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ABSTRACT

Objective The aim of this study was to assess the clinical
benefit value of approved antibody drug conjugates (ADCs)
for solid tumours using the European Society for Medical
Oncology Magnitude of Clinical Benefit Scale (ESMO-
MCBS) V.1.1.

Design Systematic descriptive analysis.

Data sources PubMed was searched for publications
from 1 January 2000 to 18 October 2023.

Eligibility criteria We included the phase Ill randomised
controlled trials or phase Il pivotal trials leading to approval
of ADCs in solid tumours.

Data extraction and synthesis Two independent
reviewers extracted data and discrepancies were resolved
by consensus in the presence of a third investigator.
Results ESMO-MCBS Scores were calculated for 16
positive clinical trials of eight ADCs, which were first
approved by the US Food and Drug Administration (FDA),
the European Medicines Agency (EMA), the China National
Medical Products Administration and the Japanese
Pharmaceuticals and Medical Devices Agency for solid
cancers. Among 16 trials, 4 (25%) met the ESMO-MCBS
benefit threshold grade, while 12 (75%) of the regimens
did not meet the ESMO-MCBS benefit threshold grade. 5
(31%) of the 16 trials had no published scorecard on the
ESMO website due to the approval by other jurisdictions
but not by the FDA or EMA. Discrepancies between our
results and the ESMO scorecard were observed in 4 (36%)
of 11 trials, mostly owing to integration of more recent
data.

Conclusions ESMO-MCBS is an important tool for
assessing the clinical benefit of cancer drugs, but not all
drugs met the meaningful benefit threshold.

INTRODUCTION

Cancer is one of the leading causes of
the death worldwide and ranks second
in mortality below heart disease in the
USA.' * Considering the off-target toxici-
ties of chemotherapeutic drugs, novel anti-
cancer agents which can selectively target

, Pengxiang Wu

STRENGTHS AND LIMITATIONS OF THIS STUDY

= This analysis assessed the clinical benefit in phase
Il randomised controlled trials or phase Il pivotal tri-
als leading to approval.

= The European Society for Medical Oncology
Magnitude of Clinical Benefit Scale (ESMO-MCBS)
is a validated tool for grading the clinical benefit of
novel drugs.

= Shortcomings of the ESMO-MCBS were identified,
which should be addressed in future versions.

= The data lack some important information such as
the drug costs analysis and American Society of
Clinical Oncology Value Framework.

cancer cells and attenuate side effects are
urgent. Antibody drug conjugates (ADCs)
are the emerging next generation therapeu-
tics after monoclonal antibodies, attributing
to the superior anticancer activity over tradi-
tional chemotherapy.3 In 2000, the US Food
and Drug Administration (FDA) approved
the first ADC, gemtuzumab ozogamicin
(Mylotarg), for the treatment of patients with
acute myeloid leukaemia.” To date, a total of
15 ADCs have been approved worldwide and
more than 100 ADCs are currently being eval-
uated in clinical trials.’®

The paradigm of cancer therapy has shifted
from the disease-centred strategy to a patient-
centred strategy, emphasising the compre-
hensive value of the therapeutic regimen,
including quality of life (QoL) and cost.
However, it is always hard to objectively eval-
uate therapy value and clinical benefit. Both
the American Society of Clinical Oncology
Value Framework” ® and the European
Society for Medical Oncology Magnitude
of Clinical Benefit Scale (ESMO-MCBS)? !
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aimed to evaluate the clinical benefit of novel anticancer
treatments. Besides, the ESMO-MCBS seems to be very
reliable in advanced or metastatic diseases across all ther-
apeutic settings in daily practice."!

Randomised controlled trials are regarded as the ‘gold
standard’ in evaluating medicinal products.'® Considering
an unmet medical need, single-arm trials can also support
approvals, although uncommon. Here, we overview the
landscape of ADCs approved by the FDA, the European
Medicines Agency (EMA), the China National Medical
Products Administration (NMPA) and the Japanese Phar-
maceuticals and Medical Devices Agency (PMDA) for
solid cancer, and describe the clinical benefit of these
ADCs and further explore whether clinical benefit is
related to high-quality cancer care.

METHODS

Design

Our study is a systematic descriptive analysis. There was
no protocol and the study was not registered.

Data sources and searches

We identified all approved indications of eight ADCs
between 1 January 2000 and 18 October 2023 by searching
different official websites, including FDA (https://www.
fda.gov/), EMA (http://www.ema.europa.ecu), NMPA
(https://www.nmpa.gov.cn/) and PMDA (https://www.
pmda.go.jp/english/index.html). Drug names, indica-
tions and approval dates were recorded from these offi-
cial websites. In addition, PubMed (https://pubmed.
ncbi.nlm.nih.gov/) was searched for publications from 1
January 2000 to 18 October 2023. The full search terms
used in this study are presented in online supplemental
table S1. The search was limited to human studies and
had no language restrictions.

Study selection

The inclusion criterions were the phase II and phase
III randomised controlled trials that led to approval by
regulatory authorities. The phase II single-arm trials
were included if they were pivotal to obtain its marketing
approval. Updated data of pivotal studies or reports on
toxicity or QoL outcomes were also considered.

The exclusion criteria were: non-pivotal trials (eg, the
secondary, subset, meta-analyses or systematic reviews;
phase I or IV trials; exploratory trials); prematurely
stopped randomised controlled trials; no drug therapy
intervention; haematological non-English
articles.

Cancers;

Data extraction

The study was reviewed independently by two investiga-
tors (XY and YW) and relevant details were extracted
from each study, including study design, sample size and
endpoints (objective response rate (ORR), disease-free
survival (DFS), progression free survival (PFS), overall
survival (OS), QoL and toxicity). The discrepancies were

resolved by consensus in the presence of a third investi-
gator (LD).

ESMO-MCBS scoring

The ESMO-MCBS can be used to rank the value of systemic
therapies based on reported relative and absolute bene-
fits in terms of improved survival (DFS, PFS and OS) and
better survival (eg, QoL, toxicity). It is worth noting that
the ESMO-MCBS can only be applied to studies showing
statistically significant differences. For the non-curative
setting, form 2a and form 2b are available, considering the
predefined primary and secondary endpoints with regard
to absolute gain as well as the lower end of the 95% CI of
the corresponding HR. In the context of non-inferiority
trials, form 2c has been devised, incorporating QoL and
toxicity data to evaluate scores. Additionally, form 3 is
designated to assess single-arm studies. Initial score was
adjusted based on various ESMO criteria, including long-
term survival, toxicity and QoL."” Palliative therapies were
ultimately graded 1-5 for advanced disease setting and
as A, B or C for adjuvant or neoadjuvant therapy setting,
with scores 5, 4, A or B representing substantial clinical
benefit."*

Patient and public involvement
None.

RESULTS

Trial selection and characteristics

After excluding 7 of 15 approved ADCs (ie, gemtuzumab
ozogamicin, brentuximab vedotin, inotuzumab ozoga-
micin, moxetumomab pasudotox, polatuzumab vedotin,
belantamab mafodotin and loncastuximab tesirine)
for haematological cancers, clinical trials on 8 ADCs
for solid cancers were identified. A total of 21 publica-
tions from 16 clinical trials (nine randomised controlled
trials and seven single-arm trials) leading to approval
for solid cancers were finally identified, including 2 for
trastuzumab emtansine, 1 for enfortumab vedotin, 5 for
trastuzumab deruxtecan, 3 for sacituzumab govitecan,
1 for cetuximab saratolacan, 2 for disitamab vedotin, 1
for tisotumab vedotin and 1 for mirvetuximab soravtan-
sine. The approved ADCs covered seven solid cancer
types, including breast cancer, urothelial carcinoma,
gastric cancer, non-small cell lung cancer, head-and-neck
squamous cell carcinoma, cervical cancer and ovarian
cancer (table 1). The publications on updated efficacy
or QoL data were also included for ESMO-MCBS score
adjustment.'”

ESMO-MCBS Scores

In total, 16 clinical trials were assessed by form 1 (n=1),
form 2a (n=6), form 2c (n=1) and form 3 (n=8). Among
16 trials, 4 (25%) of the regimens met the ESMO-MCBS
benefit threshold grade, while 12 (75%) of the regimens
did not meet the ESMO-MCBS benefit threshold grade
(table 2).
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Table 1 Characteristics of the included studies
Trial name/Registry
Drug name number Design Indications Approval data Ref
Trastuzumab KATHERINE Phase Il RCT  HER2-positive early breast cancer 2019 by FDA 15
emtansine NCT01772472 after receiving neoadjuvant 2019 by EMA
therapy containing a taxane (with
or without anthracycline) and
trastuzumab
EMILIA Phase Il RCT  HER2-positive advanced breast 2013 by FDA 16-18
NCT00829166 cancer second line 2013 by EMA
Enfortumab vedotin EV-301 Phase Il RCT  Locally advanced or metastatic 2019 by FDA 19
NCT03474107 urothelial carcinoma 2022 by EMA
Trastuzumab DESTINY-Breast01  Phase Il SAT HER2-positive metastatic breast 2019 by FDA 20
deruxtecan NCT03248492 cancer third line 2020 by EMA
DESTINY-Breast03  Phase lll RCT  HER2-positive metastatic breast 2022 by FDA 2122
NCT03529110 cancer second line 2022 by EMA
2023 by NMPA
DESTINY-Breast04 Phase lll RCT  HER2-low metastatic breast 2022 by FDA 23
NCT03734029 cancer 2022 by EMA
2023 by NMPA
DESTINY-GastricO1 Phase Il RCT HER2-positive advanced gastric 2021 by FDA 24
NCT03329690 or gastro-oesophageal junction 2022 by EMA
adenocarcinoma after a prior
trastuzumab-based regimen
DESTINY-Lung02 Phase Il SAT Metastatic HER2-mutant NSCLC 2022 by FDA 25
NCT04644237 second line
Sacituzumab ASCENT Phase Il RCT  Relapsed or refractory metastatic 2020 by FDA 26 27
govitecan NCT02574455 triple-negative breast cancer 2021 by EMA
2022 by NMPA
TROPICS-02 Phase Il RCT  Endocrine-resistant, 2023 by FDA 28 29
NCT03901339 chemotherapy-treated HR+/ 2023 by EMA
HER2- locally recurrent inoperable
or metastatic breast cancer
TROPHY-U-01 Phase Il RCT Metastatic urothelial carcinoma 2021 by FDA 30
NCT03547973
Cetuximab = Phase Il SAT Recurrent head and neck 2020 by PMDA 3i
saratolacan NCT02422979 squamous cell carcinoma
Disitamab vedotin - Phase Il SAT HER2-overexpressing, locally 2021 by NMPA 82
NCT03556345 advanced or metastatic gastric
or gastro-oesophageal junction
cancer
— Phase Il SAT HER2+ locally advanced or 2022 by NMPA 33
NCT03507166 metastatic urothelial carcinoma
Tisotumab vedotin  innovaTV 204 Phase Il SAT Recurrent or metastatic cervical 2021 by FDA 34
NCT03438396 cancer
Mirvetuximab SORAYA Phase Il SAT FRa-high, platinum-resistant 2022 by FDA 35
soravtansine NCT04296890 epithelial ovarian cancer

EMA, European Medicines Agency; FDA, Food and Drug Administration; HRQoL, health-related quality of life; NMPA, National Medical

Products Administration; NSCLC, non-small cell lung cancer; PMDA,

randomised control trial; SAT, single-arm trial.

In trials meeting the ESMO threshold for clinically
meaningful benefit (scores 4-5), the median PFS and
median OS seemed slightly extended in contrast to those
falling below the threshold (scores 1-3), despite that
statistically significant differences were not calculated.

Japanese Pharmaceuticals and Medical Devices Agency; RCT,

On the comparison of our final ESMO-MCBS Scores
with the relevant scorecards accessible through the ESMO
website, 5 out of 16 (31%) trials did not yet have the
published scorecard, mostly because they are approved by
jurisdictions other than the EMA and FDA. In our study,
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several ADCs have been only approved by local agencies
in China and Japan. Discrepancies were observed in 4 of
11 (36%) trials (table 2). We find different scores mostly
due to integration of more recent data. When it comes to
multiple publications, the clinical benefit was evaluated
based on both the primary and secondary manuscripts.
In our study, we presented the scores based on the newly
published articles due to the more mature OS data or
QoL data. Interestingly, discrepancies were observed
in EMILIA and TROPiCS Trials. The scores in EMILIA
based on the interim analyses and final OS analyses were
4 and 3, respectively. The score was decreased as the OS
HR was increased. Similarly, the scores in TROPiCS-02
based on the interim analyses and final OS analyses were
3 and 1, respectively. As OS data were mature and showed
benefit, the form 2b was replaced by form 2a; however, the
OS HR was increased, leading the low score. Besides, in
the DESTINY-Breast03 Study, given that the form 2b was
replaced by form 2a, we ignored the long-term plateau in
the PFS curve, resulting in the discrepancy. According to
the ESMO-MCBS scorecard, DESTINY-GastricOl was eval-
uated as 4 with the form 2a instead of form 2c, and the
main reason was that the hierarchical primary outcome
was OS.

DISCUSSION

To the best of our knowledge, this is the first review to
apply ESMO-MCBS V.1.1 exclusively to approved ADCs.
In this study, we used the ESMO-MCBS tool to gauge the
magnitude of clinical benefit derived from phases II and
III trials on ADC therapy for solid tumours. Our cohort
of 16 clinical trials encompassed multiple therapeutic
options with ADCs from 2000 to 2023.

Despite the preferred trials for the application of
marketing approval, randomised controlled trials are not
always likely to perform. In recent years, various drugs
have been approved based on the single-arm trials. These
approvals were instituted to fulfil an unmet medical neces-
sity, with less comprehensive data compared with those for
standard approval processes. However, the evidence level
that the investigational drugs provide clinical benefits
may be insufficient when solely based on single-arm trials.
In our study, to evaluate whether the authorised drugs
based on single-arm trials provided substantial benefit, we
included these pivotal phase II single-arm trials leading to
the approval.

The application of ESMO-MCBS forms on the basis of
OS and/or PFS was less than those based on ORR (38%
vs 56%). In five trials with the primary endpoint of PFS,
four (80%) trials were assessed using form 2a instead of
form 2b due to the OS advantage. However, a previous
study revealed that conclusions based on PFS outcomes in
these clinical trials might be overestimated by this scoring
system, due to the statistical power to only detect signif-
icant differences in PFS, rather than 0S." ORR is not a
direct measure of clinical benefit; however, it is a measure
of anticancer activity.”® A study found that 38% and 34%

of anticancer drugs were approved by FDA based on
ORR and PFS, shortening the development durations by
19 months and 11 months, respectively.”” Nevertheless,
among 93 anticancer drugs with accelerated approvals,
only 20% demonstrated an improvement in OS in confir-
matory trials.”® As previously revealed, the definition of
clinical value is different between stakeholders, causing
different conclusions.* For instance, the ESMO considers
benefit as ‘living longer and/or living better’, which reso-
nates in the ESMO-MCBS form for single-arm trials.” "’
This is confirmed in our findings that the benefit of the
majority of ADCs was ‘modest’ according to ESMO-MCBS
Scores. A high ESMO-MCBS Score for single-arm trials
was related to favourable efficacy in combination with an
improved QoL.* Yet, delayed publications or publication
bias for QoL is overlooked by ESMO-MCBS.*' Therefore,
QoL appears of lesser importance in regulatory decision
making on single-arm trials.

Despite a minor number of inconsistencies between our
final scores and the relevant ESMO scorecards, the final
scores varied significantly due to these disparities. The
reassessment of the ESMO-MCBS Score is important when
results from confirmatory trials are published, which may
affect the ESMO-MCBS Score. Furthermore, extended
follow-up may also affect the EMSO-MCBS Score. For
example, we previously assigned an ESMO-MCBS Score
of ‘3’ for sacituzumab govitecan (ASCENT Trial) due to
the increased toxicity; however, we finally assigned a score
of ‘4’ due to a recent publication on health-related QoL.?’
On the contrary, the score was found to decrease as OS
data were mature and showed benefit while the value of
OS HR was increased in the EMILIA'®'7 and TROPiCS
Trials.”® * ESMO-MCBS can develop a specialised form
for re-evaluation of the updated OS data. Additionally,
adjustments sometimes might be confusing. For example,
we assigned an ESMO-MCBS Score of ‘3’ for trastuzumab
deruxtecan (DESTINY-Breast03 Trial) based on form
2a due to the improved OS; however, the ESMO-MCBS
scorecard showed ‘4’ due to the long-term plateau in the
PFS curve based on form 2b. Although grades >3 adverse
events may be different between the treatment arms, it
was not always statistically significant in publications.
Besides, adverse events that can affect the daily well-being
of patients may not be consistently published. Clearer
definitions or quantifications of toxicity profiles in future
ESMO-MCBS versions are highly desirable. Furthermore,
several trials had no published scorecard, because they
are approved by jurisdictions other than the EMA and
FDA. We suggest that ESMO-MCBS scorecards can also
publish the drugs that are approved by other agencies
other than FDA and EMA.

Almost half of positive clinical trials are unable to
demonstrate a substantial clinical benefit based on the
ESMO framework, and this has drawn criticism in light
of market approvals for anticancer drugs in recent
periods.”*™* In our study, only 4/16 (25%) of the clin-
ical trials can meet the ESMO-MCBS threshold for clin-
ical benefit. Notably, all single-arm trials cannot meet
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the ESMO-MCBS threshold for clinical benefit. Form 3 is
used to assess single-arm trials, but it should also be noted
that by using this form, only grades from 1 to 4 can be
attained. As a result, the threshold can only be met if the
study demonstrates HRQoL improvements, or addition-
ally, if confirmatory phase IV trials are accessible.

Furthermore, in a head-to-head trial (DESTINY-
Breast03) to compare the efficacy and safety of trastu-
zumab deruxtecan with those of trastuzumab emtansine
in patients with HER2-positive metastatic breast cancer,
trastuzumab deruxtecan showed a superior OS over tras-
tuzumab emtansine.?' %2 Thus, we are also confused that
whether the OS gain in the ESMO-MCBS tool can eval-
uate the benefits of different drugs in the same indication
or the same drug in different indications. The thresholds
for the OS gain appear a bit lenient.

This study has several implications. First, this study
showed clinical benefits for limited ADCs in solid tumours,
suggesting that subsequent clinical trials on the treatment
of solid tumours with ADCs should follow the cases with
meaningful clinical benefit. Second, value frameworks
can help not only identify drugs with low or uncertain
clinical benefit that should be targeted for price nego-
tiations, but also therapies with evidence of higher clin-
ical benefit to improve access to benefit drugs, thereby
contributing to patient-centred cancer treatment goals.
Finally, the ADCs with HRQoL improvement showed
clinical benefit, suggesting that HRQoL should be paid
sufficient attention in clinical trials and clinical treatment
strategies.

There are several limitations in our study. First, we
limited our analysis to solid tumours and excluded drugs
approved to treat haematological malignancies. When
this study was completed in June 2023, the haematology-
specific version has yet to be published. We will further
access the clinical benefits of ADCs for haematolog-
ical malignancies according to the currently published
ESMO-MCBS:H V.1.0.* Another main limitation is
publication selection bias. However, we implemented a
rigorous search strategy to mitigate it. Publications were
selected by two investigators independently based on
predefined inclusion and exclusion criteria. We specif-
ically excluded phase I and non-pivotal phase II trials
to evaluate novel therapies with sufficient efficacy and
toxicity data, thereby primarily including authorised regi-
mens applied in routine clinical practice. Furthermore,
the limited toxicity data accessible within published clin-
ical trials hindered our ability to accurately adjust prelim-
inary grades. Additionally, our study was also limited by
the lack of drug costs, which may help clinicians to select
the optimal therapeutic drugs developed for the same
clinical entity.*

In conclusion, this is the first study that used the ESMO-
MCBS tool to assess the clinical benefit of ADCs across
several solid cancers. ESMO-MCBS are important tools for
assessing the clinical benefit of cancer drugs, but not all
drugs met the meaningful benefit threshold. Those ther-
apeutic regimens with improved HRQoL showed clinical

value, suggesting that clinical trials and clinical treatment
strategies should pay more attention to HRQoL. Further-

more, a more exhaustive rule for toxicity penalties due to
adverse event is required, as well as the approach to an
adjusted scoring for the trials with HRQoL data.

Contributors LD, YW and XY designed the study. XY, ZS and PW extracted the data
from all sources, performed the analyses and drafted the manuscript. All authors
critically revised the manuscript. LD is responsible for the accuracy of the data and
accepts full responsibility for the work and/or the conduct of the study, had access
to the data, and controlled the decision to publish.

Funding The authors have not declared a specific grant for this research from any
funding agency in the public, commercial or not-for-profit sectors.

Competing interests None declared.

Patient and public involvement Patients and/or the public were not involved in
the design, or conduct, or reporting, or dissemination plans of this research.

Patient consent for publication Not applicable.

Ethics approval Not applicable.

Provenance and peer review Not commissioned; externally peer reviewed.
Data availability statement Data are available upon reasonable request.

Supplemental material This content has been supplied by the author(s). It has
not been vetted by BMJ Publishing Group Limited (BMJ) and may not have been
peer-reviewed. Any opinions or recommendations discussed are solely those

of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and
responsibility arising from any reliance placed on the content. Where the content
includes any translated material, BMJ does not warrant the accuracy and reliability
of the translations (including but not limited to local regulations, clinical guidelines,
terminology, drug names and drug dosages), and is not responsible for any error
and/or omissions arising from translation and adaptation or otherwise.

Open access This is an open access article distributed in accordance with the
Creative Commons Attribution 4.0 Unported (CC BY 4.0) license, which permits
others to copy, redistribute, remix, transform and build upon this work for any
purpose, provided the original work is properly cited, a link to the licence is given,
and indication of whether changes were made. See: https://creativecommons.org/
licenses/by/4.0/.

ORCID iD
Zhilin Shen http://orcid.org/0000-0003-4128-4524

REFERENCES

1 Siegel RL, Miller KD, Fuchs HE, et al. Cancer statistics, 2022. CA
Cancer J Clin 2022;72:7-33.

2 Ahmad FB, Anderson RN. The leading causes of death in the US for
2020. JAMA 2021;325:1829-30.

3 Tarantino P, Carmagnani Pestana R, Corti C, et al. Antibody-drug
conjugates: smart chemotherapy delivery across tumor Histologies.
CA Cancer J Clin 2022;72:165-82.

4 Chau CH, Steeg PS, Figg WD. Antibody-drug conjugates for cancer.
Lancet 2019;394:793-804.

5 Sievers EL, Larson RA, Stadtmauer EA, et al. Efficacy and safety
of gemtuzumab ozogamicin in patients with Cd33-positive acute
myeloid leukemia in first relapse. J Clin Oncol 2001;19:3244-54.

6 FuZ, Li S, Han S, et al. “Antibody drug conjugate: the "biological
missile" for targeted cancer therapy”. Signal Transduct Target Ther
2022;7:93.

7 Schnipper LE, Davidson NE, Wollins DS, et al. American society of
clinical oncology statement: a conceptual framework to assess the
value of cancer treatment options. J Clin Oncol 2015;33:2563-77.

8 Schnipper LE, Davidson NE, Wollins DS, et al. Updating the
American society of clinical oncology value framework: revisions
and reflections in response to comments received. J Clin Oncol
2016;34:2925-34.

9 Cherny NI, Sullivan R, Dafni U, et al. A standardised, generic,
validated approach to stratify the magnitude of clinical benefit that
can be anticipated from anti-cancer therapies: the European society
for medical oncology magnitude of clinical benefit scale (ESMO-
MCBS). Ann Oncol 2015;26:1547-73.

6

Ding L, et al. BMJ Open 2024;14:e077108. doi:10.1136/bmjopen-2023-077108

'salfojouyoal Jejiwis pue ‘Buiurel) |y ‘Buluiw erep pue 1xa1 01 palelal sasn Joj Buipnjoul ‘1ybluAdoos Agq paloslold

* (s3gv) Jnauadns juswaublasug
| 8p anbiyde.bol|qig sousby 1e Gzoz ‘2 sunr uo jwod fwg uadolwq/:dny wouy pspeojumoq '20Z aunr g uo 80T..0-£202-uadolwa/9eTT 0T Se paysiignd isiiy :uadO (Y


https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
http://orcid.org/0000-0003-4128-4524
http://dx.doi.org/10.3322/caac.21708
http://dx.doi.org/10.3322/caac.21708
http://dx.doi.org/10.1001/jama.2021.5469
http://dx.doi.org/10.3322/caac.21705
http://dx.doi.org/10.1016/S0140-6736(19)31774-X
http://dx.doi.org/10.1200/JCO.2001.19.13.3244
http://dx.doi.org/10.1038/s41392-022-00947-7
http://dx.doi.org/10.1200/JCO.2015.61.6706
http://dx.doi.org/10.1200/JCO.2016.68.2518
http://dx.doi.org/10.1093/annonc/mdv249
http://bmjopen.bmj.com/

10

11

12

13

14

15

16

20

21

22

23

24

25

26

27

28

Cherny NI, Dafni U, Bogaerts J, et al. ESMO-magnitude of clinical
benefit scale version 1.1. Ann Oncol 2017;28:2340-66.

Kiesewetter B, Raderer M, Steger GG, et al. The European society for
medical oncology magnitude of clinical benefit scale in daily practice:
a single institution, real-life experience at the medical University of
Vienna. ESMO Open 2016;1:e000066.

Jones DS, Podolsky SH. The history and fate of the gold standard.
Lancet 2015;385:1502-3.

Cherny NI, Sullivan R, Dafni U, et al. A standardised, generic,
validated approach to stratify the magnitude of clinical benefit that
can be anticipated from anti-cancer therapies: the European society
for medical oncology magnitude of clinical benefit scale (ESMO-
MCBS). Ann Oncol 2017;28:2901-5.

Garcia-Fumero R, Fernandez-Lépez C, Calleja-Hernandez

MA, et al. Analyzing the clinical benefit of newer therapies for
advanced or metastatic non-small-cell lung cancer: application

of the ESMO-magnitude of clinical benefit scale V1.1. Acta Oncol
2021;60:1225-32.

von Minckwitz G, Huang C-S, Mano MS, et al. Trastuzumab
Emtansine for residual invasive HER2-positive breast cancer. N Engl
J Med 2019;380:617-28.

Verma S, Miles D, Gianni L, et al. Trastuzumab Emtansine for HER2-
positive advanced breast cancer. N Engl J Med 2012;367:1783-91.
Diéras V, Miles D, Verma S, et al. Trastuzumab emtansine versus
capecitabine plus Lapatinib in patients with previously treated HER2-
positive advanced breast cancer (EMILIA): a descriptive analysis of
final overall survival results from a randomised, open-label, phase 3
trial. Lancet Oncol 2017;18:732-42.

Welslau M, Diéras V, Sohn J-H, et al. Patient-reported outcomes from
EMILIA, a randomized phase 3 study of Trastuzumab Emtansine (T-
DM1) versus Capecitabine and Lapatinib in human Epidermal growth
factor receptor 2-positive locally advanced or metastatic breast
cancer. Cancer 2014;120:642-51.

Powles T, Rosenberg JE, Sonpavde GP, et al. Enfortumab Vedotin

in previously treated advanced urothelial carcinoma. N Engl J Med
2021;384:1125-35.

Modi S, Saura C, Yamashita T, et al. Trastuzumab Deruxtecan in
previously treated HER2-positive breast cancer. N Engl J Med
2020;382:610-21.

Cortés J, Kim S-B, Chung W-P, et al. Trastuzumab Deruxtecan
versus Trastuzumab Emtansine for breast cancer. N Engl J Med
2022;386:1143-54.

Hurvitz SA, Hegg R, Chung W-P, et al. Trastuzumab Deruxtecan
versus Trastuzumab Emtansine in patients with HER2-positive
metastatic breast cancer: updated results from DESTINY-Breast03, a
randomised, open-label, phase 3 trial. Lancet 2023;401:105-17.
Modi S, Jacot W, Yamashita T, et al. Trastuzumab Deruxtecan in
previously treated HER2-low advanced breast cancer. N Engl J Med
2022;387:9-20.

Shitara K, Bang Y-J, Iwasa S, et al. Trastuzumab Deruxtecan in
previously treated HER2-positive gastric cancer. N Engl J Med
2020;382:2419-30.

Goto K, Goto Y, Kubo T, et al. Trastuzumab Deruxtecan in patients
with HER2-mutant metastatic non-small-cell lung cancer: primary
results from the randomized, phase Il DESTINY-Lung02 trial. J Clin
Oncol 2023;41:4852-63.

Bardia A, Hurvitz SA, Tolaney SM, et al. Sacituzumab govitecan

in metastatic triple-negative breast cancer. N Engl J Med
2021;384:1529-41.

Loibl S, Loirat D, Tolaney SM, et al. Health-related quality of life in the
phase Il ASCENT trial of Sacituzumab Govitecan versus standard
chemotherapy in metastatic triple-negative breast cancer. Eur J
Cancer 2023;178:23-33.

Rugo HS, Bardia A, Marmé F, et al. Sacituzumab Govitecan in
hormone receptor-positive/human epidermal growth factor receptor
2-negative metastatic breast cancer. JCO 2022;40:3365-76.

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

Rugo HS, Bardia A, Marmé F, et al. Overall survival with Sacituzumab
Govitecan in hormone receptor-positive and human Epidermal
growth factor receptor 2-negative metastatic breast cancer
(Tropics-02): a randomised, open-label, Multicentre, phase 3 trial.
Lancet 2023;402:1423-33.

Tagawa ST, Balar AV, Petrylak DP, et al. TROPHY-U-01: a phase

Il open-label study of Sacituzumab Govitecan in patients with
metastatic urothelial carcinoma progressing after platinum-

based chemotherapy and Checkpoint inhibitors. J Clin Oncol
2021;39:2474-85.

Cognetti DM, Johnson JM, Curry JM, et al. Phase 1/2A, open-label,
multicenter study of RM-1929 Photoimmunotherapy in patients with
Locoregional, recurrent head and neck squamous cell carcinoma.
Head Neck 2021;43:3875-87.

Peng Z, Liu T, Wei J, et al. Efficacy and safety of a novel anti-HER2
therapeutic antibody Rc48 in patients with HER2-overexpressing,
locally advanced or metastatic gastric or gastroesophageal junction
cancer: a single-arm phase Il study. Cancer Commun (Lond)
2021;41:1173-82.

Sheng X, Yan X, Wang L, et al. Open-label, multicenter, phase Il
study of Rc48-ADC, a Her2-targeting antibody-drug conjugate, in
patients with locally advanced or metastatic urothelial carcinoma.
Clin Cancer Res 2021;27:43-51.

Coleman RL, Lorusso D, Gennigens C, et al. Efficacy and safety

of Tisotumab Vedotin in previously treated recurrent or metastatic
cervical cancer (innovaTV 204/GOG-3023/ENGOT-Cx6): a
multicentre, open-label, single-arm, phase 2 study. Lancet Oncol
2021;22:609-19.

Matulonis UA, Lorusso D, Oaknin A, et al. Efficacy and safety of
Mirvetuximab Soravtansine in patients with platinum-resistant
ovarian cancer with high folate receptor alpha expression: results
from the SORAYA study. J Clin Oncol 2023;41:2436-45.

George SL. Response rate as an endpoint in clinical trial. J Nat/
Cancer Inst 2007;99:98-9.

Chen EY, Joshi SK, Tran A, et al. Estimation of study time reduction
using surrogate end points rather than overall survival in oncology
clinical trials. JAMA Intern Med 2019;179:642-7.

Gyawali B, Hey SP, Kesselheim AS. Assessment of the clinical
benefit of cancer drugs receiving accelerated approval. JAMA Intern
Med 2019;179:906-13.

Pignatti F, Wilking U, Postmus D, et al. The value of anticancer
drugs-a regulatory view. Nat Rev Clin Oncol 2022;19:207-15.

Tibau A, Molto C, Borrell M, et al. Magnitude of clinical benefit of
cancer drugs approved by the US Food and Drug Administration
based on single-arm trials. JAMA Oncol 2018;4:1610-1.

Gyawali B, de Vries EGE, Dafni U, et al. Biases in study design,
implementation, and data analysis that distort the appraisal of clinical
benefit and ESMO-magnitude of clinical benefit scale (ESMO-MCBS)
scoring. ESMO Open 2021;6:100117.

Davis C, Naci H, Gurpinar E, et al. Availability of evidence of benefits
on overall survival and quality of life of cancer drugs approved by
European medicines agency: retrospective cohort study of drug
approvals 2009-13. BMJ 2017;359:j4530.

Naci H, Davis C, Savovi¢ J, et al. Design characteristics, risk of bias,
and reporting of randomised controlled trials supporting approvals
of cancer drugs by European medicines agency, 2014-16: cross
sectional analysis. BMJ 2019;366:15221.

Hilal T, Gonzalez-Velez M, Prasad V. Limitations in clinical trials
leading to anticancer drug approvals by the US Food and Drug
Administration. JAMA Intern Med 2020;180:1108-15.

Kiesewetter B, Dafni U, de Vries EGE, et al. ESMO-magnitude of
clinical benefit scale for haematological malignancies (ESMO-
MCBS:H) version 1.0. Ann Oncol 2023;34:734-71.

Ding L, et al. BMJ Open 2024;14:e077108. doi:10.1136/bmjopen-2023-077108

'salfojouyoal Jejiwis pue ‘Buiurel) |y ‘Buluiw erep pue 1xa1 01 palelal sasn Joj Buipnjoul ‘1ybluAdoos Agq paloslold

* (s3gv) Jnauadns juswaublasug
| 8p anbiyde.bol|qig sousby 1e Gzoz ‘2 sunr uo jwod fwg uadolwq/:dny wouy pspeojumoq '20Z aunr g uo 80T..0-£202-uadolwa/9eTT 0T Se paysiignd isiiy :uadO (Y


http://dx.doi.org/10.1093/annonc/mdx310
http://dx.doi.org/10.1136/esmoopen-2016-000066
http://dx.doi.org/10.1016/S0140-6736(15)60742-5
http://dx.doi.org/10.1093/annonc/mdw258
http://dx.doi.org/10.1080/0284186X.2021.1942546
http://dx.doi.org/10.1056/NEJMoa1814017
http://dx.doi.org/10.1056/NEJMoa1814017
http://dx.doi.org/10.1056/NEJMoa1209124
http://dx.doi.org/10.1016/S1470-2045(17)30312-1
http://dx.doi.org/10.1002/cncr.28465
http://dx.doi.org/10.1056/NEJMoa2035807
http://dx.doi.org/10.1056/NEJMoa1914510
http://dx.doi.org/10.1056/NEJMoa2115022
http://dx.doi.org/10.1016/S0140-6736(22)02420-5
http://dx.doi.org/10.1056/NEJMoa2203690
http://dx.doi.org/10.1056/NEJMoa2004413
http://dx.doi.org/10.1200/JCO.23.01361
http://dx.doi.org/10.1200/JCO.23.01361
http://dx.doi.org/10.1056/NEJMoa2028485
http://dx.doi.org/10.1016/j.ejca.2022.10.003
http://dx.doi.org/10.1016/j.ejca.2022.10.003
http://dx.doi.org/10.1200/JCO.22.01002
http://dx.doi.org/10.1016/S0140-6736(23)01245-X
http://dx.doi.org/10.1200/JCO.20.03489
http://dx.doi.org/10.1002/hed.26885
http://dx.doi.org/10.1002/cac2.12214
http://dx.doi.org/10.1158/1078-0432.CCR-20-2488
http://dx.doi.org/10.1016/S1470-2045(21)00056-5
http://dx.doi.org/10.1200/JCO.22.01900
http://dx.doi.org/10.1093/jnci/djk024
http://dx.doi.org/10.1093/jnci/djk024
http://dx.doi.org/10.1001/jamainternmed.2018.8351
http://dx.doi.org/10.1001/jamainternmed.2019.0462
http://dx.doi.org/10.1001/jamainternmed.2019.0462
http://dx.doi.org/10.1038/s41571-021-00584-z
http://dx.doi.org/10.1001/jamaoncol.2018.4300
http://dx.doi.org/10.1016/j.esmoop.2021.100117
http://dx.doi.org/10.1136/bmj.j4530
http://dx.doi.org/10.1136/bmj.l5221
http://dx.doi.org/10.1001/jamainternmed.2020.2250
http://dx.doi.org/10.1016/j.annonc.2023.06.002
http://bmjopen.bmj.com/

	Application of the ESMO Magnitude of Clinical Benefit Scale to assess the clinical benefit of antibody drug conjugates in solid cancer: a systematic descriptive analysis of phase III and pivotal phase II trials
	Abstract
	Introduction﻿﻿
	Methods
	Design
	Data sources and searches
	Study selection
	Data extraction
	ESMO-MCBS scoring
	Patient and public involvement

	Results
	Trial selection and characteristics
	ESMO-MCBS Scores

	Discussion
	References


