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a b s t r a c t 

Purpose: In 2013, afatinib was approved for non–small-cell lung cancer with subsequent indication expansion. 

We investigated published afatinib clinical trials to assess risk and benefit profiles for the drug in its approved 

indication of non–small-cell lung cancer as well as in off-label uses. Previous literature demonstrates excessive 

patient burden and limited benefit as afatinib has spread into more indications. A trial analysis is needed to 

establish efficacy and risk. 

Methods: In this investigation, we screened literature databases and clinical trial registries for trials of afatinib 

as monotherapy or in combination interventions for cancer treatment. We extracted participant demographics, 

adverse event characteristics, as well as clinical and surrogate endpoints for each trial. Studies were deemed 

positive, negative, or indeterminate based on their achieving of primary endpoints as well as their safety. 

Results: Our search yielded 2444 articles; we excluded 2352 articles for a final inclusion of 92 trials of 8859 

patients. Our sample had 49 (53%) positive trials, 27 (29%) negative trials, and 16 (17%) indeterminate trials. 

The most common off-label indications for afatinib were breast cancer and squamous cell carcinoma of head and 

neck. The median OS for all trials was 8.4 months, median PFS 3.4 months, and the total ORR was 29.6%. Our 

study found that trials performed in disease states beyond the initial indications were largely negative with little 

patient benefit. The adverse events within our trial sample appear to be in line with expectations for toxicity. 

Implications: These results are consistent with other studies that present similar findings, such as in Carlisle et al 

which indicate limited efficacy in nonapproved indications. Future trials should keep this potential evidence and 

patient burden in mind before initiation of those trials. This study contributes to the understanding of afatinib’s 

risk-benefit profile across many clinical applications. 
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Lung cancer is the leading cause of cancer-related deaths for both

en and women in the United States with an estimated 127,070 deaths

ccurring in 2023. 1 Given the high mortality associated with this ma-

ignancy, pharmaceutical companies invest a considerable amount of

esearch and money into the exploration of novel treatment options.

fatinib, an irreversible tyrosine kinase inhibitor targeting epidermal

rowth factor receptor (EGFR) mutations, was developed for the treat-

ent of non–small-cell lung carcinoma. 2 Afatinib targets the specific
∗ Address correspondence to: R. Hunter Hall, Oklahoma State University Center for

E-mail address: rafe.hall@okstate.edu (R. Hunter Hall) . 
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olecular alterations which drive tumor growth. 3 Though afatinib has

een demonstrated to provide clinical benefits in the treatment of non–

mall-cell lung carcinoma, it is associated with a substantial cost. 4 This

ituation raises concerns regarding the balance between overall cost-

ffectiveness of treatment and the potential adverse effects patients ex-

erience. Understanding these adverse events (AEs) are imperative to

uide clinicians and healthcare policy makers to ensure patient safety. 

In addition to financial concerns surrounding afatinib a broader con-

ern regarding the patient safety of drug development exists. Given the

ecent rise in cancer drug approvals there is cause for concern regard-
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1  
ng potential inefficiencies of drug development. 5 , 6 Evidence suggests

 fewer number of positive clinical endpoints is required for a drug to

arn additional FDA approvals. 7 Additionally, over-testing for cancer

rugs after initial approval illustrates a lack of efficacy in non-FDA ap-

roved indications. 7 This pattern of redundant trials exposes patients

o unnecessary adverse events with little benefit, further underscoring

he need for measures of clinical efficacy to be pursued throughout the

rocess of drug indication expansion. Therefore, measures of clinical

fficacy and safety should be pursued throughout the process of drug

ndication expansion. One such example is the approval of imatinib for

he treatment of chronic myelogenous leukemia. 7 Sixty percent of trials

aunched prior to FDA approval provided a positive primary endpoint

ithin 8 years. 7 Yet after FDA approval, less than 10% of trials initiated

btained approval or reached a positive primary endpoint. This pattern

f redundant trials provides cause for concern as cancer drugs are in-

erently toxic and expose patients to unnecessary adverse events with

ittle benefit. 

While the risk/benefit profile has been examined for other thera-

ies, 8 these findings cannot be expanded to other chemotherapy agents.

herefore, it is essential to examine the drug portfolio of afatinib, includ-

ng both sponsor-conducted trials and trials involving off-label use, to

ssess the patient burden and benefit accrued through its development,

nd to shed light on the potential harms associated with its applications.

ethods 

tudy Design/Open-Science 

This is a cross-sectional study that evaluated clinical trials of afatinib

 Dimaleate ® or Gilotrif ®, Boehringer Ingelheim) for its risk/benefit pro-

les through its development and various potential indications outside

f the initially approved applications. To increase rigor, open science,

nd reproducibility, we uploaded a protocol prior to the investigation.

fter the conclusion of the investigation, we uploaded raw data, statis-

ical analysis scripts, and extraction forms to Open Science Framework

OSF) – a free-to-upload data storage location. 9 Our data is viewable on

SF through the lifecycle of the repository or upon request. 10 

esearch Questions, Definitions, and Hypothesis 

Our research questions were, “What are the total benefit/risk pro-

les of afatinib? ” and “Does the overall risk/benefit portfolio of afatinib

epresent an increased danger to patients?. ” We defined a clinical trial

rofile as a drug’s combined risk and benefit by patients in a trial as mea-

ured using metrics in our Data Extraction section. We defined a drug’s

ortfolio as combined results from our clinical trial profiles. We hypothe-

ized that afatinib’s trial expansion into off-label indications would pro-

uce an overall negative drug portfolio and increased patient risk. 

raining 

All authors were trained on reporting, clinical trial design, and out-

omes by author VP, a clinical oncologist, oncologic researcher, and

xpert in evidence-based medicine. Authors were educated on Response

valuation Criteria in Solid Tumors (RECIST) 11 and the Common Ter-

inology Criteria for Adverse Events (CTCAE). 12 We trained authors to

se Rayyan ( https://www.rayyan.ai/ ) 13 : a tool to screen large samples

f research articles and trials for study exclusion or inclusion. Data ex-

raction was carried out using a pilot-tested Google extraction form. For

raining purposes, authors extracted data on 5 model articles prior to

oding the included sample. 

iterature Search 

On May 25, 2023, we performed a systematic search of

ubMed/MEDLINE, Cochrane CENTRAL, ClinicalTrials.gov, and Em-

ase, for clinical trials using afatinib on its own as monotherapy or in
e108
ombination with other interventions for the treatment of cancer. We

ade our search strings uniform by using the PolyGlot Search Translator

 https://sr-accelerator.com/#/polyglot ) developed by Bond University

nd the Institute for Evidence Based Healthcare across all databases. 13 

ur search strings, including initial returns and date of search, have

een uploaded to OSF and will be included as supplemental data in the

nal manuscript. 

election Process 

Search returns were uploaded into Rayyan for trial and manuscript

creening. Two authors (CW and RH) screened abstracts and titles for

otential incorporation in a duplicate and masked manner. After the

ompletion of screening, author CL resolved any discrepancies. We doc-

mented reasons for exclusion throughout the screening process and

reated a flow chart. 

nclusion and Exclusion Criteria 

Studies that are eligible for inclusion have to be: (1) published in En-

lish, (2) use radiographically derived (e.g., RECIST) response criteria

or solid tumors to assess the clinical benefit of afatinib, (3) assessing

ffectiveness of afatinib as both monotherapy or in combination with

ther pharmaceutical interventions to treat solid tumors, and (4) clini-

al trials of mature, human subjects. We excluded trials on nonsolid tu-

ors, nononcological trials, studies on biosimilars, pharmacology trials

n healthy patients, and studies that were solely pediatric patient pop-

lations. Excluded study types were: interim results, secondary reports,

linical trial follow-ups and updates, letters to the editor, literature re-

iews, case reports, meta-analyses, systematic reviews, human tissue

tudies, laboratory studies, preclinical studies, corrections or redactions,

onference abstracts, opinion pieces, and editorials. 

ata Extraction 

Postdata screening, an included study pool of trials was subjected to

ata extraction in a duplicated and masked method by 2 authors (HH

nd CW). A third author was available to sort through discrepancies

CL). Authors pulled the following variables: date of publication, pub-

ished trial title, clinical trial registry number, PubMed ID, country of

rst author’s affiliation, mean or median age of participants, number

f participants, number of female participants, number of male partic-

pants, blinding of trial, indication(s) of the trial, trial randomization,

tudy funding, metastatic or nonmetastatic stage, number of centers, if

he trial evaluated monotherapy or combination therapies, phase of the

rial, randomization ratio, and conflicts of interest. 

For the evaluation of benefit and risk outcomes the following

ariables were extracted for each, individual treatment arm: median

rogression-free survival (PFS) in months, the name of the arm, median

verall survival (OS) in months, hazard ratio of PFS, hazard ratio of OS,

omplete response (CR), partial response (PR), AEs grade, objective re-

ponse rate (ORR) as laid out according to the RECIST criteria, number

f grade 3 to 5 adverse events as defined by the CTCAE, and if the trial

as positive, negative, or indeterminate. End result quantifications and

Es including all participants of a trial of a specified indication were

xtracted. A trial was judged to be positive if it met its prespecified end-

oint and described as having a reasonable toxicity. Reasonable toxicity

as defined by the individual trialists as implemented in Carlisle et al 8 

 trial was judged to be indeterminate if it did not have prespecified

ndpoints but was using a treatment where the safety was deemed rea-

onable. A trial was negative if prespecified endpoints were not met or

f the therapy was found to be unsafe or overly toxic. The tolerability

nd safety of a therapy was established by the authors of the individual

rial. 8 

We extracted the higher phase in studies that contained more than

 phase in their manuscript. We included all stand-alone clinical tri-

https://www.rayyan.ai/
https://sr-accelerator.com/\043/polyglot
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. 
ls regardless of phase. We assumed only PRs were measured in stud-

es that reported ORRs but did not specify the breakdown of PRs or

Rs. We extracted only confirmed results if trialists stated responses as

onfirmed and unconfirmed. We extracted the independently confirmed

easurements when trialists specified measurement confirmation was

onducted by independent investigators. We combined dose expansion,

ose-escalation treatment, and indications arms into a single summary

rm. We extracted variables of interest from the precrossover alloca-

ion groups to control for carryover effects that influenced response rate

n crossover studies. Patients enrolled in trials that are evaluating 2 or

ore different cancer types were listed as “multiple indications. ” A sup-

lement was made available for the identification of each reported indi-

ation. Values of objective response rates were calculated based on the

otal number of evaluable patients unless this was not specified by the

uthor(s). In this case, ORR was based on all participants within that

tudy. 

tatistical Analysis 

We used R(version 4.2.1) and RStudio to perform in depth statistics.

thical Oversight 

This protocol was evaluated by the Oklahoma State University Cen-

er for Health Sciences and it was determined that this research qual-

fies as nonhuman subjects research as defined in regulation 45 CFR

6.102(d) and (f). 

esults 

eneral Characteristics 

Our literature search of bibliographic databases yielded 2443 returns

hich yielded both published and registered clinical trials for potential

nclusion. Following title/abstract and full-text screening, 92 studies met

ur inclusion criteria with 50 combinations and 42 monotherapy trials.

ationale for exclusions can be found in Supplemental Figure 1. Of the

2 studies within our sample, there were 8859 participants with 48.7%

emale and 51.3% male. Afatinib is approved for 2 cancer indications

nd was tested in more than 11 indications. Sixty-three of 92 trials tested

or specific tumor mutations. The most commonly evaluated mutations

ere EGFR (48 trials with 3350 positive patients) and HER2 (18 trials

ncluding 925 positive patients). There were a total of 70 nonrandom-

zed trials and 22 randomized trials. Additional trial characteristics can

e found in Supplemental Table I. 

ndpoints 

The median PFS of all indications was 3.4 months. The highest me-

ian PFS was observed in lung adenocarcinoma with 10 months and

on–small-cell lung cancer with 6.3 months. The median OS of all indi-

ations was 8.9 months. Lung adenocarcinoma demonstrated the highest

S with 23.8 months. In contrast, urothelial carcinoma had the lowest

S of 5.3 months ( Tables 1A-C ). Twenty-two randomized controlled tri-

ls were analyzed and contained an overall median ∆PFS of 0.5 months

nd ∆OS of 0.2 months. The 1 randomized breast cancer trial had the

oorest ∆OS of − 8.1 with a ∆PFS of − 0.1 months. A phase III NSCLC

rial comparing afatinib to traditional chemotherapy had the highest

PFS of 5.4 months, but only had a ∆OS of − 0.1 months ( Table II ). 14 

nother observed endpoint was ORR. The highest median ORR of 59.1

 was seen with lung adenocarcinoma, but all indication’s total ORR

s 29.6%. The highest partial response rate is for lung adenocarcinoma

57.6%). The total complete response rate across all indications is 1.0%

 Tables 1A-C ). 
e109
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Table 1B 

Trial characteristics and outcomes by indications for monotherapy. 

Solid tumor indications # of trials # of Randomized 

trials (n, (%)) 

# of 

participants 

# of Males # of 

Females 

# of 

GRADE 3 - 

5 events 

Median 

OS 

(months) 

Median PFS 

(months) 

Median Age Median partial 

response rate 

Median 

complete 

response rate 

Median ORR∗ 

Breast cancer 5 1 (20%) 220 0 220 107 16 3.5 51.5 33.3% 0.0% 33.3% 

Esophageal squamous cell carcinoma 1 0 (0%) 49 45 4 10 6.3 3.5 60 14.9% 0.0% 14.9% 

Lung adenocarcinoma 3 0 (0%) 236 91 145 83 23.8 10 64.5 57.6% 1.5% 59.1% 

Multiple indications 7 0 (0%) 231 110 121 94 8.6 2.9 58 0.0% 0.0% 2.9% 

Non–small-cell lung cancer 18 2 (11.1%) 1996 817 1179 789 14 11.8 64.5 61.4% 0.0% 62.6% 

Squamous cell carcinoma of head and neck 6 6 (100%) 1725 1471 254 643 6.6 2.8 58 8.1% 0.0% 9.7% 

Squamous cell carcinoma of the lung 1 1 (100%) 795 666 129 184 7.4 2.3 65.5 4.8% 0.1% 5.0% 

Urothelial carcinoma 1 0 (0%) 23 18 5 15 5.3 1.4 67 8.7% 0.0% 8.7% 

Totals 42 10 5275 3218 2057 1925 8 3.2 62.25 27.9% 0.7% 28.6% 

∗ Response rate median calculations for those indications using RECIST or mRECIST only. 

Table 1C 

Trial characteristics and outcomes by indications for combination therapy. 

# of trials # of randomized 

trials (n, (%)) 

# of par- 

ticipants 

# of males # of females # of GRADE 

3–5 events 

Median OS 

(months) 

Median PFS 

(months) 

Median age Median partial 

response rate 

Median complete 

response rate 

Median ORR∗ 

1 0 (0%) 9 5 4 2 7.7 6 60 0.0% 0.0% 0.0% 

5 2 (40%) 680 2 678 724 14.4 4 53.1 8.0% 0.0% 8.0% 

1 1 (100%) 91 55 36 32 9.5 1.6 63 3.0% 0.0% 3.0% 

2 1 (50%) 155 98 57 59 9.8 1.5 55.4 - - - 

1 1 (100%) 345 121 224 206 - 9 61.3 - - - 

16 1 (6.3%) 713 334 332 592 8.3 2.7 58.4 6.0% 0.0% 6.0% 

18 5 (28%) 1377 532 845 688 13.5 5.3 60.5 30.0% 0.0% 30.0% 

1 0 (0%) 10 10 0 4 - - 59.5 0.0% 0.0% 0.0% 

1 1 (100%) 115 50 65 256 7.4 3.9 73 10.0% 0.0% 10.0% 

3 0 (0%) 65 49 16 72 8.4 4.1 58 50.0% 2.0% 60.0% 

1 0 (0%) 24 19 5 12 7.3 3.3 63.5 10.0% 0.0% 10.0% 

50 12 3584 1275 2262 2647 8.4 3.95 60 29.6%% 1.60% 31.2% 

∗ Response rate median calculations for those indications using RECIST or mRECIST only. 

e
1
1
0



R. Hunter Hall, C.L. Wright, G.K. Hughes et al. Clinical Therapeutics 46 (2024) e107–e113
T

a
b

le
 
2
 

∆
P
F
S
 
a
n
d
 
∆

O
S
 
fo

r 
ra

n
d
o
m

iz
e
d
 
co

n
tr

o
ll

e
d
 
tr

ia
ls

. 

T
ri

a
l 

P
h
a
se
 

R
e
su

lt
 

D
a
te
 

In
d
ic

a
ti

o
n
 

A
fa

ti
n
ib
 
g
ro

u
p
 

C
o
m

p
a
ri

so
n
 
g
ro

u
p
 

∆
P
F
S
 ∗ 

P
F
S
 
P
-v

a
lu

e
 

∆
O

S
 ∗ 

O
S
 
P
-v

a
lu

e
 

N
C

T
0
0
6
5
6
1
3
6
 

3
 

N
e
g
a
ti

v
e
 

2
0
1
2
-0

3
-2

6
 

N
o
n
–
sm

a
ll

-c
e
ll
 
lu

n
g
 
ca

n
ce

r 
A

fa
ti

n
ib
 

P
la

ce
b
o
 

2
.2
 

S
ig

n
ifi

ca
n
t 

( <
 0
.0

0
0
1
) 

-1
.2
 

N
o
n
si

g
n
ifi

ca
n
t 

(0
.7

4
) 

N
C

T
0
0
9
4
9
6
5
0
 

3
 

In
d
e
te

rm
in

a
te
 

2
0
1
3
-0

9
-2

0
 

L
u
n
g
 
a
d
e
n
o
ca

rc
in

o
m

a
 

A
fa

ti
n
ib
 

C
is

p
la

ti
n
 
a
n
d
 
P
e
m

e
tr

e
x
e
d
 

4
.2
 

S
ig

n
ifi

ca
n
t 

(0
.0

0
1
) 

N
o
t 

R
e
p
o
rt

e
d
 

N
o
t 

R
e
p
o
rt

e
d
 

N
C

T
0
1
1
2
1
3
9
3
 

3
 

In
d
e
te

rm
in

a
te
 

2
0
1
4
-0

1
-1

5
 

N
o
n
–
sm

a
ll

-c
e
ll
 
lu

n
g
 
ca

n
ce

r 
A

fa
ti

n
ib
 

C
is

p
la

ti
n
 
p
lu

s 
G

e
m

ci
ta

b
in

e
 

5
.4
 

S
ig

n
ifi

ca
n
t 

( <
 0
.0

0
0
1
) 

-0
.1
 

N
o
n
si

g
n
ifi

ca
n
t 

(0
.7

6
) 

N
A
 

2
 

In
d
e
te

rm
in

a
te
 

2
0
1
4
-0

6
-1

3
 

S
q
u
a
m

o
u
s 

ce
ll
 
ca

rc
in

o
m

a
 
o
f 

h
e
a
d
 
a
n
d
 
n
e
ck
 

A
fa

ti
n
ib
 

C
e
tu

x
im

a
b
 

-0
.5
 

N
o
n
si

g
n
ifi

ca
n
t 

(0
.7

1
) 

N
o
t 

R
e
p
o
rt

e
d
 

N
o
t 

R
e
p
o
rt

e
d
 

N
C

T
0
1
3
4
5
6
8
2
 

3
 

P
o
si

ti
v
e
 

2
0
1
5
-0

4
-1

6
 

S
q
u
a
m

o
u
s 

ce
ll
 
ca

rc
in

o
m

a
 
o
f 

h
e
a
d
 
a
n
d
 
n
e
ck
 

A
fa

ti
n
ib
 

M
e
th

o
tr

e
x
a
te
 

0
.9
 

N
o
n
si

g
n
ifi

ca
n
t 

(0
.3

) 
0
.8
 

N
o
n
si

g
n
ifi

ca
n
t 

(0
.7

) 

N
C

T
0
1
5
2
3
5
8
7
 

3
 

In
d
e
te

rm
in

a
te
 

2
0
1
5
-0

7
-0

5
 

S
q
u
a
m

o
u
s 

ce
ll
 
ca

rc
in

o
m

a
 
o
f 

th
e
 
lu

n
g
 

A
fa

ti
n
ib
 

E
rl

o
ti

n
ib
 

0
.7
 

S
ig

n
ifi

ca
n
t 

(0
.0

1
0
3
) 

1
.1
 

S
ig

n
ifi

ca
n
t 

(0
.0

0
7
7
) 

N
C

T
0
1
0
8
5
1
3
6
 

3
 

In
d
e
te

rm
in

a
te
 

2
0
1
5
-1

2
-0

8
 

N
o
n
–
sm

a
ll

-c
e
ll
 
lu

n
g
 
ca

n
ce

r 
A

fa
ti

n
ib
 
a
n
d
 

P
a
cl

it
a
x
e
l 

C
h
e
m

o
th

e
ra

p
y
 

2
.8
 

S
ig

n
ifi

ca
n
t 

(0
.0

0
3
) 

0
 

N
o
n
si

g
n
ifi

ca
n
t 

(0
.9

9
3
6
) 

N
C

T
0
1
1
2
5
5
6
6
 

3
 

N
e
g
a
ti

v
e
 

2
0
1
6
-0

1
-2

6
 

B
re

a
st
 
ca

n
ce

r 
A

fa
ti

n
ib
 
p
lu

s 

V
in

o
re

lb
in

e
 

T
ra

st
u
zu

m
a
b
 
p
lu

s 
V

in
o
re

lb
in

e
 

-0
.1
 

N
o
n
si

g
n
ifi

ca
n
t 

(0
.4

3
) 

-8
.1
 

S
ig

n
ifi

ca
n
t 

(0
.0

0
4
8
) 

N
C

T
0
1
4
6
6
6
6
0
 

2
 

In
d
e
te

rm
in

a
te
 

2
0
1
6
-0

4
-1

2
 

N
o
n
–
sm

a
ll

-c
e
ll
 
lu

n
g
 
ca

n
ce

r 
A

fa
ti

n
ib
 

G
e
fi

ti
n
ib
 

0
.1
 

S
ig

n
ifi

ca
n
t 

(0
.0

8
3
) 

2
.9
 

N
o
n
si

g
n
ifi

ca
n
t 

(0
.3

3
) 

N
C

T
0
1
1
5
6
5
4
5
 

2
 

N
e
g
a
ti

v
e
 

2
0
1
7
-0

1
-1

3
 

N
o
n
-s

m
a
ll

-c
e
ll
 
lu

n
g
 
ca

n
ce

r 
A

fa
ti

n
ib
 

A
fa

ti
n
ib
 
a
n
d
 
S
im

v
a
st

a
ti

n
 

2
.6
 

N
o
n
si

g
n
ifi

ca
n
t 

(0
.8

9
) 

-3
 

N
o
n
si

g
n
ifi

ca
n
t 

(0
.4

7
) 

N
C

T
0
1
5
3
8
3
8
1
 

2
 

P
o
si

ti
v
e
 

2
0
1
8
-0

4
-0

1
 

S
q
u
a
m

o
u
s 

ce
ll
 
ca

rc
in

o
m

a
 
o
f 

h
e
a
d
 
a
n
d
 
n
e
ck
 

A
fa

ti
n
ib
 

N
o
 
tr

e
a
tm

e
n
t 

N
o
t 

R
e
p
o
rt

e
d
 

N
o
t 

R
e
p
o
rt

e
d
 

N
o
t 

R
e
p
o
rt

e
d
 

N
o
t 

R
e
p
o
rt

e
d
 

N
C

T
0
0
8
0
9
1
3
3
 

1
 

P
o
si

ti
v
e
 

2
0
1
8
-0

8
-0

7
 

M
u
lt

ip
le
 
in

d
ic

a
ti

o
n
s 

A
fa

ti
n
ib

, 

C
a
rb

o
p
la

ti
n
 

A
fa

ti
n
ib

, 
C

a
rb

o
p
la

ti
n
, 
P
a
cl

it
a
x
e
l 

N
o
t 

R
e
p
o
rt

e
d
 

N
o
t 

R
e
p
o
rt

e
d
 

N
o
t 

R
e
p
o
rt

e
d
 

N
o
t 

R
e
p
o
rt

e
d
 

N
C

T
0
1
3
4
5
6
6
9
 

3
 

N
e
g
a
ti

v
e
 

2
0
1
9
-0

6
-1

3
 

S
q
u
a
m

o
u
s 

ce
ll
 
ca

rc
in

o
m

a
 
o
f 

h
e
a
d
 
a
n
d
 
n
e
ck
 

A
fa

ti
n
ib
 

P
la

ce
b
o
 

N
o
t 

R
e
p
o
rt

e
d
 

N
o
t 

R
e
p
o
rt

e
d
 

N
o
t 

R
e
p
o
rt

e
d
 

N
o
t 

R
e
p
o
rt

e
d
 

N
C

T
0
1
8
5
6
4
7
8
 

3
 

P
o
si

ti
v
e
 

2
0
1
9
-1

1
-0

1
 

S
q
u
a
m

o
u
s 

ce
ll
 
ca

rc
in

o
m

a
 
o
f 

h
e
a
d
 
a
n
d
 
n
e
ck
 

A
fa

ti
n
ib
 

M
e
th

o
tr

e
x
a
te
 

0
.3
 

S
ig

n
ifi

ca
n
t 

(0
.0

0
0
5
) 

0
.5
 

N
o
n
si

g
n
ifi

ca
n
t 

(0
.3

2
) 

N
C

T
0
2
4
3
8
7
2
2
 

2
 

N
e
g
a
ti

v
e
 

2
0
2
0
-1

0
-0

6
 

N
o
n
–
sm

a
ll

-c
e
ll
 
lu

n
g
 
ca

n
ce

r 
A

fa
ti

n
ib
 

A
fa

ti
n
ib
 
a
n
d
 
C

e
tu

x
im

a
b
 

1
.5
 

N
o
n
si

g
n
ifi

ca
n
t 

(0
.9

4
) 

N
o
t 

R
e
p
o
rt

e
d
 

N
o
t 

R
e
p
o
rt

e
d
 

N
C

T
0
1
7
2
8
8
1
8
 

2
 

N
e
g
a
ti

v
e
 

2
0
2
1
-0

2
-1

2
 

P
a
n
cr

e
a
ti

c 
ca

n
ce

r 
G

e
m

ci
ta

b
in

e
 

a
n
d
 
A

fa
ti

n
ib
 

G
e
m

ci
ta

b
in

e
 

0
 

N
o
n
si

g
n
ifi

ca
n
t 

(0
.4

3
) 

-0
.1
 

N
o
n
si

g
n
ifi

ca
n
t 

(0
.8

) 

N
C

T
0
2
7
1
6
3
1
1
 

2
 

N
e
g
a
ti

v
e
 

2
0
2
1
-0

5
-2

4
 

N
o
n
–
sm

a
ll

-c
e
ll
 
lu

n
g
 
ca

n
ce

r 
A

fa
ti

n
ib
 

A
fa

ti
n
ib
 
a
n
d
 
C

e
tu

x
im

a
b
 

-1
.5
 

N
o
t 

R
e
p
o
rt

e
d
 

N
o
t 

R
e
p
o
rt

e
d
 

N
o
t 

R
e
p
o
rt

e
d
 

N
C

T
0
1
4
2
7
4
7
8
 

3
 

N
e
g
a
ti

v
e
 

2
0
2
2
-1

1
-0

9
 

S
q
u
a
m

o
u
s 

ce
ll
 
ca

rc
in

o
m

a
 
o
f 

h
e
a
d
 
a
n
d
 
n
e
ck
 

A
fa

ti
n
ib
 

P
la

ce
b
o
 

N
o
t 

R
e
p
o
rt

e
d
 

N
o
t 

R
e
p
o
rt

e
d
 

N
o
t 

R
e
p
o
rt

e
d
 

N
o
t 

R
e
p
o
rt

e
d
 

M
e
d
ia

n
 

0
.5
 

0
 

∗ 
M

o
n
th

sT
a
b
le
 
2
: 
D

e
lt

a
 
P
F
S
 
a
n
d
 
D

e
lt

a
 
O

S
 
fo

r 
a
ll
 
2
2
 
(o

f 
9
2
; 
2
3
.9

%
) 

ra
n
d
o
m

iz
e
d
 
co

n
tr

o
l 

tr
ia

ls
 
in
 
o
u
r 

sa
m

p
le

. 
T

h
re

e
 
a
rm

 
ra

n
d
o
m

iz
e
d
 
tr

ia
ls
 
w

e
re
 
e
x
cl

u
d
e
d
 
fr

o
m
 
T

a
b
le
 
2
. 

R

 

4  

d  

c  

l  

i  

p  

y  

s  

5  

w  

h  

m  

n  

o  

t  

h  

T  

t

A

 

f  

t  

r  

t  

e  

t  

t  

T  

b  

a  

t  

I  

u  

t  

c  

i  

o  

3  

(  

o  

T

C

 

d

E  

(  

(  

t  

w  

d  

i  

a  

d  

a  

p  

t  

t  

c  

i

e111
isk Assessment 

In our analysis of afatinib trials, there were 8859 participants and

572 grade 3 to 5 AEs reported. In total, 82.6% of trials for afatinib

id not report all AEs ( Tables 1A-C ). Supplemental Figure 2 displays the

umulative adverse event rate (AER) by year, plotted against the cumu-

ative ORR. Following the LUX-Lung 3 trial and initial FDA approval

n 2013, there was a significant increase of over 60% in AEs, accom-

anied by an increase in ORR of over 30%. However, the subsequent

ear in 2014, saw a decline in the ORR, dropping to roughly 12%. De-

pite this decline, the AEs remained consistently elevated, surpassing

0% after 2013. The ORR fell to a level only slightly higher than what

as found in years prior to 2013. Since 2014, both the AER and ORR

ave maintained a relatively stable pattern, with incremental improve-

ents in ORR (Supplemental Figure 2). From 2013 to 2015 there is a

oticeable separation of AER and ORR which lies directly after the year

f approval, 2013. This could be due to the expansion of indications in

rials. Supplemental Figure 3 shows that as the number of participants

as increased in the last decade, AEs have increased at a similar rate.

he last few years AEs have decreased moderately when compared to

he number of participants. 

ERO Diagram 

Figure 1 visually captures the growth of the Afatinib clinical port-

olio, illustrating its various phases and indications. Prior to 2013, 10

rials were evaluated for efficacy and safety of afatinib, 60% of these

eported positive outcomes. The phase III trial conducted in 2013 led

o FDA approval for NSCLC, reporting tolerable safety and reasonable

fficacy, but was considered indeterminate due to the lack of a clear

hreshold in their primary efficacy endpoint of PFS. Afatinib was con-

inuously tested in NSCLC, with 42 total trials over the past decade.

hese trials were consistently positive with only 11 negative outcomes,

ut no obvious trend was observed. After the initial FDA approval of

fatinib there was expansion of treatment in different indications, these

rials were 83.7% sponsored by Boehringer Ingelheim Pharmaceuticals,

nc. in some capacity (Table I). Several off-label indications were eval-

ated in small clinical trials, often resulting in inconclusive or nega-

ive outcomes. One notable exception was the conduct of 10 breast can-

er trials carried out since 2012; of these trials, 7 showed negative or

ndeterminate results and only 3 reported positive results. However,

f the 3 positive breast cancer studies, all 3 trials include less than

0 patients that were evaluable for response ( Figure 1 ). In total, 49

53.3%) of the studies had positive outcomes, 27 (29.6%) had negative

utcomes, and 16 (17.4%) had indeterminate outcomes (Supplemental

able I). 

omparison of Approved Versus Nonapproved Outcomes 

Based on the suggestions of our reviewer, we compared the me-

ian PFS, OS, and ORR between the FDA approved indication —

GFR-positive NSCLC (N = 34 trials) to nonapproved indications

N = 53 trials). In this analysis , comparing the FDA approved indications

N = 34 trials) of EGFR-positive NSCLC trials, to nonapproved indica-

ions (N = 62). Median PFS for the approved indications was 11 months

hile the nonapproved indications were 2.95 months. Similarly, me-

ian ORR was higher in approved indications at 59% compared to 8.5%

n nonapproved indications. Finally, we also found OS to be higher in

pproved indications with a median of 23.8 months compared to a me-

ian OS of 8.55 months. These findings indicate the gap in efficacy of

pproved versus nonapproved indications. Supplemental Figure 4 dis-

lays the ORR relative to the adverse event rate for EGFR-positive NSCS

rials vs nonapproved indications. As shown, for EGFR-positive NSCLC

rials, a small difference was observed between ORR and AE rates. In

ontrast, a notable difference was observed for trials of nonapproved

ndications. 
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Figure 1. Aero diagram representing afatinib drug trials from 2007 to 2023. Stratified by indication. 
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Afatinib was approved by the US FDA in 2013 for use in metastatic

SCLC with EGFR deletions. This was based on the randomized, open-

abel LUX-Lung 3 trial which indicated increased PFS when compared

o chemotherapy. 15 It was later approved for use in metastatic, squa-

ous EGFR mutations in NSCLC after progressing from platinum-based

hemotherapy. 16 The drug sponsor, Boehringer Ingelheim Pharmaceu-

icals, Inc, sponsored the evaluation of afatinib for use in eleven tumor

ypes and was approved by the US FDA for use in two. 

The primary finding of this study sheds light on the widespread use

f afatinib across multiple, other cancer types, resulting in diverse out-

omes. Our analysis demonstrated that when afatinib was tested within

ts FDA approved indication of NSCLC, favorable results were observed.

owever, as trialists extended the exploration of afatinib to other indi-

ations, predominantly negative outcomes were observed. Particularly

oncerning was the significant increase in grade 3 to 5 AEs alongside

RRs below 25% in trials conducted outside the scope of FDA-approved

ndications. Our sensitivity analysis in Supplemental Figure 4 also pro-

ides insight into the efficacy divide between FDA approved versus

onapproved indications. These findings draw attention to the evolving

isk/benefit profile of afatinib and emphasize the importance of moni-

oring its efficacy and safety profiles over time. 

In 2020, Carlisle et al conducted a study examining the drug port-

olio of imatinib. Their results showed prior to FDA approval, 66% of

matinib trials demonstrated successful outcomes. Following FDA ap-

roval, testing of imatinib was expanded to 36 additional cancer types

ith only 2 additional approvals. 7 However, the positive results relative

o trial endpoints decreased to 13%, showing a clear decrease in drug

fficacy for additional cancer types selected before and after FDA ap-

roval. 7 Our results demonstrated similar findings with successful out-

omes being noted prior to afatinib’s FDA approval for NSCLC. However,

ollowing approval, trialists began to explore its effectiveness in more

han eleven different cancer types. Our results revealed a wide range of

utcomes, with trials yielding both positive and negative effects. These

ndings suggest that while afatinib showed to be an effective treatment

ption for NSCLC, its effectiveness was less consistent with off-label

se. 

In addition to the use of afatinib in trials for its primary indication,

ther studies showed its use in breast, squamous cell carcinoma of head

nd neck, pancreatic, colorectal, and glioblastoma. Among these off-

abel uses, afatinib has been used in 10 breast cancer clinical trials since

012. Of these trials, only 3 trials met their primary endpoints. With

 median PFS of 3.8 months and ORR of 14%, the use of afatinib in

reast cancer trials did not yield notable results. The initial indication

f lung adenocarcinoma had a median PFS of 10 months and ORR of
e112
9%. These results call into question the continued use of afatinib in

reast cancer trials. In a drug evaluation, afatinib was found to be ini-

ially promising, but additional trials were halted due to an unfavorable

isk/benefit analysis. 17 When tested in 2 arm randomized trials, studies

ompare the first arm, which consisted of an afatinib backbone treat-

ent, to a second arm which tested another treatment including either

 combination, placebo, other cancer drug, or traditional chemotherapy.

he randomized trial results show little difference between arms, with

 difference of 0.5 months median PFS and a difference of 0 months in

edian OS. 

AEs are an important measurement used when examining clinical

rials. Moreover, the accurate reporting of AEs is necessary as they have

he potential to guide clinical decision making for patients assessing

reatment options. Our study revealed a notable increase in AEs follow-

ng FDA approval of afatinib in 2013. For example, diarrhea in breast

ancer is notably higher and trialists continue to test within the indica-

ion. Commonly reported AEs include diarrhea, rash/acne, and stomati-

is. In addition, it is concerning that 82.6% of trials failed to report for

ll AEs. Many of our trials excluded incidents involving grade 3 and 4

vents. This highlights the necessity for accurate reporting as grade 3

nd 4 events are often what lead to dose reduction and even treatment

iscontinuation. 18 

Our analysis revealed that despite receiving FDA approval for

SCLC, afatinib continues to be tested for this indication. Further, tri-

ls not focusing on NSCLC had significantly lower PFS and ORRs. These

ndings demonstrate a waste of research funding, clinical resources, and

ncreased patient burden. The current data for afatinib points to more

fficacious use in the setting of non–small-cell lung cancer and more

pecifically lung adenocarcinoma. As stated within Chalmers et al, an

verview of previous research should be systematically evaluated before

roceeding with continued trials in an effort to reduce resource waste

ithin the space of scientific research and in an effort to improve effi-

iency and avoid placing patients into situations in which their health

ill not be benefitted by a given treatment. 19 

trengths and Limitations 

This study has several strengths and limitations. First, our search of

linical trial registries was cross-referenced to find primary literature

n PubMed and Embase. Second, our data extraction was conducted in

 masked, duplicate fashion using 2 independent investigators which

ligns with best practice guidance. 20 Third, we uploaded our protocol a

riori , as well as our raw data, analysis scripts, and the Google extraction

orm for reproducibility purposes. Lastly, we adapted our methods from

ast published systematic reviews laid out by the gold standard for this

ype of study, Cochrane Collaboration Guidelines. 20 Although maintain-
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ng rigid guidelines and methodologically high standards this study is

ot without its weaknesses. An initial limitation would be that our sys-

ematic search looking for potential studies to include in our analysis

ould leave out articles and trials that should be included. This is a com-

on limitation built into most, if not all, meta-analysis style research. 21 

nother limitation could be in data extraction that was not made appar-

nt through our rigorous review process and standardized approach to

his analysis. A final limitation would be that this is not generalizable

o other areas of medicine and other potential applications for afatinib,

s our study only evaluated studies that are oncologic in setting. 

onclusion 

The goal of this study was to evaluate afatinib, a TKI drug, and its

isks versus benefits for varying cancer indications. We have found that

hen tested beyond its primary indication for lung cancer there was

ittle success and displayed poor outcomes. We also noticed there was

 trend in lung and breast indications to continue testing despite nu-

erous past trials examining efficacy and safety while providing good

esults in the case of lung cancer and poor results with breast cancer.

he AEs found within our trial sample appear to be in line with cur-

ent industry expectations for toxicity, as most cancer drugs have toxic

ualities. 22 However, subjecting patients to these events is still concern-

ng, especially when there is limited evidence supporting their efficacy.

e recommend the pursuit of future trials for the indications in which

here is apparent benefit and to avoid financial waste and patient suffer-

ng by pursuing indications in which there is little evidence for outcome

mprovement. 
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