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Abstract
Background

Afatinib has shown favorable response rates (RRs) and longer progression free survival (PFS) in lung
cancer patients harboring EGFR mutations compared with standard platinum-based chemotherapy.
However, serious adverse drug reactions (ADRs) limit the clinical application of afatinib.

Methods

We designed a retrospective study, enrolled all patients with metastatic lung adenocarcinoma who were
diagnosed and treated with 30 or 40 mg afatinib as their starting dose in three Kaohsiung Medical
University-a�liated hospitals in Taiwan

Results

A total of 179 patients were enrolled in the study, of which 102 (57%) and 77 (43%) received 30 mg and
40 mg afatinib daily as their initial treatment, respectively. The patients initially using 30 mg afatinib daily
had a similar RR (74% vs. 82%, p = 0.1661), median PFS (14.5 months vs. 14.80 months, log-rank p =
0.465) and median OS (34 months vs 25.2 months, log-rank p = 0.5982) compared with those initially
using 40 mg afatinib daily. Patients with the lower starting dose had fewer ADRs compared with patients
receiving 40 mg as their starting dose. The overall incidence of moderate (49% vs 77%, p=0.002) or severe
(7% vs 24%, p<0.0001) ADRs was signi�cantly lower in patients receiving 30 mg afatinib compared with
those receiving 40 mg.

Conclusion

Patients receiving 30 mg afatinib as their starting dose had non-inferior RRs, PFS, OS and signi�cantly
fewer serious ADRs compared with those patients who received standard 40 mg afatinib as their starting
dose.

Highlights
1. Serious adverse drug reactions (ADRs) limit the clinical application of afatinib because up to half of

all patients receiving standard 40 mg afatinib as the initial starting dose have to discontinue their
treatment or reduce their dosage due to severe ADRs.

2. The patients initially using 30 mg afatinib daily had a similar RR (74% vs. 82%, p = 0.1661), median
PFS (14.5 months vs. 14.80 months, log-rank p = 0.465) and median OS (34 months vs 25.2 months,
log-rank p = 0.5982) compared with those initially using 40 mg afatinib daily.

3. Patients with the lower starting dose had fewer ADRs including diarrhea, stomatitis, dry skin, acne
and/or rash and pruritis compared with patients receiving 40 mg as their starting dose. The overall
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incidence of grade 3 (7% vs 24%, p<0.0001) ADRs was signi�cantly lower in patients receiving 30 mg
afatinib compared with those receiving 40 mg.

Introduction
Lung cancer is a leading cause of cancer related mortality worldwide, including in Taiwan. Most lung
cancer patients are diagnosed at an advanced stage meaning salvage therapy is recommended [1].
Platinum-based chemotherapy is a standard therapy for advanced stage lung cancer but has only been
proven to have modest clinical e�cacy [2, 3]; the response rates (RRs) to 1st line cytotoxic chemotherapy
for advanced non-small cell lung cancer (NSCLC) are 30 to 40%, and all patients eventually develop
resistance with a median survival of only 8 to 10 months [3].

In addition, chemotherapy causes a number of severe adverse drug reactions, (ADRs) such as nausea,
vomiting, hematological toxicity and some unexpected life-threatening complications [3, 4], which can
cause poor quality of life. Therefore, many new treatment strategies have been developed to improve the
clinical e�cacy of chemotherapy and to lower its toxicity. Driver mutations are believed to be involved in
cancer pathogenesis and small molecular drugs designed to target the signal transduction pathway can
result in cell apoptosis or death; these are often accompanied by fewer ADRs than standard
chemotherapy [5, 6].

Therefore, many new target therapies were developed which have been proven to have better clinical
e�cacy compared with standard platinum-based chemotherapy [5]. Several large-scale phase 3 clinical
trials have shown that lung cancer patients harboring susceptible epidermal growth factor receptor
(EGFR) mutations who received tyrosine kinase inhibitor (TKI) have better clinical e�cacy compared with
platinum-based chemotherapy as determined by overall RRs, progression free survival (PFS) and quality
of life [7-11]. Afatinib is an irreversible, second-generation EGFR TKI [12] which has been shown to have
better RR, PFS and overall survival (OS) when administered to lung cancer patients who harbor
susceptible EGFR mutations, compared with platinum-based chemotherapy [13, 14]. Furthermore, afatinib
has been shown to have a signi�cantly longer PFS and time-to-treatment failure compared with ge�tinib
when used as the initial EGFR TKI in a head-to-head phase 3 clinical trial; ADRs were reported in 11% of
patients taking 40 mg afatinib daily and 4% of patients taking ge�tinib [15]. A meta-analysis showed that
in patients who received �rst- and second-generation EGFR TKIs, 40% experienced grade 3–4 ADRs, while
the risk of grade 3–4 ADRs was lower for ge�tinib (29.1%) than for erlotinib (54.1%) or afatinib (42.1%)
[6] . Another pooled safety study concluded that grade 3–4 rash and diarrhea occurred signi�cantly more
frequently with afatinib therapy compared with erlotinib or ge�tinib therapy [16]. Afatinib has been proven
to have signi�cantly longer OS in patients with exon 19 deletions [17]. Therefore, afatinib is a promising
EGFR TKI for the management of patients with lung cancer with EGFR mutations.

However, patients receiving afatinib treatment always have more ADRs compared with 1st generation
EGFR TKIs in patients with EGFR mutations, and 28 to 53.3% of patients receiving standard 40 mg
afatinib daily had to discontinue or reduce their dose due to severe ADRs in the phase 3 Lux-Lung 3 and



Page 5/23

Lux-Lung 6 trials [13, 14, 18]. Real world data of 1st line afatinib treatment showed that dose reduction
occurred in 47.5 to 76.3% of cases [19, 20]. Dose reductions were mainly due to ADRs and were more
common in females, East Asian individuals and those with a low body-weight [21]. Therefore, methods
for ameliorating ADRs whilst maintaining clinical e�cacy are urgently needed for lung cancer patients
receiving afatinib as their �rst line therapy. A lower starting dose of afatinib was tested by clinicians in
clinical practice and several trials [22]. In May 2014, the Taiwan Nation Health Insurance Bureau
permitted both 30 mg and 40 mg afatinib daily as a �rst line therapy for advanced lung adenocarcinoma
with activating EGFR mutations.

Our preliminary report, a very small-scale study that only enrolled 48 patients with different starting
doses, showed that patients who received 30 mg afatinib as the starting dose had non-inferior PFS with
fewer severe ADRs [23]. We believe that fewer adverse events, especially fewer severe ADRs will result in
good drug compliance and a better quality of life during lung cancer treatment [24].

Here, we designed a retrospective trial which evaluated lower starting doses of afatinib in Taiwan. We
investigated whether lung adenocarcinoma patients who harbored susceptible EGFR mutations and
received lower starting doses had similar clinical e�cacy and fewer severe ADRs compared with patients
who received a higher starting dose of afatinib in a large-scale study.

Patients And Methods
Patient identi�cation

Patients with metastatic lung adenocarcinoma who were diagnosed and treated between May 1st 2014
and July 31st 2019 in Kaohsiung Medical University Hospital (KMUH), Kaohsiung Municipal Ta-Tung
Hospital and Kaohsiung Municipal Siaogang Hospital (all Kaohsiung Medical University-a�liated
hospitals) in Taiwan, were identi�ed and followed until Dec 31st 2019. The diagnosis of lung
adenocarcinoma was con�rmed pathologically according to the World Health Organization pathology
classi�cation. Tumor staging was assessed according to the seventh American Joint Committee cancer
staging system and con�rmed by a lung cancer team. All adenocarcinoma specimens were analyzed
using an EGFR RGQ kit (Qiagen, UK). The protocol was developed and validated by the Division of
Molecular Diagnostics, Department of Laboratory Medicine, KMUH, and utilized ampli�cation refractory
mutation speci�c (ARMS) polymerase chain reactions (PCRs) and Scorpion technologies for detection;
direct sequencing was performed if a negative result was found in the ARMS PCR. The examination
techniques were consistent with our previous studies [23, 25-28].

In the current study, we enrolled all individuals with exon 19 deletions and exon 21 L858R point
mutations; they were all treatment-naïve and were treated with either 30 or 40 mg afatinib daily as their
�rst-line treatment for stage IV metastatic lung adenocarcinoma. Baseline clinical characteristics were
determined by retrospective chart review, including age at diagnosis, gender, body weight, height, Eastern
Cooperative Oncology Group (ECOG) performance status, glomerular �ltration rate, smoking history,
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hepatitis B, hepatitis C, tuberculosis history, family history, thyroid transcription factor-1 (TTF-1),
programmed death-ligand 1 (PDL-1), EGFR mutation, TNM status and number of metastatic sites on
initial diagnosis.

The initial treatment response was classi�ed based on serial imaging studies using the revised Response
Evaluation Criteria in Solid Tumors (RECIST 1.1) criteria. The PFS and OS of the �rst-line treatment were
de�ned as the time from the start of the �rst treatment to the date of disease progression on an imaging
examination, and the date of death, respectively. ADRs were recorded by physicians and graded
according to the Common Terminology Criteria for Adverse Events version 4.0.

Statistical analysis

Categorical variables and continuous variables were compared using the χ2 test and Student’s t-test,
respectively. Survival times were estimated using the Kaplan-Meier method, with differences between the
two groups compared using the log-rank test. Using a backward variable selection method, keeping only
variables with p values <0.1, we developed reduced multivariable models with Cox regression analyses to
determine predictive factors for PFS and OS. Hazard ratios (HR) with 95% con�dence intervals (CIs) are
given for the predictive factors. All statistical analyses were performed using SAS software (version 9.4
for Windows, SAS Institute Inc., Cary, NC, USA). Statistical signi�cance was set at a two-sided p value of
<0.05.

Results
During the study period, a total of 179 patients with stage IV lung adenocarcinoma harboring exon 19
deletions or an exon 21 L858R point mutation who received afatinib as their �rst-line therapy were
enrolled (Table 1). Of these patients, 102 (57%) received 30 mg afatinib daily and 77 (43%) received 40
mg daily as their initial treatment. Compared with those receiving 40 mg afatinib daily, patients receiving
30 mg daily as their initial dose were signi�cantly older (65.7 ± 9.3 vs. 62.4 ± 9.3 years, p = 0.0199), had a
signi�cantly lower weight (58.2 ± 12.5 vs. 62.4 ± 9.9kg, p = 0.014) and a signi�cantly lower BMI (1.6 ± 0.2
vs. 1.6 ± 0.2 m2p = 0.0078), and were more likely to be female (72% vs. 48%). The number of metastatic
sites at the initial diagnosis of lung cancer was signi�cantly lower in patients receiving 30 mg afatinib
(p=0.0394) compared with those receiving 40 mg. In addition, signi�cantly more patients with brain
metastasis received 40 mg afatinib as the initial dose as opposed to 30 mg (42% vs. 21%, p=0.0023), but
there was no signi�cant difference for the other metastatic sites. There were no differences in body
height, smoking history, glomerular �ltration rate, serum albumin level, hepatitis B, tuberculosis history,
family history, performance status, TTF-1, PDL-1 staining, and the EGFR gene mutation site (exon 19 or
21) of the cancer specimens between the two groups.

Outcomes for 30 mg and 40 mg afatinib daily as the �rst-line treatment

Patients initially receiving 30 mg afatinib daily had similar response rates (74% vs. 82%; p = 0.1661) and
similar disease control rates (99% vs. 96%) compared with those initially receiving 40 mg afatinib daily
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(Table 2). The PFS was not signi�cantly different between patients receiving 30 mg and 40 mg afatinib
daily (median PFS 14.5 months vs. 14.8 months, log-rank p = 0.465; Figure 1). In terms of OS, there was
no signi�cant difference between the two patient groups (median OS 34.0 months vs. 25.2 months, log-
rank p = 0.5982; Figure1B). Notable, only 13 patients (13%) receiving 30 mg afatinib and 5 patients (6%)
receiving 40 mg afatinib daily received osimertinib after developing acquired resistance to afatinib. All
other patients elected to have platinum-based chemotherapy or hospice care as their 2nd line
management. 

    To identify factors that can predict treatment outcomes, we built the multivariable Cox regression
model in Table 3. In the univariable analysis, the independent predictive factors for PFS were number of
metastatic sites (HR [95% CI] = 1.28 [1.09 -1.51], p = 0.0026) and dose reduction (HR [95% CI] = 0.55[0.33-
0.91], p = 0.0209). In the multivariable analysis, the independent predicting factors for PFS were number
of metastatic sites (HR [95% CI] = 1.28[1.09-1.50], p = 0.0030) and dose reduction (HR [95% CI] =
0.56[0.34-0.92], p = 0.02209).

In Table 4, we show how Cox regression analysis was used to identify factors associated with OS. In the
univariable analysis, male (HR [95% CI] = 1.65 [1.03-2.63], p = 0.0354), ECOG status (HR [95% CI] =
2.50[1.50 -4.19], p = 0.0026) and number of metastatic sites (HR [95% CI] = 1.37 [1.12-1.68], p = 0.0019)
were signi�cantly associated with OS. Further multivariable analysis indicated that those three factors
were still signi�cant independent risk factors for OS (male: (HR [95% CI] = 1.68 [1.03-2.63], p = 0.0354);
ECOG: (HR [95% CI] = 2.21[1.31-3.74], p = 0.0029); and number of metastatic sites: (HR [95% CI] =
1.34[1.09-1.65], p = 0.0056).

ADRs for patients using 30 mg or 40 mg afatinib daily as the �rst-line treatment

The most common ADRs in patients taking afatinib included skin rash and/or acne (81%), diarrhea (74%),
dry skin (61%) and paronychia (51%) (Table 6). Patients receiving 30 mg afatinib daily had a lower
incidence of diarrhea (68% vs 82%), acne and rash (78% vs 84%), dry skin (60% vs 64%) and pruritis (23%
vs 43%) compared with those receiving 40 mg afatinib daily (Table 5). Furthermore, patients receiving 30
mg daily had a signi�cantly lower incidence of moderate (Grade 2 or higher) and severe (Grade 3 or
higher) ADRs, including diarrhea, stomatitis, dry skin, acne and rash, and pruritis compared with patients
receiving 40 mg afatinib as the starting dose. The overall incidence of moderate (49 vs. 77%, p =0.002) or
severe (7 vs. 24%, p<0.0001) ADRs was signi�cantly lower in patients receiving 30 mg afatinib daily
compared with those receiving 40 mg. In addition, no signi�cant differences in drug induced hepatitis and
interstitial lung disease were observed between the 30 mg and 40 mg groups in the present retrospective
study.

Finally, 31 patients (40%) who initially received 40 mg afatinib daily had their dose reduced to 30 mg
daily due to ADRs, and 8 patients (8%) who used 30 mg afatinib daily had to discontinue or reduce their
dose (p < 0.001), 2 patients(2%) with 30mg had and 2 patients(3%) with 40mg had to discontinue
afatinib completely (Supplemental table 1).
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Cancer recurrence in patients using 30 mg or 40 mg afatinib daily as a �rst-line treatment

Patients with 30 mg had a higher incidence of bone metastasis as the recurrent site compared with the
40 mg group (13% vs. 4%). Notably, there was no signi�cant difference in the occurrence of central
nervous system (including brain or leptomeningeal) metastasis between patients in the 30 mg and 40 mg
(18% vs. 21%, p=0.5969) afatinib groups (Supplemental table 2).

Discussion
To the best of our knowledge, this retrospective trial is the largest evaluation of patients receiving 30 mg
afatinib daily as the starting dose for treatment of metastatic lung adenocarcinoma harboring exon 21
L858R point mutations and exon 19 deletions. We demonstrated that patients who received 30 mg
afatinib as their starting dose had non-inferior RRs, PFS and OS compared with patients who received 40
mg afatinib as their starting dose, and they also had fewer severe ADRs.

Those patients receiving 30 mg afatinib daily as the initial dose tended to be older, female, weigh less,
have a lower BMI and have fewer metastatic sites on their initial diagnosis of lung cancer, compared with
patients receiving 40 mg afatinib. These results are similar to previous studies [23, 29]

The patients initially using 30 mg afatinib daily had similar RRs to the 40 mg afatinib group, and the RR
was comparable with previous studies (61–74%). In two phase 3 clinical trials, Lux-Lung 3 and Lux-Lung
6, the median PFS among patients who harbored EGFR mutations and took 40 mg afatinib as their initial
dose was 10.9 and 13.6 months, respectively. A real word practice study in Japan that enrolled 128
patients reported a median PFS of 17.8 months [20], while a phase 2 study which used a lower starting
dose of 20 mg afatinib that increased in 10-mg increments up to 50 mg/day, reported a PFS of 15.2
months [19]. Another phase 2 study that enrolled 40 elderly patients had a shorter PFS of 12.9 months
[22]. The current study revealed that the median PFS of patients who harbored exon 19 and exon 21
mutations and took afatinib 30 or 40 mg afatinib as their starting dose was 14.5 and 14.8 months,
respectively; no signi�cant difference in PFS was observed between the two groups, the result is similar to
our previous small-scaled study[23].

In terms of OS, the phase 3 Lux-Lung 3 and Lux-Lung 6 trials reported that the median OS was 31.4 and
33.3 months, respectively. Tanaka et al presented a real-world study of �rst line afatinib in Japan, with a
reported median OS of 39.5 months [20]. In the Giotag trial, all patients initially received 40 mg afatinib,
followed by osimertinib if T790M acquired resistance was reported; the median OS was 41.3 months and
the OS was as long as 45.7 months in patients with an exon 19 deletion [30]. In the present study, the OS
was 34 and 25.2 months, respectively in the 30 mg and 40 mg groups which was not statistically
signi�cant. These results indicate that the clinical e�cacy of 30 mg afatinib as a starting dose was not
inferior to 40 mg afatinib as a starting dose in this multicenter retrospective study.

It should be noted that the current study enrolled patients from May 2014, however only 13 patients (13%)
in the 30 mg group and 5 patients (6%) in the 40 mg group received osimertinib as a 2nd line therapy. This
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is likely because osimertinib is very expensive and was not reimbursed by the Taiwanese National Health
Insurance until April 2020. Therefore, the majority of patients with acquired-resistance to afatinib chose
to receive platinum-based chemotherapy as their 2nd line therapy as opposed to osimertinib. 

In the current study, the independent predicting factors for PFS were 1) number of metastatic sites and 2)
dose reduction due to severe ADRs. The independent predictive factors for OS were male gender, initial
poor ECOG and number of metastatic sites. In Liang et al, patients with signi�cant pretreatment weight
loss (>10.0% in 6 months) had a shorter median PFS, and patients with brain metastases had a poorer
ECOG status and were associated with a shorter median PFS [31]. Tanaka et al also showed that patients
with dose reduction had a signi�cantly longer PFS than those without dose reduction in a real-world
study (18.5 vs. 7.9 months, respectively; p=0.018) [20]. However, the average daily dose of <20 mg
afatinib had a signi�cantly shorter PFS compared with the other higher dose (p = 0.049) [32]. Another
study of afatinib in Taiwan showed that OS was not affected by reductions in the afatinib dosage; they
also indicated that brain metastases at diagnosis and treatment response to afatinib are two important
prognostic factors for OS [33].

Previous clinical trials recommended that 40 mg afatinib daily should be the starting dose in patients
who harbor EGFR mutations, however, this dosage was often accompanied by serious ADRs and up to 28
to 53.3% of patients required dose reduction in the Lux-Lung 3 and Lux-Lung 6 studies [14, 18]. In a real-
world study in Japan, 48% of patients receiving standard 40mg afatinib had dose reduction and 23% of
patients discontinued treatment due to ADRs [34].

In fact, many clinicians had experienced more severe ADRs in patients who received standard 40 mg
afatinib than those who received 1st generation EGFR TKIs, such as ge�tinib or erlotinib. There is an
urgent need to �nd a reliable strategy for reducing ADRs associated with afatinib, whilst maintaining its
clinical e�cacy for the management of lung cancer. Therefore, in clinical practice many clinicians
prescribe a lower starting dose of afatinib [22, 23] or perform dose modi�cation [19, 21] to try and
improve patient outcomes and adherence. In a non-interventional, observational study [21] of patients
who started on 40 mg afatinib daily, 67.1% underwent dose reduction, 86.5% of which occurred in the �rst
6 months. Dose reductions were more common in females, East Asian individuals, and those with a low
body-weight [21]. In a post-marketing, observational study of afatinib in Japan [22], low-dose initial
treatment was observed at a higher rate in females compared with males, and more often in patients with
lower body weights compared with patients with higher body weights. A study by Imai et al enrolled 40
patients with a median age of 77 years (range, 70-85 years old) and all of them received 30 mg afatinib
as the starting dose; their RR and median PFS were similar to the present study and their ADRs were also
acceptable [19].

Our study revealed that clinicians tended to prescribe 30 mg afatinib to lung cancer patients with either a
lower BSI, lower body weight or increased age. Recently, a prospective phase 2 clinical trial, which
enrolled 46 patients assessed the e�cacy and safety of low starting doses of afatinib followed by dose
modi�cation, according to its toxicity in patients with EGFR mutation-positive NSCLC. The study had a
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median PFS of 15.2 months (95% CI: 13.2–not estimable) and the 1-year OS rate was 95.6% (95% CI:
89.7%–100%) [22].

Since severe ADRs may discontinue the use of afatinib or lead to dose reduction, one must pay close
attention to the incidence and severity of ADRs in the treatment of lung adenocarcinoma harboring exon
19 or exon 21 mutations. Of patients who received 40 mg afatinib as their starting dose in the phase 3
Lux-Lung 3 and Lux-Lung 6 trials, 73.0 and 80.6%, respectively experienced grade 3 or higher treatment-
related ADRs; the incidence of ADRs dropped to 11.9 and 20.5%, respectively after the dosage was
lowered [13, 14, 18]. In a real-world study, grade 3 or higher ADRs occurred in 30.4% of patients [22]. The
present study demonstrated that skin rash and/or acne, diarrhea, dry skin and paronychia were the most
common ADRs and fewer events were observed in the 30 mg group compared with the 40 mg group,
which is in keeping with the �ndings of our previous study [23]. Furthermore, patients who received 30 mg
afatinib daily had a signi�cantly lower incidence of moderate to severe ADRs, including diarrhea,
stomatitis, dry skin, acne and/or rash and pruritis; their overall incidence of moderate or severe ADRs was
also signi�cantly reduced. Fewer severe ADRs will lead to better drug compliance and a better overall
quality of life for the patient. Besides, there was no increased incidence of recurrent central nervous
system metastasis in patients receiving 30 mg afatinib as the starting dose compared with those
receiving 40 mg in the current study.

Limitations First, although the study enrolled patients from three hospitals, the retrospective design of
this study makes the results less reliable than standard prospective clinical trials. Second, the number of
cases enrolled in the study was relatively low for a retrospective study. However, the number of patients
enrolled receiving 30 mg afatinib as the starting dose is the largest of any study to date. Third, patients
with recurrent lung cancer were excluded from the current study. Fourth, we only enrolled lung
adenocarcinoma patients and excluded those with squamous cell carcinoma or other rare types of lung
cancer. Almost 99% of residents in Taiwan are covered by the Taiwan National Health Insurance bureau
and only adenocarcinoma harboring susceptible EGFR mutations is reimbursed by the National Health
Insurance bureau. Fifth, only 13% of patients in the 30 mg group and 6% of patients in the 40 mg group
received osimertinib as their 2nd line therapy. This is because osimertinib is expensive and was not
reimbursed by the National Health Insurance in Taiwan until April 2020. Therefore, the majority of lung
cancer patients with acquired-resistance to afatinib chose to receive platinum-based chemotherapy
instead of osimertinib as a salvage therapy.

Conclusion
a lower starting dose of afatinib for patients with lung adenocarcinoma harboring susceptible EGFR
mutations showed similar RR, PFS and OS compared with those receiving standard 40 mg afatinib as the
initial dose. The lower starting dose was accompanied by fewer common ADRs, and less moderate to
severe ADRs. A further large-scale prospective trial is urgently needed to con�rm these �ndings.
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Tables
Table 1. Clinical characteristics and treatment responses for all patients
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Variables All
patients

Afatinib 30 mg
QD

Afatinib 40 mg
QD

P
value

N (%) 179 102 77  

Age (year) -mean ± SD 64.3 ±
9.4

65.7 ± 9.3 62.4 ± 9.3 0.0199

Age -n (%)       0.0212

  < 65 years old 80 (45%) 38 (37%) 42 (55%)  

  ≧ 65 years old 99 (55%) 64 (63%) 35 (45%)  

Sex -n (%)       0.0014

  Female 110
(61%)

73 (72%) 37 (48%)  

  Male 69 (39%) 29 (28%) 40 (52%)  

Smoking history -n (%)       0.9349

  Never smoker 140
(78%)

80 (78%) 60 (78%)  

  Ever smoker 39 (22%) 22 (22%) 17 (22%)  

Height (cm) -mean ± SD 160 ± 8 159.1 ± 7.7 161.2 ± 8.4 0.0905

Weight (kg)-mean ± SD 60 ± 11.6 58.2 ± 12.5 62.4 ± 9.9 0.014

Body mass index (kg/m2) -mean ± SD 23.3 ±
3.6

22.8 ± 3.7 24 ± 3.4 0.0339

Body surface area (m2) -mean ± SD 1.6 ± 0.2 1.6 ± 0.2 1.7 ± 0.2 0.0078

Serum creatinine level (mg/dL) -mean
± SD

0.8 ± 0.3 0.8 ± 0.3 0.8 ± 0.3 0.4561

eCCr-CG (mL/min) -mean ± Sd* 77.1 ±
26.8

73.7 ± 25.9 81.5 ± 27.5 0.0566

eGFR-MDRD (mL/min/1.73m2) -mean
± Sd**

88.8 ± 27 88 ± 26.8 89.8 ± 27.4 0.6628

Serum albumin (mg/dL) 4 ± 0.5 4 ± 0.4 4.1 ± 0.5 0.2751

GOT (U/L) -mean ± SD 29.6 ±
22.8

31.4 ± 28.7 27.3 ± 10.4 0.1835

GPT (U/L) -mean ± SD 26.5 ±
25.1

26.7 ± 28.5 26.3 ± 20 0.9178

HBV (%)***       0.4999

  Negative 147 86 (85%) 61 (81%)  
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(84%)

  Positive 29 (16%) 15 (15%) 14 (19%)  

HCV (%)***       0.037

  Negative 165
(94%)

98 (97%) 67 (89%)  

  Positive 11 (6%) 3 (3%) 8 (11%)  

Old TB (%)       0.8901

  Negative 174
(97%)

99 (97%) 75 (97%)  

  Positive 5 (3%) 3 (3%) 2 (3%)  

Family history (%)       0.0859

  Negative 168
(94%)

93 (91%) 75 (97%)  

  Positive 11 (6%) 9 (9%) 2 (3%)  

Performance status while starting afatinib -n (%)     0.1024

  ECOG < 2 146
(82%)

79 (77%) 67 (87%)  

  ECOG ≧ 2 33 (18%) 23 (23%) 10 (13%)  

TTF-1 stating -n(%)***       0.8901

  Positive 170
(100%)

99 (100%) 71 (100%)  

PDL-1 performance (%)***       0.4732

  PDL-1 ≦ 0 33 (38%) 16 (34%) 17 (41%)  

  PDL-1 > 0 55 (63%) 31 (66%) 24 (59%)  

Susceptible status of EGFR mutation
(%)

179
(100%)

102 (100%) 77 (100%) 0.9356

EGFR gene mutation site -n (%)        

  Exon 19 95 (53%) 60 (59%) 35 (45%) 0.076

  Exon 21 85 (47%) 42 (41%) 43 (56%) 0.0517

Stage 3 BC+4 positive of cancer stage
(%)

179
(100%)

102 (100%) 77 (100%) 0.4366

TNM staging (%)          

  N2-3 112 67 (66%) 45 (58%) 0.3214
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(63%)

  M1a-c 179
(100%)

102 (100%) 77 (100%) 0.5136

Number of metastatic sites on initial diagnosis -n (%)   0.0394

  0 site 6 (3%) 6 (6%) 0 (0%)  

  1 site 61 (34%) 38 (37%) 23 (30%)  

  ≧2 sites 112
(63%)

58 (57%) 54 (70%)  

Metastatic sites on initial diagnosis -n (%)      

  Brain metastasis 53 (30%) 21 (21%) 32 (42%) 0.0023

  Lung metastasis 79 (44%) 40 (39%) 39 (51%) 0.1272

  Pleural metastasis/pleural effusion 76 (42%) 43 (42%) 33 (43%) 0.9252

  Bone metastasis 96 (54%) 56 (55%) 40 (52%) 0.6948

  Liver metastasis 21 (12%) 14 (14%) 7 (9%) 0.3401

  Adrenal metastasis 15 (8%) 7 (7%) 8 (10%) 0.3992

  Other sites metastasis 10 (6%) 4 (4%) 6 (8%) 0.2643

eCCr-CG: estimated creatinine clearance rate using Cockcroft-Gault equation, and CrCl is multiplied by
0.85 for female patients.

** eGFR-MDRD: estimated glomerular �ltration rate using Modi�cation of Diet in Renal Disease equation.
GFR is multiplied by 0.742 and 1.212 for female patients and African- American, respectively.

*** Include missing values

Table 2. Initial treatment response to different initial afatinib doses
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Variables All
patients

Afatinib 30 mg
QD

Afatinib 40 mg
QD

 P
value

Initial response to afatinib treatment -n (%)   0.1661

  Complete response 2 (1%) 1 (1%) 1 (1%)  

  Partial response 138
(77%)

75 (74%) 63 (82%)  

  Stable disease 35 (20%) 25 (25%) 10 (13%)  

  Progressive disease 4 (2%) 1 (1%) 3 (4%)  

Disease control rate with afatinib
treatment (%)

175
(98%)

101 (99%) 74 (96%) 0.1913

Response rate with afatinib treatment
(%)

140
(78%)

76 (75%) 64 (83%) 0.1672

Table 3. Cox regression analyses to identify the factors associated with progression-free survival.

Variables Univariate analysis Multivariable analysis

HR [95% CI] P
value

HR [95% CI] P
value

Afatinib dose (40mg daily vs. 30mg daily) 0.94 [0.64-
1.36]

0.7319    

Sex (male vs. female) 1.12 [0.76-
1.64]

0.5652    

Age (≥65 vs. <65) 0.92 [0.63-
1.33]

0.6440    

Smoking history (ever smokers vs. never
smokers)

1.16 [0.74-
1.82]

0.5067    

ECOG (≥2 vs. ≤1) 1.18 [0.73-
1.92]

0.5018    

Exon 21 vs. exon 19 1.17 [0.81-
1.71]

0.4071    

Stage (IV vs. others) 1.51 [0.79-
2.90]

0.2155    

Number of metastatic sites (≥2 sites vs. ≤1
site)

1.28 [1.09-
1.51]

0.0026 1.28 [1.09-
1.50]

0.0030

Dose reduction (yes vs. no) 0.55 [0.33-
0.91]

0.0209 0.56 [0.34-
0.92]

0.0229
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*Multivariable Cox regression models were built using backward variable selection method, keeping only
variables with p values less than 0.1

Table 4. Cox regression analyses to identify factors associated with overall survival.

Variables Univariate analysis Multivariable analysis

HR [95% CI] P
value

HR [95% CI] P
value

Afatinib dose (40mg daily vs. 30mg daily) 1.02 [0.64-
1.63]

0.9239    

Sex (male vs. female) 1.65 [1.03-
2.63]

0.0354 1.68 [1.05-
2.69]

0.0307

Age (≥65 vs. <65) 1.09 [0.69-
1.74]

0.7078    

Smoking history (ever smokers vs. never
smokers)

1.49 [0.88-
2.52]

0.1411    

ECOG (≥2 vs. ≤1) 2.50 [1.50-
4.19]

0.0005 2.21 [1.31-
3.74]

0.0029

Exon 21 vs. exon 19 0.97 [0.61-
1.54]

0.8912    

Stage (IV vs. others) 2.46 [0.90-
6.75]

0.0805    

Number of metastatic sites (≥2 sites vs. ≤1
site)

1.37 [1.12-
1.68]

0.0019 1.34 [1.09-
1.65]

0.0056

Dose reduction (yes vs. no) 0.96 [0.55-
1.69]

0.8995   

*Multivariable Cox regression models were built using the backward variable selection method, keeping
only variables with p values <0.1.

Table 5. Adverse drug reactions related to different initial afatinib dosages
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Adverse events All
patients

Afatinib 30 mg
QD

Afatinib 40 mg
QD

 P value

Details of adverse events     

Diarrhea       <0.0001

  Grade 0 47 (26%) 33 (32%) 14 (18%)  

  Grade 1 83 (46%) 56 (55%) 27 (35%)  

  Grade 2 35 (20%) 11 (11%) 24 (31%)  

  Grade 3 14 (8%) 2 (2%) 12 (16%)  

Stomatitis       0.0214

  Grade 0 125
(70%)

70 (69%) 55 (71%)  

  Grade 1 40 (22%) 28 (27%) 12 (16%)  

  Grade 2 11 (6%) 2 (2%) 9 (12%)  

  Grade 3 3 (2%) 2 (2%) 1 (1%)  

Paronychia       0.6304

  Grade 0 87 (49%) 49 (48%) 38 (49%)  

  Grade 1 42 (23%) 24 (24%) 18 (23%)  

  Grade 2 44 (25%) 27 (26%) 17 (22%)  

  Grade 3 6 (3%) 2 (2%) 4 (5%)  

Acne and rash       <0.0001

  Grade 0 34 (19%) 22 (22%) 12 (16%)  

  Grade 1 84 (47%) 63 (62%) 21 (27%)  

  Grade 2 50 (28%) 17 (17%) 33 (43%)  

  Grade 3 11 (6%) 0 (0%) 11 (14%)  

Dry skin       0.0171

  Grade 0 69 (39%) 41 (40%) 28 (36%)  

  Grade 1 101
(56%)

60 (59%) 41 (53%)  

  Grade 2 9 (5%) 1 (1%) 8 (10%)  

Pruritus       0.0381

  Grade 0 112 68 (67%) 44 (57%)  
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(63%)

  Grade 1 58 (32%) 33 (32%) 25 (32%)  

  Grade 2 8 (4%) 1 (1%) 7 (9%)  

  Grade 3 1 (1%) 0 (0%) 1 (1%)  

All about skin adverse events       <0.0001

  Grade 0 24 (13%) 16 (16%) 8 (10%)  

  Grade 1 93 (52%) 68 (67%) 25 (32%)  

  Grade 2 51 (28%) 18 (18%) 33 (43%)  

  Grade 3 11 (6%) 0 (0%) 11 (14%)  

Hepatitis       0.1382

  Grade 0 172
(96%)

100 (98%) 72 (94%)  

  Grade 1 3 (2%) 1 (1%) 2 (3%)  

  Grade 2 3 (2%) 0 (0%) 3 (4%)  

  Grade 3 1 (1%) 1 (1%) 0 (0%)  

ILD* 2 (1%) 2 (2%) 0 (0%) 0.2166

Patients suffer from grades of max adverse events     <0.0001

  Grade 0 8 (4%) 2 (2%) 6 (8%)  

  Grade 1 62 (35%) 50 (49%) 12 (16%)  

  Grade 2 78 (44%) 43 (42%) 35 (45%)  

  Grade 3 31 (17%) 7 (7%) 24 (31%)  

Presence of adverse events        

Diarrhea 132
(74%)

69 (68%) 63 (82%) 0.0329

  Moderate to severe (≧ Grade 2) 49 (27%) 13 (13%) 36 (47%) <0.0001

  Severe (≧ Grade 3) 14 (8%) 2 (2%) 12 (16%) 0.0008

Stomatitis 54 (30%) 32 (31%) 22 (29%) 0.686

  Moderate to severe (≧ Grade 2) 14 (8%) 4 (4%) 10 (13%) 0.0253

  Severe (≧Grade 3) 3 (2%) 2 (2%) 1 (1%) 0.7326

Paronychia 92 (51%) 53 (52%) 39 (51%) 0.862
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  Moderate to severe (≧ Grade 2) 50 (28%) 29 (28%) 21 (27%) 0.8642

  Severe (≧ Grade 3) 6 (3%) 2 (2%) 4 (5%) 0.234

Acne and rash 145
(81%)

80 (78%) 65 (84%) 0.3122

  Moderate to severe (≧ Grade 2) 61 (34%) 17 (17%) 44 (57%) <0.0001

  Severe (≧ Grade 3) 11 (6%) 0 (0%) 11 (14%) <0.0001

Dry skin** 110
(61%)

61 (60%) 49 (64%) 0.602

  Moderate to severe (≧ Grade 2) 9 (5%) 1 (1%) 8 (10%) 0.0043

Pruritus 67 (37%) 34 (33%) 33 (43%) 0.1924

  Moderate to severe (≧ Grade 2) 9 (5%) 1 (1%) 8 (10%) 0.0043

  Severe (≧ Grade 3) 1 (1%) 0 (0%) 1 (1%) 0.2484

All about skin adverse events 155
(87%)

86 (84%) 69 (90%) 0.3032

  Moderate to severe (≧ Grade 2) 62 (35%) 18 (18%) 44 (57%) <0.0001

  Severe (≧ Grade 3) 11 (6%) 0 (0%) 11 (14%) <0.0001

Hepatitis 7 (4%) 2 (2%) 5 (6%) 0.1214

  Moderate to severe (≧ Grade 2) 4 (2%) 1 (1%) 3 (4%) 0.1913

  Severe (≧ Grade 3) 1 (1%) 1 (1%) 0 (0%) 0.3836

ILD* 2 (1%) 2 (2%) 0 (0%) 0.2166

Patients suffer from grades of max
adverse events

171
(96%)

100 (98%) 71 (92%) 0.0616

  Moderate to severe (≧ Grade 2) 109
(61%)

50 (49%) 59 (77%) 0.0002

  Severe (≧ Grade 3) 31 (17%) 7 (7%) 24 (31%) <0.0001

* ILD: Interstitial lung disease; ** There were no severe (≧grade 3) adverse events of dry skin.

Figures
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Figure 1

PFS and OS for afatinib treatment. (A) PFS in patients receiving different initial doses of afatinib. (B) OS
for patients receiving different initial doses of afatinib.
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