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ABSTRACT
Introduction  We examined overall survival (OS) benefits 
for targeted cancer drugs recommended for List of 
Essential Medicines (EMLs) since 2015. We assessed 
consistency of decisions in 2019 and 2021 with more 
specific criteria: OS benefit >4 months and high scores 
on European Society for Medical Oncology-Magnitude of 
Clinical Benefit Scale (ESMO-MCBS).
Methods  We identified applications for cancer drug in 
WHO EMLs from 2015 to 2021. We extracted evidence of 
OS benefit documented in WHO Technical Report Series 
(TRS) and compared it to evidence from pivotal trial(s) 
documented in Food and Drug Administration-approved 
labels. We retrieved published ESMO-MCBS scores. We 
summarised availability and magnitude of OS benefit and 
ESMO-MCBS scores and assessed consistency of inclusion 
decisions against WHO criteria.
Results  22/54 targeted cancer drug indications were 
recommended. Among them, 68.2% and 31.8% had OS 
benefit evidence documented in WHO-TRS and pivotal 
trials, respectively. Among those not recommended, 59.4% 
and 56.3% had OS benefit evidence documented in WHO-
TRS and pivotal trials, respectively. Of 11 cancer drug 
indications recommended in 2019 and 2021, 54.5% and 
9.1% had evidence of OS benefit >4 months in WHO-TRS 
and pivotal trials, respectively; 45.5% met ESMO-MCBS 
criteria. Ten targeted cancer drugs had more than one 
application for the same indications. Five of those were 
eventually recommended, including three without new 
evidence of OS benefit. Additional factors, such as reduced 
cost, and increased treatment options, seemed to be 
important factors in the selection.
Conclusion  While WHO has defined approval criteria for 
cancer drugs EML, we identified areas where adherence 
of these criteria and communication of the EML approval 
decision-making processes can be improved.

INTRODUCTION
Cancers cause worldwide morbidity and 
mortality, affecting over 19 million individ-
uals and leading to nearly 10 million deaths 
in 2020, with a disproportionate death toll 
in low-income and middle-income countries 
(LMICs).1–3 Over the past half-century, better 
understanding of the biology of cancers has 

led to development of new cancer treatments, 
some of which have greatly improved the 
survival of cancer patients in high-income 
countries.4–7 The situation differs for patients 
in LMICs who have limited access to advanced 
cancer care, including diagnostics, cancer 
drugs and well-trained personnel, and well-
equipped facilities.8 In middle-income coun-
tries where the services and facilities may 
exist, access to medicines and opportunities 
for better outcomes remain limited to those 
who can pay for the highly-priced treatments.8

Since 1977, the WHO publishes and 
updates every 2 years the List of Essential 

WHAT IS ALREADY KNOWN ON THIS TOPIC
	⇒ Studies have evaluated access to and affordability of 
cancer drugs in the WHO List of Essential Medicines 
(EML), but there is limited evidence on clinical bene-
fit and adherence to WHO selection criteria of listed 
cancer drugs.

WHAT THIS STUDY ADDS
	⇒ From 2015 to 2021, 22 targeted cancer drug indica-
tions were recommended for inclusion in the WHO 
EML.

	⇒ For 68.2% (n=15), WHO reviews and 31.8% (n=7), 
pivotal trials in Food and Drug Administration-
approved labels had document overall survival (OS) 
benefit at the time of EML inclusion decisions.

	⇒ Of 11 targeted cancer drug indications recommend-
ed for inclusion since implementation of magnitude 
of benefit criteria in 2019, 54.5% (n=6) and 9.1% 
(n=1) had evidence of OS benefit >4 months in 
WHO-Technical Report Series and in pivotal trials, 
respectively; 45.5% (n=5) met European Society 
for Medical Oncology-Magnitude of Clinical Benefit 
Scale criteria.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

	⇒ Our findings highlight opportunities for improving 
the application of clinical benefit criteria and for bet-
ter documenting rationales for cancer drug listings 
in the WHO EML.
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Medicines (EML). The WHO EML is intended as a guide 
for countries and regional authorities, especially in low-
income and middle-income settings, to design national 
essential medicines lists for medicines approval, procure-
ment and reimbursement decisions.9 The original WHO 
EML recommended six cancer drugs, and new cancer 
drugs were added in 1984, 1995 and 1999.10–12 Given the 
discrepancy in cancer burden between high-income and 
LMICs and advances in the treatment of some cancers 
in high-income countries, there was a strong call for 
narrowing the gap in access to cancer drugs worldwide.13 
Compared with other classes of drugs, the selection 
process of cancer drugs has been more challenging due 
to the large volume of newly developed drugs approved 
rapidly with uncertain benefits and marketed with high 
and increasing prices. To ensure the clinical benefits of 
the recommended cancer drugs in EMLs, the WHO has 
launched a series of evidence-based updates.14 In 2014, 
WHO commissioned the Union for International Cancer 
Control to undertake a comprehensive review of cancer 
drugs in the 18th EML published in 2013 and of new 
medicines proposed for inclusion by researchers and 
organisations.15 16 ‘Meaningful improvements in overall 
survival (OS) compared with the existing standard of 
care’ was a criterion for the 2015 additions of new, highly 
priced targeted cancer drugs.14 Different from tradi-
tional chemotherapy, target-specific proteins that control 
cancer cells’ growth and spread.17 Targeted cancer drugs 
constitute the majority of newly approved cancer thera-
pies18 and since 2015, an increasing number of cancer 
drugs have been recommended for inclusion on the 
WHO EML.15 19–21 Magnitude of benefit was one of the 
criteria considered since the 2015 cancer drug listings22 
and quantified in 2018 in two metrics: (1) a threshold 
for OS benefit of at least 4–6 months and (2) a score on 
the European Society for Medical Oncology-Magnitude 
of Clinical Benefit Scale (ESMO-MCBS) of A or B in the 
curative setting and of 4 or 5 in the non-curative setting. 
These criteria have been recommended for the 2019 and 
2021 (21st and 22nd) WHO EMLs.19 There is debate 
about the clinical benefit of new cancer drugs which often 
are approved based on surrogate outcome measures or 
on pivotal studies that do not permit inference about 

clinical benefit.23–25 Despite WHO proposed two specific 
criteria for selecting cancer drugs, lack of fidelity may 
occur because these are guiding principles for selec-
tion, among other criteria. However, WHO’s goal is to 
list only drugs with meaningful clinical benefit and these 
adopted guiding principles are important to achieve this 
goal. To our knowledge, no studies have examined the 
documented clinical benefit of targeted cancer drugs 
in the WHO EML or how approval decisions for the 
latest WHO EMLs align with WHO’s recent magnitude 
of benefit criteria for selecting cancer drugs. We address 
these knowledge gaps by assessing documented clinical 
benefits of WHO-EML cancer drugs. Our specific aims 
are to (a) assess documented OS benefit for targeted 
cancer drugs proposed for EML inclusion since 2015 and 
assess OS benefit magnitude and ESMO-MCBS scores for 
targeted cancer drugs proposed for listing in the WHO 
EML since 2019 and (b) assess the consistency of latest 
listing decisions with WHO criteria for WHO EML cancer 
drugs.

METHODS
Data sources
The WHO Technical Report Series (TRS)15 19–21 and the 
WHO electronic EML database26 were used to identify 
the applications for listing of targeted cancer drug indi-
cations. The WHO TRS documents were used to retrieve 
basic information and clinical benefit data documented 
in EML applications. The Drugs@FDA database27 was 
used to retrieve evidence of OS benefits in pivotal trials 
and the ESMO-MCBS website28 was used to extract 
ESMO-MCBS scores for indications proposed for listing.

Study sample
The unit of analysis for this study was the targeted cancer 
drug indication. We identified applications for targeted 
cancer drug indications intended for inclusion in the 
WHO EML based on the final reports of meetings of the 
WHO expert committee in 2015, 2017, 2019 and 2021, 
as documented in the WHO Technical Report Series 
(TRS), Section 8.2.15 19–21 Our study period corresponds 
to the recent increase in the number of targeted cancer 
medicines considered for listing in the WHO EML. In 
TRS Section 8.2, applications included not only targeted 
cancer drug indications, but also cytotoxic medicines, 
hormones and antihormones, and supportive cancer 
care medicines. We used the WHO electronic EML data-
base (https://list.essentialmeds.org/) which allowed us 
to identify eligible applications of targeted cancer drug 
indications (8.2.2 Targeted therapies and 8.2.3 Immu-
nomodulators). Applications for new formulations of 
already listed drugs or applications for reinstatement 
were not included in the analysis.

For each application for listing of targeted cancer drug 
indications, we extracted relevant information from 
two parts of the WHO-TRS: (1) ‘Review of benefits and 
harms’ (2015) or ‘Summary of evidence: benefits (from 

Table 1  Applications and recommendations of cancer 
drug indications, 2015–2021

Year

Targeted cancer drug indication 
applications (n=54)

Recommended, n 
(%)

Not recommended, 
n (%)

2015 9 (69.2) 4 (30.8)

2017 2 (28.6) 5 (71.4)

2019 8 (57.1) 6 (42.9)

2021 3 (15.0) 17 (85.0)

Total 22 (40.7) 32 (59.3)
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applicants)’ (2017, 2019 and 2021) and (2) ‘Recommen-
dations’ (2015) or ‘Committee recommendations’ (2017, 
2019 and 2021).15 19–21 Since clinical benefit data shown 
in pivotal trials is crucial evidence for supporting the 
use of cancer drugs, and if it exists, US Food and Drug 
Administration (FDA) labels list the evidence in pivotal 
trials, we also gathered this information from the publicly 
available Drugs@FDA database (https://www.accessdata.​
fda.gov/scripts/cder/daf/index.cfm). We retrieved the 
most recent FDA-approved labels at the time of WHO 
listing decisions and reviewed section 14 ‘CLINICAL 
STUDIES’ to extract clinical benefit data. We extracted 
ESMO-MCBS scores based on the trials cited in WHO-
TRS from the publicly available ESMO-MCBS website.

Measures
OS benefit and ESMO-MCBS scores were used as indica-
tors of clinical benefit.

We extracted information on study design (study type, 
trial group, control group) and OS results by reviewing 
all references cited in the ‘Review of benefits and harms’ 
(2015)15 or ‘Summary of evidence: benefits (from 
applicants)’ (2017, 2019 and 2021) of WHO-TRS docu-
ments and in section 14 ‘CLINICAL STUDIES’ of FDA 
approved drug labels. Cancer drug indications with statis-
tically significant OS results were categorised as having 
documented evidence of OS benefit. We categorised 
cancer drug indications with unknown or unavailable 
documented evidence of OS benefit if (1) trial results 
were not statistically significant, if (2) OS results were not 
reported or could not be calculated or if (3) the FDA-
approved drug label was unavailable, or the drug was not 
approved by FDA. Based on the trials cited in WHO-TRS, 
we further extracted the highest score for the proposed 
indications from ESMO-MCBS website. Cancer drug 

indications with an ESMO-MCBS score of A or B in the 
curative setting and of 4 or 5 in the non-curative setting 
were categorised as meeting the EML selection criterion. 
We categorised cancer drug indications as not meeting 
the criterion if (1) the cancer drug indications could not 
be found on the website, or (2) the trials cited by WHO-
TRS were not used by EMSO-MCBS for score evaluation.

Data analysis
We assessed WHO listing decisions since 2015 with respect 
to evidence of OS benefit for the cancer drug indications 
as described in WHO-TRS. We also assessed 2019 and 
2021 decisions with respect to evidence of magnitude of 
OS benefit >4 months (a median gain in OS benefit in 
the treatment arm of more than 4 months compared with 
that in the control arm) and ESMO-MCBS scores A or B 
(curative) or 4 or 5 (non-curative). Then we compared 
the availability of evidence of OS benefit extracted from 
WHO-TRS and pivotal trials (as obtained from FDA-
approved labels). We noted if one source had docu-
mented evidence of OS benefit while the other did not. 
We then assessed the evidence of OS benefit for the same 
cancer drug indications which were applied more than 
once to examine whether new evidence was added in 
later applications. We further conducted a content anal-
ysis to assess how WHO-TRS communicated the evidence 
supporting listings, especially for those indications that 
did not have documented evidence of OS benefit. We also 
noted whether the rationales underlying WHO inclusion 
decisions were explicitly stated in the ‘Recommenda-
tions’ (2015) or ‘Committee recommendations’ (2017, 
2019 and 2021) sections, and whether WHO provided a 
structured summary based on the selection criteria.

We conducted descriptive analyses of cancer drug indi-
cation applications across the four most recent WHO 

Figure 1  Evidence of overall survival (OS) benefit in applications for targeted cancer drug indications, 2015–2021. FDA-
pivotal trials were obtained from FDA-approved labels. FDA-pivotal trials were obtained from FDA-approved labels. FDA-
approved labels of all-transretinoic acid (EML decision year 2015) and filgrastim (EML decision year 2015) could not be found. 
Tislelizumab (EML decision year 2021) is not approved by FDA, and the label is not available. Those corresponding cancer 
drug indications were categorised as not having documented evidence of OS benefit based on FDA-pivotal trials. EML, List of 
Essential Medicines; FDA, Food and Drug Administration; WHO-TRS, WHO Technical Report Series.
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EMLs. We further analysed the selection of targeted 
cancer drug indications in terms of OS benefit based 
on WHO-TRS and pivotal trials (as reported in FDA-
approved drug labels).

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

RESULTS
WHO EML cancer drug applications and decisions, 2015–2021
From 2015 to 2021, the WHO Expert Committee consid-
ered applications for 54 targeted cancer drug indications, 
of which 40.7% (n=22) were recommended for inclusion 
in the WHO EML (table 1).

Clinical benefit of targeted therapy applications
Figure 1 shows that among the 22 targeted cancer drug 
indications recommended for inclusion in the 2015–2021 
EMLs, 68.2% (n=15) and 31.8% (n=7) had documented 

evidence of OS benefit in WHO-TRS or in pivotal trials, 
respectively.

In addition to the criterion of OS benefit evidence in 
place for the 2015 EML, starting with the 2019 list, WHO 
defined a clinically meaningful OS benefit as at least a 
median of 4–6 months and ESMO-MCBS scores of A or 
B in the curative setting or 4 or 5 in the non-curative 
setting as EML selection criteria.19 Of 11 targeted cancer 
drug indications recommended for inclusion in the 
2019 and 2021 EMLs, 54.5% (n=6) and 9.1% (n=1) had 
evidence of OS benefit >4 months in WHO-TRS and in 
pivotal trials, respectively (figure 2A); 45.5% (n=5) met 
ESMO-MCBS criteria (figure 2B); 18.2% (n=2) met both 
the OS benefit >4 months and the ESMO-MCBS criteria 
(figure  2C). Among those meeting the ESMO-MCBS 
criterion, only nivolumab for metastatic melanoma had a 
score of ‘A’ in the curative setting. Other indications met 
the criterion for the non-curative setting (online supple-
mental etable 1).

For targeted cancer drug indications that were not 
recommended (n=23) in the 2019 and 2021 EMLs, we 

Figure 2  Evidence of overall survival (OS) benefit and scores on ESMO-MCBS in applications for targeted cancer drug 
indications, 2019–2021. (A) Evidence of OS benefit, 2019–2021; (B) Whether ESMO-MCBS of A or B in the curative setting 
and of 4 or 5 in the non-curative setting, 2019–2021; (C) Whether Met Both the OS Benefit >4 months and the ESMO-MCBS 
criteria. FDA-pivotal trials were obtained from FDA approved-labels. Tislelizumab (EML decision year 2021) is not approved by 
FDA, and the label is not available. Those corresponding cancer drug indications were categorised as not having documented 
evidence of OS benefit based on FDA-pivotal trials. ESMO-MCBS, European Society for Medical Oncology-Magnitude of 
Clinical Benefit Scale; FDA, Food and Drug Administration; WHO-TRS, WHO Technical Report Series.
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observed that 56.5% (n=13) and 52.2% (n=12) had 
documented evidence of OS benefit >4 months in WHO-
TRS and in pivotal trials, respectively (figure 2A); 78.3% 
(n=18) met the ESMO-MCBS score criterion (figure 2B); 
56.5% (n=13) met both the OS benefit >4 months and the 
ESMO-MCBS criteria (figure 2C). Evidence of OS benefit 
in application for targeted cancer drug indications from 
2015 to 2021 is shown in online supplemental efigure 1.

Ten targeted cancer drugs had more than one appli-
cation for the same indications over several application 
cycles and five were eventually recommended for inclu-
sion in the WHO EML (figure  3 and table  2). Among 
the recommended targeted cancer drug indications, 
only gefitinib for EGFR mutation-positive advanced non-
small cell lung cancer (NSCLC) met the WHO EML 

OS benefit criterion. Compared with documentation 
in the 2015 WHO-TRS, new OS benefit evidence was 
provided for erlotinib for treatment of EGFR mutation-
positive advanced NSCLC in 2019 WHO-TRS; however, 
OS benefit was less than 4 months. Repeated applications 
for the other recommended targeted cancer drug indica-
tions did not provide new evidence of OS benefit.

For 13 targeted cancer drug indications, availability of 
evidence of OS benefit differed between WHO-TRS and 
pivotal trials (as reported in FDA-approved drug labels) 
(figure 2, online supplemental etable 1 and efigure 2). 
For 11 indications, evidence of OS benefit was only docu-
mented in WHO-TRS; for two indications, documented 
evidence of OS benefit was only found in pivotal trials. 
Conflicting OS benefit evidence was observed for four 

Figure 3  Comparison of documented evidence of OS benefit for 54 targeted cancer drug indications in WHO technical report 
series and pivotal trials reported in US FDA-Approved Labels, 2015–2021. OS result was not reported in WHO-TRS documents 
for Trastuzumab-Early stage HER2 positive breast cancer. FDA-approved labels of all-transretinoic acid (EML decision year 
2015) and filgrastim (EML decision year 2015) could not be found. Tislelizumab (EML decision year 2021) is not approved by 
FDA, and the label is not available. For the targeted cancer drugs with FDA-approved labels available, OS results were not 
reported for rituximab-CLL, rituximab-follicular lymphoma, trastuzumab-Metastatic HER2 positive breast cancer, gefitinib-
EGFR mutation-positive advanced NSCLC. (1) Primary prophylaxis in patients at high risk for developing febrile neutropenia 
associated with myelotoxic chemotherapy, (2) secondary prophylaxis for patients who have experienced neutropenia following 
prior myelotoxic chemotherapy, (3) to facilitate administration of dose dense chemotherapy regimens. ALK, anaplastic 
lymphoma kinase; ALL, acute lymphoblastic leukaemia; CLL, chronic lymphocytic leukaemia; CML, chronic myeloid leukaemia; 
EGFR, epidermal growth factor receptor; EML, List of Essential Medicines; FDA, Food and Drug Administration; HER2, human 
epidermal growth factor receptor 2; HR, hormone receptor; NSCLC, non-small-cell lung carcinoma; OS, overall survival; WHO-
TRS, WHO Technical Report Series.
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targeted cancer drug indications. Discrepancies were 
due to different evidence sources (different trials, meta-
analysis vs trial, retrospective study vs trial, review vs trial) 
and treatment comparators.

Seven targeted cancer drug indications without 
evidence of OS benefit were recommended for EML 
inclusion (table 3). Additional factors, such as reduced 
cost and increased treatment options, seemed to be more 
important than OS benefits or ESMO-MCBS scores in the 
selection for the WHO EMLs.

DISCUSSION
We find that across the four most recent WHO EMLs, 
about one-third of the recommended targeted cancer 
drug indications lacked the evidence of OS benefit, as 
indicated by WHO-TRS not reporting or reporting non-
significant OS data. The proportion increased to two-
thirds when based on OS benefit evidence available in 
pivotal trials underlying FDA drug approvals alone. 
Our results point to inconsistencies in the WHO selec-
tion of essential cancer drugs against a desired clinical 
benefit criterion defined as OS benefit. We also report 

discrepancies between OS benefit results documented 
in WHO-TRS and pivotal trials documented in FDA-
approved labels.

Selection of cancer drug indications for the WHO 
EML is complex. In addition to clinical efficacy, the EML 
Committee is tasked with considering non-clinical factors 
including burden of disease, safety, availability of alter-
native treatment options and cost (both to the health 
system and individual patients). Of concern are potential 
barriers to access to and affordability of essential cancer 
drugs recommended in the WHO EML.29–35 Arguably, 
access and affordability are only relevant considerations 
for WHO EML cancer drugs with established clinical 
benefit, and most importantly, OS benefit. In recent 
years, the WHO has put greater emphasis on the develop-
ment and use of explicit clinical benefit criteria to inform 
the selection of cancer drugs for the EML.

Indeed, WHO has regarded OS benefit as one of the 
fundamental criteria for essential cancer medicine selec-
tion since 2015.15 In 2018, WHO identified a threshold 
for OS benefit of at least 4–6 months for all cancer 
drug indications under consideration.19 During our 
study period, we observed that the OS benefit criterion 
was implemented inconsistently. Across the 2015–2021 

Table 2  OS benefit of targeted cancer drugs with more than one application

Year Medicine Indication
Eventually 
recommended

New OS benefit evidence in 
repeat applications

2015 Dasatinib Imatinib-resistant CML Yes No

2017

2015 Nilotinib Imatinib-resistant CML Yes No

2017

2017 Afatinib EGFR mutation-positive advanced NSCLC Yes No

2019

2015 Erlotinib EGFR mutation-positive advanced NSCLC Yes Yes (OS benefit <4 months)

2017

2019

2015 Gefitinib EGFR mutation-positive advanced NSCLC Yes Yes (OS>4 months)

2017

2019

2017 Trastuzumab emtansine Metastatic breast cancer No No

2019

2019 Pertuzumab Metastatic HER2-positive breast cancer No Yes (OS >4 months)

2021

2019 Atezolizumab Locally advanced and metastatic NSCLC No No

2021

2019 Nivolumab Locally advanced and metastatic NSCLC No No

2021

2019 Pembrolizumab Locally advanced and metastatic NSCLC No No

2021

CML, chronic myeloid leukaemia; NSCLC, non-small cell lung cancer; OS, overall survival.
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EMLs, 15/22 listed targeted cancer drug indications had 
evidence of OS. Of 11 targeted cancer drug indications 
recommended for inclusion in the 2019 and 2021 EMLs, 
WHO-TRS reported evidence of median OS benefit >4 
months for six. Of five cancer drug indications that sought 
inclusion in the WHO EML more than once, three were 
subsequently recommended without new data on OS 

benefit. A relatively high proportion of drug indications 
with OS benefit >4 months were not recommended. Simi-
larly, all the not-recommended cancer drug indications 
met the ESMO-MCBS criterion. Our findings suggest 
that OS benefit and ESMO-MCBS scores may not always 
be the primary factor in the decision-making process for 
EML drug selection. For some cancer drug indications 

Table 3  Decision rationales for recommendations of cancer drug indications without OS benefit evidence

EML 
year

Drug and 
indication

OS benefit 
documented in 
WHO-TRS Decision rationales (as worded in WHO TRS documents)

Type of WHO-
TRS decision 
rationale

2015 Filgrastim-
Chemotherapy 
facilitation

No ‘Several studies have shown the comparability in effectiveness and patient 
outcomes of daily filgrastim and once per cycle pegfilgrastim (532–534). A 
meta analysis in 2007, analysing outcomes among patients with different 
types of cancer (and different chemotherapy regimens), concluded that 
pegfilgrastim produced moderately better outcomes than filgrastim (535).’

Comparative 
effectiveness; 
increasing 
treatment 
options; biosimilar 
availability; lower 
cost

‘In general, however, the choice between filgrastim and pegfilgrastim largely 
concerns individual clinical preference, ease of administration and the 
difference in cost; pegfilgrastim is much more expensive than filgrastim. 
Additionally, biosimilars are available for filgrastim, allowing for comparable 
clinical efficacy at lower cost. Guidelines are generally accepting of both 
options, depending on patient circumstances and cost considerations within 
the health system concerned (536).’

2015 Imatinib-CML No ‘On the basis of the evidence presented…’ (referenced WSR evidence 
unclear)

N/A

2015 Trastuzumab-
Early stage HER2 
positive breast 
cancer

No ‘On the basis of the evidence presented in the application’ (referenced WSR 
evidence unclear)

N/A

2017 Dasatinib-
Imatinib-resistant 
CML

No ‘Despite these shortcomings, the Expert Committee considered that nilotinib 
and dasatinib have been shown to be valid treatment options for use in 
patients with chronic myeloid leukaemia and imatinib resistance.’

Relevant benefit; 
increasing 
treatment options

‘Considering all relevant clinical outcomes, the Committee accepted that 
there is a relevant clinical benefit resulting primarily from large response rates 
(ie, complete cytogenetic response) in patients with otherwise very limited 
treatment options (eg, donor stem cell transplant).’

2017 Nilotinib-Imatinib-
resistant CML

No ‘Despite these shortcomings, the Expert Committee considered that nilotinib 
and dasatinib have been shown to be valid treatment options for use in 
patients with chronic myeloid leukaemia and imatinib resistance.’

Relevant benefit; 
increasing 
treatment options

‘Considering all relevant clinical outcomes, the Committee accepted that 
there is a relevant clinical benefit resulting primarily from large response rates 
(ie, complete cytogenetic response) in patients with otherwise very limited 
treatment options (eg, donor stem cell transplant).’

2019 Afatinib-EGFR 
mutation-positive 
advanced NSCLC

No ‘The Committee noted that these medicines are associated with relevant 
survival benefits for patients, acceptable toxicity and improvements in quality 
of life compared with chemotherapy.’

Relevant 
benefit; generic 
availability; 
diagnostic test 
availability

‘The Committee also noted that since these medicines were considered for 
inclusion on the EML in 2015, generic versions of these medicines are more 
widely available, as are quality-assured diagnostic molecular tests for EGFR 
mutations.’

2021 Everolimus-
Subependymal 
giant cell 
astrocytoma

No ‘The Expert Committee noted that subependymal giant cell astrocytoma 
(SEGA) is a rare disease affecting almost exclusively children with tuberous 
sclerosis complex and is associated with considerable neurological 
morbidity and mortality.’

Increasing 
treatment options

‘SEGA management historically had few options other than surgery, as 
radiotherapy and chemotherapy were not effective.’

Chemotherapy facilitation, (1) primary prophylaxis in patients at high risk for developing febrile neutropenia associated with myelotoxic 
chemotherapy, (2) secondary prophylaxis for patients who have experienced neutropenia following prior myelotoxic chemotherapy, (3) to facilitate 
administration of dose dense chemotherapy regimens.
CML, chronic myeloid leukaemia; EGFR, epidermal growth factor receptor; EML, Model List of Essential Medicines; HER2, human epidermal growth 
factor receptor 2; NSCLC, non-small-cell lung carcinoma; OS, overall survival; WHO-TRS, WHO Technical Report Series.
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without documented evidence of OS benefit or not 
meeting ESMO-MCBS score criteria, WHO appears to 
have placed more emphasis on factors other than clinical 
benefit for inclusion in the EML.

As the USA leads the world in new drug research and 
development and is primarily the first market to launch 
new cancer drugs, many LMICs rely on a drug’s FDA 
approval status to inform its use in their populations.36 
In addition, the clinical trials considered by the FDA are 
often the only studies available evaluating the efficacy 
of new cancer drugs. We compared the documented 
evidence of OS benefit between WHO-TRS and pivotal 
trials reported in FDA labels and found that benefit 
evidence differed. The proportion of cancer drug indi-
cations recommended without documented OS benefit 
evidence was higher when based on pivotal trial evidence 
in FDA-approved labels compared with evidence docu-
mented in WHO-TRS. These differences were primarily 
attributable to different sources of OS benefit evidence 
documented in WHO-TRS and FDA-approved labels. 
WHO-TRS includes OS benefit information from a wider 
range of sources, including trials, reviews and retrospec-
tive studies, while pivotal clinical trials form the basis of 
OS benefit evidence in FDA-approved labels. Although 
the WHO may include follow-up studies that were not 
included in FDA labels, our findings based on ESMO-
MCBS also showed that more than half of the cancer 
drug indications recommended in 2019 and 2021 lacked 
‘clinical meaningful benefit’. In 2018, WHO proposed 
that availability of evidence from clinical trials, espe-
cially high-quality randomised controlled trials, was an 
important consideration in cancer drug selection deci-
sions.19 However, our finding highlights opportunities 
for greater adherence to this important recommended 
standard for recommending cancer drugs and the need 
to further formulate standards for evidence sources of 
OS benefits used for EML cancer drug selection.

There are important opportunities for more effec-
tively communicating the evidence to support EML 
selections, as well as the Committee’s rationales for deci-
sions. First, we suggest a more structured and compre-
hensive reporting of evidence that WHO assembles for 
EML listing decisions. Research has shown that struc-
tured formats for presenting clinical trial information 
can improve understanding and comprehension of end 
users.37 In terms of efficacy, a tabular reporting format 
may include (a) the source of OS benefit information (ie, 
whether it was obtained from a randomised controlled 
trial, meta-analysis of multiple randomised controlled 
trials, or retrospective analyses), (b) the quality of OS 
benefit information (ie, risk of trial bias), (c) availability 
of evidence of OS benefit (yes/no), (d) magnitude of OS 
benefit ≥4 months (yes/no) and (e) characteristics of 
populations in which OS benefit was documented. WHO 
may also more clearly label the cancer drugs without 
evidence of documented OS benefit at the time of listing 
to inform decision-makers. Second, the WHO selec-
tion committee may make its decision rationales more 

accessible by consistently reporting whether decisions 
were driven by (a) clinical efficacy evidence, (b) compar-
ative safety profiles, (c) expected ease of drug adminis-
tration and/or (d) cost considerations for LMICs,38 39 or 
other factors.

Our study has several limitations. First, we evaluated 
documentation of OS benefit evidence in WHO-TRS and 
FDA-approved labels and did not evaluate the quality of 
the evidence. WHO also adopted, starting with the 2019 
EML, criteria for quality of cancer drug trials.14 Since 
quality of cancer drug trials varies, and poor quality 
trials may overestimate OS benefit of cancer drugs,40 we 
may have overestimated adherence of EML selections 
to the most recent selection criteria. Second, no addi-
tional published evidence, such as follow-up studies, was 
included. This would have been particularly interesting 
in cases where the study endpoint median OS was not 
reached. However, the focus of the study was to examine 
the clinical benefit of cancer drug indications at the 
time of EML selection. Third, we retrieved ESMO-MCBS 
scores based on the trials cited in WHO-TRS documents 
which were also used for evaluation by ESMO. This may 
underestimate the clinical benefit of the drug indica-
tions. Fourth, we do not address public health relevance 
and safety which depend on local circumstances. Finally, 
we only focus on WHO EML cancer drugs for adults. 
Further studies should also evaluate selection of cancer 
drugs for the WHO EML for children.

CONCLUSION
In conclusion, the WHO EML is designed to support 
health system decision-makers, particularly in resource-
limited settings, in prioritising medicines for regulatory 
approval, procurement and financing.9 Since 2015, 
more targeted cancer drugs have been recommended 
for inclusion in the WHO EML. Given limited evidence 
of clinical benefit of new targeted cancer drugs, WHO 
laudably defined criteria for clinical benefit evidence for 
cancer drug inclusion in the EML. Our findings highlight 
opportunities for improving application of these desir-
able criteria and for better documenting the evidence 
considered and rationales for WHO EML selection deci-
sions.
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