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Background: Post hoc analysis of the LUX-Lung 3 and 6 (LL3/6) Phase III trials showed 
that tolerability-guided dose-adjustments of afatinib reduced treatment-related adverse events 
(TRAEs) without affecting progression-free survival (PFS) in patients with epidermal growth 
factor receptor (EGFR) mutation-positive non-small-cell lung cancer (NSCLC). The current 
post hoc analysis evaluated outcomes of tolerability-guided dose adjustments of afatinib in 
patients enrolled in the LL3/6/7 trials in Chinese centers.
Patients and Methods: Patients enrolled in LL3/6/7 had advanced EGFR mutation- 
positive NSCLC. LL3 and LL7 recruited patients globally (including China) and LL6 
enrolled Asian patients from China, Thailand, and South Korea. In LL3 and LL6, patients 
were randomized to afatinib 40 mg/day or cisplatin-based chemotherapy. In the Phase IIb 
LL7 trial, patients were randomized to afatinib 40 mg/day or gefitinib. Tolerability-guided 
dose adjustments were permitted for TRAEs, and PFS was the primary endpoint. This post 
hoc analysis pooled data from patients enrolled in Chinese centers in LL3/6/7 and analyzed 
the frequency and severity of TRAEs before and after afatinib dose reductions during the first 
6 months. PFS and overall survival (OS) were compared for patients who had a dose 
reduction in the first 6 months and those who did not.
Results: Overall, 299 patients were enrolled in Chinese centers; 68 (23%) had afatinib dose 
reductions to <40 mg/day in the first 6 months. Prior to dose reduction, 55/68 patients (81%) 
experienced grade ≥3 TRAE versus 13/68 (19%) after dose reduction. Grade ≥3 TRAEs were 
much more common in patients with than in those without dose reduction. Median PFS was 
11.0 months in both groups, and median OS did not differ significantly: 23.1 months in 
patients with a dose reduction and 26.9 months in those without a dose reduction.
Conclusion: Tolerability-guided afatinib dose adjustment is an effective strategy to reduce 
TRAEs without affecting efficacy in Chinese patients.
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Introduction
Globally, first-line treatment options for epidermal growth factor receptor (EGFR) 
mutation-positive non-small-cell lung cancer (NSCLC) include the use of first- 
generation reversible EGFR tyrosine kinase inhibitors (TKIs) erlotinib, gefitinib, and 
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icotinib (in China), the second-generation irreversible TKIs 
of human epidermal growth factor (ErbB) family receptors, 
afatinib and dacomitinib, and the third-generation irreversi-
ble EGFR TKI osimertinib.1–3 In randomized, controlled 
studies of patients with advanced NSCLC, first-line treat-
ment with these agents demonstrated improvements in clin-
ical outcome, including progression-free survival (PFS) and 
objective response rate compared with standard care.4–14 

Furthermore, analyses of data from the global Phase III 
LUX-Lung 3 (LL3) study and the LUX-Lung 6 (LL6) 
study in Asian patients, whose tumors harbored common 
EGFR Del19 mutations demonstrated a significant improve-
ment in overall survival (OS) for afatinib-treated patients 
compared with cisplatin-based chemotherapy.15 Data from 
the LUX-Lung 7 (LL7),16 ARCHER 1050,13 and FLAURA 
trials14 suggest that afatinib, dacomitinib and osimertinib, 
respectively, are more effective than first-generation TKIs; 
there were no statistically significant differences in PFS or 
OS between the first-generation agents erlotinib and gefitinib 
in the CTONG 0901 trial.17 To date, there are no head-to- 
head studies comparing second- and third-generation TKIs, 
and both are approved as first-line therapy in this setting.

EGFR TKIs have well-defined adverse event (AE) 
profiles, consistent with their mode of action. EGFR- 
class treatment-related AEs (TRAEs) include diarrhea, 
rash/acne, stomatitis, and nail effects, which are predict-
able and manageable with established protocols for dose 
modification (afatinib and erlotinib) and dose interruption 
(gefitinib) according to tolerability.18 Analyses of data 
from the LL3 and LL6 studies demonstrated that tolerabil-
ity-guided dose adjustment of afatinib was effective in 
reducing TRAEs without impacting PFS.19

The frequency of EGFR mutations in tumors from 
Asian patients and particularly Chinese patients is high – 
approximately 50% compared with 10–15% in Caucasian 
patients.20 Therefore, the choice of first-line EGFR TKI 
in Chinese patients is important and should take into 
consideration efficacy, tolerability and cost. Subgroup 
analysis of the FLAURA trial showed a consistent ben-
efit of osimertinib over first-generation TKIs with respect 
to PFS in Asian versus non-Asian patients.14 Post-hoc 
data with the pan-ErbB TKI afatinib would be of interest 
to provide more information regarding PFS and OS in 
Chinese patients. Subgroup analysis in Chinese patients 
from LL6 showed that afatinib treatment was well toler-
ated with few discontinuations (6%) and resulted in 
longer PFS than treatment with chemotherapy.21 

Additional data are also available from a pooled analysis 

of LL3 and LL6 with afatinib,15 which unlike the 
FLAURA,14 and ARCHER 1050 trials13 also included 
patients with uncommon EGFR mutations. We present 
the results of a post hoc analysis conducted to assess 
outcomes of tolerability-guided afatinib dose adjustment 
in patients enrolled in the LL3, LL6, and LL7 clinical 
trials at study centers in China.

Methods
Study Design and Patients
Study designs and eligibility criteria for the LL3, LL6, and 
LL7 trials have been previously reported in detail.11,12,16 

LL3 and LL6 were open-label, randomized Phase III trials, 
and LL7 was an open-label, randomized Phase IIb trial. 
All were international, multicenter trials; LL3 and LL7 
recruited patients globally (including China) and LL6 
was an Asian study enrolling patients from China, 
Thailand, and South Korea.

Briefly, eligible patients had stage IIIB/IV, EGFR 
mutation-positive NSCLC, measurable disease by 
Response Evaluation Criteria in Solid Tumor version 1.1 
(RECIST v1.1), and had an Eastern Cooperative Oncology 
Group performance status (ECOG PS) of 0/1 with ade-
quate organ function.

The primary endpoints of LL3 and LL6 were PFS (by 
independent review); co-primary endpoints of LL7 
included PFS (by independent review), time to treatment 
failure and OS. Secondary endpoints in the trials included 
objective response and disease control, OS (LL3 and LL6), 
patient-reported outcomes and safety. Pharmacokinetic 
analyses were performed in LL3 and LL6.

The studies were conducted in accordance with the 
Declaration of Helsinki and Good Clinical Practice as 
defined by the International Conference on 
Harmonisation, and the protocol was approved by inde-
pendent ethics committees or institutional review boards at 
each participating center (Table S6–S8). All patients pro-
vided written informed consent.

Treatment
In both the LL3 and LL6 trials, patients were randomized 
(2:1) to oral afatinib 40 mg/day or up to six cycles of 
cisplatin-based chemotherapy (dosing and schedule pre-
viously reported)11,12 stratified by EGFR mutation-type 
(Del19/L858R/other) and by race in LL3 (Asian/non- 
Asian). In the LL7 trial, patients were randomized (1:1) 
to afatinib 40 mg/day or gefitinib 250 mg/day, stratified by 
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EGFR mutation type (Del19/L858R) and the presence of 
baseline brain metastases (presence vs absence) as 
reported previously.16 Dose escalation to 50 mg/day afati-
nib was permitted after the first cycle in LL3 and LL6, and 
after 4 weeks in LL7 in the absence of grade >1 TRAEs.

Tolerability-guided dose adjustments were permitted 
for TRAEs. Afatinib treatment was interrupted for up to 
14 days until the reduction in TRAE severity to grade 1 or 
less (or the grade present at baseline) in case of the 
following: any grade ≥3 TRAE, prolonged grade 2 diar-
rhea (lasting ≥2 days in LL7), grade 2 nausea or vomiting 
for ≥7 days despite best supportive care, and grade ≥2 
worsening renal function. Afatinib dosing was then 
resumed at a lower dose, being reduced in 10 mg decre-
ments to a minimum of 20 mg/day. Treatment was perma-
nently discontinued in patients who did not recover to 
grade 1 or less, or baseline grade, within 14 days.

Outcomes and Assessments
AEs were coded using the Medical Dictionary for 
Regulatory Activities (MedDRA) v16.1 for LL3 and 
LL6, and 19.0 for LL7 and graded by the Common 
Terminology Criteria for Adverse Events (CTCAE) v3. 
MedDRA preferred terms for AEs of a similar nature 
were grouped; grouped terms included rash/acne, stomati-
tis, nail effects, fatigue (Table S1). Relatedness to treat-
ment was determined by the investigator.

Tumors were assessed using computed tomography or 
magnetic resonance imaging and reviewed by an indepen-
dent central imaging group, until disease progression or 
the start of a new therapy. PFS was defined as the time 
from random assignment to progression or death. EGFR 
mutation analyses were performed at central laboratories 
using standardized allele-specific quantitative real-time 
polymerase chain reaction methodologies.

Statistics
This post hoc analysis was performed on individual patient 
data pooled from patients enrolled and treated with at least 
one dose of afatinib at centers in China participating in the 
LL3, LL6, and LL7 studies.

In patients with dose reductions, the frequency and sever-
ity of TRAEs pre- and post-reduction from 40 mg/day in the 
first 6 months of treatment were analyzed.

PFS and OS were analyzed and compared in patients 
who experienced a dose reduction from 40 mg/day 
within the first 6 months of treatment and those who 
did not. Kaplan–Meier estimates and 95% confidence 

intervals (CI) for the median survival distribution were 
calculated. A Cox proportional-hazard model was used 
to derive hazard ratios (HRs) and 95% CIs comparing 
patients with or without dose reduction.

Results
Patients and Treatment Exposure
In total, 299 (48%) of 628 patients treated with afatinib in the 
LL3, LL6, and LL7 studies were enrolled at Chinese centers 
(Table 1). All were of Taiwanese or Chinese origin. Dose 
reductions in the first 6 months to <40 mg/day afatinib 
occurred in 68 (23%) patients and accounted for 15% of the 
total number of patients who had dose reductions (68/460) in 
the three studies. Of the 68 patients with dose reductions, 62 
were treated with 30 mg/day and six received 20 mg/day. Of 
the 299 patients, 231 (77%) remained on afatinib ≥40 mg/day 
(Table 1). At 6 months, 207 patients remained on afatinib 
40 mg/day and a further 24 patients had their dose increased 
to 50 mg/day. Key patient and disease characteristics at base-
line are shown in Table 2. In the overall group of Chinese 
patients, there was a higher proportion of female (61%) than 
male patients (39%), 31 (10%) patients had brain metastases 
at baseline and the majority (270, 90%) had tumors harboring 
common EGFR mutations. Compared with the group that did 
not reduce their dose, there were more females in the dose 
reduction group (69% vs 58%), and more patients had a body 
weight of <50 kg (22% vs 9%).

Median duration of treatment was 13.8 months (range 
1.4–45.9 months) for the 68 patients with dose reductions 
and 11.5 months (range 0.1–48.4 months) for the 
231 patients without dose reductions (p=0.8268).

TRAEs
All (100%) patients in the Chinese population experienced 
TRAEs. The most common TRAEs of any grade and grade ≥3 

Table 1 Number of Patients Enrolled at Chinese Centers from 
Each Trial, According to Afatinib Dosage <40 mg/Day or 
≥40 mg/Day at 6 Months

Study No. of Pts 
Enrolled from 
Chinese 
Centers

No. of Pts 
Treated with 
Afatinib 
<40 mg

No. of Pts 
Treated with 
Afatinib 
≥40 mg

LL3 48 17 (35.4%) 31 (64.6%)

LL6 214 47 (22.0%) 167 (78.0%)

LL7 37 4 (10.8%) 33 (89.2%)
Total 299 68 (22.7%) 231 (77.3%)

Abbreviations: LL, LUX-Lung; pts, patients.
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were diarrhea (91%) and rash (12%), respectively (Table S2). 
TRAEs occurring prior to and after dose reduction from 
40 mg/day are summarized in Figure 1 (detailed in Table S3).

Prior to dose reduction, 55/68 (81%) experienced 
grade ≥3 TRAEs. The most common grade ≥3 TRAEs 
reported prior to dose reduction were rash/acne (43%), 
stomatitis (21%), and diarrhea (16%). Following dose 
reduction, 13/68 (19%) experienced grade ≥3 TRAEs.

TRAEs of grade ≥3 were much more frequently 
reported in patients who had a dose reduction from 
40 mg afatinib than in those who did not, irrespective of 

patient subgroup category (Table S4). The frequency of 
grade ≥3 TRAEs ranged from 60% to 83% depending on 
the subgroup in patients who had a dose reduction com-
pared with 31% to 43% across the subgroups in patients 
who did not have a dose reduction.

Progression-Free Survival
The median follow-up period was 9.3 months (range 
0–44.0 months) for patients who had a dose reduction 
during the first 6 months, and 9.6 months (range 
0–41.3 months) for those who did not.

Median PFS was 11.0 months both in patients who 
had a dose reduction from 40 mg/day in the first 6 months 
(95% CI: 8.3–14.0) and in those who remained on afati-
nib ≥40 mg/day (95% CI: 9.6–13.1; HR 1.15 [95% CI: 
0.84–1.58], p=0.39; Figure 2). In the dose reduction 
group, 49 (72%) of patients progressed or died, compared 
with 180 (78%) of patients who remained on afatinib 
≥40 mg/day. Median PFS in subgroups of patients who 
reduced the afatinib dose compared with those who did 
not are presented in Table S5. Of note, some of these 
subgroups included small numbers of patients.

Overall Survival
Afatinib dose reduction did not have an impact on the median 
OS compared with no dose reduction. Median OS was 
23.1 months in the patients who had an afatinib dose reduction 
from 40 mg/day in the first 6 months (95% CI: 19.3–32.9) and 
26.9 months (95% CI: 23.2–30.4) in those who remained on 
≥40 mg/day: HR 0.96 (0.69–1.34); p=0.80 (Figure 3).

Discussion
Patients treated at Chinese centers comprised 48% of 
afatinib-treated patients from the LL3, LL6, and LL7 
studies.11,12,16 In this pooled analysis of data from those 
studies, 23% of patients had a dose reduction to 
<40 mg/day in the first 6 months. In comparison, dose 
reductions from 40 mg/day were previously reported in 
20% and 45% of non-Asian patients in the LL3 and LL7 
study, respectively.11,22 Furthermore, in the LL3 study, 
a higher proportion of patients recruited from Japanese 
sites had dose reductions than did not (31% and 17%).11 

This may suggest ethnic differences in dose reduction rates 
from starting doses of 40 mg/day afatinib; however, phar-
macokinetic data have suggested that ethnicity does not 
affect exposure to afatinib.23

Table 2 Patient Demographics and Baseline Characteristics

Characteristics Afatinib 
<40 mg, N=68

Afatinib 
≥40 mg, N=231

Age, years, median (range) 57.0 (32–80) 58.0 (30–78)

Gender, n (%)

Male 21 (30.9) 96 (41.6)

Female 47 (69.1) 135 (58.4)

Smoking status, n (%)

Never smoked 49 (72.1) 170 (73.6)

Ex-smoker 18 (26.5) 43 (18.6)

Current smoker 1 (1.5) 18 (7.8)

Weight category, n (%)

<50 kg 15 (22.1) 21 (9.1)

≥50 kg 53 (77.9) 210 (90.9)

BMI, kg/m2, median (range) 21.8 (16.0–30.1) 23.3 (15.0–30.0)a

BSA, m2, median (range) 1.6 (1.4–2.1) 1.6 (1.1–2.0)a

ECOG score, n (%)

0 19 (27.9) 64 (27.7)

1 49 (72.1) 167 (72.3)

Time since first diagnosis, 

months, median (range)

0.7 (0–64) 0.6 (0–56)

Brain metastases at diagnosis, 

n (%)

No 56 (82.4) 175 (75.8)

Yes 8 (11.8) 23 (10.0)

Missing 4 (5.9) 33 (14.3)

EGFR mutation category, n (%)

Common mutations 63 (92.6) 207 (89.6)

L858R only 27 (39.7) 87 (37.7)

Del19 only 36 (52.9) 116 (50.2)

L858R + Del19 0 4 (1.7)

Uncommon mutations 5 (7.4) 24 (10.4)

Notes: Data shown are n (%) unless otherwise stated. aData from 229 patients. 
Abbreviations: BMI, body mass index; BSA, body surface area; ECOG, Eastern 
Cooperative Oncology Group; EGFR, epidermal growth factor receptor.
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More female patients and those with a lower body weight 
(<50 kg) had a dose reduction to below 40 mg/day. This may 
be due to increased afatinib plasma exposure in these 
patients, as both gender and body weight have been identified 
as covariates for exposure to afatinib.23,24 The frequency of 
patients having dose reductions was similar in other patient 
subgroups, including those whose tumors contained EGFR 
common and uncommon mutations and those with or without 
brain metastases at baseline.

The safety profile of afatinib was as expected, with 
diarrhea, rash, and stomatitis being the most common 
TRAEs. This was in line with the parent studies.11,12,16 

As would be expected, patients who went on to reduce 
their afatinib dose experienced a much higher frequency of 
grade ≥3 TRAEs than those patients who maintained their 
afatinib dose. Among the 68 patients with a dose reduction 
of afatinib, grade ≥3 TRAEs were reported prior to the 
dose reduction in 55 patients (81%) and after the dose 
reduction in only 13 (19%) patients. This finding is 
expected and reassuring, demonstrating that the 

tolerability-guided dose-adjustment strategy developed 
for afatinib is effective and applicable to Chinese patients.

The effectiveness of tolerability-guided dose adjust-
ment at reducing TRAEs has been demonstrated pre-
viously for the overall populations of LL3 and LL6,19 

and LL7.22 It has also been shown in a non- 
interventional, real-world, global study of EGFR- 
mutation-positive NSCLC patients treated with first-line 
afatinib (RealGiDo).25 In this study, 67.1% of patients who 
started on afatinib 40 mg/day had a dose reduction. This 
reduced the overall frequency of grade 3/4 AEs from 
30.1% to 13.7%, and the incidence of grade ≥3 diarrhea 
and rash from 13.7% and 9.6%, respectively, to 1.4% and 
2.7%. Similarly, in a Phase IIIb study conducted in Asian 
patients with EGFR-mutation-positive NSCLC, dose 
reduction of afatinib decreased the rates of grade ≥3 diar-
rhea, rash/acne, and stomatitis from 27%, 24%, and 11%, 
respectively, to 4%, 11%, and 5%, respectively.26

Median PFS was 11.0 months in the patients with or 
without dose adjustment of afatinib in the first 6 months of 

Before reduction (≥40mg) After reduction (<40 mg)

Any

Diarrhea*

Rash/acne*

Stomatitis*

Nail effects

Pruritus

Vomiting

Pyrexia

Dry skin

-100 -80 -60 -40 -20 0 20 40 60 80 100
Patients (%)

All grade
Grade ≥3

100.0 80.9

89.7 16.2

80.9 42.6

20.664.7

4.420.6

0.016.2

2.913.2

0.010.3

1.510.3

19.1                                                88.2

0.0 1.5

0.0 5.9

0.0

0.0

0.0

0.0

0.0

0.0

7.4

17.6

7.4

11.8

4.4

1.5

Data shown are n (%) in >10% of patients and all grade 3, 4, and 5 Medical Dictionary for Regulatory Activities (MedDRA
version 16.1 for LL3 and LL6 and 19.0 for LL7) preferred terms and grouped terms* graded by the Common Terminology 
Criteria for Adverse Events (CTCAE) version 3.  

Figure 1 Most common TRAEs pre-and post-afatinib dose reduction from 40 mg/day. 
Note: *Grouped term. 
Abbreviations: LL, LUX-Lung; TRAEs, treatment-related adverse events.
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Figure 2 Kaplan–Meier curves showing PFS (independent review) by dose reduction status in afatinib-treated patients. 
Abbreviations: CI, confidence interval; PFS, progression-free survival.

Figure 3 Kaplan–Meier curves showing OS (months) by dose reduction in status in afatinib-treated patients. 
Abbreviations: CI, confidence interval; OS, overall survival.
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treatment in this analysis. Similarly, median PFS was no 
different when dose adjustments occurring after the first 
6 months of treatment were considered compared with no 
dose adjustment. The median PFS values seen here are 
nearly identical to those observed in the overall 
studies,11,12,16 suggesting that afatinib is similarly effective 
in Chinese patients as it is in all other patients. In addition, 
median OS did not differ significantly between the two 
groups: 23.1 months in patients with a dose reduction and 
26.9 months in those without a dose reduction.

There is now a wealth of data demonstrating that 
tolerability-based dose adjustment of afatinib does not 
reduce PFS, and may even improve outcomes, and this 
analysis adds to the evidence base. In LL3, median PFS 
was 11.3 months in those who dose reduced and 
11.0 months in those who did not (p=0.175); while in 
LL6, median PFS was 12.3 months in dose reducers and 
11.0 months in patients who did not (p=0.982).19 In LL7, 
median PFS was 12.8 months in those who dose reduced 
and 11.0 months in those who did not (p=0.144).22 In the 
Phase IIIb study in Asian patients, median PFS was 
improved in patients who dose reduced (14.1 months) 
compared with those who did not (11.3 months; 
p=0.041).26 In real-world studies, such as RealGiDo, 
median time to progression was 29.0 months in those 
who remained on afatinib ≥40 mg/day and 20.0 months 
in those who had a dose reduction to <40 mg/day; the 
difference was not significant (p=0.392).25 A literature 
review of real-world studies of afatinib for the treatment 
of NSCLC found six studies, all from Asia.27 In four of 
these, PFS or time to treatment failure was not affected 
by dose reductions, while PFS was slightly shorter in 
dose reducers in one study, and was improved in dose 
reducers in another. In a retrospective study of 
125 patients who received treatment with afatinib at an 
Asian cancer treatment center, the median PFS was 
longer in patients with brain metastases who started 
treatment with afatinib 40 mg/day (n=17) than in 
25 patients who initiated 30 mg/day.28

Pharmacokinetic analysis of patients in LL3 found that 
afatinib trough plasma concentrations were higher on day 22 
in patients who subsequently had a reduction in dose from 
40 mg/day to 30 mg/day due to TRAEs than in those who 
remained on 40 mg/day. Subsequently, on day 43, afatinib 
trough plasma concentrations in the patients now on 
30 mg/day were similar to those in patients who had 
remained on 40 mg/day.19 This was thought to be due to 
higher initial afatinib exposure, possibly as a result of female 

gender or lower body weight; the tolerability-guided dose 
modification reduced excessive exposure, providing a level 
of EGFR inhibition that was adequate for clinical efficacy, 
but reducing the risk of TRAEs caused by off-target effects.

In conclusion, tolerability-guided dose reduction of 
afatinib for Chinese patients treated in the LL3, LL6, and 
LL7 studies led to decreased incidence of TRAEs without 
affecting median PFS or median OS. Chinese patients can 
be initiated on afatinib 40 mg/day and subsequently have 
the dose reduced if tolerability becomes a problem, while 
remaining confident that they are receiving adequate afa-
tinib exposure for efficacy.

Data Sharing Statement
To ensure independent interpretation of clinical study 
results, Boehringer Ingelheim grants all external authors 
access to all relevant material, including participant-level 
clinical study data, and relevant material as needed by 
them to fulfill their role and obligations as authors under 
the ICMJE criteria.

Furthermore, clinical study documents (eg study report, 
study protocol, statistical analysis plan) and participant clin-
ical study data are available to be shared after the publication 
of the primary manuscript in a peer-reviewed journal and if 
regulatory activities are complete and other criteria met per 
the Boehringer Ingelheim Policy on Transparency and 
Publication of Clinical Study Data: https://trials.boehringer- 
ingelheim.com/transparency_policy.html

Prior to providing access, documents will be examined, 
and, if necessary, redacted and the data will be de- 
identified, to protect the personal data of study participants 
and personnel, and to respect the boundaries of the 
informed consent of the study participants.

Clinical Study Reports and Related Clinical Documents 
can be requested via this link:https://trials.boehringer- 
ingelheim.com/trial_results/clinical_submission_docu 
ments.html

All such requests will be governed by a Document 
Sharing Agreement.

Bona fide, qualified scientific and medical researchers may 
request access to de-identified, analysable participant clinical 
study data with corresponding documentation describing the 
structure and content of the datasets. Upon approval, and 
governed by a Data Sharing Agreement, data are shared in 
a secured data-access system for a limited period of 1 year, 
which may be extended upon request.

Researchers should use https://trials.boehringer- 
ingelheim.com to request access to study data.
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