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Abstract

Background

Randomized controlled trials (RCTs) are important sources of information on the benefits

and harms patients may expect from treatment options. The aim of this structured literature

review by the German Institute for Quality and Efficiency in Health Care was to explore

whether and how the end-of-life (EoL) situation of patients with advanced cancer is consid-

ered in RCTs investigating anti-cancer treatments.

Methods

Our journal pool comprised 19 medical journals, namely five preselected key general medi-

cal journals as well as 14 specialist journals (mainly cancer) identified via a scoping search.

We systematically searched these journals in MEDLINE to identify RCTs investigating anti-

cancer treatments for the following four cancer types: glioblastoma, lung cancer (stage IIIb-

IV), malignant melanoma (stage IV), and pancreatic cancer (search via OVID; November

2012). We selected a representative sample of 100 publications, that is, the 25 most recent

publications for each cancer type. EoL was defined as a life expectancy of� two years.

We assessed the information provided on (1) the descriptions of the terminal stage of the

disease, (2) the therapeutic goal (i.e. the intended therapeutic benefit of the intervention

studied), (3) the study endpoints assessed, (4) the authors’ concluding appraisal of the

intervention’s effects, and (5) the terminology referring to the patients’ EoL situation.
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Results

Median survival was� one year for each of the four cancer types. Descriptions of the termi-

nal stage of the disease were ambiguous or lacking in 29/100 publications. One or more

therapeutic goals were mentioned in 51/100 publications; these goals were patient-relevant

in 38 publications (survival alone: 30/38; health-related quality of life (HRQoL) or HRQoL

and survival: 6/38; symptom control or symptom control and survival: 2/38). Primary end-

points included survival (50%), surrogates (44%), and safety (3%). Patient-reported out-

comes (PROs) were assessed in 36/100 RCTs. The implications of treatment-related

harms for the patients were discussed in 22/100 appraisals. Terminology referring to the

patients’ EoL situation (e.g. “terminal”) was scarce, whereas terms suggesting control of the

disease (e.g. “cancer control“) were common.

Conclusions

The EoL situation of patients with advanced cancer should be more carefully considered in

clinical trials. Although the investigation and robust reporting of PROs is a prerequisite for

informed decision-making in healthcare, they are rarely defined as endpoints and HRQoL is

rarely mentioned as a therapeutic goal. Suggestions for improving standards for study

design and reporting are presented.

Introduction
Despite major research efforts and the development of novel therapies, the decision-making
process in the care of patients with advanced cancer is challenging: many patients cannot be
cured and face death within a fairly short period of time. Advanced cancer can therefore still be
considered as a paradigmatic disease for the end-of-life (EoL) situation [1]. The UK National
Institute for Health and Clinical Excellence (NICE) defines EoL treatments as “indicated for
patients with a short life expectancy, normally less than 24 months (. . .)” [2].

Patients with advanced cancer have a high burden of physical symptoms (e.g. pain, nausea,
and breathlessness), as well as psychological and social distress, spiritual challenges, and inade-
quate information on the benefits and harms of potential treatments [3–7]. Consequently,
besides prolongation of life, the most important therapeutic goal (i.e. the intended therapeutic
benefit) of any intervention is to improve health-related quality of life (HRQoL) and reduce
symptom burden [8, 9]. When caring for these patients, physicians frequently struggle to advise
them with regard to available treatments [10]. For this, they rely on evidence from randomized
controlled trials (RCTs) [10]. However, it is still unclear whether the EoL situation of patients
(i.e. the terminal stage of the disease, the limited life expectancy, and the patients’ needs) is con-
sidered in the design and reporting of cancer trials and is thus clear to the readers of journal
publications.

The aim of this structured literature review was therefore to explore whether and how the
EoL situation of patients with advanced cancer is considered in RCTs investigating anti-cancer
treatments. For this purpose, we assessed the following information reported in the publica-
tions of the RCTs: (1) the descriptions of the terminal stage of the disease, (2) the therapeutic
goal of the intervention studied, (3) the study endpoints assessed, (4) the authors’ concluding
appraisal of the intervention’s effects, and (5) the terminology referring to the patients’ EoL
situation.
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Methods
The project was initiated by the German Institute for Quality and Efficiency in Health Care
(IQWiG). A review protocol is available in German and can be provided by the authors on
request. We conducted the project in a systematic manner following the applicable items in the
checklist of the Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) statement [11].

Search
We aimed to provide an overview of the current research and publication culture and therefore
focused on key medical and specialist journals and recent publications of RCTs. In a first step
we established the journal pool for our literature search. To ensure having a pool of key medical
journals, we preselected five general medical journals (“the Big Five”) and identified further rel-
evant specialist journals (mainly cancer) in a scoping search (Table 1). In a second step we sys-
tematically searched the total pool of 19 eligible journals in MEDLINE via OVID to identify
publications of RCTs investigating anti-cancer treatments for the following four cancer types:
glioblastoma, lung cancer (stage IIIb-IV), malignant melanoma (stage IV), and pancreatic can-
cer. The search covered the period from 2003 to November 14, 2012 (the full search strategy,
including the MeSH terms and further key words used, is included in S1 Appendix). For lung
cancer, the search was restricted to 2010–2012, as far more studies are available on this topic

Table 1. Inclusion criteria.

IC1 Patients: Adults with (i) lung cancer � stage IIIb, (ii) malignant melanoma stage IV, (iii) glioblastoma
(including anaplastic astrocytoma) or (iv) pancreatic cancer

IC2 Intervention: Disease-modifying anti-cancer therapy (i.e. chemo- or targeted therapy, radiation or
surgery)

IC3 Study type: Randomized controlled trial

IC4 Language: English

IC5 Journals: I. Predefined (“the Big Five”) journals (IF)a: Annals of Internal Medicine (16.1), British
Medical Journal (16.3), Journal of the American Medical Association (30), Lancet (39.2), New
England Journal of Medicine (54.4); II. Specialist journals selected after scoping searchb (IF):
Annals of Oncology (6.6), British Journal of Cancer (4.8), British Journal of Surgery (5.2), Cancer
(4.9), Clinical Oncology (The Royal College of Radiologists) (2.8), European Journal of Cancer (4.8),
Gut (13.3), International Journal of Radiation Oncology (4.2), Journal of Clinical Oncology (18.0),
Journal of the National Cancer Institute (15.2), Journal of Neuro-Oncologyc (2.8), Lancet Oncology
(24.7), Lung Cancer (3.7), Neuro-Oncologyc (5.3)

IC6 Publication date: 2003–2012, lung cancer: 2010–2012

IC7 Publication type: Primary publications of RCTs. Secondary analyses or sub-analyses were not
included.

a. IFs added as supplementary information after completion of the project. They refer to the years 2013–

2014 (except for the Journal of the American Medical Association: 2015). The numbers are rounded to one

decimal place.

b. We searched the Cochrane Library for Cochrane reviews and health technology assessment reports on

four types of advanced solid cancer: glioblastoma (including anaplastic astrocytoma), lung cancer (stage

IIIb-IV), malignant melanoma (stage IV), and pancreatic cancer (see S2 Appendix for list of reviews). To

identify the most relevant specialist journals, we screened the lists of the studies included in the 19 reviews

and extracted all publications of studies on these four cancer types (n = 157) as well as the names of the

journals they were published in. We then assessed journal frequency: If a specific journal was included

three or more times in the list of relevant study publications, then it was included in the journal pool.

c. Selected additionally for glioblastoma, as the search yielded an insufficient number of hits.

IC: inclusion criterion, IF: impact factor, RCT: randomized controlled trial.

doi:10.1371/journal.pone.0136640.t001
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than on the other three cancer types. We did not search further databases, as the journal sample
used in our review was fully included in MEDLINE.

Sample size determination
We planned a sample size of 100 (25 x 4) publications of RCTs, both for pragmatic reasons and
because we regarded this to be a sufficiently large and representative sample to draw conclu-
sions on our specific research questions. As we aimed to include an equal number of current
RCTs per cancer type to allow for better comparability of results, we selected the 25 most recent
publications for each type. We considered this approach to be transparent and reproducible.

Eligibility criteria
Primary publications of RCTs investigating the effect of disease-modifying therapies on adult
patients with specific types of advanced, solid cancer and a median survival of� 24 months
were eligible for inclusion [2]. The four cancer types considered were glioblastoma (including
anaplastic astrocytoma), lung cancer (stage IIIb-IV), malignant melanoma (stage IV), and pan-
creatic cancer (Table 1). We selected these life-limiting cancers as paradigmatic examples of
diseases that show a “reasonably predictable decline in physical health” [12] over a short period
of time (Trajectory 1 according to Murray et al. [12]). Articles that reported secondary data or
sub-analyses were excluded.

Selection of studies
Two reviewers (JG, VW) independently screened titles and abstracts of all articles identified by
the search strategy and consulted the full text if necessary. Disagreement was resolved by a
third reviewer (SL / NS). Of all eligible study publications, we selected the 25 most recent publi-
cations for each cancer type for further analysis.

Data extraction
Data extractions were independently tested on five publications by two reviewers (VW, JG)
and the results discussed with two additional reviewers (NS, SL) to ensure that procedures
were standardized. Data from all included studies were extracted into an extraction form by
one reviewer (VW) and subsequently checked for accuracy by a second reviewer (JG). Discrep-
ancies were resolved by two additional reviewers (NS, SL). Finally, two reviewers who had not
been involved in the extraction of data (STS, RV) randomly selected two studies of each cancer
type and checked the accuracy of the data.

The full texts of the eligible publications were hand-searched and the following data and
information extracted (when available):

• Basic information: first author, journal, year of publication, study aim, sample size, disease,
intervention and control arms, and funding.

• Patient characteristics: stage of the disease, functional performance (e. g. Karnofsky Perfor-
mance Scale (KPS), Eastern Cooperative Oncology Group (ECOG) score), and results for
survival measures.

• Introductory statements on the lethality and terminal stage of disease.

• Statements on the therapeutic goal of the intervention, defined as “the therapeutic benefit
that the intervention studied was intended to have for the patients”. Typical examples could
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be prolongation of life (survival) or improvement of patients’HRQoL or symptoms. This
must not be confused with the primary endpoint.

• Study endpoints and outcome measures.

• Data and related statements on results for serious adverse events as well as severe adverse
events (grade 3–5 according to the Common Terminology Criteria of Adverse Events,
CTCAE), as recommended by the Consolidated Standards of Reporting Trials (CONSORT)
guidelines [13, 14].

• Authors’ concluding appraisals of the intervention’s effects (benefits and harms).

• Terminology referring to the patients’ EoL situation, including the classification of available
treatment options. The PDFs of the full texts were also electronically screened to double-
check for the use of core terminology (see S3 Appendix).

Analyses
The extracted information was summarized and analyzed descriptively according to the follow-
ing specific approaches:

Descriptions of the terminal stage of the disease: “Unambiguous” was defined as precise
information on the prognosis of the disease (e.g. median survival, lethality mentioned).
“Ambiguous” included descriptions such as “poor prognosis” or “advanced stage”, which did
not explicitly address lethality or provide prognosis data. Missing descriptions were also noted.

Therapeutic goals: Survival and patient-reported outcomes (PROs) (i.e. HRQoL) were con-
sidered patient-relevant therapeutic goals in this patient sample based on recommendations by
the World Health Organization (WHO) and the National Comprehensive Cancer Network
(NCCN), as well as on preferences of European citizens determined in a population-based sur-
vey [8, 9, 15]. Frequently used terms such as “anti-tumor activity” and “efficacy” were rated as
“unclear” if no further details were specified.

Study endpoints: These were categorized as:

• survival,

• PROs (i.e. HRQoL),

• safety measures,

• (combined) surrogate measures (e.g. tumor size, laboratory assessments, progression-free
survival (PFS)),

• other endpoints.

Authors’ appraisal of the intervention’s effect: In accordance with the CONSORT recom-
mendations, we assessed whether the authors provided appraisals of the realistic benefits and
harms of the intervention in the discussion [13, 14] and categorized them as follows:

• Intervention is superior to control intervention(s) or associated with relevant benefits.

• Intervention is equivalent (“non-inferior”) to control intervention(s).

• Intervention is inferior to control intervention(s), or futile or harmful.

• Additional studies of the intervention are recommended.

Four researchers (JG, NS, SL, VW) explored whether the authors´ appraisal was substanti-
ated by data provided in the publications according to the CONSORT criteria [13, 14]. For
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example, a statement such as “the treatment is a valuable therapeutic option since it was well
tolerated and resulted in a significantly higher tumor-response rate” required data on adverse
events for both groups to claim sufficient substantiation, while a statement in the results section
such as “no new safety issues were identified” was rated as unclear. Notably, the relevance of
the authors’ appraisal was not judged, that is, considering the example above, an improvement
in a surrogate measure (“tumor response rate”) would be the rationale for recommending the
intervention. Although from the research, clinical, and patient view it is unclear whether the
improved response rate would result in an increased survival or a better HRQoL, we catego-
rized such statements as “substantiated” because the effect claimed is supported by data pro-
vided in the publication.

Results
The search yielded 394 hits and after de-duplication 396 publications were screened (glioblas-
toma: 74, lung cancer: 135, malignant melanoma: 72, pancreatic cancer: 75). Of these, 206 met
the inclusion criteria (34/74, 80/135, 39/72, 53/75), (Fig 1). As planned, the 25 most recent eli-
gible publications per cancer type were analyzed (total n = 100; see S4 Appendix for study
details and references).

Study characteristics
Median survival of patients in the intervention arms varied between 7.5 (range 3.5–23.0)
months in pancreatic cancer to 12.3 (4.4–24.6) months in lung cancer. Median survival in the
control arms varied between 8.2 (2.3–29.8) months in pancreatic cancer to 11.4 (3.9–23.4)
months in lung cancer (see S4 Appendix). In 51/100 studies, a good performance status
(ECOG status�1 or KPS�70) was an inclusion criterion.

Fig 1. Flowchart of the literature search and screening results.

doi:10.1371/journal.pone.0136640.g001
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Descriptions of the terminal stage of disease
In 71/100 publications authors provided “unambiguous” descriptions of the terminal stage of
the disease (Table 2, examples extracted from [16–21]). Descriptions were “ambiguous” in 10/
100 and completely lacking in 19/100 publications, the latter varying from two publications on
pancreatic cancer to eight on lung cancer.

Therapeutic goals
In 51/100 publications, one or more therapeutic goals of the intervention were explicitly men-
tioned; these goals were patient-relevant in 38 publications (survival alone: 30/38, HRQoL or
HRQoL and survival: 6/38, symptom control or symptom control and survival: 2/38); (Table 3,

Table 2. Examples of unambiguous and ambiguous descriptions of the terminal stage of disease.

Examples of unambiguous descriptions Reference

“If detected and treated at an early stage, melanoma has a cure rate of approximately 90%.3
In contrast, the prognosis for advanced disease is poor with an average 5-year survival rate of
18% and a median survival of 7.8 months.“

[19]

“The majority of patients with pancreatic cancer are diagnosed in the advanced, unresectable
stage, when the primary goals of treatment are survival prolongation and symptom palliation.
The impact of systemic treatments in these patients is poor”

[18]

“At the time of diagnosis, approximately half of the patients have metastases, and the median
survival time barely exceeds 6 months, whereas approximately one-third of patients
diagnosed with locally advanced disease have median survival times ranging between 6 and
9 months. Thus, a small proportion of patients are eligible for surgery, the only curative
treatment option, at diagnosis”

[21]

Examples of ambiguous descriptions

“Advanced non-small-cell lung cancer (NSCLC) is an often fatal disease.” [17]

“Moreover, given their short duration of survival (. . .)” [16]

“Despite extensive research, the prognosis of advanced pancreatic cancer remains poor” [20]

doi:10.1371/journal.pone.0136640.t002

Table 3. Therapeutic goals mentioned in the studies.

Total
n = 100

Glioblastoma (incl. AA)
n = 25

Lung cancer
n = 25

Malignant melanoma
n = 25

Pancreatic cancer
n = 25

Patient-relevant TGa 38 10 12 3 13

Survival alone 30 7 11 3 9

Survival & HRQoL 5 2 - - 3

Survival & symptom control 1 - - - 1

HRQoL alone 1 1 - - -

Symptom control alone 1 - 1 - -

Other TGb 13 2 3 7 1

TG unclearc or not
mentioned

49 13 10 15 11

a. TG was defined as “the therapeutic benefit that the intervention studied was intended to have for the patients”.

b. Examples: “to assess the use of porphyrin fluorescence in malignant glioma after administration of 5-aminolevulinic acid for improving resection as

defined by postoperative MRI, and to analyse the effect of resection on progression free survival, neurological morbidity, and type and frequency of

treatment after progression” [25]; “Besides determining tumor response rate to LM/TMZ [lomeguatrib/temozolomide], we aimed to test whether the

combination could produce tumor shrinkage in patients progressing on TMZ alone” [23].

c. Examples: “to assess efficacy and tumor delivery of cilengitide in patients with recurrent GBM” [22]; “to define the activity of metronomic chemotherapy

with either oral etoposide or temozolomide, combined with bevacizumab” [24].

AA: anaplastic astrocytoma, GBM: glioblastoma, HRQoL: health-related quality of life, MRI: magnetic resonance imaging, TG: therapeutic goal.

doi:10.1371/journal.pone.0136640.t003
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examples extracted from [22–25]). While a patient-relevant therapeutic goal was mentioned in 13/
25 publications on pancreatic cancer, this was only the case in 3/25 publications onmalignant mel-
anoma. In 13/100 publications, the therapeutic goals were not clearly patient-relevant (e.g. tumor
response) and in 49/100 publications the therapeutic goal was unclear or not mentioned at all.

Endpoints
One publication did not define a primary endpoint, and six defined more than one primary
endpoint, so that the number of primary endpoints differs from the number of included studies
(Table 4; also see S4 Appendix for primary endpoint per study). The most common primary
endpoints were survival (53/106) and (combined) surrogate measures (47/106). Safety mea-
sures were defined as primary endpoints in three publications. PROs were never assessed as a
primary endpoint.

Studies in pancreatic cancer more often assessed overall survival and less often assessed sur-
rogate measures as primary study endpoints compared to the other cancer types.

PROs were assessed as any endpoint in 36 publications and the corresponding results were
reported in 31/36 publications (glioblastoma: 10/11, lung cancer: 9/10, malignant melanoma:
0/2, pancreatic cancer: 12/13). Survival was assessed as any endpoint in 98/100 publications.

Authors’ overall appraisal of the intervention
An overall appraisal of the intervention studied was provided in all 100 publications. Authors
of 88/100 publications weighted the benefits and harms of the intervention; 22/88 addressed
the meaning of these harms for the patient (patient burden, e.g. due to severe nausea).

Table 4. Primary study endpoints.

Totala

n = 106
Glioblastoma (incl. AA)
n = 27

Lung cancer
n = 25

Malignant melanoma
n = 29

Pancreatic cancer
n = 25

Survivalb 53 13 13 8 19

Surrogate measuresc 47 12 12 18 5

PFS 28 9 8 8 3

Response
parametersd

13 1 3 8 1

Tumor controle 5 2 1 2 -

1-year DFS 1 - - - 1

Safety measures 3 1 0 1 1

PROs 0 0 0 0 0

Otherf 3 1 0 2 0

The numbers of primary endpoints are presented as reported in the publications.

a. One publication did not define any endpoint as the primary one, and six named more than one primary endpoint. Therefore, the number of endpoints

differs from the number of included studies.

b. Included median overall survival (time) and survival rates.

c. Included combined surrogate measures such as PFS.

d. Included best overall response, clinical response, objective response rate, and (tumor) response rate.

e. Included early disease progression rate, time to second progression, time to tumor progression, time to treatment failure, and tumor control rate after 6

months.

f. Included proportion of patients with histologically confirmed malignant glioma on central neuropathological review without residual contrast-enhancing

tumor on postoperative MRI, time to CNS metastases (time from randomization to the radiological occurrence of CNS failure), and impact of the addition

of GM-CSF to the MPS160/ISA-51 vaccine (maximum change in the frequency of peptide-specific cytotoxic T lymphocytes in peripheral blood from pre-

treatment levels (tetramer analysis).

AA: anaplastic astrocytoma, CNS: central nervous system, DFS: disease-free survival, GM-CSF: granulocyte macrophage colony-stimulating factor, MRI:

magnetic resonance imaging, PFS: progression-free survival, PROs: patient reported outcomes.

doi:10.1371/journal.pone.0136640.t004
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Superiority (inferiority) of the intervention was claimed in 34 (39)/100 publications. The
intervention and control groups were found to be equivalent in three publications and a need
for further research was emphasized in 24 appraisals.

Forty-eight appraisals were fully substantiated by the results provided in the publication.
The remaining appraisals were not (28/52) or not fully (17/52) substantiated. In seven publica-
tions, claims made in the conclusion were not supported by data in the text. Major reasons for
inadequate substantiation included:

1. Study outcomes relied on surrogate measures and disregarded the continuous assessment of
patient-centered PROs with valid tools. Therefore, a thorough weighting of the intervention’s
effect on the two leading therapeutic goals (i.e. prolongation of life and improvement of HRQoL
/ symptom control) was not possible. Authors’ conclusions often relied on the unproven
assumption that an “anti-cancer effect” or increased PFS is synonymous with increased survival.

2. PRO data were sometimes not reported in the primary publication but published separately later.

3. Reporting of treatment-related harms, such as serious and severe adverse events and bur-
densome symptoms, was often incomplete, not transparent or ambiguous according to
CONSORT [13, 14], as unspecific and subjective wording was used (e.g. “the treatment was
generally well tolerated" or "no new / unexpected safety issues occurred”).

Terminology
No publication mentioned the terms end-of-life (care), terminal (care) or advanced care (plan-
ning) (Table 5). Three publications mentioned palliative care. More frequently used terms were
cancer/disease/tumor control (31), best supportive care (19), palliative therapy/palliative treat-
ment (15), supportive care (12), and salvage therapy/salvage treatment (11).

Cancer/disease/tumor control usually described a study endpoint defined as measuring sta-
ble disease and/or complete or partial responses. Best supportive caremost often referred to the
pharmacologic treatment of symptoms (e.g. nausea, cancer pain), whereas the term supportive
treatment was used inconsistently. Salvage therapy referred to disease-modifying interventions
that were used for patients with late-stage disease when previous treatments had failed and no
other options were available.

Discussion

Summary of main findings
Most patients from the RCTs examined in our review died within one year after study enroll-
ment. However, only half of the authors mentioned a therapeutic goal, and this goal was
HRQoL in only six publications. PROs were never assessed as a primary endpoint and only
about a third of all RCTs assessed PROs at all. Terminology referring to the patients’ EoL situa-
tion was rarely used. Limited reporting of PRO data, as well as of harms, were among the main
reasons why some of the authors’ appraisals were not substantiated by the corresponding infor-
mation provided elsewhere in the publications. In addition, these appraisals were often based
on unproven assumptions, for example, the hypothesis that increased “anti-tumor activity” is
associated with increased survival or improved HRQoL.

Interpretation of results
Therapeutic goals. Although research has identified prolongation of life and improve-

ment of HRQoL as the most important therapeutic goals for the decision-making process
when caring for patients with advanced, life-limiting diseases [1, 8, 9], in our sample a patient-
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relevant therapeutic goal was only mentioned in every third publication and was almost exclu-
sively prolongation of life. In the majority of publications, the therapeutic goal remained
unclear or was not clearly patient-relevant (e.g. anti-tumor activity). Although most of the par-
ticipants in our study pool had a median life expectancy of less than a year, HRQoL was a
neglected therapeutic goal in these RCTs. Notably, this is inconsistent with patients’ priorities
determined in a large European cohort study indicating that quality of life is the most preferred
therapeutic goal in the case of a fatal and progressive disease [8]. Indisputably, preventing or
ameliorating the physical, psychosocial and spiritual suffering of patients and their families
dealing with a life-limiting illness is one of the most important goals of care for these patients
[8, 9, 26]. As a matter of principle, therapeutic decisions in this EoL context should carefully
judge the benefit a patient may expect from possible treatment options [8, 9, 26].

Table 5. Use and definition of terms screened in the publications.

Term /word stem screened Totala Glio-blastoma (incl. AA)
n = 25

Lung cancer
n = 25

Malignant melanoma
n = 25

Pancreatic cancer
n = 25

Curative 14 (0) 3 2 2 7

Definition 2 1 - 1 -

Curative related terms 13 (0) - 2 6 5

Definition -

Palliativeb 4 (0) - - 1 3

Definition -

Palliative care 3 (1) 1 1 (1) - 1

Definition -

Palliative therapy / palliative
treatment

15 (1) 2 (1) 5 2 6

Definition -

Palliation 3 (0) 1 - 1 1

Definition -

Best supportive care 19 (6) 1 9 (2) - 9 (4)

Definition 2 - - - 2

Supportive carec 12 (1) 3 (1) 3 5 1

Definition 4 1 - 3 -

Supportive therapy / supportive
treatment

4 (0) 2 1 - 1

Definition -

Terminal (care) - - - - -

End-of-life (care) - - - - -

Advanced care - - - - -

Near death / dying - - - - -

Salvage therapy / salvage
treatment

11 (0) 8 - 2 1

Definition 1 1 - - -

Cancer-, tumor- or disease control 31 (5) 2 (1) 10 (1) 9 10 (3)

Definition 20 1 8 6 5

a. Shows the number of publications that used the term in the full text (in brackets: use in the abstract).

b. Counts only the specific adjective: separately analyzed terms (palliative care etc.) were not counted here.

c. Counts only the full term, i.e. not counted if included within “best supportive care”.

AA: anaplastic astrocytoma.

doi:10.1371/journal.pone.0136640.t005
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Study endpoints. Study outcomes that patients directly experience and care about, that is,
survival, functional status, symptoms, and HRQoL, have become increasingly important in the
light of patient-centered care [27–29].

In our sample, the primary endpoints were almost exclusively (combined) surrogate mea-
sures (e.g. tumor response or PFS) or survival. PROs (including HRQoL) were only measured
in about a third of the trials and PRO results were often not reported in the primary publica-
tion. These findings are supported by previous research [29–33]. Ghimire et al. assessed out-
come measures in phase II and phase III trials in advanced lung cancer based on the
ClinicalTrials.gov database [31]. They reported that HRQoL was a secondary endpoint in only
20% of phase II and III trials (phase II: 64/459, 14%; phase III: 54/128, 42%), and that other
PROs were rarely used [31]. Another German review found that PROs were assessed as end-
points in 29/123 (24%) RCTs that investigated the effects of chemotherapy on breast cancer
patients (primary endpoint in 6/123 RCTs) [29].

These findings indicate that the assessment and reporting of patients’HRQoL and symptom
burden is not yet the norm in RCTs in patients with advanced cancer.

Authors’ appraisal of the intervention’s benefits and harms. In 2004, the CONSORT
group highlighted the importance of wording when reporting harms in RCTs and explicitly
recommends avoiding vague statements such as “the drug was generally well tolerated”, which
the group considers to be poor reporting practice [13]. Ambiguous wording such as “no unex-
pected safety issues occurred” was commonly used in our study sample and often not substan-
tiated by the data provided, for example, when serious or severe adverse events or burdensome
symptoms such as diarrhea, vomiting or skin reactions occurred. The explicit and unambigu-
ous reporting of harms is crucial, especially for the vulnerable patient population studied, and
should follow existing guidelines (e.g. CONSORT) [26, 34, 35].

Terminology. While wording addressing the patients EoL situation (e.g. “terminal”) was
scarcely used, terms related to “control” of the disease (e.g. tumor control, salvage therapy)
were common. Content analysis revealed an understanding of salvage therapy that was limited
to patients with exhausted treatment options, and whose overall survival time after salvage
therapy was quite short [35–38]. This is in contrast to the literal meaning of “salvage” (to save,
to rescue [39]), and it remains unclear whether physicians’ and patients’ expectations toward
the realistic goal of care may be misled by this wording.

Implications for future research and for study authors
To enable informed and shared treatment decisions, authors should provide clear information
on the overall therapeutic goal of the intervention studied and the terminal stage of the
patients’ disease. This would also facilitate the readers´ critical reflection of the intervention’s
impact on the patients`lives.

Without evidence on how patients experience treatment effects, patients, clinicians and
other stakeholders do not have enough information to make well-informed decisions [40].
Accordingly, leading health institutions have increasingly stressed that PROs are important
outcomes in clinical trials in the field of advanced cancer [29, 40–45]. PROs (particularly
HRQoL and symptom burden) should therefore be routinely assessed. Recent progress high-
lights the increasing importance of this topic and provides recommendations for selecting,
incorporating and reporting PROs in clinical research [40–42, 46, 47]. In view of the diversity
of available PRO instruments, it may be challenging to select the appropriate PRO measure for
the study population, intervention, and disease investigated. Disease-specific core outcome sets
for clinical trials are currently being developed by the Core Outcome Measures in Effectiveness
Trials (COMET, http://www.comet-initiative.org/) initiative. However, a number of validated,
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generic and tumor-specific instruments already exist in different languages for the assessment
of HRQoL and symptom burden, for example, the European Organization for Research and
Treatment of Cancer (EORTC) quality-of-life questionnaire and its modules or the Functional
Assessment of Cancer Therapy (FACT) questionnaires, which are currently recommended
because of the available evidence supporting their psychometric properties and their past use
in cancer clinical research [40, 48, 49]. Moreover, specific databases (e.g. the Patient-Reported
Outcome and Quality of life Instruments Database, PROQOLID [50]) provide helpful infor-
mation on the purpose, characteristics, and sources of many PRO measures. Nevertheless,
methodological challenges specific to advanced or terminal diseases must be considered to
obtain meaningful PRO data (e.g. conduct of frequent assessments to minimize missing data,
without overburdening patients; use of specific methods to account for increased attrition)
[40]. PRO assessments should be continued throughout the follow-up phase and should not be
stopped (e.g. after a treatment switch) [40]. PRO data as well as adverse events should be
reported in the primary publication and should meet existing reporting standards [13, 51].

In publications of RCTs investigating advanced disease, misleading language suggesting “con-
trol” of the disease (e.g. salvage therapy) and downplaying treatment-related harms should be
avoided [13, 52]. Instead, readers’ understanding of the realistic benefits and harms of the interven-
tion and the expected course of the disease should be increased by more precise wording (e.g. life-
prolonging intervention) and transparent reporting of harmful or burdensome treatment effects.

It remains unclear why EoL aspects, particularly the value of PROs and HRQoL, were so
often neglected.

Implications for healthcare stakeholders and medical journals
Regulatory agencies and research funders should ensure that the necessary prerequisites are
met to allow investigators to conduct a valid assessment of PROs in (advanced) cancer trials.

Journal reviewers and editors should screen submitted manuscripts of cancer trials more
critically for selective or poor reporting of harms to avoid the risk of misinterpretation of study
results by readers.

Limitations of the review
Our review focuses on RCTs investigating patients with advanced and incurable cancer. The
main limitation is that we restricted our sample to specific journals and publications: We only
searched for RCTs on four cancer types that were included in 19 medical journals indexed in a
single bibliographic database. Our sample therefore did not include all relevant publications
and our results cannot readily be generalized. However, our journal pool comprised major gen-
eral medical journals, as well as specialist journals identified in a scoping search and, as men-
tioned above, we consider the four cancer types chosen to be paradigmatic examples of
advanced cancer. In addition, similar studies investigating the same and further types of cancer
show comparable results [29, 30, 32]. We thus assume that the results of our sample are repre-
sentative and by and large provide an accurate picture of the current research and publication
culture regarding RCTs in patients with advanced cancer.

Finally, our statements on the 100 RCTs included in our sample are based solely on infor-
mation provided in the primary publications. It should be noted that comparisons of the com-
pleteness of reporting in journal publications and other sources (web-based study registries,
publicly available assessments of reimbursement dossiers, and unpublished clinical study
reports) have shown that journal publications often inadequately report the methods and
results of clinical trials [53–55]. However, this is a different research question. Our focus lay on
the question as to how the EoL situation of patients with advanced cancer is considered in
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RCTs published in key general and specialist medical journals, presumably the most commonly
used source of information on clinical trials.

Conclusion
The EoL situation of patients with advanced cancer should be more carefully considered in clini-
cal trials. Although the investigation and robust reporting of PROs is a prerequisite for informed
decision-making in healthcare, they are rarely defined as endpoints and HRQoL is rarely men-
tioned as a therapeutic goal. In addition, the terminology used is frequently over-optimistic.

Recommendations
We suggest that study sponsors, investigators, and authors adhere to the following recommen-
dations for the design and reporting of RCTs in patients with advanced cancer in order to
improve the interpretability of the study results within the context of terminal disease. We also
suggest that journal editors and reviewers of the submitted manuscripts, as well as the readers
of study publications (e.g. clinicians or health policy decision-makers), critically assess adher-
ence to these recommendations:

1. The therapeutic goal of the intervention (e.g. survival) should be defined in the protocol and
the publication.

2. The intervention’s effect on HRQoL should be measured routinely [40–42, 46, 47].

3. PRO assessments should be continued throughout the follow-up phase [40–42, 46, 47].

4. PRO results should be reported in the primary publication [13, 51].

5. PRO results should be explicitly discussed when appraising the interventions’ effect [13, 51].

6. Harms of the intervention should be carefully assessed, reported, discussed and included in
the authors’ appraisal of the intervention, avoiding ambiguous wording [13, 51].

7. The use of terminology suggesting control or cure of the disease should be avoided.

Supporting Information
S1 Appendix. Search Strategy.
(DOCX)

S2 Appendix. List of reviews identified by the scoping search.
(DOCX)

S3 Appendix. Search terms used for publication screening and target terms.
(DOCX)

S4 Appendix. Details of the included publications.
(DOCX)

S5 Appendix. PRISMA checklist.
(DOC)

Acknowledgments
The authors would like to thank Karin Jors and Natalie McGauran for editorial support and
Natalie Dargatz for formatting support.

End of Life in Cancer Clinical Trials

PLOS ONE | DOI:10.1371/journal.pone.0136640 September 1, 2015 13 / 17

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0136640.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0136640.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0136640.s003
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0136640.s004
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0136640.s005


A full German-language report and an English-language summary of this project are avail-
able from the website of the Institute for Quality and Efficiency in Health Care (GA12-01,
https://www.iqwig.de/en/projects-results/projects/institute-management/ga12-01-palliation-
vs-curation-an-attempt-to-clarify-terms.2698.html#documents). The project was presented as
an abstract in the abstract book of the 8th World Research Congress of the European Associa-
tion for Palliative Care (EAPC) (5.-7.6.2014, Lleida, Spain) and as an oral presentation at the
10th Congress of the German Association of Palliative Medicine (24.-27.6.2014, Düsseldorf,
Germany).

The project was awarded with the annual research award for palliative care of the German
Association of Palliative Care in 2014.

Author Contributions
Conceived and designed the experiments: JG VW SL EH AG STS RV NS. Analyzed the data:
JG VW SL AG STS RV GB NS. Wrote the paper: JG VW SL EH AG STS RV GB NS. Performed
the literature search: EH. Performed study screening, study selection and data extraction from
included studies: VW JG.

References
1. Smith TJ, Temin S, Alesi ER, Abernethy AP, Balboni TA, Basch EM, et al. American Society of Clinical

Oncology provisional clinical opinion: the integration of palliative care into standard oncology care.
Journal of clinical oncology. 2012; 30(8):880–7. Epub 2012/02/09. doi: 10.1200/JCO.2011.38.5161
PMID: 22312101.

2. National Institute for Health and Clinical Excellence. Appraising life-extending, end of life treatments
[updated 07.200911.07.2013]. Available: http://www.nice.org.uk/media/E4A/79/
SupplementaryAdviceTACEoL.pdf.

3. Barbera L, Seow H, Howell D, Sutradhar R, Earle C, Liu Y, et al. Symptom burden and performance sta-
tus in a population-based cohort of ambulatory cancer patients. Cancer. 2010; 116(24):5767–76. Epub
2010/12/08. doi: 10.1002/cncr.25681 PMID: 21136579.

4. Iyer S, Roughley A, Rider A, Taylor-Stokes G. The symptom burden of non-small cell lung cancer in the
USA: a real-world cross-sectional study. Supportive care in cancer: official journal of the Multinational
Association of Supportive Care in Cancer. 2014; 22(1):181–7. Epub 2013/09/13. doi: 10.1007/s00520-
013-1959-4 PMID: 24026981.

5. Iyer S, Taylor-Stokes G, Roughley A. Symptom burden and quality of life in advanced non-small cell
lung cancer patients in France and Germany. Lung cancer (Amsterdam, Netherlands). 2013; 81
(2):288–93. Epub 2013/04/09. doi: 10.1016/j.lungcan.2013.03.008 PMID: 23561304.

6. Rainbird K, Perkins J, Sanson-Fisher R, Rolfe I, Anseline P. The needs of patients with advanced,
incurable cancer. British journal of cancer. 2009; 101(5):759–64. Epub 2009/08/06. doi: 10.1038/sj.bjc.
6605235 PMID: 19654579; PubMed Central PMCID: PMC2736850.

7. Teunissen SCCM,Wesker W, Kruitwagen C, de Haes HCJM, Voest EE, de Graeff A. Symptom Preva-
lence in Patients with Incurable Cancer: A Systematic Review. Journal of pain and symptommanage-
ment. 2007; 34(1):94–104. doi: http://dx.doi.org/10.1016/j.jpainsymman.2006.10.015 PMID: 17509812

8. Higginson IJ, Gomes B, Calanzani N, GaoW, Bausewein C, Daveson BA, et al. Priorities for treatment,
care and information if faced with serious illness: A comparative population-based survey in seven
European countries. Palliative medicine. 2014; 28(2):101–10. Epub 2013/05/25. doi: 10.1177/
0269216313488989 PMID: 23703237.

9. World Health Organization (WHO), Worldwide Palliative Care Alliance (WPCA). Global Atlas of Pallia-
tive Care at the End of Life: Worldwide Palliative Care Alliance; 2014 [updated 01.201411.02.2014].
Available: http://www.thewpca.org/EasySiteWeb/GatewayLink.aspx?alId=139201.

10. Schildmann J, Tan J, Salloch S, Vollmann J. "Well, I think there is great variation. . .": a qualitative study
of oncologists' experiences and views regarding medical criteria and other factors relevant to treatment
decisions in advanced cancer. The oncologist. 2013; 18(1):90–6. Epub 2013/01/05. doi: 10.1634/
theoncologist.2012-0206 PMID: 23287883; PubMed Central PMCID: PMC3556262.

11. Moher D, Liberati A, Tetzlaff J, Altman DG. Preferred reporting items for systematic reviews and meta-
analyses: the PRISMA statement. Annals of internal medicine. 2009; 151(4):264–9, W64. Epub 2009/
07/23. PMID: 19622511.

End of Life in Cancer Clinical Trials

PLOS ONE | DOI:10.1371/journal.pone.0136640 September 1, 2015 14 / 17

https://www.iqwig.de/en/projects-results/projects/institute-management/ga12-01-palliation-vs-curation-an-attempt-to-clarify-terms.2698.html#documents
https://www.iqwig.de/en/projects-results/projects/institute-management/ga12-01-palliation-vs-curation-an-attempt-to-clarify-terms.2698.html#documents
http://dx.doi.org/10.1200/JCO.2011.38.5161
http://www.ncbi.nlm.nih.gov/pubmed/22312101
http://www.nice.org.uk/media/E4A/79/SupplementaryAdviceTACEoL.pdf
http://www.nice.org.uk/media/E4A/79/SupplementaryAdviceTACEoL.pdf
http://dx.doi.org/10.1002/cncr.25681
http://www.ncbi.nlm.nih.gov/pubmed/21136579
http://dx.doi.org/10.1007/s00520-013-1959-4
http://dx.doi.org/10.1007/s00520-013-1959-4
http://www.ncbi.nlm.nih.gov/pubmed/24026981
http://dx.doi.org/10.1016/j.lungcan.2013.03.008
http://www.ncbi.nlm.nih.gov/pubmed/23561304
http://dx.doi.org/10.1038/sj.bjc.6605235
http://dx.doi.org/10.1038/sj.bjc.6605235
http://www.ncbi.nlm.nih.gov/pubmed/19654579
http://dx.doi.org/10.1016/j.jpainsymman.2006.10.015
http://www.ncbi.nlm.nih.gov/pubmed/17509812
http://dx.doi.org/10.1177/0269216313488989
http://dx.doi.org/10.1177/0269216313488989
http://www.ncbi.nlm.nih.gov/pubmed/23703237
http://www.thewpca.org/EasySiteWeb/GatewayLink.aspx?alId=139201
http://dx.doi.org/10.1634/theoncologist.2012-0206
http://dx.doi.org/10.1634/theoncologist.2012-0206
http://www.ncbi.nlm.nih.gov/pubmed/23287883
http://www.ncbi.nlm.nih.gov/pubmed/19622511


12. Murray SA, Kendall M, Boyd K, Sheikh A. Illness trajectories and palliative care. BMJ. 2005; 330
(7498):1007–11. Epub 2005/04/30. doi: 10.1136/bmj.330.7498.1007 PMID: 15860828; PubMed Cen-
tral PMCID: PMC557152.

13. Ioannidis JP, Evans SJ, Gotzsche PC, O'Neill RT, Altman DG, Schulz K, et al. Better reporting of harms
in randomized trials: an extension of the CONSORT statement. Annals of internal medicine. 2004; 141
(10):781–8. Epub 2004/11/17. PMID: 15545678.

14. Moher D, Hopewell S, Schulz KF, Montori V, Gotzsche PC, Devereaux PJ, et al. CONSORT 2010
explanation and elaboration: updated guidelines for reporting parallel group randomised trials. BMJ.
2010; 340:c869. Epub 2010/03/25. doi: 10.1136/bmj.c869 PMID: 20332511; PubMed Central PMCID:
PMC2844943.

15. Levy MH, Adolph MD, Back A, Block S, Codada SN, Dalal S, et al. Palliative care. Journal of the
National Comprehensive Cancer Network. 2012; 10(10):1284–309. Epub 2012/10/12. PMID:
23054879.

16. Buckner JC, Ballman KV, Michalak JC, Burton GV, Cascino TL, Schomberg PJ, et al. Phase III trial of
carmustine and cisplatin compared with carmustine alone and standard radiation therapy or acceler-
ated radiation therapy in patients with glioblastoma multiforme: North Central Cancer Treatment Group
93-72-52 and Southwest Oncology Group 9503 trials. Journal of Clinical Oncology. 2006; 24(24):3871–
9. PMID: 16921039.

17. Ciuleanu T, Stelmakh L, Cicenas S, Miliauskas S, Grigorescu AC, Hillenbach C, et al. Efficacy and
safety of erlotinib versus chemotherapy in second-line treatment of patients with advanced, non-small-
cell lung cancer with poor prognosis (TITAN): a randomised multicentre, open-label, phase 3 study.
Lancet Oncology. 2012; 13(3):300–8. PMID: 22277837. doi: 10.1016/S1470-2045(11)70385-0

18. Colucci G, Labianca R, Di Costanzo F, Gebbia V, Carteni G, Massidda B, et al. Randomized phase III
trial of gemcitabine plus cisplatin compared with single-agent gemcitabine as first-line treatment of
patients with advanced pancreatic cancer: the GIP-1 study. Journal of Clinical Oncology. 2010; 28
(10):1645–51. PMID: 20194854. doi: 10.1200/JCO.2009.25.4433

19. McDermott DF, Sosman JA, Gonzalez R, Hodi FS, Linette GP, Richards J, et al. Double-blind random-
ized phase II study of the combination of sorafenib and dacarbazine in patients with advanced mela-
noma: a report from the 11715 study group. Journal of Clinical Oncology. 2008; 26(13):2178–85. PMID:
18445842. doi: 10.1200/JCO.2007.14.8288

20. Nakai Y, Isayama H, Sasaki T, Sasahira N, Tsujino T, Toda N, et al. A multicentre randomised phase II
trial of gemcitabine alone vs gemcitabine and S-1 combination therapy in advanced pancreatic cancer:
GEMSAP study. British journal of cancer. 2012; 106(12):1934–9. doi: http://dx.doi.org/10.1038/bjc.
2012.183 PMID: 22555398; PubMed Central PMCID: PMCPMC3388559.

21. Yoo C, Hwang JY, Kim JE, Kim TW, Lee JS, Park DH, et al. A randomised phase II study of modified
FOLFIRI.3 vs modified FOLFOX as second-line therapy in patients with gemcitabine-refractory
advanced pancreatic cancer. British journal of cancer. 2009; 101(10):1658–63. PMID: 19826418;
PubMed Central PMCID: PMCPMC2778540. doi: 10.1038/sj.bjc.6605374

22. Gilbert MR, Kuhn J, Lamborn KR, Lieberman F, Wen PY, Mehta M, et al. Cilengitide in patients with
recurrent glioblastoma: the results of NABTC 03–02; a phase II trial with measures of treatment deliv-
ery. Journal of neuro-oncology. 2012; 106(1):147–53. PMID: 21739168. doi: 10.1007/s11060-011-
0650-1

23. Ranson M, Hersey P, Thompson D, Beith J, McArthur GA, Haydon A, et al. Randomized trial of the
combination of lomeguatrib and temozolomide compared with temozolomide alone in chemotherapy
naive patients with metastatic cutaneous melanoma. Journal of Clinical Oncology. 2007; 25(18):2540–
5. PMID: 17577032.

24. Reardon DA, Fink KL, Mikkelsen T, Cloughesy TF, O'Neill A, Plotkin S, et al. Randomized phase II
study of cilengitide, an integrin-targeting arginine-glycine-aspartic acid peptide, in recurrent glioblas-
toma multiforme. Journal of Clinical Oncology. 2008; 26(34):5610–7. PMID: 18981465. doi: 10.1200/
JCO.2008.16.7510

25. StummerW, Pichlmeier U, Meinel T, Wiestler OD, Zanella F, Reulen HJ. Fluorescence-guided surgery
with 5-aminolevulinic acid for resection of malignant glioma: a randomised controlled multicentre phase
III trial. Lancet Oncology. 2006; 7(5):392–401. PMID: 16648043.

26. European Association for Palliative Care (EAPC). Definition of palliative care (English): EAPC Onlus;
[updated 201018.11.2013]. Available: http://www.eapcnet.eu/Corporate/AbouttheEAPC/
Definitionandaims.aspx.

27. Patient-Centered Outcomes Research Institute (PCORI). Patient-Centered Outcomes Research 2012
[updated 7.11.201320.02.2014]. Available: http://www.pcori.org/research-we-support/pcor/.

28. American Cancer Society. 2015 goals of the American Cancer Society [21.08.2013]. Available: http://
relay.acsevents.org/site/DocServer/ACS%20Mission%20Statement-2015%20Goals.pdf.

End of Life in Cancer Clinical Trials

PLOS ONE | DOI:10.1371/journal.pone.0136640 September 1, 2015 15 / 17

http://dx.doi.org/10.1136/bmj.330.7498.1007
http://www.ncbi.nlm.nih.gov/pubmed/15860828
http://www.ncbi.nlm.nih.gov/pubmed/15545678
http://dx.doi.org/10.1136/bmj.c869
http://www.ncbi.nlm.nih.gov/pubmed/20332511
http://www.ncbi.nlm.nih.gov/pubmed/23054879
http://www.ncbi.nlm.nih.gov/pubmed/16921039
http://www.ncbi.nlm.nih.gov/pubmed/22277837
http://dx.doi.org/10.1016/S1470-2045(11)70385-0
http://www.ncbi.nlm.nih.gov/pubmed/20194854
http://dx.doi.org/10.1200/JCO.2009.25.4433
http://www.ncbi.nlm.nih.gov/pubmed/18445842
http://dx.doi.org/10.1200/JCO.2007.14.8288
http://dx.doi.org/10.1038/bjc.2012.183
http://dx.doi.org/10.1038/bjc.2012.183
http://www.ncbi.nlm.nih.gov/pubmed/22555398
http://www.ncbi.nlm.nih.gov/pubmed/19826418
http://dx.doi.org/10.1038/sj.bjc.6605374
http://www.ncbi.nlm.nih.gov/pubmed/21739168
http://dx.doi.org/10.1007/s11060-011-0650-1
http://dx.doi.org/10.1007/s11060-011-0650-1
http://www.ncbi.nlm.nih.gov/pubmed/17577032
http://www.ncbi.nlm.nih.gov/pubmed/18981465
http://dx.doi.org/10.1200/JCO.2008.16.7510
http://dx.doi.org/10.1200/JCO.2008.16.7510
http://www.ncbi.nlm.nih.gov/pubmed/16648043
http://www.eapcnet.eu/Corporate/AbouttheEAPC/Definitionandaims.aspx
http://www.eapcnet.eu/Corporate/AbouttheEAPC/Definitionandaims.aspx
http://www.pcori.org/research-we-support/pcor/
http://relay.acsevents.org/site/DocServer/ACS%20Mission%20Statement-2015%20Goals.pdf
http://relay.acsevents.org/site/DocServer/ACS%20Mission%20Statement-2015%20Goals.pdf


29. Brettschneider C, Lühmann D, Raspe H. Informative value of patient reported outcomes (PRO) in
health technology assessment (HTA). GMS health technology assessment. 2011; 7:Doc01. Epub
2011/04/07. doi: 10.3205/hta000092 PMID: 21468289; PubMed Central PMCID: PMC3070434.

30. Amdal CD, Jacobsen AB, Guren MG, Bjordal K. Patient-reported outcomes evaluating palliative radio-
therapy and chemotherapy in patients with oesophageal cancer: a systematic review. Acta Oncol.
2013; 52(4):679–90. Epub 2012/11/30. doi: 10.3109/0284186x.2012.731521 PMID: 23190360.

31. Ghimire S, Kyung E, Kim E. Reporting trends of outcomemeasures in phase II and phase III trials con-
ducted in advanced-stage non-small-cell lung cancer. Lung. 2013; 191(4):313–9. Epub 2013/05/30.
doi: 10.1007/s00408-013-9479-z PMID: 23715997.

32. Gondek K, Sagnier PP, Gilchrist K, Woolley JM. Current status of patient-reported outcomes in indus-
try-sponsored oncology clinical trials and product labels. Journal of clinical oncology: official journal of
the American Society of Clinical Oncology. 2007; 25(32):5087–93. Epub 2007/11/10. doi: 10.1200/
JCO.2007.11.3845 PMID: 17991926.

33. Seal BS, Asche CV, Puto K, Allen PD. Efficacy, patient-reported outcomes (PROs), and tolerability of
the changing therapeutic landscape in patients with metastatic prostate cancer (MPC): a systematic lit-
erature review. Value in health: the journal of the International Society for Pharmacoeconomics and
Outcomes Research. 2013; 16(5):872–90. Epub 2013/08/21. doi: 10.1016/j.jval.2013.03.1628 PMID:
23947983.

34. National Cancer Institute. National Cancer Institute Fact Sheet: targeted cancer therapies [updated
05.12.201212.09.2013]. Available: http://www.cancer.gov/cancertopics/factsheet/Therapy/targeted.

35. Reardon DA, Desjardins A, Peters K, Gururangan S, Sampson J, Rich JN, et al. Phase II study of met-
ronomic chemotherapy with bevacizumab for recurrent glioblastoma after progression on bevacizumab
therapy. Journal of neuro-oncology. 2011; 103(2):371–9. PMID: 20853132; PubMed Central PMCID:
PMCNIHMS285407 PMC3102515. doi: 10.1007/s11060-010-0403-6

36. Kim IH, Park CK, Heo DS, Kim CY, Rhee CH, Nam DH, et al. Radiotherapy followed by adjuvant temo-
zolomide with or without neoadjuvant ACNU-CDDP chemotherapy in newly diagnosed glioblastomas:
a prospective randomized controlled multicenter phase III trial. Journal of neuro-oncology. 2011; 103
(3):595–602. PMID: 21052775. doi: 10.1007/s11060-010-0427-y

37. Stupp R, Wong ET, Kanner AA, Steinberg D, Engelhard H, Heidecke V, et al. NovoTTF-100A versus
physician's choice chemotherapy in recurrent glioblastoma: a randomised phase III trial of a novel treat-
ment modality. European Journal of Cancer. 2012; 48(14):2192–202. doi: http://dx.doi.org/10.1016/j.
ejca.2012.04.011 PMID: 22608262.

38. Wick W, Puduvalli VK, Chamberlain MC, Van den Bent MJ, Carpentier AF, Cher LM, et al. Phase III
study of enzastaurin compared with lomustine in the treatment of recurrent intracranial glioblastoma.
Journal of Clinical Oncology. 2010; 28(7):1168–74. PMID: 20124186; PubMed Central PMCID:
PMCPMC2834468. doi: 10.1200/JCO.2009.23.2595

39. salvage: Philip Lief Group 2009; [updated 201331.07.2014]. Available: http://thesaurus.com/browse/
salvage.

40. Basch E, Abernethy AP, Mullins CD, Reeve BB, Smith ML, Coons SJ, et al. Recommendations for
incorporating patient-reported outcomes into clinical comparative effectiveness research in adult oncol-
ogy. Journal of clinical oncology: official journal of the American Society of Clinical Oncology. 2012; 30
(34):4249–55. Epub 2012/10/17. doi: 10.1200/JCO.2012.42.5967 PMID: 23071244.

41. Ahmed S, Berzon RA, Revicki DA, Lenderking WR, Moinpour CM, Basch E, et al. The use of patient-
reported outcomes (PRO) within comparative effectiveness research: implications for clinical practice
and health care policy. Medical care. 2012; 50(12):1060–70. Epub 2012/08/28. doi: 10.1097/MLR.
0b013e318268aaff PMID: 22922434.

42. Food and Drug Administration UDoHaHS, Center for Drug Evaluation and Research (CDER), Center
for Biologics Evaluation and Research (CBER), Center for Devices and Radiological Health (CDRH).
Guidance for Industry: Patient-Reported OutcomeMeasures: Use in Medical Product Development to
Support Labeling Claims 2009 [updated December 200918.02.2014]. Available: http://www.fda.gov/
downloads/Drugs/Guidances/UCM193282.pdf.

43. National Institutes of Health. Common Fund Strategic Planning Report 2009: National Institutes of
Health—Department of Health and Human Services—June 2009 [updated January 01,
201121.08.2013]. Available: http://commonfund.nih.gov/about-cfspr2009.aspx.

44. US Department of Health and Human Services. 2012 Annual Progress Report to Congress National
Strategy for Quality Improvement in Health Care (continued) 2012 [21.08.2013]. Available: http://www.
ahrq.gov/workingforquality/nqs/nqs2012annlrpt2.htm#approach.

45. European Medicines Agency (EMA). Guideline on the evaluation of anticancer medicinal products in
man London: European Medicines Agency; 2013 [updated 13.12.201224.02.2014]. Available: http://
www.ema.europa.eu/docs/en_GB/document_library/Scientific_guideline/2013/01/WC500137128.pdf.

End of Life in Cancer Clinical Trials

PLOS ONE | DOI:10.1371/journal.pone.0136640 September 1, 2015 16 / 17

http://dx.doi.org/10.3205/hta000092
http://www.ncbi.nlm.nih.gov/pubmed/21468289
http://dx.doi.org/10.3109/0284186x.2012.731521
http://www.ncbi.nlm.nih.gov/pubmed/23190360
http://dx.doi.org/10.1007/s00408-013-9479-z
http://www.ncbi.nlm.nih.gov/pubmed/23715997
http://dx.doi.org/10.1200/JCO.2007.11.3845
http://dx.doi.org/10.1200/JCO.2007.11.3845
http://www.ncbi.nlm.nih.gov/pubmed/17991926
http://dx.doi.org/10.1016/j.jval.2013.03.1628
http://www.ncbi.nlm.nih.gov/pubmed/23947983
http://www.cancer.gov/cancertopics/factsheet/Therapy/targeted
http://www.ncbi.nlm.nih.gov/pubmed/20853132
http://dx.doi.org/10.1007/s11060-010-0403-6
http://www.ncbi.nlm.nih.gov/pubmed/21052775
http://dx.doi.org/10.1007/s11060-010-0427-y
http://dx.doi.org/10.1016/j.ejca.2012.04.011
http://dx.doi.org/10.1016/j.ejca.2012.04.011
http://www.ncbi.nlm.nih.gov/pubmed/22608262
http://www.ncbi.nlm.nih.gov/pubmed/20124186
http://dx.doi.org/10.1200/JCO.2009.23.2595
http://thesaurus.com/browse/salvage
http://thesaurus.com/browse/salvage
http://dx.doi.org/10.1200/JCO.2012.42.5967
http://www.ncbi.nlm.nih.gov/pubmed/23071244
http://dx.doi.org/10.1097/MLR.0b013e318268aaff
http://dx.doi.org/10.1097/MLR.0b013e318268aaff
http://www.ncbi.nlm.nih.gov/pubmed/22922434
http://www.fda.gov/downloads/Drugs/Guidances/UCM193282.pdf
http://www.fda.gov/downloads/Drugs/Guidances/UCM193282.pdf
http://commonfund.nih.gov/about-cfspr2009.aspx
http://www.ahrq.gov/workingforquality/nqs/nqs2012annlrpt2.htm#approach
http://www.ahrq.gov/workingforquality/nqs/nqs2012annlrpt2.htm#approach
http://www.ema.europa.eu/docs/en_GB/document_library/Scientific_guideline/2013/01/WC500137128.pdf
http://www.ema.europa.eu/docs/en_GB/document_library/Scientific_guideline/2013/01/WC500137128.pdf


46. Cleeland CS, Sloan JA, Cella D, Chen C, Dueck AC, Janjan NA, et al. Recommendations for including
multiple symptoms as endpoints in cancer clinical trials: a report from the ASCPRO (Assessing the
Symptoms of Cancer Using Patient-Reported Outcomes) Multisymptom Task Force. Cancer. 2013;
119(2):411–20. Epub 2012/08/30. doi: 10.1002/cncr.27744 PMID: 22930243.

47. Reeve BB, Wyrwich KW,Wu AW, Velikova G, Terwee CB, Snyder CF, et al. ISOQOL recommends
minimum standards for patient-reported outcomemeasures used in patient-centered outcomes and
comparative effectiveness research. Quality of life research: an international journal of quality of life
aspects of treatment, care and rehabilitation. 2013; 22(8):1889–905. Epub 2013/01/05. doi: 10.1007/
s11136-012-0344-y PMID: 23288613.

48. European Organisation for Research and Treatment of Cancer (EORTCQuality of Life Department).
EORTCQuality of life. Why do we need modules? Validated modules specific diseases [20.05.2015].
Available: http://groups.eortc.be/qol/why-do-we-need-modules.

49. Functional Assessment of Chronic Illness Therapy (FACIT.org). Questionnaires [20.05.2015]. Avail-
able: http://www.facit.org/FACITOrg/Questionnaires.

50. Mapi Research Trust. PROQOLID Patient-Reported Outcome and Quality of life Instruments Database
Lyon: Mapi Research Trust; [27.03.2014]. Available: http://www.proqolid.org/.

51. Calvert M, Blazeby J, Altman DG, Revicki DA, Moher D, Brundage MD. Reporting of patient-reported
outcomes in randomized trials: the CONSORT PRO extension. JAMA: the journal of the American Med-
ical Association. 2013; 309(8):814–22. Epub 2013/02/28. doi: 10.1001/jama.2013.879 PMID:
23443445.

52. Cherny N. Best supportive care: a euphemism for no care or a standard of good care? Seminars in
oncology. 2011; 38(3):351–7. Epub 2011/05/24. doi: 10.1053/j.seminoncol.2011.03.002 PMID:
21600362.

53. Köhler M, Haag S, Biester K, Brockhaus AC, McGauran N, Grouven U, et al. Information on new drugs
at market entry: retrospective analysis of health technology assessment reports versus regulatory
reports, journal publications, and registry reports. BMJ. 2015; 350:h796. doi: 10.1136/bmj.h796 PMID:
25722024

54. Riveros C, Dechartres A, Perrodeau E, Haneef R, Boutron I, Ravaud P. Timing and completeness of
trial results posted at ClinicalTrials.gov and published in journals. PLoS medicine. 2013; 10(12):
e1001566; discussion e. doi: 10.1371/journal.pmed.1001566 PMID: 24311990; PubMed Central
PMCID: PMC3849189.

55. Wieseler B, Kerekes MF, Vervoelgyi V, McGauran N, Kaiser T. Impact of document type on reporting
quality of clinical drug trials: a comparison of registry reports, clinical study reports, and journal publica-
tions. BMJ. 2012; 344:d8141. Epub 03.01.2012. doi: 10.1136/bmj.d8141; PubMed Central PMCID:
PMC22214759. PMID: 22214759

End of Life in Cancer Clinical Trials

PLOS ONE | DOI:10.1371/journal.pone.0136640 September 1, 2015 17 / 17

http://dx.doi.org/10.1002/cncr.27744
http://www.ncbi.nlm.nih.gov/pubmed/22930243
http://dx.doi.org/10.1007/s11136-012-0344-y
http://dx.doi.org/10.1007/s11136-012-0344-y
http://www.ncbi.nlm.nih.gov/pubmed/23288613
http://groups.eortc.be/qol/why-do-we-need-modules
http://FACIT.org
http://www.facit.org/FACITOrg/Questionnaires
http://www.proqolid.org/
http://dx.doi.org/10.1001/jama.2013.879
http://www.ncbi.nlm.nih.gov/pubmed/23443445
http://dx.doi.org/10.1053/j.seminoncol.2011.03.002
http://www.ncbi.nlm.nih.gov/pubmed/21600362
http://dx.doi.org/10.1136/bmj.h796
http://www.ncbi.nlm.nih.gov/pubmed/25722024
http://ClinicalTrials.gov
http://dx.doi.org/10.1371/journal.pmed.1001566
http://www.ncbi.nlm.nih.gov/pubmed/24311990
http://dx.doi.org/10.1136/bmj.d8141
http://www.ncbi.nlm.nih.gov/pubmed/22214759

