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Purpose

We tried to evaluate whether there are any specific features in treatment outcomes of first-

line afatinib in patients with epidermal growth factor receptor (EGFR)-mutant non-small cell

lung cancer (NSCLC), compared with gefitinib or erlotinib.

Materials and Methods

We analyzed patients treated with first-line afatinib, gefitinib, or erlotinib for advanced EGFR-

mutant NSCLC at Samsung Medical Center between 2014 and 2016.

Results

In total, 467 patients received first-line afatinib (n=165), gefitinib (n=230), or erlotinib

(n=72). Afatinib was used more often in patients with tumors harboring deletion in exon 19

(Del19), whereas the gefitinib group had more elderly, females, and never smokers. The

median progression-free survival (PFS) time for afatinib, gefitinib, and erlotinib was 19.1

months, 13.7 months, and 14.0 months, respectively (p=0.001). The superior PFS of afa-

tinib was more remarkable in subgroups of Del19 or uncommon EGFR mutations. Overall

toxicity profiles of the three drugs were comparable, though more grade 3 or 4 toxicities

were detected in afatinib (7.3%) compared with gefitinib (2.6%) or erlotinib (1.8%). The com-

mon grade 3 or 4 toxicities of afatinib included diarrhea (3.0%), paronychia (2.4%), and skin

rash (1.8%). Dose modification was more frequently required in patients treated with afatinib

(112/165, 68%), compared with gefitinib (5/230, 2%) and erlotinib (4/72, 6%). Interest-

ingly, however, dose reduction in the afatinib group did not impair its efficacy in terms of

PFS (dose reduction vs. no reduction group, 23.5 months vs. 12.4 months). 

Conclusion

First-line afatinib showed satisfactory efficacy data and manageable toxicity profiles.
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Introduction

Non-small cell lung cancer (NSCLC) is one of the leading

causes of deaths from cancer worldwide [1]. When used as

first-line therapy, first-generation epidermal growth factor

receptor (EGFR) tyrosine kinase inhibitors (TKIs) such as

gefitinib and erlotinib have improved clinical outcomes in

patients with advanced NSCLC harboring EGFR mutations

[2,3].

Afatinib, a second-generation EGFR TKI, is an oral, irre-

versible ErbB family blocker that selectively and potently

blocks signaling from all relevant ErbB family receptors

(ErbB1, ErbB2, and ErbB4) [4]. In the Phase III LUX-Lung 3

and LUX-Lung 6 trials, first-line afatinib significantly impro-

ved progression-free survival (PFS) and objective response

rates versus platinum-doublet chemotherapy in patients

with EGFR-mutant NSCLC [5,6]. These promising results led

to the approval of afatinib in many countries from 2013 

onwards.

http://crossmark.crossref.org/dialog/?doi=10.4143/crt.2018.117&domain=pdf&date_stamp=2018-11-12


Several large randomized trials have been conducted to

compare the clinical efficacies and toxicities of these EGFR

TKIs. The WJOG 5108L study was a randomized phase III

study comparing gefitinib with erlotinib. It did not demon-

strate statistical non inferiority of gefitinib in terms of PFS

compared with erlotinib [7]. The LUX-Lung 7 trial compared

afatinib with gefitinib as a first-line treatment in patients with

advanced NSCLC harboring common EGFR mutations (Del19

and the L858R point mutation) [8]. Although the median PFS

times of afatinib and gefitinib were similar (11.0 months vs.

10.9 months), afatinib showed a statistically superior PFS

outcome compared to gefitinib (hazard ratio [HR], 0.73; 95%

confidence interval [CI], 0.57 to 0.95) [8].

Currently, afatinib, gefitinib, and erlotinib are recommen-

ded as first-line therapies for EGFR-mutant NSCLC. How-

ever, no rules or guidelines are available to choose one of

these drugs for a given patient. Thus, the specific drug is typ-

ically chosen according to the physician’s preference or 

experience. In South Korea, these three TKIs are approved,

and one of three TKIs can be chosen by physicians as the

first-line therapy for their patients with EGFR-mutant

NSCLC. 

A few years have elapsed since first-line afatinib therapy

for EGFR-mutant NSCLC was first reimbursed in Korea 

(October 2014). Our purpose of this study is to investigate

how afatinib is used in real-world practice, and whether it

leads to different clinical outcomes compared with gefitinib

or erlotinib. 

Materials and Methods

1. Patients

This retrospective population-based study included 

patients with NSCLC who received first-line afatinib, gefi-

tinib, or erlotinib at a single institute (Samsung Medical Cen-

ter) between October 2014 and December 2016. Eligible

patients in the clinical database of the hospital were identi-

fied and their medical information was extracted from elec-

tronic medical records. Patient demographics such as age,

sex, smoking history, performance status, and EGFR muta-

tion type were reviewed. Demographic information was 

obtained for the time at which first-line EGFR TKI treatment

was initiated. EGFR mutations were identified using a PNA

clamp kit and real-time polymerase chain reaction. Muta-

tions other than Del19 or the L858R point mutation were clas-

sified as uncommon EGFR mutations, which also included

the de novo T790M mutation. In the efficacy analysis accord-

ing to EGFR mutation type, the T790M mutation was exclu-

ded since tumors harboring T790M are known to be resistant

to afatinib, gefitinib, and erlotinib.

2. Evaluation of safety and efficacy

All patients were diagnosed with NSCLC by histologic

analysis. Tumor stage was evaluated by chest computed 

tomography (CT), positron-emission tomography‒CT (PET-

CT), and brain magnetic resonance imaging (MRI). If the 

results of staging work-up procedures performed in hospi-

tals other than Samsung Medical Center were of poor qual-

ity, we repeated the procedures at our hospital before the

patients started treatment.

When starting first-line EGFR TKIs, all patients were 

informed about the potential adverse events of the TKIs and

instructed on how to manage such events if they appear. All

patients were recommended to visit the clinic within 2 weeks

after starting TKIs so that they could be screened for any 

adverse events. If any significant adverse event had occurred

by the first visit after TKI treatment, dose reduction or a more

vigilant follow-up schedule was planned. Otherwise, pati-

ents visited every 1 or 2 months for the first 6 months, and

every 2 or 3 months thereafter. Tumor responses were

checked every 2 or 3 months by chest CT, with or without 

abdomen/pelvis CT, PET-CT, or brain MRI.  

Objective response rate was calculated by checking the

best response according to the Response Evaluation Criteria

in Solid Tumor ver. 1.1 guidelines. PFS was defined as the

time from starting first-line TKI to disease progression or

death; overall survival was defined as the time from starting

first-line TKI to death. Toxicity was graded according to the 

National Cancer Institute Common Toxicity Criteria, ver. 4.0.

3. Statistical considerations

To compare baseline characteristics among the three

groups or treatments, one-way ANOVA or the chi-square

test was used. Overall survival was defined as the time from

registration to death from any cause or censored at the time

of last contact. Progression-free survival (PFS) was defined

as the time from registration to documented progression or

death without progression. Patients without documented

progression or death were censored at the time of the last dis-

ease assessment. The survival data were analyzed using the

Kaplan-Meier method. Median PFS was calculated using a

Cox proportional hazards model. PFS is presented as median

values and two-sided 95% CIs. PFS after gefitinib, erlotinib,

or afatinib treatment was estimated with a Cox proportional

hazards model. For multivariable analysis, a multiple Cox

regression model was fitted by adjusting significant prog-

nostic variables (p < 0.05) in the univariable analysis for PFS.

All p-values were two-sided and a p < 0.05 was considered
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statistically significant. Data were analyzed using SPSS ver.

17 (SPSS Inc., Chicago, IL). The data cutoff for the analysis

was May 28, 2017. 

4. Ethical statement

This study was reviewed and approved by the institutional

review board (IRB No. 2018-02-111) at Samsung Medical

Center. The infor-med consent was waived because this

study was done based on the medical record review. The trial

was conducted in accordance with the Declaration of

Helsinki.

Results

1. Patient characteristics and preference for afatinib, gefi-

tinib, or erlotinib

The patient characteristics are summarized in Table 1. A

total of 467 patients with recurrent or metastatic stage IV

NSCLC were included in the analysis, each of whom had

Del19, L858R point mutation, or an uncommon EGFR muta-

tion. Patients were treated with afatinib (n=165), gefitinib

(n=230), or erlotinib (n=72) as the first-line therapy. Patients

in the gefitinib group were significantly elderly (median age,

64 years) than those in the afatinib and erlotinib groups 

(median age, 57 and 59 years, respectively) (p < 0.001). 

Female patients comprised less than 50% of the afatinib and

erlotinib groups, while 74% of the gefitinib group was female

(p < 0.001). Performance status was not significantly different

among the three groups. The proportion of never smokers

was higher in the gefitinib group (78%) than in the afatinib

(60%) and erlotinib groups (57%) (p < 0.001). Approximately

70% of patients in the afatinib group had Del19; this percent-

age was significantly higher than those in the gefitinib (53%)

and erlotinib (56%) groups (p=0.002). A total of 31 patients

with uncommon EGFR mutation types were included, bro-

ken down by treatment group as follows: afatinib (n=14),

gefitinib (n=12), and erlotinib (n=5).

2. Survival outcomes according to EGFR TKI therapy

The median follow-up duration for PFS was 17.7 months

(95% CI, 16.5 to 18.9). The median PFS times for afatinib, gefi-

tinib, and erlotinib were 19.1 months (95% CI, 12.3 to 25.9),

13.7 months (95% CI, 12.3 to 15.1), and 14.0 months (95% CI,

11.3 to 16.8), respectively (p=0.001) (Fig. 1A). In the univari-

ate analysis for PFS, other clinical characteristics such as com-

mon EGFR mutation type (p < 0.001), good performance

Youjin Kim, Efficacy and Safety of Afatinib
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Patient characteristic Afatinib Gefitinib Erlotinib p-value

No. of patients 165 ( 230 ( 72 (

Age (yr)

Median (range) 57 (30-79) 64 (29-87) 59 (36-77) < 0.001

< 60 93 (56.4) 79 (34.3) 38 (52.8) < 0.001

≥ 60 72 (43.6) 151(65.7) 34 (47.2)

Sex

Male 85 (51.5) 60 (26.1) 39 (54.2) < 0.001

Female 80 (48.5) 170 (73.9) 33 (45.8)

ECOG PS

0 42 (25.5) 56 (24.3) 24 (33.3) 0.658

1 114 (69.0) 160 (69.6) 44 (61.1)

2 9 (5.5) 14 (6.1) 4 (5.6)

Smoking status

Never smoker 99 (60.0) 180 (78.3) 41 (56.9) < 0.001

Current or ex-smoker 66 (40.0) 50 (21.7) 31 (43.1)

EGFR mutation type

Exon 19 deletion 114 (69.1) 122 (53.0) 40 (55.6) 0.002

Exon 21 L858R 37 (22.4) 96 (41.8) 27 (37.5)

Uncommon EGFR 14 (8.5) 12 (5.2) 5 (6.9)

Table 1. Baseline characteristics

Values are presented as median (range) or number (%). Uncommon EGFR: the tumor contains a mutation other than del19

or L858R. ECOG, Eastern Cooperative Oncology Group; PS, performance status; EGFR, epidermal growth factor receptor.



status (Eastern Cooperative Oncology Group 0 or 1) (p < 0.001),

and never smoker status (p=0.014) were associated with

longer PFS, while younger age (< 60 years) (p=0.174) and 

female sex (p=0.523) were not good prognostic factors in

terms of predicting PFS. With respect to the other clinical fac-

tors considered, afatinib therapy was significantly associated

with longer PFS in the multivariate analysis (HR, 0.46; 95%

CI, 0.34 to 0.63; p < 0.001). 

Regarding overall survival, the median follow-up duration

was 17.5 months (95% CI, 16.3 to 18.8). There was no statis-

tically significant difference between the EGFR TKI therapy

groups (p=0.21) (Fig. 1B). 

3. Progression-free survivals of EGFR TKIs according to

EGFR mutation types 

We next analyzed PFS according to EGFR mutation types.

In the subgroup of patients with Del19, the median PFS times

for afatinib, gefitinib, and erlotinib were 19.1 months, 15.0

months, and 16.3 months, respectively (p=0.01). In contrast,

there was no significant difference in the L858R subgroup

(p=0.46) (Fig. 2A and B). For the subgroup of uncom-

mon EGFR mutations, the afatinib group showed much

longer PFS (median PFS, not reached) compared with the

gefitinib (5.0 months) and erlotinib (6.1 months) groups,

though it was not statistically significant due to a small sam-

ple size (p=0.06) (Fig. 2C). 

4. Objective response in the uncommon EGFR mutation

subgroup 

Table 2 shows the uncommon EGFR mutation types and

the objective response of patients with each mutation type to

each EGFR TKI. A total of 31 patients had uncommon muta-

tions (exon 21 L861 Q, exon 18 G719X, exon 20 insertion, exon

18 G719X+exon 20 S768I, Del19+L747_P753>Q, and exon 21

L858R+H870R) and seven patients (1.4%) had both active

and resistant EGFR mutations (T790M). Seven patients had

the de novo T790M mutation (afatinib, 4; gefitinib, 3); these

patients had no response. Among the patients harboring 

uncommon mutations other than T790M, objective response

was seen in eight out of the 10 patients in the afatinib group,

while four out of nine in the gefitinib group showed a 

response and one out of five in the erlotinib group showed a

response.

5. Toxicity profile

The toxicity profiles were compatible with the expectation

(Table 3). The most common adverse events were skin rash,

stomatitis, paronychia, and diarrhea. The incidence of grade

1-2 adverse events were comparable among three treatment

groups. However, grade 3-4 adverse events were more fre-

quently found in the afatinib group (7.3%), compared with

gefitinib (2.6%) and erlotinib groups (1.8%). The common

grade 3-4 adverse events of afatinib were diarrhea, parony-

chia, and skin rash. A total of 10 patients of afatinib perma-

nently discontinued afatinib therapy due to grade 2 parony-
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Fig. 1.  Progression-free survival (A) and overall survival (B) with afatinib, gefitinib, and erlotinib. TKI, tyrosine kinase 

inhibitor.
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chia or skin rash (n=3), grade 2 or 3 diarrhea (n=4), grade 2

or 3 stomatitis (n=2), or grade 3 pneumonitis (n=1). One 

patient with gefitinib hold permanently due to grade 3 inter-

stitial lung disease, and there was no permanent hold in the

erlotinib group. No treatment-related deaths occurred for all

the three drugs.

6. Dose modification

All patients initiated afatinib, gefitinib, and erlotinib treat-

ment with 40 mg, 250 mg, and 150 mg once daily, respec-

tively. Dose reduction was performed to control adverse

events. In the afatinib group, the first dose reduction was

from 40 mg to 30 mg per day. If further reduction was

needed, the dose was reduced subsequently from 30 mg to

20 mg per day. In accordance with the dose reduction 

sequence, dose reduction was performed either once or twice

in 112 patients (67.8%). The median interval from starting

afatinib to the first dose reduction was 4.9 weeks (95% CI, 4.0

to 5.8). Thus, the final afatinib dose was 30 mg per day in 80

patients (48.5%) and 20 mg per day in 32 patients (19.4%). In

the gefitinib group, total five patients reduced dose by 
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Fig. 2.  Progression-free survival of afatinib, gefitinib, and erlotinib according to epidermal growth factor receptor (EGFR)

mutation types. (A) Exon 19 deletion. (B) Exon 21 L858R. (C) Uncommon EGFR mutations. TKI, tyrosine kinase inhibitor.
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increasing the administration interval into every other day,

due to skin toxicity and hepatotoxicity. Four patients with

erlotinib reduced dose to 100 mg per day due to skin toxicity.

A total of 10 patients in the afatinib group permanently dis-

continued afatinib therapy due to grade 2 paronychia or skin

rash (n=3), grade 2 or 3 diarrhea (n=4), grade 2 or 3 stomatitis

(n=2), or grade 3 pneumonitis (n=1). One patient with gefi-

tinib permanently stopped medication due to skin toxicity

and there was no permanent stop case for erlotinib. No treat-

ment-related deaths occurred for all three TKIs.

We analyzed whether dose reduction of afatinib affected

its efficacy. Interestingly, in the survival analysis according

to final afatinib dose, reduction did not impair PFS: the 

median PFS times for the unreduced group (40 mg) and 

reduced group (30 mg or 20 mg) were 12.4 months and 23.5

months, respectively (S1 Fig.). When the disease burdens

were compared by initial brain metastasis status between

two groups, there was no significant difference. There were

19 patients (35%) with brain metastasis in the unreduced

group (n=55), while 48 patients (43%) initially presented with

metastatic brain tumor in the reduced group (n=112) (p=0.53).
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Afatinib Gefitinib Erlotinib                                                               

EGFR TKI
Total

Objective
Total

Objective
Total

Objective

response response response 

Uncommon EGFR mutation 14 8 12 4 5 1

Uncommon EGFR mutation other than T790M 10 8 9 4 5 1

Uncommon EGFR mutation

Exon 21 L858R+exon 20 T790M 3 0 3 0 0 0

Exon 19 deletion+exon 20 T790M 1 0 0 0 0 0

Exon 21 L861 Q 3 3 4 2 0 0

Exon 18 G719X 3 2 4 2 3 1

Exon 20 insertion 1 0 0 0 2 0

Exon 18 G719X+exon 20 S768I 1 1 1 0 0 0

Exon 19 Deletion+L747_P753>Q 1 1 0 0 0 0

Exon 21 L858R+H870R 1 1 0 0 0 0

Table 2. Objective response rates according to uncommon EGFR mutation

EGFR, epidermal growth factor receptor; TKI, tyrosine kinase inhibitor.

Toxicity
Grade 1-2 Grade 3-4                                                                    

Afatinib Gefitinib Erlotinib Afatinib Gefitinib Erlotinib

Total 116 (70.3) 164 (71.3) 53 (73.6) 12 (7.3) 6 (2.6) 3 (1.8)

Rash and acne 76 (46.1) 131 (57.0) 47 (65.3) 3 (1.8) 1 (1.4) 3 (1.8)

Stomatitis 50 (30.3) 31 (13.5) 8 (11.1) 0 ( 0 ( 0 (

Paronychia 44 (26.7) 21 (9.1) 13 (18.1) 4 (2.4) 0 ( 0 (

Diarrhea 32 (19.4) 33 (14.3) 13 (18.2) 6 (3.0) 0 ( 0 (

Dry skin 18 (10.9) 45 (19.6) 12 (16.7) 0 ( 1 (1.4) 0 (

Pruritus 17 (10.3) 79 (34.3) 21 (29.2) 0 ( 0 ( 0 (

Anorexia 7 (4.2) 15 (6.5) 7 (9.7) 1 (0.6) 1 (1.4) 0 (

Nausea/Vomiting 0 ( 4 (1.7) 1 (1.4) 0 ( 0 ( 0 (

Fatigue 1 (0.6) 3 (1.3) 1 (1.5) 1 (0.6) 0 ( 0 (

Alopecia 0 ( 15 (6.5) 2 (2.8) 0 ( 1 (1.4) 0 (

Interstitial lung disease 0 ( 0 ( 0 ( 1 (0.6) 0 ( 0 (

Increased AST/ALT 0 ( 2 (0.9) 0 ( 0 ( 2 (2.8) 0 (

Table 3. Toxicity profile of afatinib, gefitinib, and erlotinib

Values are presented as number (%). ALT, alanine aminotransferase; AST, aspartate aminotransferase.
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Discussion

To our knowledge, this is the first study to comprehen-

sively evaluate the pattern of clinical use of three EGFR TKIs

(afatinib, gefitinib, and erlotinib). We found that gefitinib

was more commonly used than erlotinib or afatinib in Korea,

especially for elderly, which may be due to concerns about

treatment related adverse events. A previous retrospective

report showed that gefitinib was less associated with signif-

icant skin toxicity than the other two TKIs in patients with

NSCLC [9]. Compatible with this report, our study also

showed that gefitinib was prescribed more often to women,

indicating that physicians consider potential cosmetic prob-

lems when treating women. Afatinib was more commonly

used for patients with tumors harboring Del19. We reason

that this observation could be due to a study reporting that

the afatinib arm had longer overall survival than the chemo-

therapy arm in the Del19 subgroup, while this result was not

observed in the L858R subgroup [10].

Our results show that afatinib was significantly associated

with longer PFS compared with gefitinib and erlotinib, even

after adjustment for other potentially confounding prognos-

tic factors. In addition, the significantly longer PFS of afatinib

observed even in the Del19 subgroup could preclude the pos-

sibility that longer PFS of afatinib for overall population was

caused by that more patients with better prognostic factor,

Del19, were included in the afatinib group. We confirm the

previous data that showed the superior PFS outcome of sec-

ond-generation EGFR TKIs such as afatinib and dacomitinib

to first-generation EGFR TKI such as gefitinib [8,11].

The median PFS times of each TKI in our study (13-19

months) were longer than those (11 months) reported from

prospective trials as first-line EGFR TKIs [5,6,8]. Although

we do not have a definitive explanation for this result, main-

taining TKI treatment for a long-term period with more effi-

cient management of adverse events may in part contribute

to the longer PFS. We note that the rate of total grade 3 or 4

adverse events for afatinib, gefitinib, and erlotinib were 

approximately 7%, 3%, and 2%, respectively, in our study,

which is lower than those reported in prospective studies 

[5-8].

Although gefitinib and erlotinib have both demonstrated

efficacy for treating tumors with common EGFR mutations

[12-14], their efficacy against tumors with uncommon EGFR

mutations is still under investigation. The response rates and

median PFS of first-generation EGFR TKIs for uncommon

EGFR mutations were reported to be less than 50% and 5

months, respectively [15,16]. Recently, good efficacy of afa-

tinib for treating tumors with uncommon mutations was 

reported [17,18]. Our study confirms the previous efficacy

data of afatinib for NSCLC harboring uncommon EGFR

mutations other than T790M. Compared with gefitinib and

erlotinib, afatinib treatment yielded a longer PFS for patients

with uncommon EGFR mutations, although this difference

did not reach statistical significance, possibly due to the small

sample size (p=0.06). Based on our results, we recommend

afatinib for first-line therapy in patients harboring uncom-

mon EGFR mutations other than the de novo T790M point

mutation.

The frequency of adverse events was lower than in previ-

ous prospective studies and fewer types of adverse events

were observed [5,6,8]. This finding could be related to limi-

tations commonly associated with retrospective studies,

which are based on medical records. Despite these limita-

tions, we observed a lower rate of significant toxicity (grade

3 or 4). This finding can be explained by the fact that our

practice usually includes dose reduction with or without

temporary interruption, in addition to appropriate use of oral

antibiotics, anti-diarrheal agents, or steroid ointments for the

management of adverse events.

In our study, more patients underwent dose reduction due

to adverse events compared to previous prospective trials

[5,6,8]. However, this dose reduction did not impair efficacy

outcomes in terms of PFS. Therefore, based on our results,

we recommend that physicians reduce the afatinib dose

when patients experience unacceptable or prolonged adverse

events. However, the relationship between dose reduction

and PFS should be interpreted with caution, because there

are more opportunities for dose reduction when patients take

afatinib for longer periods. However, this bias was unlikely

to have significantly affected the results because most dose

reduction occurred soon after starting afatinib treatment,

with a median time of 4.9 weeks (95% CI, 4.0 to 5.8). In addi-

tion, reduced afatinib doses were shown to not impair effi-

cacy in another retrospective study [19]. It showed that there

was no difference in time to treatment failure between the

group that started afatinib 40 mg and the group that started

30 mg as the first-line therapy for NSCLC [19].

In summary, we evaluated the frequencies of first-line

EGFR TKI use in patients with EGFR-mutant NSCLC and

found that patient characteristics affected the choice of EGFR

TKI. Afatinib showed superior PFS data compared with gefi-

tinib or erlotinib. Afatinib showed more grade 3 or 4 adverse

events than gefitinib or erlotinib, though the incidence was

much lower than previous data. 
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