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Simple Summary: Afatinib is used to treat non-small-cell lung cancer (NSCLC) harboring epidermal
growth factor receptor (EGFR) mutation as a second-generation EGFR-tyrosine kinase inhibitor
(TKI). We examined the relationship between the trough plasma concentrations of afatinib and
adverse effects, including diarrhea, rash, stomatitis and mucositis. The dose reduction of afatinib was
associated with the trough plasma concentration of afatinib in this paper. As a result, we clarified that
a higher trough plasma concentration induced adverse events, and there was a threshold to reduce
the dosage or not. Monitoring plasma concentrations of afatinib is useful to predict the adverse
effects of afatinib and to support quality of life in patients with EGFR-mutated advanced NSCLC.

Abstract: Afatinib is used to treat non-small-cell lung cancer (NSCLC) harboring epidermal growth
factor receptor (EGFR) mutation as a second-generation EGFR-tyrosine kinase inhibitor (TKI). Early
prediction of adverse effects based on the pharmacokinetics of afatinib enables support for quality
of life (QOL) in patients with no change in efficacy. We examined the pharmacokinetic relationship
between trough plasma concentration and adverse effects and evaluated the utility of measuring the
trough plasma concentration of afatinib as the first EGFR-TKI treatment for NSCLC in a prospective
multicenter study. Twenty-four patients treated with afatinib were enrolled in this study. All blood
samples were collected at the trough point, and plasma concentrations were measured using high-
performance liquid chromatography–tandem mass spectrometry. Logistic regression analysis for the
dose reduction of afatinib was performed, and the receiver operating characteristic (ROC) curve was
plotted. Although all patients started afatinib at 40 mg/day, plasma concentrations were variable,
and mean and median trough plasma concentrations were 32.9 ng/mL and 32.5 ng/mL in this
study, respectively. Minimum and maximum trough plasma concentrations were 10.4 ng/mL and
72.7 ng/mL, respectively. This variability was speculated to involve personal parameters such as
laboratory data. However, no patient characteristics or laboratory data examined correlated with
the trough plasma concentration of afatinib, except albumin. Albumin showed a weak correlation
with plasma concentration (r = 0.60, p = 0.009). The trough plasma concentration of afatinib was
significantly associated with the dose reduction of afatinib (p = 0.047). The area under the ROC curve
(AUC) for the trough plasma concentration of afatinib was 0.81. The cut-off value was 21.4 ng/mL.
The sensitivity and specificity of the cut-off as a risk factor were 0.80 and 0.75. In summary, the
trough plasma concentration of afatinib was associated with continued or reduced dosage because of
the onset of several adverse effects, and a threshold was seen. Adverse effects not only lower QOL
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but also hinder continued treatment. Measuring plasma concentrations of afatinib appears valuable
to predict adverse effects and continue effective therapy.

Keywords: afatinib; epidermal growth factor receptor; tyrosine kinase inhibitor; non-small-cell lung
cancer; trough plasma concentration; receiver operating characteristic curve

1. Introduction

Epidermal growth factor receptor (EGFR) tyrosine kinase inhibitors (TKIs) show robust
efficacy for EGFR mutation-positive non-small-cell lung cancer (NSCLC). EGFR-TKIs have
been used worldwide as a first-line treatment for patients in this setting [1].

Afatinib is used for the treatment of NSCLC harboring EGFR mutation as a second-
generation EGFR-TKI. Unlike the first generation of reversible EGFR-TKIs, including
gefitinib and erlotinib, afatinib binds irreversibly to EGFR (ErbB1), ErbB2 (human epider-
mal growth factor receptor 2 (HER2)), and ErbB4 [2,3]. The prolongation of progression-free
survival (PFS) and improvement of symptoms and quality of life (QOL) in EGFR mutation-
positive NSCLC treated with afatinib have been shown in several clinical trials [4–15]. In
a Japanese population, afatinib showed prolonged overall survival (OS) in a subgroup
analysis of LUX-Lung 3 [16]. Although afatinib is likely to prove more effective for Japanese
patients than for American or European patients according to this subgroup analysis, the
frequency and severity of adverse effects, including diarrhea, rash, stomatitis, and mucosi-
tis, were worse in Japanese patients than in American or European patients. Over 75%
of Japanese patients in the subgroup analysis experienced dose reduction because of the
expression of adverse effects.

Some studies have revealed the relationship between the frequency and severity of
adverse effects and plasma concentration of afatinib. In a study with a combined analysis
of Lux-Lung 3 and 6, higher trough concentration was shown to lead to dose reduction,
whereas lower trough concentration led to dose escalation, and no difference in PFS was
seen between patients with or without dose reduction [17]. Furthermore, a meta-analysis
of population pharmacokinetics revealed some risk factors for a higher area under the
curve (AUC) for afatinib [18]. That analysis reported female sex, lower creatinine clearance,
higher Eastern Cooperative Oncology Group (ECOG) performance status (PS), alkaline
phosphatase (ALP), lactate dehydrogenase (LDH), and total protein were factors associated
with a higher AUC. Measuring the blood concentration of afatinib thus allows us to support
QOL in patients without changing efficacy.

Measuring the trough plasma concentration is easier and more tolerable than de-
termining the AUC. However, previous studies have only evaluated the effectiveness of
afatinib according to the AUC. We therefore investigated the pharmacokinetic relationship
between trough plasma concentration and adverse events. Furthermore, we evaluated
the utility of measuring the trough plasma concentration of afatinib as the first EGFR-TKI
treatment for NSCLC in a prospective multicenter study.

2. Materials and Methods
2.1. Subjects

The subjects in this study were patients who received afatinib (Giotrif® tablets;
Japanese Boehringer Ingelheim Co., Tokyo, Japan) for NSCLC at five centers in Kagoshima,
Japan: Kagoshima University Hospital; Kagoshima City Hospital; Minami Kyushu Na-
tional Hospital; Sendai Medical Association Hospital; and Imakiire General Hospital, from
October 2017 to March 2019.

The study protocol was approved by the Ethics Review Boards of Kagoshima Uni-
versity Hospital (Approval Number: 170258) and all other participating centers. All
patients provided written informed consent for participation in this study. This study was
performed in accordance with the Declaration of Helsinki.
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2.2. Administration of Afatinib and Blood Sampling

The attending physician started afatinib administration at 40 mg/day. All patients
were administered afatinib between meals. Administration was discontinued when adverse
effects greater than or equal to grade 3, as defined in Common Terminology Criteria for
Adverse Events (CTCAE) version 4.0, were observed. Moreover, when adverse effects
were seen to recover to grade 1, the dosage was reduced by 10 mg/day, and afatinib
administration was restarted.

All blood samples were collected at the trough point just before the next administration,
and blood samples were collected at Days 8–14 from the beginning of afatinib at 40 mg/day.

2.3. Chemicals and Reagents

Afatinib was purchased from Toronto Research Chemicals (Toronto, Canada). Imatinib
mesylate for use as the internal standard (IS) was purchased from LKT Laboratories (St.
Louis, MO, USA). tert-Butyl methyl ether (TBME), ammonium formate, formic acid, and
liquid chromatography–mass spectrometry (LC-MS)-grade acetonitrile were purchased
from Wako (Osaka, Japan).

2.4. Measuring Plasma Concentration of Afatinib in Patients

Collected blood samples were centrifuged at 1300× g for 10 min at ambient tempera-
ture. We then collected and preserved the supernatant of blood samples from subjects at
−80 ◦C until concentrations of afatinib in plasma were measured.

The sample extraction method reported in 2015 by Hayashi et al. [19] was slightly
modified. In summary, internal standard (IS) (5 µL of 2 µM) was added to the collected
plasma sample (250 µL) in a polypropylene tube. After mixing, TBME (1.5 mL) was added,
and the tube was vortexed for 30 s then centrifuged at 2300× g for 10 min at ambient
temperature. A sample of the supernatant (1.75 mL) was transferred to a glass tube and
dried under nitrogen gas. A mobile phase (50 µL) was added to the dried sample containing
glass tubes. After filtration through a 0.2 µm pore membrane filter (GL Chromatodisk; GL
Science, Tokyo, Japan), samples were transferred to a 200 µL polypropylene autosampler
vial, and a sample (10 µL) was injected onto the LC instrument for quantitative analysis
using an autosampler operating at 4 ◦C.

Plasma concentrations of afatinib were measured in patients using a high-performance
LC-MS/MS system (AB SCIEX 3200QTRAP LC-MS/MS; SCIEX, Tokyo, Japan, and LC-20;
Shimadzu, Kyoto, Japan). The mobile phase consisted of 2 nm of ammonium formate buffer
(pH 4.1) and acetonitrile (65:35, v/v). Detection was carried out using multiple reaction
monitoring. The lower limit of quantification was 1.67 ng/mL.

2.5. Evaluation of Efficacy and Adverse Effects of Afatinib

The attending physician evaluated efficacy in accordance with the Response Evalua-
tion Criteria in Solid Tumors (RECIST) and adverse effects in accordance with the Common
Terminology Criteria for Adverse Events (CTCAE) version 4.0.

2.6. Correlation between Trough Plasma Concentration and Patient Characteristics,
Laboratory Data

Patient characteristics and laboratory data of patients were collected from the database
at Kagoshima University Hospital, Minami-Kyushu Hospital, and Sendai Medical Associa-
tion Hospital. Spearman’s rank correlation test was conducted to confirm the correlation
between trough plasma concentration, patient characteristics, and laboratory data.

2.7. Logistic Regression Analysis for Dose Reduction of Afatinib

The relationship between trough plasma concentration and dose reduction of afatinib
was analyzed by logistic regression analysis. Items showing significant differences were
considered risk factors for the dose reduction of afatinib.
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2.8. ROC Curve

We plotted ROC curves to identify cut-off values of the trough plasma concentration
of afatinib for dose reduction. The cut-off value was considered to be the maximum of the
sum of sensitivity and specificity.

2.9. Statistics

Differences were considered statistically significant at values of p < 0.05. Statistical
analyses, including t-test, Spearman’s rank correlation test, logistic regression analysis, and
ROC curve, were performed using JMP® Pro 15 (SAS Institute Inc., Cary, NC, USA).

3. Results
3.1. Patient Characteristics

The participants in this study comprised 24 NSCLC patients treated with afatinib. The
characteristics of patients who experienced a dose reduction of afatinib are summarized in
Table 1.

Table 1. Characteristics of patients in the study.

All Patients (n = 24)

Female, n (%) 12 (50)
Age, years, median (range) 67 (46−79)
Height, cm, median (range) 158.9 (145.2−177.8)

Body weight, kg, median (range) 57.4 (37.2−77.1)
Body mass index, kg/m2, median (range) 22.7 (15.27−28.49)

Body surface area, m2, median (range) 1.58 (1.30−1.84)
EGFR mutation, n (%)

Exon 19del 9 (37.5)
L858R 15 (62.5)

ECOG performance status, n (%)
0 12 (50)
1 12 (50)

Stage, n (%)
Postoperative recurrence 3 (12.5)

III B 3 (12.5)
IV 18 (75)

Dose reduction of afatinib, n (%)
Reduction 20 (83.3)

Nonreduction 4 (16.7)
ECOG, Eastern Cooperative Oncology Group; EGFR, epidermal growth factor receptor.

The median age was 67 years (range: 46–79 years), and half of the patients were female
(n = 12). Twenty of the 24 patients experienced a dose reduction of afatinib in the study.
From the physician’s judgment based on RECIST, all patients of the nonreduction group
were judged as partial response (PR), while the reduction group had some variety: stable
disease (SD), 5 patients; PR, 13; progressive disease (PD), 1 patient; and nonevaluated, 1.
Two groups did not show significant differences (Fisher’s exact test p = 0.62).

3.2. Histogram of Trough Plasma Concentration of Afatinib

A histogram and boxplot of the trough plasma concentration of afatinib are shown
in Figure 1, respectively. The mean and median trough plasma concentrations were
32.9 ng/mL and 32.5 ng/mL, respectively. Minimum and maximum trough plasma con-
centrations were 10.4 ng/mL and 72.7 ng/mL (Figure 2). The standard deviation (SD) was
16.1. The coefficient of variation (CV) was 48.9%, similar to a previous report [17].
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Figure 2. Correlation between the trough plasma concentration of afatinib and laboratory data
(personal parameters, renal function, and hepatic function). The r- and p-values provided above
each graph represent Spearman’s rank correlation and the p-value, respectively. (a) Age. (b) Body
weight. (c) Body mass index. (d) Body surface area. (e) Serum creatinine. (f) Cockcroft–Gault
equation. (g) Estimated glomerular filtration rate. (h) Aspartate aminotransferase. (i) Alanine
aminotransferase. (j) Total bilirubin. (k) Total protein. (l) Albumin. (a–d) Correlations between
trough plasma concentration and personal characteristics. (e–g) Correlations between trough plasma
concentration and renal function. (h–l) Correlations between trough plasma concentration and
hepatic function.
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3.3. Associations between Trough Plasma Concentration, Patient Characteristics, and
Laboratory Data

Spearman’s rank correlation test was used to confirm patient characteristics or labora-
tory data correlating with the plasma concentration of afatinib (Figure 2). Serum albumin
was the only factor found to correlate with the trough plasma concentration of afatinib
(r = −0.5988, p = 0.0087, n = 22) (Figure 2l), although serum albumin was not examined
in two patients. Other laboratory data, including height, body weight, body surface area,
total protein, total bilirubin (T-bil), aspartate aminotransferase (AST), alanine aminotrans-
ferase (ALT), serum creatinine, estimated glomerular filtration rate (eGFR), and creatinine
clearance, calculated by the Cockcroft–Gault equation, showed no correlation with the
trough plasma concentration of afatinib. T-bil was not examined in one patient, and total
protein was not examined in two patients.

3.4. Trough Plasma Concentration of Afatinib and Logistic Regression Analysis between
Continuous Dosage and Dose Reduction

The median trough plasma concentrations of afatinib identifying dose reduction and
continuous dosage were 33.1 and 18.0 ng/mL, respectively (Figure 3a). Logistic regression
analysis between dose reduction and trough plasma concentration of afatinib is shown in
Table 2. The reasons for the dose reduction of afatinib were diarrhea (n = 15, 75% of the
reduction group), mucositis oral (n = 2, 10% of the reduction group), rash (n = 2. 10% of the
reduction group), and paronychia (n =1, 5% of the reduction group).
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Figure 3. Relationship between the trough plasma concentration of afatinib and continuous
dose/dose reduction. (a) Boxplot of distribution for the trough plasma concentration of afatinib
between continuous dosage and dose reduction. (b) Receiver operating characteristic curve for the
trough plasma concentration of afatinib.

Table 2. Logistic regression analysis for the dose reduction of afatinib and the parameters of the
receiver operating characteristic (ROC) curve.

p-Value Area under the
ROC Curve

Cut-off for Trough Plasma
Concentration (ng/mL) Sensitivity Specificity

0.0472 0.8125 21.4 0.80 0.75

The trough plasma concentration of afatinib was significantly associated with the dose
reduction of afatinib (p = 0.047).

3.5. Receiver Operating Characteristic (ROC) Curves

The area under the ROC curve (AUC) for the trough plasma concentration of afa-
tinib was 0.81, and the cut-off value for the trough plasma concentration of afatinib was
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21.4 ng/mL (Table 2). The sensitivity and specificity of this cut-off were 0.80 and 0.75, as
summarized in Table 2, and the ROC curve is shown in Figure 3b.

4. Discussion

A relationship between the dose reduction of afatinib and the high-trough plasma
concentration of afatinib was found in Japanese patients receiving afatinib as the first
EGFR-TKI. The rate of dose reduction of afatinib and inter-patient variability of the trough
plasma concentration of afatinib were high. Measuring the trough plasma concentration
of afatinib thus has the potential to predict the dose reduction of afatinib as a first-line
treatment for EGFR mutation-positive NSCLC.

In the present study, a relationship between the dose reduction of afatinib and the
trough plasma concentration of afatinib was found by logistic regression analysis. The
mean trough plasma concentration of patients who experienced a dose reduction was
about 1.7 times that of patients who did not experience a dose reduction. In addition, high
inter-patient variability of the trough plasma concentration of afatinib was detected, with a
CV of 48.94%. This result of variability was in agreement with previous studies in EGFR
mutation-positive NSCLC [7,17,20]. Collectively, results from the present study indicate
that the therapeutic drug monitoring of afatinib is important to predict dose reduction
or the occurrence of adverse effects. In addition, the cut-off value for the trough plasma
concentration of afatinib was 21.4 ng/mL in the present study. This value is similar to the
mean trough plasma concentration of afatinib after dose adjustment in post hoc analyses of
the LUX-Lung 3 and 6 trial [17] and a previous report of Japanese EGFR mutation-positive
NSCLC [21]. In light of the results, a cut-off value of 21.4 ng/mL is useful for earlier
prediction of the severe adverse effects such as diarrhea, oral mucositis, and rash. If we
have this information, we can prepare the medication to avoid or relieve the adverse effects
and follow continuous treatments.

The post hoc analyses of the LUX-Lung 3 and 6 trial also discussed efficacy [17]. Both
studies examined whether PFS changed among patients who underwent dose reductions
within 6 months and those who remained on afatinib ≥ 40 mg/day. The dose reduction
of afatinib did not significantly change the estimated PFS (hazard ratios of LUX-Lung
3 and 6 were 1.25 (95% confidence interval (CI): 0.91–1.72; p = 0.175) and 1.00 (95%CI:
0.69–1.46; p = 0.982)), respectively. Furthermore, trough plasma concentrations of patients
who remained on 40 mg/day compared to those who underwent dose reduction were
23.3 ng/mL and 22.8 ng/mL, respectively, in those studies. These results support our own
findings and suggest that monitoring trough plasma concentration is effective for avoiding
adverse effects and continuing effective therapy.

Serum albumin was the only laboratory data to show a correlation with the trough
plasma concentration of afatinib (r = −0.5988, p = 0.0087), with data from only two pa-
tients not examined. Serum albumin may thus offer an indicator of elevated exposure
to afatinib. However, precisely predicting the plasma concentration of afatinib from our
result is difficult. Dömötör et al. reported that human serum albumin and afatinib do not
appear to show high affinity in the experimental data [22]. The difference between our
data and the report is unclear. Further research targeted the relationship between serum
afatinib concentration, and serum albumin is essential to predict dose reduction (=severe
adverse effect).

Recently, population pharmacokinetics of afatinib in Japanese patients, including
those who underwent gefitinib or erlotinib treatments in the past, have shown that hepatic
impairment is associated with afatinib pharmacokinetics, and trough plasma concentra-
tions of afatinib on Day 8 were significantly higher in patients who experienced dose
reduction or interruption than in those who did not [23]. However, hepatic function tests,
including AST, ALT, and T-bil, were not correlated with the trough plasma concentration of
afatinib. Moreover, a past study showed that hepatic impairment had no effect on afatinib
excretion [24]. Further studies are thus needed to confirm the relationships between hepatic
function and afatinib pharmacokinetics.
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According to the present study, serum creatine and creatinine clearance as calculated
from the Cockcroft–Gault equation did not correlate with the trough plasma concentration
of afatinib. However, from a previous report on the population pharmacokinetics of afatinib,
the AUC was increased by 27.8% with creatinine clearance of 43 mL/min as calculated from
the Cockcroft–Gault equation when compared with creatinine clearance of 79 mL/min [18],
although afatinib is mainly (around 85.4%) excreted into feces as afatinib dimalate [25]. In
addition, from a case series of Japanese patients, the estimated glomerular filtration rate
(eGFR) was significantly lower in patients who experienced a dose reduction of afatinib
than patients who did not [21]. Moreover, some reports have shown that other nonrenal
elimination pathways were decreased in renal dysfunction [26,27]. The mechanism of the
relationship between renal function and adverse effects or the dose reduction of afatinib
is not fully understood. Further studies are thus needed to elucidate the reasons for the
relationship between renal function and adverse effects or dose reduction of afatinib.

Regarding other TKIs, some studies have indicated a relationship between the plasma
concentration and adverse effects of TKIs. The steady-state trough plasma concentration of
sunitinib is associated with fatigue and anorexia [28]. In addition, pazopanib, a multikinase
inhibitor, shows relationships between steady-state trough plasma concentration and
adverse effects, including hypertension, fatigue, and anorexia in renal cell carcinoma [29,30].
These results support the suggestion from the present results that measuring plasma
concentrations of afatinib is valuable to predict adverse effects or dose reduction.

Although the present study was a multicenter prospective study, the number of
patients was small. This may have contributed to the lack of significant findings in this
study. Therefore, it cannot have been ruled out that other factors may have an effect.
Further study involving more samples needs to perform multivariate analysis. In the
present study, a detailed analysis of concomitant medications was not conducted. Ritonavir
has been shown to elevate the plasma concentration and AUC for afatinib [31]. Strong
P-glycoprotein inhibitors including ritonavir, itraconazole, and verapamil hydrochloride,
or inducers including rifampicin and carbamazepine, are thus likely to affect the plasma
concentration of afatinib. As far as prescription records could be confirmed, no patients in
this study were treated with strong P-glycoprotein inhibitors or inducers. In this study, the
number of the nonreduction group was small because the patients we selected were firstly
administered afatinib without previously being administered other TKIs to exclude the
other effects. Therefore, this study just reflected the adverse effect of afatinib. The dosage
for the patients was reduced from 40 mg to 30 or 20 mg in the LUX-Lung 3 clinical trial.
In that study, the ratio of the nonreduction group was 46.7%. It is difficult to collect the
patients; however, it is essential to increase the number of patients to resolve the limitation
or strengthen the results of the study.

5. Conclusions

Dose reduction of afatinib is associated with the trough plasma concentration of
afatinib in patients with EGFR-mutated advanced NSCLC receiving afatinib as the first
EGFR-TKI treatment. Measuring and monitoring the plasma concentration of afatinib thus
appears valuable to predict adverse effects of afatinib and to support QOL in patients with
EGFR-mutated advanced NSCLC.
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