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Introduction. The purpose of this study was to explore the efficacy and safety of afatinib in advanced non-small-cell lung cancer
(NSCLC) patients with epidermal growth factor receptor (EGFR) mutations based on real-world evidence. Materials and Methods.
Eligible real-world studies were identified from PubMed, Cochrane Library, and Embase. Cochrane guidelines were used to assess
the quality of included studies. Cochran’s Q test and I” statistics were used for the heterogeneity analysis. Results. Twenty-five
studies were included in this meta-analysis; nine studies were included in the qualitative descriptive analysis. The summarized
disease control rate (DCR) was 87.6% (81.5%, 92.7%), and the overall response rate (ORR) was 58.9% (48.8%, 68.7%). The pooled
median progression-free survival (PFS) was 12.4 (10.3, 14.5) months, mean time to failure (TTF) was 15.4 (13.6, 17.2) months, and
median overall survival (OS) was 31.6 (26.7, 36.5) months. The total incidences of adverse events (AEs) for skin rashes, diarrhea,
paronychia, and mucositis were 71.4% (64.4%, 77.9%), 70.4% (60.1%, 79.8%), 52.1% (41.9, 62.3%), and 36.5% (29.5%, 43.8%),
respectively. The incidences of severe adverse events (SAEs, Grade >3) for diarrhea, skin rashes, paronychia, and mucositis were
9.7% (6.8%, 13.1%), 5.8% (4.5%, 7.2%), 3.8% (2.0%, 6.2%), and 2.1% (1.0%, 3.6%), respectively. Differences in PFS and OS between
the afatinib non-full-dose (<40 mg) and full-dose (>40 mg) groups were not significant (P > 0.05). However, the ORR in the full-
dose group was 78.5% (66.7%, 88.4%), which was significantly higher than that in the non-full-dose group (67.8% [56.8%, 77.9%]).
Conclusion. The efficacy and safety of afatinib has been confirmed by real-world evidence in advanced NSCLC with EGFR
mutation, consistent with randomized controlled trial results. In real-world setting, tolerability-guided dose adjustment might not
affect the afatinib efficacy.

1. Introduction

Lung cancer is the leading cause of cancer-related deaths and
a serious threat to human health [1]. Non-small-cell lung
cancer (NSCLC) accounts for more than 80% of lung cancer
[2]. Epidermal growth factor receptor (EGFR) mutations
have been identified in approximately 50% of Asian and
10-15% of Caucasian lung adenocarcinoma patients [3, 4].
Currently, tyrosine kinase inhibitors (TKIs), including
erlotinib, gefitinib, dacomitinib, afatinib, and osimertinib,
are the standard first-line treatment for advanced NSCLC
patients with EGFR mutations [5].

Afatinib is an irreversible second-generation ErbB family
blocker [6], which has been approved as a first-line treat-
ment for NSCLC patients with EGFR exon 19 deletions or
exon 21 L858R substitution mutations [7]. In 2013, afatinib
was approved worldwide as a first-line treatment for patients
with EGFR-mutant NSCLC [5, 8]. The LUX-Lung 3/6/7
trials revealed that afatinib had obvious effects in the
treatment of advanced EGFR-mutant NSCLC [9-12] and
might provide a better curative effect than first-generation
EGFR-TKIs [13]. Moreover, a meta-analysis based on ran-
domized controlled trials (RCTs) has shown that afatinib
prolonged progression-free survival (PFS), increased overall
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survival (OS), and the overall response rate (ORR) [14].
However, whether afatinib is effective in particular sub-
groups remains controversial due to the RCT exclusion
criteria [14, 15]. Furthermore, the adverse effects of afatinib
limit its clinical application [16]. Thus, a dose-adjustment
strategy guided by tolerability can yield clinical benefits
based on RCT data [14, 16], which need to be demonstrated
through real-world evidence (RWE)-based data.

It is undeniable that the credibility of RCTs can be
inferred from causality and is thus considered the gold
standard of clinical research; however, RCTs may not reflect
real-world practice due to strict inclusion criteria [17].
Patients in the real-world may differ in numerous charac-
teristics from those in RCTs. RWE-based studies collect data
of patients treated as a whole in clinical practice according to
local government regulations, overcoming inherent limita-
tions of RCTs, and can assess the efficacy and safety in-
formation of patients in the real world [18, 19]. Therefore, it
is crucial to confirm the efficacy and safety of afatinib by
using RWE data. Additionally, a previous study based on
real-world data proved that afatinib dose adjustment de-
creases the intensity and frequency of adverse drug reactions
without affecting the efficacy [20]. Although RWE con-
tributes to the evaluation of certain clinical influential fac-
tors, the impact of dose adjustment, brain metastasis,
mutation type, and Eastern Cooperative Oncology Group
Performance Status (ECOG-PS) on the efficacy and safety of
afatinib remains elusive.

Accordingly, we performed a meta-analysis based on
real-world afatinib data in advanced NSCLC with EGFR
mutations. To the best of our knowledge, this is the first
meta-analysis based on RWE to explore the efficacy and
safety of afatinib in advanced NSCLC with EGFR mu-
tations. In this study, related RWE from Embase,
PubMed, and Cochrane Library databases were analyzed.
Herein, we aimed to comprehensively analyze the efficacy
and safety of afatinib in NSCLC patients with advanced
EGFR mutations based on real-world evidence. Fur-
thermore, we explored the impact of tolerability-guided
dose adjustment, brain metastasis, mutation type, and
ECOG-PS.

2. Materials and Methods

This meta-analysis was performed following the guidelines
of the meta-analyses (PRISMA) statement [21].

2.1. Data Sources. Relevant studies were searched and
identified in electronic databases, including Embase,
PubMed, and Cochrane Library (updated to December 31,
2020). The main search keywords included “afatinib,” “non-
small cell lung cancer,” NSCLC, “lung adenocarcinoma,”
and “adenosquamous carcinoma” The search was performed
based on a combination of subject and free words. Addi-
tionally, a manual search of references in identified literature
was performed to obtain additional information regarding
the procedure. No language restrictions were applied to the
current meta-analysis.
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2.2. Inclusion and Exclusion Criteria. In the present study,
the inclusion criteria employed were as follows: (i) the
subjects were patients with advanced EGFR-mutated
NSCLC diagnosed by histology and cytology; (ii) the study
reported the efficacy (ORR, disease control rate (DCR), OS,
PFS, and time to failure (TTF)) or safety (adverse reactions/
serious adverse reactions) of afatinib in the treatment of
NSCLG; (iii) the study reported the difference in efficacy and
safety based on different groups, including different afatinib
doses (full dose (40 mg/day for 6 months or more) vs. non-
full dose (<40 mg/day for 6 months or 40 mg/day for a
reduction in the first 6 months)), mutation type (exon 19
deletion vs. uncommon, exon 21 L858R vs. uncommon, exon
19 deletion vs. exon 21 L858R), ECOG-PS (0-1 vs. 2-4), and
brain metastases; (iv) the research type was RWE.

The exclusion criteria were as follows: (i) nontreatment
studies, including letters, reviews, and comments; (ii) the
study lacked parameters required for quantitative analysis
(including mean, sample size, standard deviation of the
experimental group and the control group required for
continuous variable meta-analysis) and could not be ob-
tained through the conversion of other data in the study
(enrolled as the qualitative description study); (iii) the study
lacked baseline information such as gender, age, tumor
classification, and ECOG-PS, reporting only the efficacy
(PFS and TTF) of afatinib (enrolled as the qualitative de-
scription study); (iv) the research type was RCT. Further-
more, only one study (containing complete information)
was extracted if more than one study was published using the
same data.

2.3. Data Extraction and Quality Assessment. In the present
study, two independent researchers participated in data
extraction. The available data included first author name,
year of publication, gender, sample size, history, country,
age, stage, ORR, DCR, OS, PFS, TTF, and adverse reactions.
The extraction tables were exchanged after both researchers
had completed the above data extraction work. Any in-
consistencies in extracted results were resolved through
discussion.

2.4. Statistical Analysis. STATA software (version 11.0) was
used for statistical analysis. The incidence rate (IR) and 95%
confidence interval (CI) were used as the effect size to
evaluate the incidence of ORR, DCR, AEs, and SAEs in
patients with NSCLC administering afatinib. The median
(95% CI) was used to assess the months of PFS, OS, and TTF,
while weighted mean difference (WMD) and 95% CI were
utilized as combined indices of effect quantity. The relative
risk (RR) and 95% CI were used as the combined indices of
effect quantity to comprehensively evaluate differences in
ORR, DCR, and incidence of adverse reactions between the
two groups. Moreover, the risk of OS/PFS was analyzed
using hazard risk (HR) and 95% CL. If the study did not
directly report the HR (95% CI) of OS and PFS but reported
the median survival and log-rank P-value in non-full dose vs.
full dose of afatinib, the HR (95% CI) could be converted
using the method described before [22].
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Cochran’s Q test and I” statistics were used to perform
the heterogeneity analysis [23]. A random-effects model was
used if heterogeneity was obtained (P<0.05, I* > 50%);
conversely, a fixed-effects model was employed. Moreover,
to assess the effect of the above factors on the combined
results of PFS, a subgroup analysis was conducted on PFS
based on the timing of afatinib administration and data
sources (direct reports in study or obtained by conversion).
Furthermore, a sensitivity analysis was undertaken to assess
the effect of combined results by analyzing the relevant
studies individually. Finally, the Egger test [24] was used to
analyze publication bias between the two groups.

3. Results

3.1. Literature Review and Characteristics of Included Studies.
In total, 994, 990, and 281 studies were explored in the
Embase, PubMed, and Cochrane Library databases, re-
spectively (Figure 1). After eliminating duplicate studies, a
total of 1525 studies were obtained, with 1479 studies further
excluded as these failed to meet the inclusion criteria after
assessing the abstract and title. Among the remaining 46
studies, 12 relevant studies were identified after reading the
full text. Manual retrieval did not detect any study that could
be included in the current analysis. Finally, a total of 25
studies [20, 25-33] with sufficient data were included (Ta-
ble 1). A total of nine studies [34-41] were included in the
current qualitative descriptive analysis (Table 2).

3.2. Study Characteristics. The 25 enrolled studies were
published between 2014 and 2020. The study areas were
primarily in Asia. Moreover, 19, 1, and 5 studies were en-
rolled in first-line, second-line, and mixed population
groups, respectively.

3.3. Meta-Analysis for Efficacy and Safety of Afatinib Based on
RWE. A total of 15 studies presented the outcomes of DCR
(Figure 2(a)) and ORR (Figure 2(b)). Among these 15
studies, the heterogeneity was statistically significant (I* >
50%, P <0.001), and the combined result of DCR was 87.6%
(95% CI [81.5%, 92.7%]), and the difference between the
first-line-only group (90.8%; 95% CI [86.2%, 94.6%]) and
second-line group (74.8%; 95% CI [52.5%, 92.0%]) was not
significant (P> 0.05). The combined ORR was 58.9% (95%
CI [48.8%, 68.7%]). The difference in ORR between the first-
line-only group (70.8%; 95% CI [67.2%, 74.3%]) and second-
line group (22.7%; 95% CI [16.8%, 40.2%]) was significant
(P <0.05).

Moreover, a total of 12 studies indicated the PFS out-
comes of afatinib (Figure 3(a)), and the heterogeneity was
statistically significant (I*>50%, P <0.05). The combined
median PFS was 12.4 months (95% CI [10.3, 14.5]). For PFS,
the difference between the first-line-only group (13.6
months; 95% CI [12.4, 14.7]) and second-line group (6.1
months; 95% CI [2.3, 9.9]) was significant (P <0.05). Fur-
thermore, four studies reported TTF outcomes (Figure 3(b)).
The heterogeneity was statistically significant (I* > 50%,
P <0.05), and the combined median TTF was 15.4 months

(95% CI [13.6-17.2]). The difference in TTF between the
first-line-only group (15.7 months, 95% CI [13.4, 18.0]) and
the mixed group (14.4 months, 95% CI [11.5, 17.3]) was not
significant (P >0.05). Seven studies reported the OS out-
comes in patients treated with afatinib (Figure 3(c)). The
heterogeneity test among these seven studies was statistically
significant (I >50%, P <0.05). The combined median OS
was 31.6 months (95% CI [26.7-36.5]).

In total, 12 studies reported the incidence of diarrhea,
mucositis, and skin rashes and 10 studies reported the total
incidence of paronychia, including any grade (Figures 4(a)-
4(d)) and Grade >3 (Figures 5(a)-5(d)), respectively. The
results revealed that the most common AEs were diarrhea,
mucositis, skin rashes, and paronychia, with an incidence of
70.4% (95% CI [60.1%, 79.8%]) (Figure 4(a)), 36.5% (95% CI
[29.5%, 43.8%]) (Figure 4(b)), 71.4% (95% CI [64.4%,
77.9%]) (Figure 4(c)), and 52.1% (95% CI [41.9%, 62.3%])
(Figure 4(d)), respectively. Meanwhile, the incidences of
common SAEs (Grade >3) for diarrhea, mucositis, skin
rashes, and paronychia were 9.7% (95% CI [6.8%, 13.1%])
(Figure 5(a)), 2.1% (95% CI [1.0%, 3.6%]) (Figure 5(b)), 5.8%
(95% CI [4.5%, 7.2%]) (Figure 5(c)), and 3.8% (95% CI
[2.0%, 6.2%]) (Figure 5(d)), respectively.

Additionally, the total incidence of fatigue was 15.1%
(95% CI [4.1, 30.9], Supplementary Figure 1A) and the
incidence of severe fatigue was 0.8% (95% CI [0.0, 2.2],
Supplementary Figure 2A). The total and severe alanine
aminotransferase (ALT) levels elevated were 8.3% (95% CI
[0.0%, 31.0%]) (Supplementary Figure 1B) and 0.7% (95% CI
[0.0%, 2.3%]) (Supplementary Figure 2B), respectively. The
incidence of total and severe aspartate aminotransferase
(AST) levels elevated was 6.2% (95% CI [0.0%, 34.3%])
(Supplementary Figure 1C) and 0.3% (95% CI [0.0%, 1.5%])
(Supplementary Figure 2C), respectively. The incidence of
total and severe interstitial lung disease (ILD) was 1.1% (95%
CI [0.1%, 2.9%]) (Supplementary Figure 1D) and 0.7% (95%
CI [0.0%, 2.3%]) (Supplementary Figure 2D), respectively.
Finally, except for skin rashes and fatigue, significant het-
erogeneity was observed among all studies that contained
other indicators (I > 50%, P <0.05).

3.4. Effect of Tolerability-Guided Afatinib Dose Adjustment.
Compared with the full dose of 40 mg/day, 57.8% (1917/
3319) patients administered non-full dose of afatinib (Ta-
ble 1). Seven studies (8 sets of research data) reported PFS
between the non-full-dose and full-dose groups
(Figure 6(a)). Among them, HRs (95% CI) in four studies
(five sets of data) were obtained by conversion. The het-
erogeneity for these data was not significant (I* < 0.0%,
P >0.05). For the combined results, the HR was 1.2 (95% CI
[0.9, 1.5]; P>0.05) (Table 3, Figure 6(a)), which indicated
that dose reduction does not impact the therapeutic efficacy
in terms of PES. The PES of the non-full-dose group was
5.0-14.2 months, while the PFS in the full-dose group was
3.0-15.7 months. For the combined results, the WMD was
—1.6 months (95% CI [-5.7, 2.5]) (Figure 6(b)). Two studies
reported the difference in OS risk between the non-full-dose
and full-dose groups (Figure 6(c)). The result of the
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FiGure 1: Flow diagram of the screening process for eligible studies.

heterogeneity test indicated that the heterogeneity between
the two groups was not significant (I* < 0.0%, P > 0.05); thus,
for the combined result, the HR was 1.03 (95% CI [0.69, 1.5];
P >0.05), which indicated that dose reduction did not affect
the therapeutic efficacy in terms of OS.

Three studies reported the difference between DCR and
ORR based on different afatinib doses. The heterogeneity of
DCR in these studies was significant (I > 50%, P > 0.05). The
non-full-dose group (95.1% [88.0%, 99.4%]) presented a
DCR similar to the full-dose group [95.6% (90.3, 99.1%)].
For the combined results, the RR was 0.9 (95% CI [0.8, 1.0];
P>0.05) (Figure 7(a)). Moreover, the results of the het-
erogeneity test for ORR were I* < 50% and P >0.05. The
non-full-dose group (67.8 [56.8%, 77.9%]) presented a
significantly lower ORR than the full-dose group (78.5
[66.7%, 88.4%]). For the combined results, the RR was 0.8
(95% CI [0.7, 0.9]; P>0.05) (Figure 7(b)). Although the
difference in PFS and OS was not significant, the ORR was
significantly higher in the full-dose group compared with the
non-full-dose group.

Two studies reported differences in total AEs based on
the full-dose and non-full-dose groups. Significant het-
erogeneity in the total AEs was observed in diarrhea and
skin rashes (I > 50.0%; P < 0.05) but was not observed in
mucositis and paronychia (P > 50.0%, P<0.05)
(Figure 8(a)). The heterogeneity of diarrhea, skin rashes,
and paronychia (Grade >3) was not significant (I* > 50.0%,
P <0.05) (Figure 8(b)). The incidence of total AEs and
SAEs, including diarrhea, skin rash, mucositis, paronychia,
dry skin, and pruritus, showed a decreased trend in the
non-full-dose group (Table 4), which indicated the toler-
ability-guided dose adjustment alleviated afatinib-related
adverse effects.

3.5. Effect of Subgroup on Efficacy and Safety of Afatinib.
Two studies reported differences in the DCR and ORR in
brain metastases. The DCRs in the without metastases group
and the brain metastases group were 94.6% (91.3%, 97.3%)
and 89.1% (82.2%, 94.6%), respectively. The ORRs in the
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NR, not reported; AD, adenocarcinoma; SCC, squamous cell carcinoma; NOS, not otherwise specified; ECOG-PS, Eastern Cooperative Oncology Group

Performance Status; IQR, interquartile range.

TaBLE 2: Characteristics of 9 studies in qualitative analysis.

. Female, n Age, years, . L. ECOG-PS, .
Study Area  Afatinib N (%) median (range) Mutations Clinical stage 0-1/>2 Histology
Fujiwara A First-line . 8 IIIA, 3 IIIB, 16 23 AD, 3
2018 Japan only 28 19 (67.9) 68 (37-82) EGFR mutation IV, 1 recurrence NR SCC. 2 other
. . . 150 Del19, 53
Hochmair )1 Firstline 504 110 (53.9) 60 (30-86) L858R, 1 1971V, 7missing ‘oot 20 g
MJ, 2018 only missing)
uncommon
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2020 only mutation
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(b) only recurrence
uncommon

Notes: NR, not reported; AD, adenocarcinoma; SCC, squamous cell carcinoma; ECOG-PS, Eastern Cooperative Oncology Group Performance Status.

without metastases group and the brain metastases group
were 74.9% (95% CI [69.1%, 80.2%]) and 61.8% (95% CI
[52.2%, 71.0%]), respectively. The differences in DCR (RR:

1.0, 95% CI [0.9, 1.1]; P>0.05) and ORR (RR: 2.0, 95% CI
[0.5, 7.6]; P>0.05) (Figures 9(a) and 9(b)) were not

significant.
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FIGURE 2: The meta-analysis results of afatinib efficacy and safety in advanced NSCLC with EGFR mutation: (a) the outcome of disease
control rates (DCRs) and (b) the outcome of objective response rates (ORRs).
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FiGgure 3: Continued.
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FIGURE 3: The meta-analysis results of afatinib efficacy and safety in advanced NSCLC with EGFR mutation: (a) the outcome of progression-
free survival (PFS); (b) the outcome for overall survival (OS); and (c) the outcome for time to failure (TTF).
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FIGURE 4: The meta-analysis results for various incidence rates after afatinib treatment in advanced NSCLC with EGFR mutation: (a) the
incidence rate of diarrhea; (b) the incidence rate of mucositis; (c) the incidence rate of skin rashes; and (d) the incidence rate of paronychia.
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FIGURE 5: The meta-analysis results for serious adverse reaction incidence rates after afatinib treatment in advanced NSCLC with EGFR
mutation: (a) the adverse reaction incidence rate of diarrhea; (b) the adverse reaction incidence rate of mucositis; (c) the adverse reaction
incidence rate of skin rashes; and (d) the adverse reaction incidence rate of paronychia.

Furthermore, two studies reported differences in DCR/
ORR between mutation types. The DCRs in the exon 19
deletion group, exon 21 L858R group, and uncommon group
were 94.0% (95% CI [89.4, 97.4%]), 92.7% (95% CI [80.5%,
99.7%]), and 92.8% (95% CI [97.2%, 100.0%]), respectively.
The differences in DCR in the exon 19 deletion vs. un-
common group (RR: 1.1, 95% CI [0.9, 1.2]; P>0.05) and
exon 21 L858R vs. uncommon group (RR: 1.1, 95% CI [0.9,
1.3]; P> 0.05) were not significant (Figure 9(c)). The ORRs
in the exon 19 deletion group, exon 21 L858R group, and
uncommon group were 71.9% (95% CI [64.3%, 78.9%]),
69.1% (95% CI [55.2%, 84.0%]), and 59.9% (95% CI [41.3%,
77.4%)), respectively. The differences in ORR in the exon 19
deletion vs. uncommon group (RR: 1.3, 95% CI [0.9, 1.9],
P>0.05) and exon 21 L858R vs. uncommon group (RR: 1.3,
95% CI [09, 2.0; P>0.05) were not significant
(Figure 9(d)).

Moreover, two studies reported PFS in patients with
brain metastases based on the full-dose and non-full-dose
groups (Supplementary Figure 3A). For the combined re-
sults, the HR was 2.4 (95% CI [0.9, 5.9]; P> 0.05). Fur-
thermore, the combined results showed that the PFS in the

exon 19 deletion group was undoubtedly higher than that in
the uncommon mutation group (HR: 0.2, 95% CI [0.1, 0.4];
P <0.05), and PFS in patients without brain metastasis was
significantly lower than that in patients with brain metastasis
(HR: 0.5 95% CI [0.4, 0.8]; P<0.05) (Supplementary
Figure 3B). No significant difference was observed in ECOG-
PS (0-1) vs. ECOG-PS (>2) (HR: 0.3, 95% CI [0.1, 1.4];
P>0.05) (Supplementary Figure 3B). However, the het-
erogeneity between the two studies was significant
(I =59.4%) (Figure 6(c)).

3.6. Sensitivity Analysis and Publication Bias. Publication
bias and sensitivity analyses were performed on the study
outcomes. The sensitivity analysis results revealed that none
of the included studies had a noticeable influence on the
combined result of PFS between the full-dose and the non-
full-dose groups. The combined results of PFS ranged from
HR: 1.1 (95% CI [0.8, 1.4]) to HR: 1.3 (95% CI [0.9, 1.7])
(P>0.05) following removal of any single study. Further-
more, the Egger test showed that publication bias in the
current meta-analysis was not significant (P > 0.05).
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F1GURE 6: The meta-analysis results for progression-free survival (PFS) among groups after afatinib treatment in advanced NSCLC with
EGFR mutation: (a) PFS between non-full-dose group and full-dose group; (b) PFS between the full-dose group and non-full-dose group;
and (c) the OS between non-full-dose group and full-dose group in advanced NSCLC patients with epidermal growth factor receptor

(EGFR) positive mutations after afatinib treatment.

TaBLE 3: Subgroup analysis based on afatinib medication timing and data sources.

Heterogeneity test

Grou No. of studies HR (95%CI P
P ©3%CD . Py P (%)

PFS 8 1.20 (0.95, 1.51) 0.124 0.508 0.0
Management of afatinib

First-line 7 1.23 (0.98, 1.56) 0.080 0.570 0.0

>Second-line 1 0.60 (0.19, 1.87) 0.379 — —
Calculated HR (95%CI)

Yes 5 1.06 (0.77, 1.44) 0.728 0.483 0.0

No 3 1.39 (0.99, 1.96) 0.057 0.486 0.0

Notes: P4: P value for the test of association; Py: P value for the test of heterogeneity.

4. Discussion

Based on RCT data, a meta-analysis has revealed that in the
first-line treatment of EGFR-mutated NSCLC, there is no
conclusive evidence that afatinib is more effective than
gefitinib or erlotinib [15]. Meanwhile, Wang et al. have
performed a meta-analysis of RCTs in advanced NSCLC to
assess the safety and efficacy of afatinib when compared
with chemotherapy and first-generation EGFR-TKIs. Their
results revealed that compared with control groups, afa-
tinib treatment apparently increased ORR (RR: 1.8, 95% CI
[1.1-2.9]) and improved PFS (HR: 0.5; 95% CI) and

improved OS (HR: 0.9, 95% CI [0.8-0.9]). In terms of
safety, the incidence of adverse events (Grade >3) was as
follows: diarrhea (11.8%) (RR: 8.9, 95% CI [5.3-14.9]),
stomatitis (4.8%) (RR: 6.4, 95% CI [1.2-32.7]), and skin
rash (10.7%) (RR: 7.3, 95% CI [1.5-34.1]) [14]. In this RWE-
based meta-analysis, the results confirmed that the afatinib
was with ORR 58.9% (48.8, 68.7), PFS 12.4 months (10.3,
14.5), TTF 15.4 months (13.6, 17.2), and OS 31.6 months
(26.7, 36.5), which is consistent with RCT results. The
incidences of severe adverse events (Grade >3, SAEs) for
diarrhea, skin rashes, paronychia, and mucositis were 9.7%
(6.8%, 13.1%), 5.8% (4.5%, 7.2%), 3.8% (2.0%, 6.2%), and
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FiGUure 7: The meta-analysis results for disease control rates (DCRs) and objective response rates (ORRs) in different dose groups after
afatinib treatment in advanced NSCLC with EGFR mutation: (a) comparison of DCRs in different dose groups and (b) comparison of ORRs

in different dose groups.
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FiGure 8: The meta-analysis results for total adverse events and severe adverse events in different dose groups after afatinib treatment in
advanced NSCLC with EGFR mutation: (a) comparison of total adverse events in different dose groups and (b) comparison of severe adverse

events in different dose groups.

TaBLE 4: Total AEs (or SAEs) based on different afatinib dose (non-full dose vs. full-dose).

Non-full dose Full dose
AEs (or SAEs)
Total Grade >3 Total Grade >3

Diarrhea 55.8 (41.1, 70.0)% 1.0 (0.0, 7.4)% 94.7 (86.8, 99.5)% 9.8 (3.0, 19.3) %
Skin rashes 77.7 (64.2, 88.9)% 0.0 (0.0, 4.0) % 90.3 (80.9, 97.1)% 7.7 (1.7, 16.5) %
Mucositis 34.7 (21.4, 49.2)% 0.0 (0.0, 4.0) % 58.0 (44.9, 70.6)% 0.0 (0.0, 3.0) %
Paronychia 48.9 (34.4, 63.5)% 1.5 (0.0, 8.4) % 74.0 (61.7, 84.7) % 7.7 (1.7, 16.5) %
Dry skin 55.6 (40.9, 69.8)% 0.0 (0.0, 4.0) % 51.0 (38.0, 64.0) % 0.0 (0.0, 3.0) %
Pruritus 16.7 (6.9, 29.3)% 0.0 (0.0, 4.0) % 215 (11.6, 33.3) % 0.0 (0.0, 3.0) %

AEs, adverse events; SAEs, severe adverse events.

2.1% (1.0%, 3.6%), respectively. Furthermore, in the present
study, the efficacy of afatinib in the first-line-only group
was significantly superior to that in the second-line
treatment. Therefore, the efficacy and safety of afatinib has
been confirmed by RWE.

The efficacy of tolerability-guided dose adjustment re-
mains controversial. Previously, it has been suggested that
40mg was the recommended afatinib dose for first-line
therapy [10]. A recent study has revealed that the PFS of the
non-full-dose group was 12.8 months, while the PFS was
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FIGURE 9: The meta-analysis results for disease control rates (DCRs) and objective response rates (ORRs) in subgroups after afatinib
treatment in advanced NSCLC with EGFR mutation: (a) comparison of DCRs in different status of brain metastases; (b) comparison of
ORRs in different status of brain metastases; (c) comparison of DCRs in different mutation sites; and (d) comparison of ORRs in different

mutation sites.

11.0 months for the full-dose group; however, the difference
was not significant (HR: 1.3, 95% CI [0.9-2.0]) [42]. Yang
et al. have reported that afatinib 30 mg daily as an initial dose
presents a similar response rate and PFS as an initial dose of
40 mg daily [43]. In the current RWE-based meta-analysis,
the results revealed that the difference in PFS and OS be-
tween the afatinib non-full-dose group (<40 mg) and full-
dose group (>40 mg) was not significant (P >0.05). How-
ever, the ORR in the full-dose group was 78.5% (95% CI
[66.7%, 88.4%]), which was significantly higher than that in
the non-full-dose group (67.8%; 95% CI [56.8, 77.9]). Thus,
the real-world data suggested that decreasing the afatinib
dose does not negatively impact efficacy; the full dose should
be employed for treating NSCLC patients with EGFR mu-
tations if tolerance permits.

Furthermore, moderate-to-severe adverse drug reactions
usually result in dose reduction or discontinuation. Nu-
merous clinical trials have reported that afatinib 40 mg daily
as the starting dose presented severe adverse drug reactions,
including skin rash, paronychia, and diarrhea [11, 12, 44].
40 mg afatinib daily presented a significantly higher inci-
dence of Grade 3 skin rash (16% vs. 0%) and diarrhea (100%
vs. 41%) than 30 mg daily afatinib [45]. In the present study,
the frequency and severity of adverse events (including
diarrhea, skin rash, mucositis, paronychia, and pruritus) was
higher in patients who administered 40 mg afatinib daily
than in those who administered 30mg afatinib daily.
However, the differences of adverse reactions in the two

groups of tolerability-guided afatinib dose adjustment were
not significant. Moreover, compared with the 40 mg/day
dose, 57.8% (1917/3319) of patients received a lower afatinib
dose, with only 0.5% (18/3319) of patients receiving a higher
afatinib dose; this could partly explain the lower tolerability
and higher toxicities associated with afatinib 40 mg daily.
However, it should be noted that the anticancer efficacy ORR
of afatinib 30 mg daily did not surpass that of the 40 mg daily
dose. Besides, the incidence and severity of adverse reactions
showed a decreased trend in patients receiving non-full dose,
which indicated the tolerability-guided dose adjustment
alleviated afatinib-related adverse effects. Thus, the real-
world data support that dose adjustment can be guided
according to tolerance once adverse reactions occur.

In addition to the afatinib dose, clinical factors such as
brain metastases can influence the results of patients with
advanced EGFR-mutant NSCLC [46]. In the LUX-Lung 6
trial, the median PFS of patients with brain metastases
treated with afatinib was lower than that of patients without
brain metastases [47], which was in accordance with our
results, suggesting that brain metastases is an influence
factor of patients with advanced EGFR-mutant NSCLC
based on afatinib dose.

The current study was the first RWE-based meta-analysis
to explore the efficacy and adverse reactions in patients with
advanced EGFR-mutated NSCLC. However, some limita-
tions persist in the current study: (1) the small sample size of
some included studies influenced certain outcome indicators
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of meta-analysis; (2) it was not possible to assess the
methodological quality of included studies and the impact of
quality on the results in this RWE study owing to a lack of
suitable quality evaluation tools; (3) subgroup analysis was
not performed on first-generation or second-generation
EGFR-TKIs for comparing afatinib with erlotinib, daco-
mitinib, and gefitinib.

In conclusion, afatinib is a safe and effective first-line
treatment in patients with EGFR-mutated NSCLC, and
tolerability-guided afatinib dose adjustment might not affect
the PFS of these patients. This study was performed based on
real-world data, reflecting information on curative effects in
real-world patients and fully compensates for disadvantages
of RCTs.
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