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Introduction

In a recent commentary, Booth and colleagues [1] called 
for clarity in the reporting of benefit associated with anti­
cancer therapies. They suggested that the use of clinical bene­
fit should be restricted to patient-centered outcomes, in accor­
dance with the original definition by Rothenberg et al. [2] and 
Burris et al. [3], as opposed to tumor-centered outcomes. 
Rothenberg, Burris and colleagues introduced clinical benefit 
response (CBR) in the mid 1990s for clinical trials in pancre­
atic cancer as a composite endpoint of changes in pain, 
Karnofsky performance status (KPS), and weight to be ob­
served for at least 4 consecutive weeks.

The concept of CBR has been criticized from the very be­
ginning. According to Gelber [4], perhaps the most difficult 
issue in defining net patient benefit is that the quality of life 
(QoL) it seeks to evaluate is confounded with the duration of 
survival available to the patient. Furthermore, he questioned 
whether evaluations based on pain relief and performance 
status alone reflect a wide-enough range of domains to cap­
ture adequately the patients’ assessment of their QoL [4]. 
Hoffman and Glimelius [5] retrospectively applied CBR crite­
ria in 2 randomized trials in upper gastrointestinal cancer and 
compared them to the physicians’ ‘subjective response’ evalu­
ation and the patients’ standardized QoL assessment. CBR 
overestimated the beneficial effects in certain patients and 
underestimated them in others, mainly due to its limitations in 
reflecting important aspects influencing patients’ well-being 
(e.g. side effects of chemotherapy, other tumor symptoms) [5].

There are practical limitations in evaluating CBR in clinical 
trials. The daily assessment of pain and analgesic consumption, 
as part of the original definition of CBR, is demanding for the 
patients and hardly suitable over several months [6]. Missing 
data are well known when patient diaries are used [7]. Due to 
its hierarchical structure, the algorithm of CBR is particularly 
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Summary
Objectives: Clinical benefit response (CBR), based on 
changes in pain, Karnofsky performance status, and 
weight, is an established palliative endpoint in trials  
for advanced gastrointestinal cancer. We investigated 
whether CBR is associated with survival, and whether 
CBR reflects a wide-enough range of domains to ade-
quately capture patients’ perception. Methods: CBR was 
prospectively evaluated in an international phase III che-
motherapy trial in patients with advanced pancreatic 
cancer (n = 311) in parallel with patient-reported out-
comes (PROs). Results: The median time to treatment 
failure was 3.4 months (range: 0–6). The majority of the 
CBRs (n = 39) were noted in patients who received 
chemotherapy for at least 5 months. Patients with CBR 
(n = 62) had longer survival than non-responders  
(n = 182) (hazard ratio = 0.69; 95% confidence interval: 
0.51–0.94; p = 0.013). CBR was predicted with a sensitiv-
ity and specificity of 77–80% by various combinations of 
3 mainly physical PROs. A comparison between the du-
ration of CBR (n = 62, median = 8 months, range = 4–31) 
and clinically meaningful improvements in the PROs  
(n = 100–116; medians = 9–11  months, range = 4–24) 
showed similar intervals. Conclusion: CBR is associated 
with survival and mainly reflects physical domains. 
Within phase III chemotherapy trials for advanced 
gastrointestinal cancer, CBR can be replaced by a PRO 
evaluation, without losing substantial information but 
gaining complementary information.

http://dx.doi.org/10.1159%2F000357965
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Clinical Benefit Response
CBR was assessed according to the definition by Burris et al. [3], con­

sisting of pain and KPS as primary criteria, and weight as secondary crite­
rion (fig. 1). Patients rated their pain on a linear-analogue self-assessment 
(LASA) indicator [11] and documented their use of analgesics daily.  
An improvement in pain required either a positive change in both pain 
intensity and analgesic consumption, or a positive change in either factor 
and a stable situation in the other. Stable pain required a stable situation 
in both factors. A worsening in pain was defined by a negative change in  
one or both factors. A CBR required either an improvement in both pain 
and KPS, or an improvement in either factor and a stable situation in the 
other. A non-response was defined by a worsening in one or both factors. 
For patients with a stable situation in both factors, a CBR required a posi­
tive change in weight. A non-response was defined by any other result.  
If evaluable, each patient was determined to have either a CBR or 
non-response.

Patient Rated Outcomes
To keep a weekly/fortnightly schedule in addition to the diary feasible, 

we focused on key aspects of palliation by chemotherapy. We chose 
LASA indicators that are suitable for the investigation of longitudinal 
patterns based on short assessment intervals. The following global indica­
tors were used: Overall treatment burden [12], physical well-being [13], 
mood [13, 14], coping effort [13, 15] and functional performance [16]. The 
discriminating capacity of the treatment burden indicator regarding 
chemotherapy side effects has been shown in patients with advanced gas­
tric carcinoma [17]. The indicators for physical well-being, mood, coping 
effort, and functional performance were sensitive to tumor response in 
metastatic colorectal cancer [18]. Psychological distress in pancreatic can­
cer [19] was assessed by the mood and coping indicators, which are sensi­
tive to mood disorders and psychosocial dysfunction [20]. Responses on 
these indicators are expected to reflect the summation of the individual 
meaning and importance of various factors to each patient, resulting in a 
comparable responsiveness to treatment effects as compared to multi-
item scales [20]. In addition, specific indicators for pain [11] (same as for 

vulnerable to missing data and, thus, the loss of evaluable 
cases.

Irrespective of such criticism, CBR based on either patient-
centered or tumor-centered definitions has been increasingly 
used as a trial endpoint in various cancer sites [8]. To our 
knowledge, the potential confounding of CBR with survival 
has never been addressed. With a few exceptions [5, 6, 9], this 
development has been independent from the establishment of 
QoL or other patient-rated outcomes (PROs) in cancer clini­
cal trials. In particular, the value of changes in analgesic con­
sumption, KPS, or weight for the evaluation of a palliative 
treatment, as compared to patients’ perception, has not been 
investigated conclusively.

In an international phase III chemotherapy trial in patients 
with advanced pancreatic cancer [6, 10], we prospectively 
investigated whether CBR is associated with survival; and 
whether CBR reflects a wide-enough range of domains to 
capture adequately patients’ perception, or vice versa, 
whether PROs may cover the information derived from the 
complex algorithm of CBR.

Patients and Methods

The Trial
All patients with histologically proven, locally advanced or metastatic 

adenocarcinoma of the pancreas, treated in the international phase III 
trial SAKK 44/00-CECOG/PAN.1.3.001 [10], were included in this study. 
Patients had a KPS > 60, were naïve to chemotherapy for advanced dis­
ease, and had not received any adjuvant radiotherapy or radio-chemo­
therapy 12  months prior to inclusion. Patients were stratified by KPS 
(90–100 vs. 60–80), disease extent (locally advanced vs. metastatic), pres­
ence or absence of pain, and by enrolling center. Patients were then 
randomly assigned to GemCap (oral capecitabine 650 mg/m2 twice daily 
on days 1–14 plus gemcitabine 1,000 mg/m2 30-min infusion days 1 and 8 
every 3 weeks) or Gem (gemcitabine 1,000 mg/m2 30-min infusion weekly 
for 7  weeks, followed by a 1-week break, and then weekly for 3  weeks 
every 4 weeks). Treatment was continued until disease progression or for 
a maximum of 24 weeks, except in the case of unacceptable toxicity. Treat­
ment could be resumed later at the discretion of the investigator. Treat­
ment decisions were based on clinical and radiographic grounds. Informed 
consent was obtained from all patients, and ethics committee approval 
was given by all participating centers. Trial protocol and conduct are de­
scribed elsewhere [10].

CBR and PROs in terms of selected QoL indicators were secondary 
endpoints. Inclusion criteria included a baseline assessment by the patient 
prior to randomization, with a diary being completed for 4 days at home, 
and a QoL form filled in at the hospital. Patients were asked to complete 
a weekly diary (CBR evaluation) for 24 weeks at home, starting at rand­
omization, and a QoL form weekly at the hospital, for the first 7 weeks 
and subsequently before each administration of Gem for 24 weeks from 
randomization. This weekly/fortnightly schedule was selected to minimize 
the potential bias associated with early withdrawal from study treatment 
and to investigate patients’ underlying trajectories of palliation [6]. To 
avoid any interference with the standard assessment of CBR, the QoL 
form had to be completed at the hospital, prior to diagnostic procedures. 
The diary and the QoL form were translated by a ‘forward-backward’ 
procedure to obtain conceptual equivalence for the main languages in the 
participating centers (Finnish, French, German, Hebrew, Hungarian, 
Italian, and Swedish).

Fig. 1. Definition of clinical benefit response (CBR).
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Results

Sample Description and Patient Characteristics
Of the 319 randomized patients, 4 did not receive study 

treatment and another 4 patients had no visit forms. Of the 
311 eligible patients, 307 (97%) had a baseline diary and 305 
(96%) a baseline QoL form. Of all expected diaries and QoL 
forms under treatment, we received 94% (4,414 of 4,655) and 
86% (3,033 of 3,536), respectively. Participants and non-par­
ticipants at the last scheduled QoL (week  23) or diary 
(week 24) assessment, respectively, were similar regarding age, 
sex, disease status, KPS, and pain requiring medication at ran­
domization. The assessable CBR and QoL data are summa­
rized in table 1.

At baseline, a majority of patients had metastatic disease 
and pain requiring analgesic medication (table 2). There were 
no significant effects between the randomly assigned treat­
ments on survival, CBR, or any of the QoL endpoints [6, 10].

Palliative Endpoints and Survival
Of the 311 patients, 62 had a CBR (20%), 182 were non-

responders (59%), and 67 (22%) were not assessable due to 
missing data in 1 or more factors of CBR. The median time to 
treatment failure was 3.4 months (range: 0–6). The majority of 
the CBRs (n = 39) were in patients who received chemo­
therapy for at least 5 months.

CBR) and tiredness [16] were included. All indicators had a range 0–100, 
with higher scores indicating a better condition. A mean change of ≥  8 
points from baseline was defined as clinically meaningful [21].

Statistical Analyses
The association between CBR and survival was analyzed first by 

Kaplan-Meier curves and log-rank tests to investigate the association be­
tween CBR and the available information at the end of follow-up; second 
by Cox regressions stratified by treatment duration (grouped in 4-week 
periods) to investigate this association within patient groups who received 
treatment for the same duration; and third by Cox regressions dependent 
on treatment duration to investigate the prognostic meaning of this asso­
ciation. Prognostic factors for CBR were analyzed in a generalized logits 
model. The means of QoL of the patients with a CBR and of the non-
responders were plotted over time to visualize the associations with CBR. 
The time scale of the QoL measurements was divided into successive 
4-week periods. Multiple measurements per patient within a 4-week 
period were averaged. Baseline measurements were included as time ‘0’. 
QoL forms filled in >  3 days before or after day  1 of a cycle were ex­
cluded. We report means of untransformed data with 95% confidence in­
tervals (CIs). To clarify whether QoL indicators can predict CBR, receiver 
operating characteristic (ROC) curves from logistic regression models 
with CBR/non-responders as outcome and QoL indicators as predictors 
were calculated and displayed. Baseline QoL measurements, treatment 
duration in months (0–1, 1–2, … , 5–6), and summary measures of QoL on 
treatment as medians and high quantiles were included in the model. 
Summary measures were modeled within treatment duration to account 
for interactions with treatment duration. Analyses were performed with 
SAS 9.2 (SAS Institute Inc., Cary, NC, USA).

Clinical benefit Total
Responder Non-responder Not assessable

Total, n 62 182 67 311
Quality of life, n

No baseline form   1     2   3     6
Only baseline form   0     1 10   11
Baseline and treatment forms available* 61 179 54 294

*Missing items on completed forms are not considered.

Table 1. Clinical 
benefit and quality  
of life data of eligible 
patients

Median Range

Age, years   62 27–84
Average baseline pain intensity over 4 days (n = 301)*   17   0–92

Patients, n %

Total 311
Male/female 165/146 53/47
Disease

Locally advanced   65 21
Metastatic 246 79

Karnofsky performance status **
90–100 163 52
60–80 148 48

Pain requiring medication**
Present 210 68
Absent 101 32

*Patient self-estimation on visual analog scale (range: 0–100: ‘least’ to ‘worst possible pain’).
**According to the judgment of the treating physician.

Table 2. Baseline 
characteristics of the 
eligible patients
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primary CBR criteria. The findings were consistent (data not 
shown).

Both the CBR rate and survival tended to increase with 
treatment duration. In an analysis stratified by treatment du­
ration, there was no significant association between CBR and 
overall survival (p = 0.7 for responders vs. non-responders;  
p = 0.3 including the not-assessable cases as third group). This 
was confirmed by a time-dependent Cox analysis.

CBR was predicted by patients’ baseline status. Patients 
with pain requiring analgesic medication had a 2.9× higher 
chance for a CBR compared to those with pain not requiring 
analgesics (95% CI: 1.2–6.6; p = 0.029). Patients with a KPS  
of 60–80 had a 2.0× higher chance for a CBR compared to 
those with 90–100 (95% CI: 1.0–3.8; p = 0.05). There was no 
association between baseline tumor marker CA 19–9 and 
CBR.

CBR and Patients’ Perception
There was a consistent pattern of how patients perceived a 

CBR: They indicated a worse QoL before starting chemo­
therapy compared to the non-responders, and a rapid change 
toward better scores within the first month, as shown in fig­
ure 3. The strongest discrimination was before starting chemo­
therapy, with a mean difference ranging from 6.5 for mood to 
15.8 for functional performance, and no discrimination of 
treatment burden.

We investigated whether these indicators covered the in­
formation derived from the CBR algorithm using logistic re­
gressions and ROC curves. We used baseline scores of all indi­
cators, the number of months with a QoL assessment (corre­
sponding to the time on protocol chemotherapy), and, within 
this interval, the medium scores on chemotherapy as predic­
tors for CBR. This resulted in a statistically significant model 
(p < 0.0001). The optimal cut-point had a sensitivity (i.e. prob­
ability of a correct CBR) and a specificity (i.e. probability of a 
correct non-response) of 89%. Only baseline scores had a 
significant impact on predicting CBR (pain: p < 0.003; coping 
effort: p < 0.005). In a backward elimination, pain was the only 
significant factor during treatment (p < 0.007).

Further summary measures of QoL scores on chemo­
therapy were investigated. The maximum values on treatment, 
in addition to the medians, had a marginal impact on the pre­
diction of CBR. To give more weight to the time that these 
patients reported high QoL scores, we included both the me­
dian and the 90% quantile of all assessments during treat­
ment. Using all indicators, CBR could then be predicted with 
a sensitivity and specificity of over 90% and an area under the 
curve (AUC) of 0.975 (fig. 4).

The main effect of months with a QoL assessment was be­
tween a follow-up of up to 5 months and more than 5 months. 
We reduced the number of time patterns accordingly to a 
binary predictor. We further simplified the model using com­
binations of only 3 indicators. These combinations were 
composed of 3 of the following indicators: pain, functional 

The association between CBR and survival is illustrated by 
Kaplan-Meier curves in figure 2; it should be noted that this is 
not a prognostic analysis for CBR during treatment. Patients 
with a CBR had better survival than the non-responders (haz­
ard ratio (HR) = 0.69; 95% CI: 0.51–0.94; p = 0.013). Patients 
who were not assessable for CBR had worse survival than the 
non-responders (HR = 1.23; 95% CI: 0.91–1.65). This sample 
also included patients in a good baseline condition, with 
scores in pain, analgesic consumption, and KPS higher than 
the threshold for a potential improvement. These patients 
could be classified as achieving a CBR only if these values re­
mained stable for ≥ 4 weeks (fig. 1). The association between 
CBR and survival was also investigated in the subset of 211 
patients who could potentially improve in 1 or more of the 

Fig. 2. Association 
between CBR, no 
response (CBNR), 
not assessable 
response, and  
overall survival. 
Kaplan-Meier  
curves are shown.

Fig. 3. Pain, functional performance, tiredness, and mood by CBR versus 
no response (CBNR). Higher scores indicate a better condition for all 
indicators (scale range: all 0–100).
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The patients assessed their pain not only daily, as part of 
the documentation for CBR, but additionally weekly, or fort­
nightly, on a separate form that they completed at the hospi­
tal. The patient-rated indicators were less prone to missing 
data than the factors of CBR. The larger assessment intervals 
of the indicators were sufficiently small to capture the decisive 
changes relevant for the evaluation of a CBR. Overall, within 
this international phase III trial, the information derived from 
CBR was well covered and complemented by a few simple 
QoL indicators, without taking into account changes in anal­
gesic consumption, performance status, or weight. Thus, our 
findings are equally relevant to phase III trials in other gastro­
intestinal cancer sites.

Depending on the QoL domain or symptom and time point 
of assessment, an improvement in QoL under single-agent 
gemcitabine has been reported in 2 phase II and 2 phase III 
trials, whereas 2 phase III trials showed either no change or a 
worsening [6]. Our working hypothesis was that the different 
time schedules used in these trials contributed to these incon­
sistent findings. In the present trial, QoL scores indicated con­
sistent time effects also in patients receiving only few chemo­
therapy cycles [6]. It remains a matter of interpretation, 
whether the palliation as indicated by the patients was caused 
by a very brief anti-tumor effect by chemotherapy or by the 
conditions of the situation itself, for example, receiving anti-
tumor treatment, supportive care, or more steroids than be­
fore [6].

To minimize the potential bias associated with early with­
drawal from study treatment and to investigate patients’ un­
derlying trajectories of palliation, we have chosen shorter 
assessment intervals than in previous trials. In addition to the 
diaries used for the CBR evaluation, a comprehensive QoL 
assessment was not feasible. Our findings need to be inter­
preted in regard to the properties of the indicators used for 
this investigation. Assuming a comparable responsiveness to 
disease and treatment factors [20], these findings are relevant 
for other PROs, especially standard QoL measures.

In conclusion, the patient-rated indicators were less prone 
to missing data than CBR. CBR was associated with survival 
and mainly reflected physical domains. Within phase III che­
motherapy trials for advanced gastrointestinal cancer, CBR 
can be replaced by a PRO evaluation, without losing substan­
tial information, yet gaining complementary information.
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Discussion

Patients with longer survival and thus with longer trial 
treatment, in particular those with at least 5  months, were 
more likely to experience a CBR. CBR was predicted by base­
line pain requiring analgesics and by a lower KPS, thus CBR 
was more likely in patients who could potentially improve. 
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5 months. The palliation by chemotherapy was less obvious for 
those patients. For example, patients who did not have a CBR 
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psychological distress). Ideally, a palliative endpoint is rele­
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CBR discriminated the QoL scores most strongly before 
starting chemotherapy. In line with the early study by Hoffman 
and Glimelius [5], CBR reflected mainly physical domains 
and did not capture the patients’ perception of treatment bur­
den. When evaluating a palliative treatment, outcomes com­
plementary to pain, KPS and weight are important: the con­
cept of CBR is too limited to reflect patients’ perception. A 
clinically appealing feature, that CBR requires a minimal time 
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applies to the time period the patients spend in the defined 
health state until deterioration.

Fig. 4. Receiver 
operating characteris­
tic curves from logis­
tic regression models 
with CBR (yes/no) as 
outcome, and quality 
of life (QoL) indica­
tors as predictors 
(models described  
in the results).
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