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Abstract

The clinical response to treatment is an important indicator of the therapeutic effect of anticancer agents. Its value and inter-
pretation has to be carefully considered within the context that it is used. In daily practice, response assessment is combined with

other indicators of the patient’s condition to contribute to the decision-making process. In clinical trials, it is widely used to identify
and quantify the anti-tumour activity of new agents. In this context, response evaluation is conducted on the basis of strict pre-
defined criteria such as the World Health Organization (WHO) or Response Evaluation Criteria In Solid Tumors (RECIST) cri-

teria. The RECIST criteria have recently been proposed and offer a detailed guidance to perform a response evaluation. Clinical
response is also used as an indicator of therapeutic efficacy in combination with other indicators. Its value as a surrogate indicator
of a survival benefit remains unclear in most instances and can hardly be established within the framework of a single randomised

trial. With the development of new anticancer agents that behave differently to cytotoxics, clinical benefit will have to integrate concepts
of disease stabilisation or time to progression. Over the next decade, oncologists will be able to assess the biological response before
the clinical response, and a lot of work and energy will have to be dedicated to assess the predictive and, possibly, the prognostic
value of the biological response with regard to the clinical response, as well as more definitive measures of clinical benefit.
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1. Introduction

In cancer management, evaluating the therapeutic
effect of anticancer therapy is a process undertaken
every day by oncologists. In most instances, decisions to
continue, change or stop systemic therapy are driven by
the response to treatment recorded for each patient.
The same approach is also applied under predefined

conditions to test new anticancer agents in clinical trials
and quantify their level of antitumour activity. Some-
times, it also contributes with other indicators to define
the real clinical benefit (the efficacy) provided to the
patients with new therapeutic strategies.
Because the clinical response is the only indicator

readily available to evaluate the therapeutic effect of
anticancer treatment, many oncologists are tempted to

use this indicator as a surrogate of long-term clinical
benefit for the patients. Unfortunately, such correlation
between response and long-term benefit has rarely been
demonstrated.
The methodology used to evaluate the response to

treatment has also substantially evolved over the past
decades, starting from a complete subjective evaluation
reported by the treating physician [1] to move to a
complex set of objective criteria attempting to standar-
dise the response evaluation process [2–6].
More recently, several new classes of anticancer

agents have been discovered. These new drugs often
operate through different mechanisms than those pre-
viously developed inducing massive cell kill. Accord-
ingly, the methodology used to evaluate clinical
response will not only require adaptation to use new
tools and techniques to monitor response to treatment,
but may also require a subtle different approach to
monitor the therapeutic effect of these new classes of
anticancer agents.
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2. Measuring response to treatment in daily practice

In the daily practice of oncologists, the clinical
response reported after each patient’s visit results from
the combination of different indicators out of which the
most important are the response to treatment of the
anatomical indicators (tumour lesions), the biological
indicators (tumour markers and biochemistry) and the
patient’s condition.
The clinical response so reported, directly contributes

to the evaluation of the risk/benefit ratio procured by a
certain treatment which also takes into account the
subjective opinion of the physician and the patient’s
performance (Fig. 1).
In this setting, criteria used to determine the clinical

response must be adapted to the real life, taking into
account the socio-economical constraints (costs, insur-
ance and resources) and the comfort of the patient. The
global risk/benefit ratio of a certain standard treatment
is supposed to be known (from previous clinical trials)
and the role of the physician is to adjust the treatment
to the specific conditions of each patient.
In this setting, it is obvious that rigorous criteria to

define the clinical response should not be applied sys-
tematically. It is important, however, to rely on robust
and reliable assessments to support important decisions
such as initiating or changing systemic therapy.

3. Measuring the clinical response to determine the

antitumour activity of new anticancer agents

The evaluation of the response rate to determine the
level of antitumour activity of new anticancer agents or
new combination of existing agents is performed in
clinical trials. These are usually phase II clinical trials
with the determination of the response rate being the
main endpoint. Several statistical standard designs
(Gehan, Simon, Fleming) [7] are used to identify and

also quantify the biological antitumour activity of anti-
cancer agents. Such evaluation can be done qualitatively
against the natural history of the disease or quantita-
tively against a known level of antitumour activity pro-
vided by standard therapeutic strategies.
Measuring the clinical response to determine the

antitumour activity of new anticancer agents requires
the application of rigorous criteria for several reasons
mentioned below.

1. The investigation is conducted on a small cohort
of patients who decrease the chance of treating a
large cohort of patients with an inactive drug,
but increase the probability of uncontrolled
biases.

2. The therapeutic window of anticancer agents is
usually narrow and the conditions under which a
new treatment is tested should be optimised to
avoid disregarding a potentially active drug.

3. The evaluation of the response rate in phase II
clinical trials is a critical step in the development of
new agents and just precedes the large clinical trials
involving thousands of patients and the submis-
sion of a registration to regulatory authorities.

4. Often, several parallel identical investigations are
conducted. It is expected that the results of these
clinical trials will all show the same outcome.
Reproducibility of the results will be assessed by
regulatory authorities.

5. Finally, the methodology on which the evalua-
tion of clinical response has been developed is
fragile, complex and relatively imprecise with
significant interobserver variability. Rigorous
criteria should be used to decrease the prob-
ability of errors, misinterpretation and potential
harm to future patients.

It is indeed true that the methodology used to evalu-
ate the clinical response under this setting does not cor-

Fig. 1. The role of clinical response in daily practice.
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respond to ‘real life’ conditions. Nevertheless, it is, so
far, the best methodology that has been used success-
fully to screen anticancer agents and select those to be
further investigated in a large cohort of patients to
determine their efficacy. The weakness of the methodol-
ogy as mentioned above can be illustrated by several
examples.
Table 1 illustrates, for three different tumour types,

the variation in response rate reported by the investi-
gator compared with the response rate reported after
response review. It is interesting to note that not only
the response rate is systematically lower after response
review, but also that the percentage of response down-
graded is substantial. Moreover, Thiesse and colleagues
have identified the causes leading to errors which could
be attributed, in his series of 489 patients with renal cell
carcinomas, to error in tumour measurement in 45% of
the cases, error in the selection of target lesions in 45%
of the cases, and in 10% of the cases errors that were
relatively independent of the evaluator.
Table 2 illustrates the variation reported by Schrijvers

and Vermorken [11] for phase II clinical trials investi-
gating single agent or combination of agents in head
and neck tumours. It is clear that these findings illus-
trate not only random variations that cannot be easily
controlled for in phase II, trials but also variations as to
how the response rate and the individual response for
each patient have been evaluated.
Table 3 illustrates the small cohort effect of phase II

clinical trials. Although the examples mentioned are
both related to breast cancer, the conclusion that
response rates seen in phase II trials are systematically
higher than those reported in phase III trials (under the
same conditions) can be generalised to all tumour types.

These differences in response rates between phase II
and phase III trials can be attributed to many different
causes. Some of these causes can probably be controlled
for such as the selection criteria (ensuring the homogeneity
of the population being studied) and the compliance with
the protocol (precision in measurement and follow-up).
However, these factors alone can hardly explain the large
differences observed between response rates.

3.1. The methodology to evaluate the antitumour activity

In the first clinical trial in solid tumours initiated in
the 1950s, tumour response was already taken as an
endpoint based on the subjective evaluation reported by
the physicians [1].
By the end of the 1970s, a group of breast cancer

specialists, under the auspices of the International
Union against Cancer (UICC), set the principles under
which response to treatment in breast cancer should be
evaluated [2]. This work was subsequently adopted and
integrated into the recommendations set by the World
Health Organization (WHO) for the evaluation of can-
cer treatment in solid tumours [3]. The principles of
response evaluation, which are still valid today, can be
summarised as follows:

� The overall cancer burden can be characterised
by a quantitative evaluation of tumour lesions,
which are measurable, and a qualitative evalua-
tion of tumour lesions, which are not measur-
able.

� The combination of the quantitative and quali-
tative evaluations provides an estimation of the
treatment effect characterised by one of the fol-
lowing four categories: complete response, par-
tial response, stable disease and progression.

The specificity of the WHO/UICC criteria, amongst
others, is:

� Measurable lesions are characterised either by
their surface (bidimensional lesions, product of
longest perpendicular diameters) or by the long-
est diameter (unidimensional lesions) when only
one dimension could be accurately measured.

Table 1

Response rate reported by different authors before and after independent review

Author [Ref.] Tumour type Patients (N) RR before review (%) RR after review (%) % of responses downgraded

Gwyther [8] NSCLC 374 30 21 NA

Biganzoli [9] MBC 564 36 30 19

Thiesse [10] RCC 489 17 13 23

RR, response rate; NSCLC, non-small cell lung cancer; MBC, metastatic breast cancer; RCC, renal cell carcinoma; NA, not available.

Table 2

Reported ranges of response rate for single agent and combination

chemotherapy in head and neck cancer

Single agent Combination

Agent RR (%) Agent RR (%)

Paclitaxel (Taxol) 20–43 Paclitaxel+cisplatin 33–77

Docetaxel (Taxotere) 37–45 Paclitaxel+carboplatin 23–62

Topotecan 0–14

Vinorelbine (Navelbine) 11–25

RR, response rate.
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� The tumour load is evaluated for each organ
independently and the overall response to treat-
ment results from the combination of the
response observed in each organ.

� Partial response is attributed when a decrease of
50% of the entire tumour burden (objectively for
measurable lesions and subjectively for others) is
recorded. Progression status is assigned when
there is an increase of 25% of the entire tumour
burden (based on the same principles as for PR).

After 1981, many non-anticancer drugs have been
developed, and many researchers have also started to
investigate different combinations of treatments. The
experience acquired over the years and the lack of
details in the WHO recommendations has stimulated
the development and the use of the amended version of
the WHO criteria. For example, the South West Oncol-
ogy Group (SWOG) published their version of the
WHO criteria in 1990 [4], with a different cut-off point
to define the progression status. In addition, the Eur-
opean Organization for Research and Treatment of
Cancer (EORTC) published its version of the WHO
criteria (5) defining minimum sizes for lesions from dif-
ferent organs to be considered as measurable.
Over the years, the use of the different versions (pub-

lished and unpublished) of the original WHO criteria
have rendered the accuracy of the comparison of results
of identical investigations very unreliable. In addition,
the evolution of cancer imaging, the importance given
to the response rate endpoint and the increasing number
of new anticancer agents to be tested, required a coor-
dinated effort to review the existing criteria and attempt
to ‘re-harmonise’ the methodology throughout the
entire oncology community.
This difficult exercise started in 1996 under the leader-

ship of three research organisations: EORTC, National
Cancer Institute of the United States (NCI US) and
National Cancer Institute Canada—Clinical Trials Group
(NCIC CTG). A comprehensive revised version of the
WHO criteria was published by the group in February
2000 [6] under the acronym of RECIST (Response Eva-
luation Criteria In Solid Tumors). Within 2 years, these

criteria have been adopted by most research groups, the
pharmaceutical industry and the regulatory agencies.
The specificity of the RECIST criteria can be sum-

marised as follows:

� All measurements of tumour lesions are based on
the longest diameter only (unidimensional
measurement).

� Cancer lesions are measurable when their longest
diameter is 52 cm when measured with conven-
tional techniques or 51 cm when measured by
spiral computed tomography (CT) scan.

� Precisions are given as to which method of
measurement can be used and how it can be
used.

� The overall tumour burden is represented by
selected target lesions and all other lesions are
recorded, but not measured.

� Changes in the sum of the longest diameters of
all target lesions will define the status of partial
response and stable disease.

� Partial response status is defined when the sum
of the longest diameters of all target lesions has
decreased by 50% or more.

� Response status should be confirmed with a
minimum interval of 4 weeks. Stable disease is
defined following an interval between two mea-
surements that is protocol-specific (depending on
the disease being studied).

� Progression status is defined by an increase of
20% of the sum of the longest diameters of all
target lesions or by a non-equivocal progression
in non-target lesions or by the appearance of a
new lesion.

� Precisions are provided as to how to combine the
results of the evaluation of target and non-target
lesions and define the overall response.

� Precisions are provided as to how to interpret
successive evaluations to define the best overall
response.

� CA125 can be used as an indicator that alone
may determine a progression of the disease after
first-line treatment in advanced ovarian cancer.

Table 3

Response rate reported by different authors for phase II and phase III investigating the same regimens

Author [Ref.] Development phase Patients (N) Response rate (%)

Doxorubicin (Adriamycin)+Paclitaxel in metastatic breast cancer

Gianni [12] Phase II 35 94

Biganzoli [13] Phase III randomised 138 (1 arm) 58

Epirubicin+cyclophosphamide+G-CSF in locally advanced breast cancer

Piccart [14] Phase II 29 87

Therasse [15] Phase III randomised 220 (1 arm) 57

G-CSF, granulocyte-colony stimulating factor.
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The use of one dimension only to measure tumour
lesions has been based on the work published by James
and colleagues [16]. Retrospective analysis using a
cohort of patients from 14 different studies (54000
patients) demonstrated that using two dimensions or
one dimension for tumour lesions measurement did not
change the response rate of each individual study. The
rate of progression may be slightly different (lower with
the RECIST criteria) since a larger difference in tumour
growth is required to define disease progression.
Although the RECIST criteria have been launched in

2000, the harmonisation process of the response criteria
has continued through the set-up of a Questions and
Answers section on the web (eortc.recist.be). In addi-
tion, proposals to modify the existing criteria or add
new criteria are considered regularly by the RECIST
working group. Adaptation of the RECIST criteria are
currently studied for specific tumour types such as brain
tumours, mesothelioma and pelvic tumours.
Beside the RECIST criteria developed to be applic-

able to most solid tumours types, standard criteria have
been developed for evaluating response and progression
in specific settings such as non-Hodgkin’s lymphoma
[17] and prostate cancer [18].

4. Clinical response as an indicator of treatment efficacy

in phase III clinical trials

How can we demonstrate the efficacy of a new treat-
ment in oncology? In other words, do we need to
demonstrate an improvement in long-term survival? An
improvement in time to progression? An improvement
of quality of life? A better control of the symptoms of
the patient or perhaps simply an improvement in the
clinical response rate?
All these endpoints (either primary or secondary

objectives) of clinical trials are potential valid indicators
of treatment efficacy when they are directly related to an
improvement of the risk/benefit ratio for the patients.
One of these endpoints can be preferred to the others

according to the context of the study (early disease ver-
sus advanced disease, symptomatic versus non-sympto-
matic disease and so on. . .). In the advanced setting,
when patients usually present measurable lesions, time
to progression and/or clinical response rate is often
taken as primary endpoint of the trial. The latter, of
course, provides a certain advantage over the other in as
much as it can provide an answer relatively quickly to
the question being investigated.
In this context, one may question the real meaning of

clinical response in terms of improvement of the risk/
benefit ratio. This is not an easy question and it
requires, a priori, some clarification over the relation-
ship between clinical response and long-term benefit or
in other words to what extent is clinical response a sur-

rogate indicator of another measure of treatment effi-
cacy? It is well known that, in the long-term, those who
usually respond to the treatment will do better than the
others. This is what oncologists observed in their daily
practice and this is also what subset analysis of clinical
trials can demonstrate (comparing the survival of the
responders with the non-responders). Indeed, respon-
ders do better, but does it make clinical response a valid
surrogate of survival? The answer to that question is no.
Making such a correlation between clinical response
and survival is a well known pitfall [19]. In this parti-
cular case, selecting responders to analyse and compare
their survival with the group of patients that does not
respond to treatment is in fact equivalent to selecting a
group of patients with specific characteristics including
known and unknown prognostic factors that can influ-
ence the outcome, both in terms of response to treat-
ment and in terms of survival for this subgroup of
patients [20]. However, the effect produced by the
treatment on the tumour can be mediated through differ-
ent bio-molecular mechanisms for response and survival.
One specific outcome measure (such as clinical

response) can be considered as a true surrogate indi-
cator of another outcome measure (such as survival)
only when the effect of the treatment on the surrogate
can reliably predict the effect of the treatment on the
final clinical outcome [21]. In other words, the treatment
effect on the disease globally should be entirely medi-
ated through the effect seen on the surrogate marker.
Such a correlation has rarely been demonstrated in all
disciplines of medicine. First of all, it requires very large
data-sets of clinical data of patients treated under relatively
identical conditions. Moreover, the statistical methodol-
ogy deployed to prove such correlation and remove all
potential confounding factors is extremely complex.
In oncology, several groups have attempted to

demonstrate such a correlation between response and
long-term outcome in breast [22], ovarian [23], non-
small cell lung [24] and colorectal cancers [25]. Only in
one study [25] could response to treatment be identified
as an independent prognostic factor that affects survi-
val. That study by Buyse and colleagues also highlights
a number of important points such as:

� The relationship between response and survival
may depend on the drug, the schedule and the
dose for the same disease.

� Large improvements in clinical response are nee-
ded to achieve a meaningful improvement in
survival. In metastatic colorectal cancer, a two-
fold increase in response rate corresponded to a
1.12 increase in survival. In addition, the overall
correlation between clinical response and survi-
val may be substantially influenced by the rate of
complete response (and even more by the rate of
complete pathological response), but also by the
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efficacy of second-line treatments (the better it is,
the more difficult it is to establish the relationship).

The main conclusion of this exercise was that, for
individual trials, the response rate alone cannot realisti-
cally predict the benefit for survival. However, a good
clinical response rate should trigger phase III trials with
more definitive outcome measures and should also
encourage an extension of the drug development in the
adjuvant setting, even without a survival benefit in the
advanced setting.

5. Clinical response as a measure of efficacy

Using clinical response as a direct measure of treat-
ment efficacy may be relevant under specific conditions
[26]. The assumption that clinical response may indi-
cate a certain clinical benefit will not only depend on
the observed response rate and the degree of
improvement over the existing standards of treatment,
but should also take into consideration other char-
acteristics of the responses observed and the drug
studied.
The average duration of response, the rate of com-

plete response (and in particular complete pathological
response) and the localisation of sites responding to
treatment are important characteristics. The pharmaco-
logical profile of the drug (and in particular the toxicity
profile) together with the previous experience observed
with the same class of drugs and in the same population
are also important.
Finally, the reproducibility of the response rate in

other clinical trials should confirm the overall trend
observed with a particular drug. It is clear that in this
setting no firm rules can be established and the oppor-
tunity to use clinical response alone or in association
with other indicators of clinical benefit should be con-
sidered on a case by case basis.

6. Measuring clinical response in phase III clinical

trials

In phase III clinical trials attempting to demonstrate a
definitive efficacy advantage of the treatment being
studied, the response rate is usually used as a secondary
endpoint which may on the one hand support the pri-
mary endpoint and, on the other hand, may also be used
to adjust the response rate reported from the phase II
data under conditions which are usually closer to real
life.
Under these conditions, the evaluation of response in

phase III clinical trials may not require the same rigour
as for phase II trials aiming at determining the degree of
antitumour activity. More flexibility could be con-

sidered for specific requirements such as the necessity
for confirmation, the number of selected target lesions,
and the necessity for response review... However, when
the response rate is used as a primary endpoint (which
usually implies that sample size calculations are driven
by a target difference in response rate between the two
treatments) a rigorous methodology, as used for phase
II trials should be used.
Trials with this main objective can indeed provide a

rapid answer in comparison with those using time to
event endpoints. However, they require much more
resources and time from all of the involved parties and
they are usually under-powered to assess more definitive
objectives listed as secondary endpoints. The literature
is overloaded with small inconclusive phase III trials
that were developed and conducted using clinical
response as their main endpoint.

7. Future development

Changes in the methodology developed to evaluate
the clinical response will not only depend on progress in
imaging technology, but will also be affected by the
‘new’ classes of anticancer agents that are under devel-
opment [27,28]. Amongst these new drugs, those having
a biological antiproliferative effect inducing delays in
tumour growth should be carefully evaluated. It is con-
ceivable that these agents might not systematically gen-
erate rapid tumour regression (and therefore
measurable response), but may simply result in stabili-
sation of the disease or even may decrease the rate of
tumour growth. For these agents, more attention will
have to be given to stable disease and time to progres-
sion than to a pure clinical response depending on
tumour shrinkage. However, although the endpoints of
clinical trials may have to be revised, shifting from
response/survival towards progression/stabilisation, the
methodology used to assess response remains valid for
assessing stabilisation and/or progression.
In the future, molecular responses will first be con-

sidered based on functional imaging providing early
indicators of antitumour activity. Techniques for doc-
umenting anticancer effects will be targeted to follow
the mechanism of the anticancer agents tested such as:
Positron Emission Tomography (PET) scanning to
monitor the glucose metabolism and indirectly the pro-
liferative activity; Magnetic Resonance Spectroscopy
(MRS) to analyse the cellular energetics and the mem-
brane turnover; Magnetic Resonance Imaging (MRI) to
document tumour perfusion, vascularity and perme-
ability and molecular imaging to follow the intracellular
signalling pathways, as well as to monitor gene and
drug delivery.
However, even the most developed of these techniques

still requires validation with regards to the interpreta-
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tion of the results in terms of ‘response to treatment’.
Large correlative studies with the current criteria and
standard clinical outcome measures will be required.
When all of these issues have been solved, cost issues
will have to be addressed to confirm the cost-effective-
ness of these new techniques before they can be imple-
mented in clinical trials and routine care.
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