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Abstract

Purposes: Epidermal growth factor receptor (EGFR)-tyrosine kinase inhibi-
tors (TKIs) exert satisfactory therapeutic effects in lung cancer patients.
However, the resultant skin toxicity can deteriorate patients’ quality of life
(QolL). Differences exist in skin toxicity evaluation between patients and cli-
nicians. We aimed to clarify the association between the subjective evaluation
of skin toxicities and QoL in lung cancer patients and to establish a document
of scale development in the subjective evaluation of skin toxicity. Methods:
We used self-administered questionnaires to evaluate 12 lung cancer patients
receiving EGFR-TKI treatment. Indices of QoL were generated using the
Functional Assessment of Cancer Therapy-Lung and Hospital Anxiety and
Depression Scale, and a subjective evaluation questionnaire concerning skin
toxicity was completed. The data were collected immediately before treatment
initiation and at 4 weeks post treatment. Results: In the subjective evaluation
of skin toxicity, four patients (33.3%) were classified as >Grade 2 (painful
group), experiencing painful pruritus at the emergence site of the skin rash or
xerosis. In this group, the QoL scores of physical and emotional aspects de-
clined after treatment. Conversely, patients in the painless group (Grade 0 -
1) demonstrated an improved emotional QoL following treatment (p =
0.028). Conclusions: Lung cancer patients suffering from painful skin toxici-
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ty tended to show a decline in the physical and emotional aspects of QoL fol-
lowing EGFR-TKI treatment. The skin toxicity questionnaire was useful from
the point of view of a subjective evaluation and could be a powerful assess-
ment tool in future clinical settings with further modification.
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1. Introduction

Lung cancer has an extremely poor prognosis among malignant tumors. Ac-
cording to the World Health Organization, it was the sixth-leading cause of
mortality in 2016, responsible for 1.7 million deaths worldwide [1]. This mortal-
ity rate was the highest among all malignancies [2]. Lung cancer morbidity in-
creases with age, and the median age at diagnosis is 70 years [3]. Thus, it is pre-
dicted that the proportion of elderly people with lung cancer will increase glo-
bally due to the increasing aging population.

Following lung cancer diagnosis, many patients choose to undergo chemo-
therapy. In recent years, the development of chemotherapeutic drugs has be-
come highly advanced, and since the 2000s, the use of molecular targeted agents
has become established in the treatment of non-small cell lung cancer (NSCLC)
via gene alternations, such as epidermal growth factor receptor (EGFR) muta-
tions and anaplastic lymphoma kinase, a receptor tyrosine kinase. Previous clin-
ical studies have demonstrated the efficacy of EGFR-tyrosine kinase inhibitors
(EGFR-TKIs), such as gefitinib, erlotinib, afatinib, and osimertinib, as first-line
chemotherapeutics for patients with EGFR-mutated NSCLC [4] [5] [6], with
some reports showing efficacy in elderly patients [7] [8]. Unfortunately, skin
toxicity is the most common adverse effect of EGFR-TKIs, occurring in >80% of
patients [9]. Furthermore, several studies have identified correlations between
the incidence and severity of skin toxicities and overall survival (OS) [10] [11]
[12]. Hence, the continuation of EGFR-TKI involves coping with the resultant
skin toxicity via appropriate skin care measures to prevent deterioration.

In this respect, the aim is not only to support the treatment side effect but also
to maintain the patient’s daily quality of life (QoL) because the EGFR-TKI
treatment prolongs their life. In some QoL studies of lung cancer patients un-
dergoing treatment with molecular targeted agents, a higher OS, progression-
free survival, and QoL has been reported in those receiving treatment with
EGFR-TKIs compared with those treated with cytotoxic chemotherapy [13] [14]
[15] [16] [17]. Contrary to the therapeutic effect, it has become evident that the
emergence of skin toxicity caused by EGFR-TKIs affects the daily life of patients,
leading to a decreased QoL [18] [19] [20]. To evaluate the adverse events of
chemotherapy, the National Cancer Institute established the Common Termi-
nology Criteria for Adverse Events (CTCAE) as an international standard, in-
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cluding skin toxicities [21]. However, the CTCAE is not a useful subjective as-
sessment tool for skin toxicities. Novello et al (2014) argues that there are dif-
ferences between patients and clinicians in the evaluation of the skin toxicity of
molecular targeted therapies, with clinicians underestimating the severity of the
situation [22]. Additionally, it has been suggested that severe symptoms of skin
toxicity greatly influence the psychological state of the patient [23]. To obtain
more insight into how skin toxicity affects the patient’s QoL, the association be-
tween the subjective evaluation of skin toxicity and QoL requires elucidation.
Therefore, our study aims to clarify the association between the subjective
evaluation of skin toxicity and QoL in lung cancer patients receiving EGFR-
TKIs. These results could be used as a document of scale development in the

subjective evaluation of skin toxicity.

2. Methods
2.1. Study Design and Participants

We conducted this prospective observational study between September 2017 and
January 2019 at two hospitals in Hokkaido, Japan. All procedures performed in
studies involving human participants were in accordance with the ethical stan-
dards of the ethics committee of the Faculty of Health Sciences, Hokkaido Uni-
versity (Ethics Code: 16-52-1), Oji General Hospital (Ethics Code: OGH2017-15),
and KKR Sapporo Medical Center (Ethics Code: 29-6) and with the 1964 Hel-
sinki declaration and its later amendments or comparable ethical standards. This
article does not contain any studies with animals performed by any of the au-
thors. Informed consent was obtained from all individual participants included
in the study. Fourteen patients satisfied the following inclusion criteria: 1) diag-
nosed with advanced or recurrent NSCLC, 2) diagnosed as EGFR mutation-
positive, 3) about to begin treatment with single-agent EGFR-TKI, 4) demon-
strating no obvious skin disease or skin toxicity at the beginning of treatment
considered to affect this study, 5) having cognitive functions capable of commu-
nicating in Japanese, and 6) able to provide consent following an explanation of
the research. Patients were not allowed to enroll in this study in the event of the
following: 1) not notified of lung cancer diagnosis, 2) Eastern Cooperative On-
cology Group (ECOG) performance status > 3. Patients were introduced to the

study by their doctor.

2.2. Data Sources

Data collection included the patient’s attributes (sex, age, marital status, em-
ployment status, and smoking history) from the medical records, the medical
condition (disease stage, treatment history, ECOG performance status [PS], and
therapeutic agent) and patient-reported outcomes. Self-administered question-
naires were used to investigate patient-reported outcomes. The initial evaluation
prior to the commencement of EGFR-TKIs (T0) was conducted at the hospital

following admission. Because skin toxicity characteristically manifests within the
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first 1 - 3 weeks of treatment [24], the post-treatment evaluation occurred 4
weeks after treatment (T1) by mailing a questionnaire to the patient’s home. A
subjective evaluation of skin toxicity was added to the items at TO for the evalua-
tion at T1.

2.3. Outcome Measures

2.3.1. Evaluation of Skin Toxicity

Since there was no established survey form to subjectively evaluate the skin tox-
icity caused by EGFR-TKI, we utilized a questionnaire at T1 that was created
independently by researchers following CTCAE version 4.0. According to a pre-
vious study, pain and pruritus at the site of skin toxicities were reported as caus-
es of patient distress [25], which negatively affected their QoL [26] [27]. There-
fore, the contents of the questionnaire included an assessment of the degree of
pain and pruritus at the symptom appearance site of skin rash, xerosis, and pa-
ronychia (Table 1). The skin toxicity severity was classified as absent (Grade 0),
mild (Grade 1), moderate (Grade 2), severe (Grade 3), or very severe (Grade 4)
according to the classification of CTCAE v4.0. [21].

2.3.2. QoL Evaluation

The health-related QoL of lung cancer patients was assessed using the Japanese
version of Functional Assessment of Cancer Therapy (FACT)-Lung (FACT-L)
version 4.0, a combination of the 27-item FACT-General (FACT-G) and the
9-item Lung Cancer Sub-scale (LCS) [28]. The FACT-G consists of physical
well-being (PWB), social/family well-being (SWB), emotional well-being (EWB),
and functional well-being (FWB) sub-scale scores. A total FACT-L score of 0 -
136 is obtained by summing the FACT-G and LCS (two of the nine items are not
scored). Each item is scored according to a 5-point Likert scale. Higher FACT-L

scores correspond to a better QoL.

2.3.3. Emotional Problems
Psychological distress was measured using Hospital Anxiety and Depression

Scale (HADS), consisting of 14 items measuring anxiety (HADS-A) and depression

Table 1. Subjective evaluation questionnaire of skin toxicity by EGFR-TKI for non-small
cell lung cancer patients.

Grade0 Gradel Grade2 Grade3  Grade4

D f Skin Toxicit
egree of Skin Toxicity absent mild moderate severe very severe
Pain in the area where papules
1 i 0 1 2 3 4
and/or pustules emerge (skin rash)
Pruritus in the area where papules
2 ” 0 1 2 3 4
and/or pustules emerge (skin rash)
Pain in the area where skin is dry
3 . 0 1 2 3 4
(xerosis)
Pruritus in the area where skin is
4 . 0 1 2 3 4
dry (xerosis)
Pain in the disruption part around
5 . j 0 1 2 3 4
the nail (paronychia)
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(HADS-D). Each item is scored according to a 4-point Likert scale, and the total
score range is 0 to 21, with 0 - 7 categorized as “no,” 8 - 10 as “probable,” and > 11
as “present” anxiety or depression [29]. A higher score indicates higher anxiety

and depression levels. We used the validated Japanese version of HADS [30].

2.4. Data Sources

The FACT-L and HADS scores were checked for normality using the Shapi-
ro-Wilk test followed by the Wilcoxon signed rank test to evaluate the differenc-
es between the average values obtained at TO and T1. The subjective evaluation
of skin toxicity was classified into two severity groups (Grade 0-1 vs. = Grade 2),
and the association with QoL was also analyzed. As a severity classification of
skin toxicities, Grade 0-1 was a group without distress regardless of the presence
or absence of symptoms (painless group), and >Grade 2 was a group with dis-
tressful symptoms (painful group). Statistical analysis was conducted using SPSS
Statistics version 22.0 (IBM Corp., Armonk, NY), and each level of significance
was set at p < 0.05.

3. Results
3.1. Patients and Characteristics

Table 2 illustrates the demographic characteristics related to patient treatment.
Of the 14 patients who fulfilled the eligibility criteria, 2 were excluded because
PS decreased owing to disease progression and comorbidity, and a final cohort
of 12 patients (85.7%) was analyzed. The average patient age was 65.8 years
(standard deviation = 6.1). Nine patients (75.0%) were married, and three (25.0%)
were employed. Almost all patients (83.3%) had advanced cancer stage 3 or 4.
There were eight patients with no prior experience of receiving chemotherapy
who were being treated for the first time. The treatment agents were gefitinib,
erlotinib, afatinib, and osimertinib (1/1/7/3).

3.2. Subjective Evaluation of Skin Toxicity

The evaluation of skin toxicity at T1 by the study subjects was investigated using
a questionnaire asking about pain and pruritus in the areas where a skin rash or
xerosis appeared and pain due to paronychia (Table 3). The severity of skin tox-
icity (Grade 0 - Grade 4) was based on CTCAE version 4.0. At T1, 4/12 patients
(33.3%) experienced a skin toxicity = Grade 2, and many patients were particu-
larly aware of pruritus associated with skin rash or xerosis. On the other hand,
no pain was associated with xerosis > Grade 2. Two patients reported no skin

toxicity (Grade 0), and six evaluated skin toxicity as Grade 1.

3.3. QoL in Lung Cancer Patients

3.3.1. Association of Skin Toxicity with FACT-L

The self-administered FACT-L questionnaires were completed just before
treatment commenced and at one month after treatment (Table 4). There was

no significant difference in the FACT-L score for all patients from TO to T1 (93.6
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Table 2. Demographic and disease related characteristics.

N (%) or M + SD

Characteristics Male (N=6) Female (N=6)
Age 662+7.1 655+ 5.7
Elderly (265 years) 4(66.7) 69.5 £ 5.9 5(83.3)67.2+4.4
Not Elderly (<65 years) 2(33.3)59.5+3.5 1(16.7) 57.0 £ 0.0
Employed
Yes 2(33.3) 1(16.7)
No 4(66.7) 5 (83.3)
Married
Yes 4(66.7) 5(83.3)
No 2(33.3) 1(16.7)
Smoking history
Yes 6 (100.0) 2 (33.3)
No 0 (0.0) 4(66.7)

Diagnosis Stage

Postoperative Recurrence 1(16.7) 1(16.7)
i} 1(16.7) 0 (0.0)
v 4(66.7) 5(83.3)
Surgery history
Yes 2(33.3) 1(16.7)
No 4(66.7) 5 (83.3)
Chemotherapy history
Yes 2(33.3) 2 (33.3)
No 4(66.7) 4(66.7)

ECOG Performance Status

0 (Baseline/4 weeks follow-up) 3 (50.0)/0 (0.0) 3 (50.0)/2 (33.3)
1 (Baseline/4 weeks follow-up) 2 (33.3)/4 (66.7) 3 (50.0)/2 (33.3)
>2 (Baseline/4 weeks follow-up) 1(16.7)/2 (33.3) 0 (0.0)/2 (33.3)
EGFR Inhibitors
Gefitinib 1(16.7) 0 (0.0)
Erlotinib 0 (0.0) 1(16.7)
Afatinib 5(83.3) 2 (33.3)
Osimertinib 0(0.0) 3 (50.0)

Abbreviation: SD, Standard Deviation; ECOG, Eastern Cooperative Oncology Group; EGFR, Epidermal
Growth Factor Receptor.

+ 17.6 vs. 94.2 + 19.3), and no significant score change was observed for the
PWB, SWB, EWB, FWB, and LCS subscales. The QoL change from T0-T1 in the
painless group (Grade 0-1) revealed a significant difference in EWB (p = 0.028).
There was also an improvement in the total score, PWB, and LCS in the pain-

less group, but no significant differences were observed. In the painful group
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Table 3. Subjective evaluation of skin toxicity in the grade classification.

N=12 (%)
Skin Toxicity
Grade 0 Grade 1 Grade 2 Grade 3 Grade 4
Skin Rash
pain 8 (66.7) 2(16.7) 1(8.3) 1(8.3) 0 (0.0)
pruritus 6 (50.0) 3(25.0) 1(8.3) 2(16.7) 0(0.0)
Xerosis
pain 7 (58.3) 5(41.7) 0(0.0) 0(0.0) 0(0.0)
pruritus 6 (50.0) 4(33.3) 1(8.3) 1(8.3) 0(0.0)
Paronychia
pain 7 (58.3) 4(33.3) 0(0.0) 1(8.3) 0(0.0)
Table 4. Association of skin toxicity with FACT-L before and post treatment.
All Skin Toxicity (Grade 0-1) Skin Toxicity (Grade > 2)
N=12 N=38 N=4
Mean * SD Mean * SD Mean + SD
(SS;:;S:::;) Baseline f:llv;j:_kjp p-value Baseline f:llv;j:_kjp p-value Baseline f:ll‘:j—kusp p-value
FACT-L
Total (0 - 136) 93.57 £17.59 94.20 +19.28 0.638 93.50 +20.03 96.86 +20.20 0.263 93.71 +14.07 88.88 +18.83 0.465
PWB (0 - 28) 2258 +£6.14 22.17+5.02 0.875 22.00+£5.63 23.13+5.08 0.438 23.75+7.85 20.25+4.99 0.269
SWB (0 - 28) 17.74 +7.79 16.95+9.36 0.386 19.88 +7.38 18.61 +9.32 0.397 13.46 £7.66 13.63 +9.81 1.000
EWB (0 - 24) 17.58 £494 1792+5.70 0.663 15.88 +4.02 18.13 +5.69 0.028* 21.00 £535 17.50 +6.56 0.066
FWB (0 - 28) 16.25+6.12 16.58 £7.96 0.724 17.00 +7.21 16.63 £8.35 1.000 14.75+3.40 16.50 +8.35 0.715
LCS (0 - 28) 1942 +4.10 20.58 £4.32  0.422 18.75+4.43 20.38£4.03 0.235 20.75+3.50 21.00 +5.48 0.715

Abbreviations: FACT-L, Functional Assessment of Cancer Therapy-Lung. *p < 0.05.

(=Grade 2), although there were no significant differences in all items from TO -
T1, the EWB tended to decrease (p = 0.066). Furthermore, although there was
no significant difference in total and PWB scores, the decreased results con-

trasted with those of the painless group.

3.3.2. Association of Skin Toxicity with HADS

In all patients, the HADS-A and HADS-D scores were not significantly different
between T0 and T1 (Table 5). Additionally, all scores were < 8, falling within the
normal range. For both the painful and painless skin toxicity groups, there were
no significant difference between the scores of HADS-A and HADS-D at T0 and
T1. In the painless group (Grade 0-1), the mean scores of both anxiety and de-
pression were decreased. Moreover, as Figure 1 shows, since the total HADS
score decreased except for one patient, it follows that patients without pain suf-
fering from skin toxicity experienced little distress after treatment commence-

ment, with the HADS-D scale showing an improvement (p = 0.089). However,
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Table 5. Association of skin toxicity with HADS before and post treatment.

All Skin Toxicity (Grade 0-1) Skin Toxicity (Grade > 2)
N=12 N=8 N=4
Mean + SD Mean * SD Mean * SD
Construct X 4 weeks X 4 weeks . 4 weeks
Baseline p-value Baseline p-value Baseline p-value
(score range) follow-up follow-up follow-up
HADS

"HADS-A (0-21) 5.33+345 525+4.05 0.964 5.88+1.96 5.13+344 0.551 4.25+5.68 5.50+5.69 0.257
"HADS-D (0-21) 6.58 +4.60 6.58+550 0.574 7.25+392 525+440 0.089 525+6.19 9.25+7.18 0.285

"HADS-A: Defined as a score of > 8 for the scale of anxiety. "HADS-D: Defined as a score of > 8 for the subscale depression. Abbreviations: HADS, Hospital

Anxiety and Depression Scale.

HADS-A (N=8)
(Skin toxicity grade 0-1)

15

10

SM/

HADS-D (N=8)

18 (Skin toxicity grade 0-1)
16
14
12 "

8

6

4

2

0

TO T1

HADS-A (N=4)
(Skin toxicity grade 2 2)

15

10

TO T1
(a)
HADS-D (N=4)
(Skin toxicity grade > 2)
15
10
5
0

(b)

Figure 1. Trends of HADS score change according to the degree of skin
toxicity from TO to T1 (Grade 0-1 vs Grade 2 2): a anxiety and b depression

scores.

in the painful group, the mean HADS-A and HADS-D scores were increased,

indicating a distressed condition after the treatment had commenced. The

HADS-D score was 9.3 + 7.2 at T1, indicating that patients with pain suffering

from skin toxicity tended to be depressed.

4. Discussion

Our study results revealed the subjective evaluation of the skin toxicity expe-

rienced by lung cancer patients undergoing treatment with EGFR-TKIs and the
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association with QoL before and after treatment. There was only one patient
with a PS < 2 at TO, but this increased to four following treatment initiation;
therefore, it is thought that adverse events, including skin toxicities and disease
progression were contributing factors. Additionally, most patients who suffered
pain from skin toxicity and disease progression were evaluated for pruritus at
the sites where skin rash and xerosis appeared. A previous study has shown that
a strong degree of pruritus affects a patient’s QoL [27]. Because pruritus and
pain are easily recognizable symptoms, it is important to evaluate them both ob-
jectively and subjectively.

Regarding FACT-L, there were no significant change in the score of both total
and subscale items at TO and T1 when the study subjects were assessed as a sin-
gle group. In a QoL survey of 30 patients with lung cancer in Brazil [31], the to-
tal FACT-L score during the non-treatment period was 98.9, which was similar
to the score of our study subjects. There were no significant differences between
the patients in the painful group; however, the total and PWB scores decreased
between T0 and T1. In particular, since the EWB QoL subscale tended to deteri-
orate, this suggests that physical and psychological suffering is experienced due
to skin toxicity. On the other hand, patients in the painless group demonstrated
increased PWB and LCS scores after treatment, and the EWB showed a signifi-
cant improvement. Therefore, we consider that the therapeutic effect of EGFR-
TKIs contributed to an improvement in the symptoms accompanying lung can-
cer, such as dyspnea and coughing. Furthermore, we suggest that improvements
in pain symptoms and awareness of the mild suppression of adverse events lead
to an increased EWB score. Having considered these matters, for the continua-
tion of EGFR-TKI treatment, it is important to relieve physical pain by practic-
ing skin management to the extent that the pain of skin toxicity is not felt be-
cause this is liable to cause deterioration of the physical and emotional QoL.

Regarding HADS in the painful group, both HADS-A and HADS-D scores
worsened after treatment, and it was considered that pain caused by skin toxicity
was a contributing factor. Similar results were reflected in the EWB of FACT-L.
Yanwei ef al. [32] reported that lung cancer patients who were receiving erloti-
nib and aware of their diagnosis and prognosis showed an improved HADS
score following treatment. Considering this, a reduction in psychological burden
is expected by sharing information on the relationship between skin toxicity and
the therapeutic effect with those patients who experience pain caused by treat-
ment toxicity. Additionally, the decline in PS due to age and treatment effects
has been reported as a risk factor affecting the psychological aspect of lung can-
cer patients [33]. In this survey, there were many elderly patients, and most of
them experienced deterioration in PS following treatment. Because PS deteriora-
tion leads to a decreased QoL in the elderly [34], it is considered that the sup-
pression of adverse events as much as possible, including skin toxicity, is neces-
sary for treatment continuation and to maintain PS.

Thus, our analysis based on the subjective evaluation of skin toxicity revealed

in part the association between skin toxicity and QoL. To maintain the QoL of
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lung cancer patients receiving EGFR-TKIs, it is important to sustain the pain
caused by skin toxicity at an acceptable level. To that end, it is necessary to per-
form an assessment using questionnaires that subjectively evaluate skin toxici-
ties. A further study to refine the composition of the subjective evaluation ques-

tionnaire on skin toxicity should be conducted.

5. Implication for Nursing Practice

From the results of this study, patients with skin toxicities tended to have lower
physical and emotional QoL than patients without pain. In particular, it was the
pruritus at the site of the appearance of skin rash and xerosis that was cited as a
contributing factor to the pain for the patients with skin toxicities. In this re-
spect, it is critical that oncology nurses to sufficiently assess the subjective evalu-
ation in addition to the objective evaluation for the skin toxicity caused by
EGFR-TKI. Furthermore, it is important that they are involved in improving
physical QoL of patients by performing appropriate management practices to
control symptoms such as pain and pruritus, which may lead to an eventual im-
provement in the emotional QoL of patients. In addition, as most elderly pa-
tients in this study had a decrease in PS after beginning the treatment, it may be
necessary to manage adverse events, including skin toxicities, to prevent PS de-

terioration in order to maintain QoL and continue the treatment.

6. Limitations of the Study

It is difficult to define the conclusions of this study because the number of sub-
jects is small, which may lower its statistical power. Moreover, no control group
was included. In future, the number of subjects should be increased to improve
the reliability of the results. Furthermore, in addition to both a subjective as-
sessment and objective evaluation of skin toxicity, the accuracy of the evaluation
requires improvement. Finally, it is possible that adverse events other than skin

toxicities can also affect patient QoL.

7. Conclusion

Lung cancer patients undergoing treatment with EGFR-TKIs showed a tendency
toward a lower QoL in physical and emotional aspects owing to the presence of
painful skin toxicities. An improvement in the emotional aspect of QoL was
recognized by suppressing the symptoms of skin toxicity to an acceptable level.
Consequently, it can be presumed that by maintaining a condition judged as
mild in the subjective evaluation of skin toxicity, a decreased QoL could be pre-
vented. Therefore, the skin toxicity questionnaire was important from the point
of view of a subjective evaluation, and it can be useful tool as an appropriate as-

sessment of skin toxicities in clinical settings.
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