-21.

Arkenau HT, Nordman I, Dobbins T and Ward R.
Reporting time-to-event endpoints and re-
sponse rates in 4 decades of randomized con-

Am J Cancer Res 2021;11(4):1121-1131



[29]

[30]

(31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

Oncology clinical endpoints

trolled trials in advanced colorectal cancer.
Cancer 2011; 117: 832-840.

Gajra A, Zemla TJ, Jatoi A, Feliciano JL, Wong
ML, Chen H, Maggiore R, McMurray RP, Hurria
A, Muss HB, Cohen HJ, Lafky J, Edelman MJ,
Lilenbaum R and Le-Rademacher JG. Time-to-
treatment-failure and related outcomes among
1000+ advanced non-small cell lung cancer
patients: comparisons between older versus
younger patients (alliance A151711). J Thorac
Oncol 2018; 13: 996-1003.

Campbell BA, Scarisbrick JJ, Kim YH, Wilcox
RA, McCormack C and Prince HM. Time to next
treatment as a meaningful endpoint for trials
of primary cutaneous lymphoma. Cancers (Ba-
sel) 2020; 12: 2311.

Hughes CF, Khot A, McCormack C, Lade S,
Westerman DA, Twigger R, Buelens O, Newland
K, Tam C, Dickinson M, Ryan G, Ritchie D,
Wood C and Prince HM. Lack of durable dis-
ease control with chemotherapy for mycosis
fungoides and sezary syndrome: a compara-
tive study of systemic therapy. Blood 2015;
125: 71-81.

Garnett SA, Martin M, Jerusalem G, Petruzelka
L, Torres R, Bondarenko IN, Khasanov R, Ver-
hoeven D, Pedrini JL, Smirnova |, Lichinitser
MR, Pendergrass K, Lindemann JP and Di Leo
A. Comparing duration of response and dura-
tion of clinical benefit between fulvestrant
treatment groups in the CONFIRM trial: appli-
cation of new methodology. Breast Cancer Res
Treat 2013; 138: 149-155.

Aykan NF and Ozatli T. Objective response rate
assessment in oncology: current situation and
future expectations. World J Clin Oncol 2020;
11: 53-73.

Villaruz LC and Socinski MA. The clinical view-
point: definitions, limitations of RECIST, practi-
cal considerations of measurement. Clin Can-
cer Res 2013; 19: 2629-2636.

Choi JH, Ahn MJ, Rhim HC, Kim JW, Lee GH,
Lee YY and Kim IS. Comparison of WHO and
RECIST criteria for response in metastatic
colorectal carcinoma. Cancer Res Treat 2005;
37: 290-293.

Thiesse P, Ollivier L, Di Stefano-Louineau D,
Negrier S, Savary J, Pignard K, Lasset C and
Escudier B. Response rate accuracy in oncolo-
gy trials: reasons for interobserver variability.
Groupe francais d’Immunotherapie of the fed-
eration nationale des centres de lutte contre le
cancer. J Clin Oncol 1997; 15: 3507-3514.
Kogan AJ and Haren M. Translating cancer trial
endpoints into the language of managed care.
Biotechnol Healthc 2008; 5: 22-35.

Farquhar C, Basser R, Hetrick S, Lethaby A and
Marjoribanks J. High dose chemotherapy and
autologous bone marrow or stem cell trans-

1130

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

plantation versus conventional chemotherapy
for women with metastatic breast cancer. Co-
chrane Database Syst Rev 2003; CD003142.
Palumbo A, Bringhen S, Caravita T, Merla E,
Capparella V, Callea V, Cangialosi C, Grasso M,
Rossini F, Galli M, Catalano L, Zamagni E, Pe-
trucci MT, De Stefano V, Ceccarelli M, Ambro-
sini MT, Avonto |, Falco P, Ciccone G, Liberati
AM, Musto P and Boccadoro M; Italian Multiple
Myeloma Network, GIMEMA. Oral melphalan
and prednisone chemotherapy plus thalido-
mide compared with melphalan and predni-
sone alone in elderly patients with multiple
myeloma: randomised controlled trial. Lancet
2006; 367: 825-831.

LeVasseur N, Sun J, Gondara L, Diocee R,
Speers C, Lohrisch C and Chia S. Impact of
pathologic complete response on survival after
neoadjuvant chemotherapy in early-stage
breast cancer: a population-based analysis. J
Cancer Res Clin Oncol 2020; 146: 529-536.
Xia Y, Cui L and Yang B. A note on breast can-
cer trials with pCR-based accelerated approv-
al. J Biopharm Stat 2014; 24: 1102-1114.
Spring LM, Fell G, Arfe A, Sharma C, Greenup
R, Reynolds KL, Smith BL, Alexander B, Moy B,
Isakoff SJ, Parmigiani G, Trippa L and Bardia A.
Pathologic complete response after neoadju-
vant chemotherapy and impact on breast can-
cer recurrence and survival: a comprehensive
meta-analysis. Clin Cancer Res 2020; 26:
2838-2848.

Biswas T, Jindal C, Fitzgerald TL and Efird JT.
Pathologic complete response (pCR) and sur-
vival of women with inflammatory breast can-
cer (IBC): an analysis based on biologic sub-
types and demographic characteristics. Int J
Environ Res Public Health 2019; 16: 124.
Sznol M. Reporting disease control rates or
clinical benefit rates in early clinical trials of
anticancer agents: useful endpoint or hype?
Curr Opin Investig Drugs 2010; 11: 1340-
1341.

Lara PN Jr, Moon J, Redman MW, Semrad TJ,
Kelly K, Allen J, Gitlitz B, Mack PC and Gandara
DR. Disease control rate at 8 weeks predicts
subsequent survival in platinum-treated exten-
sive stage small-cell lung cancer: results from
the southwest oncology group (SWOG) data-
base. Clin Lung Cancer 2016; 17: 113-118, e1-
2.

Bonnetain F, Borg C, Adams RR, Ajani JA, Ben-
son A, Bleiberg H, Chibaudel B, Diaz-Rubio E,
Douillard JY, Fuchs CS, Giantonio BJ, Goldberg
R, Heinemann V, Koopman M, Labianca R,
Larsen AK, Maughan T, Mitchell E, Peeters M,
Punt CJA, Schmoll HJ, Tournigand C and de
Gramont A. How health-related quality of life
assessment should be used in advanced

Am J Cancer Res 2021;11(4):1121-1131



[47]

(48]

[49]

(50]

1131

Oncology clinical endpoints

colorectal cancer clinical trials. Ann Oncol
2017; 28: 2077-2085.

Fiteni F, Pam A, Anota A, Vernerey D, Paget-
Bailly S, Westeel V and Bonnetain F. Health-re-
lated quality-of-life as co-primary endpoint in
randomized clinical trials in oncology. Expert
Rev Anticancer Ther 2015; 15: 885-891.
Barile JP, Reeve BB, Smith AW, Zack MM,
Mitchell SA, Kobau R, Cella DF, Luncheon C
and Thompson WW. Monitoring population
health for healthy people 2020: evaluation of
the NIH PROMIS(R) global health, CDC healthy
days, and satisfaction with life instruments.
Qual Life Res 2013; 22: 1201-1211.

Chen TT. Milestone survival: a potential inter-
mediate endpoint for immune checkpoint in-
hibitors. J Natl Cancer Inst 2015; 107: djv156.
Blumenthal GM, Kluetz PG, Schneider J, Gold-
berg KB, McKee AE and Pazdur R. Oncology
drug approvals: evaluating endpoints and evi-
dence in an era of breakthrough therapies. On-
cologist 2017; 22: 762-767.

(51]

(52]

(53]

Oxnard GR, Wilcox KH, Gonen M, Polotsky M,
Hirsch BR and Schwartz LH. Response rate as
a regulatory end point in single-arm studies of
advanced solid tumors. JAMA Oncol 2016; 2:
T72-779.

Saad ED, Squifflet P, Burzykowski T, Quinaux E,
Delaloge S, Mavroudis D, Perez E, Piccart-Geb-
hart M, Schneider BP, Slamon D, Wolmark N
and Buyse M. Disease-free survival as a sur-
rogate for overall survival in patients with
HER2-positive, early breast cancer in trials of
adjuvant trastuzumab for up to 1 year: a sys-
tematic review and meta-analysis. Lancet On-
col 2019; 20: 361-370.

Gutman SI, Piper M, Grant MD, Basch E, Olian-
sky DM and Aronson N. In: editors. Progres-
sion-free survival: what does it mean for psy-
chological well-being or quality of life? Rockville
(MD): 2013.

Am J Cancer Res 2021;11(4):1121-1131



