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Purpose: This cross-sectional pilot study aimed to compare the effects of chemotherapy and 

targeted therapy on neuropsychological performance and psychiatric symptoms in patients with 

non-small-cell lung cancer (NSCLC).

Patients and methods: A total of 113 patients with NSCLC were recruited. According to 

their type of cancer treatment, the patients were classified into chemotherapy (n=40), targeted 

therapy (n=33), and untreated control (n=40) groups. All participants completed five objective 

tests measuring various domains of cognitive function, a subjective cognitive functioning scale 

(Functional Assessment of Cancer Therapy–Cognitive Function; FACT-cog), and the Hospital 

Anxiety and Depression Scale (HADS) either within 6 months after diagnosis (for the untreated 

group) or about 18 months after treatment.

Results: Overall, there were no significant intergroup differences in the proportions of patients 

with abnormal cognitive performance and psychiatric disturbances. Among the untreated NSCLC 

patients, 35% had impaired performance in at least one cognitive domain, and a comparable 

finding (30%–35%) was made for the other two treatment groups. The proportion of patients 

with impaired psychomotor speed was the highest (10%–15%) across various cognitive domains. 

Moreover, a significant proportion of NSCLC patients (15%–20%) exhibited HADS-defined 

anxiety and depression disorder. Finally, significant correlations were found between FACT-cog 

total scores and the HADS Depression subscale across all three groups.

Conclusion: This study demonstrated that 1) a substantial proportion of NSCLC patients 

exhibited cognitive impairments (especially regarding psychomotor speed) and psychiatric 

disturbances; 2) no significant differences were observed among the three patient groups for any 

subjective or objective measure of cognitive deficit; and 3) perceived cognitive impairment was 

significantly associated with depression or anxiety. Prompt treatment of psychiatric disorders 

to minimize their impact is therefore recommended.

Keywords: non-small-cell lung cancer, neuropsychological performance, psychomotor speed, 

anxiety, depression

Introduction
Lung cancer has a high mortality rate worldwide and is also one of the leading causes 

of cancer-related deaths in Taiwan, accounting for ~9,000 deaths annually or 20% of 

all cancer-related mortalities.1

Chemotherapy is a type of cancer treatment that uses chemical agents to destroy 

all dividing cells. Despite its efficacy in cancer treatment, chemotherapy remains 
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associated with a variety of adverse effects, including nausea, 

vomiting, and fatigue.2 Moreover, treatment-related neu-

rocognitive dysfunction in patients with lung cancer has 

become a matter of heightened concern.2–5 A number of 

studies on small-cell lung cancer patients have demonstrated 

that diminished verbal fluency, verbal memory, visuospatial 

ability, and executive function are frequently found before 

or after chemotherapy.6–8

Although non-small-cell lung cancer (NSCLC) accounts 

for 85% of all lung cancers,9 only a handful of studies have 

examined the impact of cancer treatment on neurocognitive 

function in NSCLC patients. Kaasa et al (1988) found that mild 

cognitive decline was more closely associated with chemo-

therapy patients than with patients in the radiotherapy group.10 

Whitney et al (2008) observed that .60% of NSCLC patients 

exhibited noticeable cognitive impairments both before and 

1 month after chemotherapy.11 Simó et al (2015) demonstrated 

that NSCLC patients performed significantly worse in verbal 

memory before chemotherapy than patients with small-cell 

lung cancer or healthy controls.8 These findings suggest that 

the neurotoxic effect of chemotherapy medications may be 

one possible mechanism underlying cognitive changes.

Instead of extensively destroying cells, a form of molecu-

lar medicine known as targeted therapy has been developed. 

Targeted therapy works by specifically blocking certain 

aspects of signaling pathways associated with carcinogenesis 

and tumor growth.12 It should thus be able to reduce treatment-

related neurotoxicities and adverse effects in patients with 

lung cancer. However, it remains unclear whether targeted 

therapy is less likely than conventional chemotherapy to 

induce neurocognitive deficits in patients with NSCLC.

Both objective and subjective measures are necessary 

because each provides information relevant to the functioning 

of cancer patients.13 However, it has been well documented 

that the complications of psychiatric disturbances (espe-

cially anxiety and depression) significantly affect perceived 

cognitive impairments in patients with lung cancer,13–16 and 

this should be appropriately addressed when assessment 

is performed. In view of the aforementioned matters, this 

cross-sectional study was designed to compare objective 

and perceived cognitive performance as well as psychiatric 

disturbances among patients with NSCLC who were either 

previously untreated or treated with chemotherapy or tar-

geted therapy.

Patients and methods
Subjects
The study protocol was conducted in accordance with the 

principles of the Declaration of Helsinki and was approved 

by the institutional ethics committee of Chiayi Chang Gung 

Memorial Hospital (approval number CGMH 105-2485C), 

one of the largest medical centers in southern Taiwan. Written 

informed consent was obtained upon enrollment from all par-

ticipants, who were recruited from the CCGMH’s outpatient 

departments of hematology and oncology and pulmonary 

medicine. Patients were eligible if they had a histologically 

proven diagnosis of NSCLC, whereas those with any organic 

brain diseases, a history of mental retardation, psychiatric 

disorders, premenopausal status, medication affecting the 

central nervous system, or age older than 80 years were 

excluded. Moreover, to obtain the greatest possible number 

of samples, we enrolled NSCLC patients of all stages (I–IV), 

except for those with metastases. A total of 113 patients with 

NSCLC were thus enrolled and then classified into three 

groups based on their cancer treatment type. The untreated 

control and chemotherapy groups each contained 40 patients, 

and the targeted therapy group 33 patients. On average, the 

participants completed all neuropsychological evaluations 

either within 6 months after diagnosis (for the untreated 

group) or about 18 months after treatment.

Objective cognitive assessment
The Chinese versions of tests of each domain were translated 

and adapted for the Taiwanese population by testing normal 

subjects. The Mini-Mental State Examination (MMSE) was 

employed to assess global cognitive function, including ori-

entation, attention, memory, and language.17,18 In addition, 

selected subtests – Vocabulary, Digit Span, and Digit Symbol 

Substitution – of the Mandarin version of the Wechsler 

Adult Intelligence Scale-III were used to measure language, 

working memory, and psychomotor speed, respectively.19

Executive function was evaluated using the Color Trails 

Test,20,21 which comprises two parts. The first contains num-

bers only and evaluates the tracking ability, whereas in the 

second part, participants must switch between numbers and 

colors to assess their executive function through cognitive 

flexibility. The number of errors (irrespective of type) and 

the completion time (in seconds) were both recorded. Please 

see Supplementary material S1 outlining the details of the 

aforesaid cognitive tests.

Subjective cognitive measure
Subjective cognitive functioning was assessed using the Func-

tional Assessment of Cancer Therapy–Cognitive Function 

(FACT-cog) scale.22 The scale consists of 37 items, with over-

all cognitive function as the sum of four subscales, namely, 

perceived cognitive impairments, impact on quality of life, 

comments from others, and perceived cognitive abilities. 
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Higher scores indicate superior cognitive function (ie, lower 

subjective cognitive impairment).

Psychological assessment
The Hospital Anxiety and Depression Scale (HADS) 

was used to assess the severity of depression and anxiety 

symptoms.23 It is divided into two seven-item subscales, one 

of which specifically focuses on anxiety (HADS-A) and the 

other on depression (HADS-D). This scale has been widely 

used in clinical settings and psycho-oncological investiga-

tions. Participants with score $8 were considered as suffering 

from HADS-defined anxiety and depression disorder.

Statistical analysis
All statistical analyses were performed using SPSS 

version 19. One-way analysis of variance was used to com-

pare total FACT-cog scores and demographic data among 

the three groups. Analysis of neuropsychological test results 

included descriptive statistics, namely, means, SDs, frequen-

cies, and percentages. An individual neuropsychological test 

was regarded as indicating abnormality if the result’s SD 

was $1.65 below the normative mean (ie, below the fifth 

percentile of normative samples).24 Similarly, overall perfor-

mance was defined as “impaired” if any of the test scores were 

abnormal. The chi-squared (χ2) test was used to determine 

group differences in the proportion of patients with abnormal 

cognitive performance. Finally, the relationship between 

cognitive tests and psychiatric measures was assessed using 

a two-tailed Pearson correlation analysis. P-value ,0.05 was 

considered to indicate statistical significance.

Results
Demographic data
As shown in Table 1, one-way multivariate analysis of vari-

ance indicated no significant differences in age and education 

among the three groups. However, group differences were 

found for disease duration (F
(2, 110)

=11.28, P,0.001). Post 

hoc comparisons performed using Fisher’s least significant 

difference test indicated that the chemotherapy group’s 

mean years of disease duration were significantly longer 

than those of the untreated (P,0.001) and targeted therapy 

(P=0.013) groups. Moreover, disease duration in the targeted 

therapy group was significantly longer than in the untreated 

group (P=0.049).

Neuropsychological test results
The results of individual neuropsychological tests are detailed 

in Tables 2 and 3. As seen in Table 3, 35% of untreated 

NSCLC patients had impaired performance in at least one 

cognitive domain, with a comparable proportion found in the 

chemotherapy (35%) and targeted therapy (30%) groups. The 

proportion of patients with impaired psychomotor speed was 

the highest (10%–15%) across the various cognitive domains. 

Moreover, a significant proportion of NSCLC patients 

(15%–20%) had borderline or higher scores for depression 

or anxiety. However, no significant group differences were 

found for either perceived cognitive performance or the 

proportion of patients with abnormal objective cognitive 

performance.

Associations between cognitive 
performance and psychiatric disturbances
As shown in Table 4, significant correlations were found 

between total FACT-cog scores and the HADS-A subscale 

across the three groups. Except for in the targeted therapy 

group, the HADS-D subscale was also significantly associ-

ated with total FACT-cog scores. However, no significant 

correlations were noted between the majority of objective 

cognitive tests and the HADS-A and HADS-D subscales. 

Similarly, there was no significant correlation between 

total FACT-cog scores and the majority of the objective 

cognitive tests.

Discussion
This prospective, cross-sectional pilot study was intended to 

compare the effects of chemotherapy and targeted therapy on 

neuropsychological performance and psychiatric symptoms 

in patients with NSCLC. To our knowledge, this is the first 

study to explore such therapies in an NSCLC population.

Overall, this study showed that 35% of untreated NSCLC 

patients had impaired performance in at least one cognitive 

domain, with a comparable proportion (30%–35%) found in 

Table 1 Characteristics of demographic variables

Years Non-treatment n=40
Mean (SD)

Chemotherapy n=40
Mean (SD)

Targeted therapy n=33
Mean (SD)

F P-value

Age 59.05 (6.17) 58.10 (8.64) 57.82 (8.20) 0.26 0.77
Education 10.00 (3.37) 9.68 (3.19) 10.09 (3.66) 0.16 0.86
Disease duration 0.60 (1.72) 1.85 (1.21)a 1.15 (1.15)b 11.28*** 0.00

Notes: aChemotherapy group. non-treatment group and targeted therapy group; bTargeted therapy group. non-treatment group; ***P,0.001.
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post-chemotherapy groups. Despite the lower proportion of 

patients with abnormal cognitive performance, our results 

are similar to those of another study that found cognitive 

impairments in .60% of NSCLC patients both before and 

1 month after chemotherapy.11 Differences in the evaluation 

of cognitive domains and selection of cognitive tests may 

account for this discrepancy.

Regardless of the nonsignificant group differences, the 

proportion of patients with impaired psychomotor speed 

was the highest (10%–15%) across the various cognitive 

domains. Several lesion and neuroimaging studies have 

demonstrated that impaired psychomotor speed is strongly 

associated with white matter damage.25–27 Accordingly, 

NSCLC patients with psychomotor speed impairment may 

Table 2 Neuropsychological performance in patients with different types of cancer treatment

Non-treatment n=40
Mean (SD)

Chemotherapy n=40
Mean (SD)

Targeted therapy n=33
Mean (SD)

MMSE 28.35 (1.75) 28.28 (2.26) 28.03 (2.05)
Vocabulary 10.03 (1.40) 9.55 (1.96) 10.33 (2.43)
Digit Span 10.23 (2.66) 9.40 (2.27) 10.03 (3.20)
DSS 8.78 (2.86) 8.70 (2.72) 9.30 (3.18)
CTT1      

Completion time 70.90 (26.75) 68.15 (18.90) 69.92 (22.30)
Errors 0.05 (0.22) 0.07 (0.35) 0.03 (0.17)

CTT2      
Completion time 130.12 (40.70) 125.16 (20.68) 129.06 (40.39)
Number errors 0.02 (0.16) 0.05 (0.24) 0.06 (0.24)
Color errors 0.25 (0.68) 0.32 (0.59) 0.24 (0.76)
HADS total 8.70 (8.13) 7.85 (8.57) 7.06 (7.64)
Anxiety 4.75 (4.62) 3.45 (4.84) 3.18 (3.88)
Depression 3.95 (3.99) 4.40 (4.31) 3.88 (4.33)

Abbreviations: CTT, Color Trails Test; DSS, Digit Symbol Substitution; HADS, Hospital Anxiety and Depression Scale; MMSE, Mini-Mental State Examination.

Table 3 Comparison of the three groups for various measures according to either mean score or proportion of patients with 
abnormal test performance

Non-treatment
n (%)
Mean (SD)*

Chemotherapy
n (%)
Mean (SD)*

Targeted therapy
n (%)
Mean (SD)*

χ2 or F P-value

MMSE 0 2 (1.8) 2 (1.8) 2.332 0.312
Vocabulary 0 0 0 Nil Nil
DSS 6 (15) 4 (10) 5 (15.2) 0.577 0.749
Digit Span 0 2 (5) 1 (3) 1.960 0.375
CTT1          

Completion time 5 (12.5) 2 (5) 4 (12.12) 1.582 0.453
Errors 2 (5) 2 (5) 1 (3.03) 0.214 0.898

CTT2          
Completion time 2 (5.4) 1 (2.5) 3 (9.09) 1.523 0.467
Number errors 1 (2.5) 3 (7.5) 2 (6.06) 1.047 0.593
Color errors 3 (7.5) 3 (7.5) 2 (6.06) 0.074 0.964
Overall performance 14 (35) 14 (35) 10 (30) 0.235 0.889
HADS-A 8 (20) 6 (15) 6 (18) 0.351 0.839
HADS-D 8 (20) 6 (15) 5 (15) 0.450 0.799

FACT-cog          
Total score 118.88 (9.75) 113.90 (14.07) 113.94 (16.25) 1.757 0.177
PCI 66.80 (6.41) 64.28 (8.84) 64.27 (8.57) 1.296 0.278
CFO 15.63 (1.00) 15.43 (1.68) 15.64 (1.58) 0.262 0.770
PCA 21.13 (3.41) 19.33 (3.68) 19.91 (4.90) 2.108 0.126
QOL 15.33 (1.86) 14.88 (2.54) 14.12 (3.90) 1.666 0.194

Note: *the results of the FACT-cog are presented in Mean (SD).
Abbreviations: CFO, comments from others; CTT, Color Trails Test; DSS, Digit Symbol Substitution; FACT-cog, Functional Assessment of Cancer Therapy–Cognitive 
Function; HADS-A, Hospital Anxiety and Depression Scale–Anxiety; HADS-D, Hospital Anxiety and Depression Scale–Depression; PCA, perceived cognitive abilities; 
PCI, perceived cognitive impairments; QOL, quality of life; MMSE, Mini-Mental State Examination.
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also exhibit white matter lesions. This assumption is partly 

supported by Simó et al (2015), who investigated cognitive 

and brain structure changes in patients with lung cancer and 

found that NSCLC patients exhibited verbal memory defi-

cits and widespread white matter damage, compared with 

healthy controls.8 Due to clinical time constraints and patient 

fatigue, we employed the MMSE to assess various domains 

of cognitive function, including verbal memory. However, it 

has been suggested that the MMSE lacks sensitivity to very 

mild cognitive impairments.28 A short but comprehensive 

neuropsychological battery focusing specifically on certain 

cognitive domains is thus recommended for future research.

The present study also found no significant differences 

among the three groups in the proportion of patients with 

abnormal performance in both objective and subjective cog-

nitive tests. Whitney et al (2008) found that NSCLC patients 

exhibited cognitive declines at a 1-month follow-up, but 

those problems apparently dissipated by 7 months of post-

treatment,11 thus suggesting that cognitive declines during 

cancer treatment were only temporary. The mean disease 

duration of each therapy group in our study was .12 months, 

which may explain why chemotherapies did not significantly 

increase the number of patients with cognitive impairments 

relative to the untreated group. Furthermore, the proportion of 

patients with abnormal cognitive performance did not signifi-

cantly differ between the chemotherapy and targeted therapy 

groups, although the latter tended toward a lower number. 

A longitudinal study exploring the effects of chemotherapy 

and targeted therapy on cognitive function is warranted.

Consistent with other studies using HADS,29,30 our results 

indicated that a significant proportion of NSCLC patients 

(15%–20%) exhibited borderline or even higher scores for 

depression or anxiety, which were also significantly associ-

ated with subjective cognitive performance. Moreover, we 

found that objective and perceived cognitive performances 

were unrelated. These findings support the observation of 

Hutchinson et al (2012) that perceived impairment may be 

an indicator of psychological distress rather than cognitive 

impairment.13 In summary, the clinical implication of these 

findings is that both treated and untreated patients with lung 

cancer may suffer from psychological disturbances. There-

fore, clinicians should pay greater attention to patients who 

are susceptible to depression and provide prompt treatment 

to improve their cognitive performance.

There are several limitations to our study. First, given 

its cross-sectional design, this study could not determine 

the impact of both cancer and cancer treatments on cogni-

tive function over time. Second, because patients’ treatment 

histories were not considered in this study, we could not 

entirely exclude the potential influence of other chemo-

therapy medications on patients’ performance. A longitudinal 

study is required to address this question. Finally, this study 

did not assess and match participants closely for intelligence 

level, which could confound patients’ performance on neu-

ropsychological tests. Therefore, consideration of this factor 

in future research is warranted.

Conclusion
Our study demonstrated that 1) a substantial proportion of 

NSCLC patients exhibited cognitive impairments (especially 

regarding psychomotor speed) and psychiatric disturbances; 

2) there were no significant differences between the three 

patient groups for any subjective and objective measure of 

cognitive deficit; and 3) perceived cognitive impairment was 

significantly associated with depression and anxiety. Prompt 

treatment of psychiatric disorders to minimize their impact 

is therefore recommended.
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Supplementary materials
Supplementary S1 Description of 
cognitive tests
The Vocabulary subtest of the Wechsler Adult Intelligence 

Scale-III (WAIS-III):

It comprises 33 words that are listed in order of difficulty. 

The participants are asked for definitions of words. One or 

two points are given for each acceptable definition, depend-

ing on its accuracy and aptness.

The Digit Span subtest of the WAIS-III: 

It comprises two different tests, Digits Forward and Digits 

Backward, each of which involves different mental activities. 

Both tests consist of pairs of random numbers of increasing 

sequence length that the examiner reads aloud. The number 

of correct repetitions is measured.

The Digit Symbol Substitution subtest of the WAIS-III:

It consists of digit-symbol pairs followed by a list of 

digits. Under each digit, the participants should write down 

the corresponding symbol as fast as possible. The number 

of correct symbols within the allowed time (120 seconds) 

is measured.

The Color Trails Test (CTT):

It comprises two parts, each involving numbered circles 

that are printed with vivid pink or yellow backgrounds. For 

the CTT Part 1, the participants use a pencil to rapidly con-

nect circles numbered 1 through 25 in sequence. For the CTT 

Part 2, the participants rapidly connect numbered circles in 

sequence, but alternates between pink and yellow colors. The 

length of time (in seconds) to complete each trial is recorded, 

along with qualitative features of performance indicative of 

brain dysfunction, such as near-misses, prompts, number 

sequence errors, and color sequence errors.1
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