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ABSTRACT
Background: Despite newer therapies, advanced or metastatic non-small-cell lung cancer (NSCLC) con-
tinues to be the leading cause of cancer-related deaths worldwide. Deficits in the design and methods
of randomized controlled trials (RCTs) may contribute to reducing the clinical benefit of therapies in
oncology. To prioritize treatments based on efficacy results and toxicity data, the European Society for
Medical Oncology (ESMO) has developed the Magnitude of Clinical Benefit Scale (MCBS). The objective
of this study was to apply the ESMO-MCBS v1.1 to a cohort of RCTs on therapies for advanced or
metastatic NSCLC.
Material and methods: Phase III and pivotal phase II trials, published between 2013 and 2018, investi-
gating drug therapies for advanced NSCLC were included. PubMed was specifically searched for effi-
cacy/toxicity updates. Treatments were graded 5 to 1 on the ESMO-MCBS v1.1, using the lower limit
of the 95% confidence interval of the hazard ratio (HR), where scores 5 and 4 represent a substantial
clinical benefit. Additionally, scores using the point estimate HR were generated, for comparison.
Discrepancies between our grade estimations and the ones published on the ESMO website, as score-
cards, were identified.
Results: ESMO-MCBS scores were calculated for 42 positive clinical trials. 54.8% met the ESMO-MCBS
thresholds for clinically meaningful benefit (final grade of 4 or 5). That percentage decreased to 40.5%
when considering the point estimate of the HR. 50.0% of the trials had no published scorecard on the
ESMO website and discrepancies affected 11 (26.2%) studies.
Conclusion: Almost half of the RCTs showing a statistically significant result favoring the experimental
arm, failed to demonstrate a substantial clinical benefit according to the ESMO framework.
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Introduction

Globally, lung cancer represents the first cause of cancer
deaths accounting for 18.4% of the total estimated number
of deaths in 2018 [1]. About 84% of lung cancers are diag-
nosed at an advanced stage with an estimated 5-year sur-
vival rate of 6% [2], more than 80% of diagnosed patients
corresponding to non-small-cell lung cancer (NSCLC).

Randomized controlled trials (RCTs) have led to many
important therapeutic advances in oncology. Newer thera-
pies like targeted agents and immunotherapy are allowing
patients with advanced NSCLC to live longer than ever
before, however, this 5-year survival rate for advanced or
metastatic NSCLC continues to be very distant from the 57%
estimated for localized NSCLC [2].

Thus, there is growing concern about the magnitude of
benefit from new treatments in oncology, as too many RCTs

could be at high risk of bias due to deficits in their design
and methods [3–5]. Furthermore, the trends in anticancer
drug costs are compromising access to these drugs that are
already unaffordable in some countries [6]. For all these rea-
sons, the value of the drug, that is the relation between its
benefit and its cost, is an increasingly important issue to
address for a high-quality cancer care [7].

In light of this emerging concern, both the European
Society for Medical Oncology (ESMO) [8,9] and the American
Society of Clinical Oncology (ASCO) [10,11] have developed
scales to provide a framework to assess the clinical benefit
of new cancer therapies. The ESMO-Magnitude of Clinical
Benefit Scale (MCBS) ranks the clinical benefit in a structured
manner, by taking into account reported outcomes in terms
of longer survival (progression free survival [PFS], overall sur-
vival [OS]) and better survival (quality of life [QoL], toxicity).
Furthermore, what is also important, the ESMO-MCBS seems
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to be very reliable in advanced or metastatic diseases
throughout all treatment settings in daily practice [12].

The primary objective of this study is to assess the clinical
benefit of new therapies studied for advanced or metastatic
NSCLC by applying the ESMO-MCBS v1.1 to a cohort of RCTs
published between 2013 and 2018. Additionally, we evaluate
the reproducibility of the scale in this palliative setting by
comparison with the corresponding ESMO-MCBS scorecards.

Methods

Search strategy and study selection criteria

A structured search was conducted to identify phase III and
pivotal phase II RCTs published between 2013 and 2018 on
chemotherapy, targeted therapies, or immunotherapy agents
for patients with advanced NSCLC. MEDLINE (accessed via
Ovid SP) and EMBASE (Ovid SP) were consulted using the fol-
lowing search terms: non-small-cell lung, cancer OR carcin-
oma, humans, advanced OR metastatic, drug therapy,
randomized controlled trials, phase II AND phase III.

The inclusion criterion was the comparison of at least two
arms of drug therapies in patients with advanced NSCLC. To
a lesser extent, single-arm phase-II trials were included if
they were pivotal, that is key studies aimed to demonstrate
the efficacy and safety of a new drug to obtain its marketing
approval by regulatory authorities. We also considered those
RCTs comparing different dosage regimens of the same
agent or combination of agents. For trials with two or more
experimental arms, the arm selected for evaluation in this
review was the one which obtained the best primary end-
point result. When different publications of the same RCT
(including further data on survival or quality of life) were
available within our period of study, the latest data were
considered. PubMed was additionally searched particularly for
publication of survival updates or quality of life assessments
specified within the original study.

Exclusion criteria were: other than stages IIIB or IV NSCLC
studies; exploratory (non-pivotal) phase I/II trials; not pre-
planned subgroup analyses; any intervention study not
including drug therapies; non-randomized and non-pivotal
clinical trials; meta-analyses or reviews reporting data from
multiple RCTs; prematurely stopped RCTs due to futility or
unacceptable toxicity and studies in a language other than
English. Selected trials were scrutinized to identify potential
duplication or overlap.

Data extraction and management

Two investigators (RGF and CFL) independently reviewed all
abstracts applying the exclusion criteria and extracted data
from the eligible studies. A data abstraction form was devel-
oped to record details regarding study design, endpoints
(including response rates, PFS, OS, QoL and toxicity), and
conclusions. Disagreements were discussed between both
investigators to reach a consensus.

ESMO-MCBS scoring

The ESMO-MCBS v1.1 was applied to the selected RCTs that
demonstrated either a statistically significant result for the
primary outcome or a conclusion that supported non-infer-
iority, as the ESMO-MCBS v1.1 states [9]. For the noncurative
setting reviewed there are two forms (2a and 2 b) available
that consider the absolute gain in the predefined primary
and secondary endpoints and the lower limit of the 95%
confidence interval (CI) of the corresponding hazard ratio
(HR). For non-inferiority trials, the form 2c was developed
and considers QoL/toxicity data for assigning the score.
Another form (form 3) is available for the scoring of single-
arm studies. The preliminary score was adjusted according to
different ESMO stipulations on toxicity, QoL, long-term sur-
vival data, etc. Palliative treatments were eventually graded 5
to 1, where scores 5 and 4 represent a substantial clin-
ical benefit.

As proposed in the ESMO framework [9], the lower limit
of the 95% CI of the HR was used to assign the preliminary
ESMO-MCBS grade. Additionally, we generated the scores
using the point estimate HR for comparison. Subsequently,
the preliminary score was upgraded or downgraded, where
required, according to the adjustments included in the
ESMO-MCBS v1.1 forms [9]. For scoring of single-arm pivotal
phase-II studies, we employed the form 3 which does not
consider the HR values but the median PFS, overall response
rates (ORR) and duration of response rates.

At the same time, to evaluate the ESMO-MCBS daily prac-
ticability and reproducibility, we compared our grade estima-
tions with those published scores available on the ESMO
website as ESMO-MCBS scorecards (https://www.esmo.org/
guidelines/esmo-mcbs/esmo-mcbs-scorecards). Not only dis-
crepancies in the final grade value but also those in the
application of the MCBS in terms of form utilization, analyzed
studies, and adjustments were detected.

Statistical analysis

Data were collected in an Excel file designed for this review,
and imported into SPSS 19.0 (IBM, Chicago, IL) for statistical
analysis. Given the non-parametric distribution of medians, a
bivariate analysis using the Mann–Whitney and
Kruskal–Wallis tests was conducted to evaluate how the
ESMO-MCBS v1.1 scores were influenced by median OS and
median PFS. Substantial benefit scores of 4 to 5 versus scores
1 to 3 were analyzed. Results were considered significant at
P value < 0.05.

Results

As shown in Figure 1, the structured search resulted in 775
studies, but only 92 studies were selected after applying the
study eligibility criteria. The 42 trials finally included were
those in which the ESMO-MCBS v1.1 scoring could be per-
formed (statistically significant result favoring the experimen-
tal arm) and involved a total of 21,051 patients with
advanced NSCLC. Out of these studies, 25 (59.5%)
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investigated first-line therapies and 17 (40.5%) examined
second or subsequent lines of therapy. Phase III trials com-
prised 37 (88.1%) of all the studies included. There was a sin-
gle-arm, phase-II clinical trial leading to registration of the
examined drug, lorlatinib. The primary endpoint was PFS in
59.5% of trials and OS in 28.6%. QoL data were available for
29 of 42 (69.0%) included trials. Other characteristics are
listed in Table 1.

Final ESMO-MCBS grades given to the studies included
were based on OS data (form 2a) in 45.2% (19/42) of the tri-
als; on PFS differences (form 2b) in 42.9% (18/42); on the
non-inferiority design of the studies (form 2c) in 9.5% (4/42);
and based on ORR (form 3) in 2.4% (1/42) of the total.
Detailed scoring and adjustments on ESMO-MCBS v1.1 appli-
cation to our cohort is available in Table 2 and
Supplementary Table S1 (available online) for first-line setting
studies and second and subsequent lines of therapy,
respectively.

Trials meeting the ESMO-MCBS threshold for a clinically
meaningful benefit, attaining a final grade of 4 or 5, repre-
sented 54.8% (23/42) of the total. When considering the
point estimate of the HR instead of the lower limit of its 95%
CI, the percentage of the therapies that met that threshold
decreased (40.5% vs 54.8%), as shown in Table 3. Stratifying
by final scores demonstrates that 7.1% of the cohort (3/42)
reached a final score of 1; 9.5% (4/42) a score of 2 and
28.6% (12/42) a score of 3. Grade 4 was achieved by the
studied treatment in 18 (42.9%) trials while grade 5 only by
5 (11.9%). However, not all the drugs that obtained such
grades of significant benefit did eventually access the mar-
ket; 4 experimental therapies (nedaplatin, S-1, rmhTNF, and
anlotinib) corresponding to 5 trials did not undergo further
research. Among the trials that achieved a score of 4 or 5, 3/
23 (13.0%) corresponded to cytotoxic agents, 13/23 (56.5%)
examined targeted therapies, and 7/23 (30.5%) evaluated
immunotherapeutic drugs. Trials on monoclonal antibodies

(bevacizumab, ramucirumab and necitumumab) did not
reach this threshold. Furthermore, toxicity/QoL adjustments
were needed in 20/23 (87.0%) of trials to achieve the ESMO
threshold for substantial clinical benefit.

Median PFS and median OS were slightly higher for clin-
ical trials achieving the ESMO threshold for significant clinical
benefit (scores 4 to 5) than for those that did not (scores 1
to 3). However, no statistically significant differences were
found in median PFS (P¼ 0.734) and median OS (P¼ 0.849)
between both groups of trials.

When comparing our final ESMO-MCBS scores with the
pertinent ESMO-MCBS scorecards available on the ESMO
website, we found that 21/42 (50.0%) of the trials had no
published scorecard; 15 of them on experimental therapies
that had granted the market authorization by the Food and
Drug Administration and/or the European Medicines Agency,
and continue to be authorized for human use. Discrepancies
affected a total of 11 (26.2%) studies for the following rea-
sons: study selection for the ESMO-MCBS scoring (n¼ 8); tox-
icity and/or QoL adjustment (n¼ 4); and cohort of patients
contemplated for scoring (n¼ 1). However, final scores dif-
fered in value only in 4 of the 21 trials with published score-
cards (9.5% of the total): PROFILE 1014 on crizotinib, J025567
on bevacizumab plus erlotinib, KEYNOTE-024 on first-line
pembrolizumab and KEYNOTE-010 on second-line pembroli-
zumab 10mg/Kg. Details on this comparison are summarized
in Table 4.

Discussion

In the present study, we have applied the ESMO framework
[9] to measure the magnitude of clinical benefit into which
the results from phases II and III trials on drug therapy for
advanced NSCLC are translated. Our cohort of 42 studies
comprises diverse treatment options with palliative intent,
from first-line to salvage therapies, published between 2013
and 2018.

Phase III studies represent 90.5% (38/42) of the total, lead-
ing to a higher quality of evidence in contrast to phase II

Table 1. Characteristics of the 42 clinical trials included.

Characteristic N %

Histology
Squamous NSCLC 4 9.5
Non-squamous NSCLC 15 35.7
Both histology types 23 54.8

Therapy
Cytotoxic 7 16.7
Targetet 23 54.8
Monoclonal antibody 3 7.1
Immunotherapy 9 21.4

Primary endpoint
Overall survival (OS) 12 28.6
Progression-free survival (PFS) 25 59.5
Co-primary endpoints (OSþ PFS) 4 9.5
Overall response rate (ORR) 1 2.4

Sample size
Mean 347
Median 387
Range 289�601

Industry sponsorship
Yes 39 92.8
No 3 7.2

Figure 1. Flow diagram depicting the trial selection process for the review.
RCT: randomized controlled trial; ESMO-MCBS: ESMO-Magnitude of Clinical
Benefit Scale.
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design. The remaining four phase-II trials included in our
review examine therapies that granted a market authoriza-
tion based on preliminary efficacy results. This tendency of
accelerated authorization from regulatory authorities may
contribute to reducing the timeframe for new drugs to enter
the market at the expense of clear evidence that they
improve patients’ OS or QoL, even in post-marketing stud-
ies [13].

The utilization of MCBS grading forms based on OS and
those based on PFS is comparable (45.2% vs 42.9%, respect-
ively). Our results reveal that despite the primary endpoint of
the included studies was PFS in 59.5% of the total, only
42.9% of trials were evaluated with the form 2b. The remain-
ing proportion (16.6%, 7 trials) was thus assessed as if their
primary endpoint was OS instead, just as the ESMO-MCBS
states. An evaluation according to the form designed for OS
(form 2a) is required by the ESMO framework when this out-
come is presented as a secondary endpoint and shows an
advantage. However, this scoring system might overestimate
conclusions based on PFS findings in these clinical trials as
they are statistically powered to only detect significant differ-
ences in PFS, not in OS. This trend toward the use of PFS as
the primary endpoint in advanced NSCLC clinical trials has
already been confirmed in a recent retrospective cohort
study [14], where concerns about how clinical benefits are
measured in this setting were also displayed.

To our knowledge, there is no other review on ESMO-
MCBS v1.1 application conducted exclusively in advanced
NSCLC. Broekman et al. [15] analyzed controversial thera-
peutic options in advanced-stage ovarian cancer. They could

only apply the ESMO-MCB scale to 20% (11/55) of the studies
included, in contrast to the 45% (42/92) in which we were
able to apply the scale, but concluded that the ESMO thresh-
old for clinical benefit should be considered when designing
future clinical trials. Del Paggio et al. [16] reached the same
conclusion when evaluating 226 RCTs published between
2011 and 2015 in different cancer types, including NSCLC.
They could apply the ESMO-MCBS to 50% of their total
cohort and also assessed the proportion of trials that met
the ESMO-MCBS threshold for clinical benefit using both the
lower limit of 95% CI of the HR and the point estimate. They
found that the percentage of trials meeting that threshold
was 31% and decreased by 6% when the point estimate was
used [16]. In our cohort, 54.8% (23/42) of trials meet the
threshold for meaningful benefit but the comparison with
the point estimate HR scores also reduces that percentage,
in this case to 40.5%, meaning a difference of 14.3%. These
findings suggest that the ESMO-MCBS v1.1 could be some-
what permissive when using the lower limit of 95% CI of the
HR instead of the point estimate HR.

An increasing debate has been emerging on the validity
and reproducibility of the ESMO-MCBS v1.1 [17–19]; toxicity
grade adjustments, for example, might be confusing. The
ESMO-MCBS v1.1 only applies a toxicity penalty when the
primary endpoint and thus ‘scoreable’ outcome is PFS, and
only for high-grade adverse events that compromise global
QoL. These apparent differences in toxicity penalties within
each grading form constitute one of the unresolved
criticisms of the ESMO-MCBS framework [17]. The opportun-
ity exists for the ESMO-MCBS Working Group to consider the

Table 3. Trials that show disparity between the ESMO-MCBS score based on the lower limit of the 95% confidence interval of hazard ratio (final score) and the
reported or point estimate hazard ratio ESMO-MCBS score.

Analyzed treatment(s) Setting
Primary

outcome (PO) PO HR (95%CI)

Toxicity
adjustment/
comment

Final score
and form

HR point
estimate
MCBS

Bevacizumabþ Erlotinib First-line, SQ
and nSQ

PFS 0.71 (0.58–0.86) – 2 (form 2 b) 1

PMX First-line, nSQ,
maintenance

PFS (OS improved) 0.78 (0.64–0.96) – 3 (form 2a) 1

CbP or CsP
þGEMþ Erlotinib

First-line, SQ
and nSQ

PFS (OS improved) 0.79 (0.64–0.99) Rash G3-4 (0.4% vs
5%).
No adjustment

4 (form 2a) 2

NedaplatinþDCX First-line, SQ OS 0.81 (0.65–1.02) Less G3-4 toxic
effects.
Adjustment 1

4 (form 2a) 2

Afatinib First-line, nSQ PFS 0.73 (0.57–0.95) – 1 (form 2 b) 1
Dacomitinib First-line, nSQ PFS (OS improved) 0.76 (0.58–0.99) – 3 (form 2a) 1
Osimertinib First-line, nSQ PFS (OS improved) 0.80 (0.64–1.00) Improved QoL 4 (form 2a) 1
CbPþ PCXþ Bevacizumab

þAtezolizumab
First-line, nSQ OS 0.78 (0.64–0.96) – 3 (form 2a) 1

CsP/CbPþDCX
þ rmhTNF

Second or
subsequent line,
SQ and nSQ

OS 0.75 (0.63–0.89) Less G3-4 nausea
and vomiting

5 (form 2a) 2

Atezolizumab Second or
subsequent line,
SQ and nSQ

OS 0.73 (0.53–0.99) – 3 (form 2a) 1

Atezolizumab Second or
subsequent line,
SQ and nSQ

OS 0.75 (0.64–0.89) Improved 5 (form 2a) 2

Anlotinib Second or
subsequent line,
SQ and nSQ

OS 0.68 (0.54–0.87) Improved 4 (form 2a) 3

NA: not applicable; HR: hazard ratio; MCBS: magnitude of clinical benefit scale; QoL: quality of life; PFS: progression-free survival; OS: overall survival; CbP: carbo-
platin; CsP: cisplatin; GEM: gemcitabine; PCX: paclitaxel; DCX: docetaxel; rmhTNF: recombinant mutated human tumor necrosis factor.
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introduction of toxicity penalties in form 2a; based on
OS findings.

As a result of the aforementioned data, discrepancies
between scores were found to affect a notable proportion of
our cohort (26.2%); however, most of the reasons for discrep-
ancy do not lead to a different final ESMO-MCBS score.
Differences in the analyzed studies for scoring can be
amended by updating the database, considerably reducing
the discrepancy rate observed. Disparities in toxicity or QoL
adjustments occur when evaluating pembrolizumab in two
different trials. In KEYNOTE-024, no statistically significant dif-
ferences are shown in QoL assessed by the validated ques-
tionnaire EQ-5D-3L visual analog scale (VAS), but two other
scales are applied (QLQ-LC13 and QLQ-C30) and show an
advantage, although the clinical significance of this advan-
tage is not clear at all. In KEYNOTE-010, though adverse
events grades 3 or higher differ between treatment arms,
the statistical significance is not available within the publica-
tion, and the percentages include any adverse event of
grade �3 but not only those affecting patients’ daily well-
being, as denoted in the ESMO-MCBS v1.1 forms. Further ver-
sions of the ESMO-MCBS that address these limitations in
evaluating toxicity profiles are highly expected and desirable.

Although a substantial percentage of discrepancies were
found when our scores were compared with the correspond-
ing ESMO scorecards, discrepancies in the value of final
scores were minimum. Naturally, the ESMO-MCB scale adds a
useful tool for categorizing and processing clinical trial data
of the examined drugs. Combined with pharmaceutical costs,
the ESMO framework may help clinicians and regulatory
authorities to select the most valuable therapeutic option
among those competing drugs developed for the same clin-
ical entity [20,21]. Furthermore, it should be considered in
the statistical design of future RCTs [15,17] to ensure reach-
ing the thresholds of meaningful clinical benefit and the
maximum validity of research data.

A major caveat is that solely 54.8% of all the evaluated
clinical trials achieved the ESMO thresholds for meaningful
clinical benefit despite the statistically significant difference
favoring the experimental arm they had shown. Thus, almost
1 out of 2 positive clinical trials is unable to demonstrate a
substantial clinical benefit according to the ESMO framework.
As mentioned above, only 5/42 (11.9%) of the clinical trials
correspond to not commercialized drugs, leading to a high
proportion of commercialized drugs that do not meet the
ESMO-MCBS threshold for clinical benefit. Some authors have
criticized this issue after evaluating market approvals for can-
cer drugs in recent periods of time [3,4,13].

One of the main limitations of reviews and meta-analyses
is publication bias, a form of selection bias. However, we
minimized it by applying an organized searching strategy
where two researchers independently selected the studies
conforming to predefined inclusion and exclusion criteria. To
only assess new therapies that had shown enough efficacy
and toxicity data, we discarded phase I and non-pivotal
phase II RCTs. Thus, the RCTs included mainly represent com-
mercialized drugs used in daily clinical practice.

Some other limitations might have affected our results.
For example, we could not evaluate the effect of permitted
cross-over on the OS rates in such studies, which might influ-
ence the final ESMO-MCBS grade and lead to suboptimal
decisions [22]. Besides, the limited toxicity data available
within a publication of a clinical trial prevent from properly
adjusting the preliminary grades. In other cases, the lack of
QoL estimations results in a less accurate evaluation of the
magnitude of clinical benefit, as adjustments related to QoL
data cannot be contemplated. We consider that no measure
could be taken to minimize these sources of bias.

In conclusion, a great proportion of clinical trials, mostly
on commercialized drugs, did not meet the ESMO thresholds
for meaningful clinical benefit in our study. Despite the
ESMO-MCBS v1.1 constitutes a useful and reproducible
instrument for assessing the clinical benefit of drugs for
advanced NSCLC, a more detailed approach to toxicity penal-
ties that accounts for those persistent, low-grade adverse
events is required, as well as an adapted scoring for those
studies based on PFS, ensuring that the limitations of this
endpoint, as a surrogate for improved OS, are duly expressed
in the final scores.
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