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Abstract: Background: To investigate the clinical efficacy and safety of crizotinib and alectinib in anaplastic lym-
phoma kinase (ALK)-positive non-small cell lung cancer (NSCLC) treatment and the predictive value of serum carci-
noembryonic antigen (CEA) and carbohydrate antigen 125 (CA125) for treatment efficacy. Methods: A total of 120 
patients with ALK-positive NSCLC were enrolled and randomly assigned to receive crizotinib treatment (54 patients, 
the control group) or alectinib treatment (66 patients, the research group). Treatment efficacy, adverse reactions, 
survival, and quality of life of patients were compared between the two groups. Enzyme-linked immunosorbent as-
say was used to determine the serum CEA and CA125 concentrations and these levels were compared between 
patients with certain treatment responses or no responses. Receiver operating characteristic curve was used to as-
sess the predictive value of CEA and CA125 for treatment efficacy. Results: The overall disease control rate, overall 
response rate, and number of 1-year survival patients were substantially higher in the research group compared 
with the control group. Moreover, the incidence of adverse reactions was significantly lower and progression-free 
survival and overall survival rates were higher in the research group compared with those in the control group. The 
area under the curve (AUC) for predicting treatment efficacy was 0.889 for CEA and 0.866 for CA125. Conclusion: 
Alectinib was clinically more efficacious and safer than crizotinib for ALK-positive NSCLC treatment. Both CEA and 
CA125 demonstrated excellent predictive value for treatment efficacy.
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Introduction

Lung cancer (LC) is difficult to diagnose in the 
early stage and this delay leads to poor progno-
sis [1, 2]. According to cancer statistics, LC is 
the leading cause of cancer deaths [3]. There 
are two histological types of LC: non-small cell 
LC (NSCLC) and small cell LC. In the United 
States, 80% of patients with LC are diagnosed 
with NSCLC [4, 5]. Anaplastic lymphoma kinase 
(ALK) gene rearrangement occurs in 3%-5% of 
the patients with NSCLC [6]. The current main 
treatments for patients with advanced ALK-
positive NSCLC are targeted therapy with oral 
ALK inhibitors and standard pemetrexed-plus-
platinum chemotherapy [7]. However, despite 
constant improvements in NSCLC treatment, 

the overall cure and survival rates of patients 
with NSCLC remains extremely low [8]. There- 
fore, the development and investigation of  
highly effective drugs for treating NSCLC can 
improve the survival rate and quality of life of 
patients with NSCLC.

Crizotinib is an ALK inhibitor that inhibits the 
expression of ALK-rearranged oncogenes in 
NSCLC and controls systemic and intracranial 
diseases in patients with NSCLC [9]. A study 
reported that high doses of crizotinib induces 
immunogenic cell death and stimulates anti-
tumor immune responses to suppress tumors 
[10]. In a study by Nishio et al. [11] conducted in 
an Asian patients with NSCLC, crizotinib was 
more efficacious for treating advanced ALK-
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positive NSCLC and improving progression-free 
survival compared with chemotherapy. Alectinib 
is a second-generation ALK inhibitor adminis-
tered after first-line crizotinib that inhibits ALK 
activity in ALK-positive neuroblastoma cells 
[12, 13]. Another study reported that alectinib, 
which functions as a central nervous system 
(CNS) penetrant as well, reduces the risk of 
CNS metastasis, improves the survival of pa- 
tients with ALK-positive NSCLC, lessens the 
medical burden of patients [14]. CNS is a com-
mon metastatic site for the initial progression 
of NSCLC, suggesting that alectinib can reduce 
the risk of NSCLC progression [15].

To date, the efficacy of crizotinib and alectinib 
to treat ALK-positive NSCLC has been rarely 
compared. Therefore, the present study was 
conducted to compare the two drugs with 
respect to efficacy, safety, quality of life of 
patients, and survival.

Materials and methods

Patient information

We enrolled 120 patients with ALK-positive 
NSCLC who were admitted to our hospital from 
January 2017 to February 2018 and randomly 
assigned them to receive crizotinib (54 patients, 
the control group) or alectinib treatment (66 
patients, the research group). The control group 
was comprised of 32 males and 22 females 
(aged 22-79 years, mean age 60.59±5.37 
years). The research group was comprised of 
37 males and 29 females (aged 21-77 years, 
mean age 59.88±6.16 years). The present 
study was approved by the Ethics Committee  
of Lanling County People’s Hospital. All the 
research participants and their families signed 
informed consent with complete knowledge of 
the study.

Inclusion and exclusion criteria

The inclusion criteria were as follows: patients 
diagnosed with ALK-positive NSCLC by pathol-
ogy, histology, or laboratory indicators; [16] 
those with stage IIIB or IV disease according to 
the International Association for the Study of 
LC TNM classification; [17] those with an 
Eastern Cooperative Oncology Group Perfor- 
mance Status (ECOG PS) [18] score of 0-2 
points; those with a life expectancy of >3 
months; those with no previous ALK inhibitor 

administration; those with a Karnofsky score of 
≥70 points; and those with measurable lesions. 
The exclusion criteria were as follows: patients 
with other malignant tumors or severe heart, 
kidney, and lung dysfunction; those with severe 
mental illness; those with ALK-negative NSCLC; 
those with a history of receiving >2 chemother-
apy sessions; and those unable to cooperate 
with the terms of the study.

Treatment methods

The control group received 250 mg crizotinib 
(Pfizer) twice daily. The research group received 
300 mg crizotinib twice daily. All patients were 
treated for at least three courses, 3 weeks for 
each course. Further, all patients underwent 
regular examinations, including routine blood 
tests, electrocardiograms, liver and kidney 
function tests, and CT scans, during the treat-
ment period. Appropriate mitigation measures 
were employed when adverse reactions occurr- 
ed during the treatment period.

Efficacy evaluation

Treatment efficacy was evaluated according to 
the Response Evaluation Criteria in Solid Tu- 
mors (RECIST), version 1.1 [19]. A complete 
response (CR) was defined as the complete dis-
appearance of the lesion, with no lesion being 
detected for at least 4 weeks. A partial response 
(PR) was defined as a ≥30% decrease in lesion 
diameter that was confirmed for at least 4 
weeks. Progressive disease (PD) was defined 
as new lesions or a ≥20% increase in lesion 
diameter, and stable disease (SD) was defined 
as a <30% decrease or <20% increase in lesion 
diameter. CR and PR were classified as effec-
tive responses and SD and PD were considered 
ineffective responses. Patients with CR, PR, 
and SD were considered to be in remission and 
those with PD were considered not to be in 
remission. The overall response rate and over-
all disease control rate were calculated.

Outcome measures

The control and research groups were com-
pared for efficacy, adverse reactions (alopecia, 
peripheral neuritis, abnormal liver function, 
nausea and vomiting, visual impairment, ede- 
ma, thrombocytopenia, and leukopenia), the 
number of 1-year survival patients, progres-
sion-free survival, overall survival, the quality of 
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life, and serum CEA and CA125 concentrations 
and were further stratified according to patients 
with effective or ineffective treatment respons-
es. The quality of life was assessed according 
to the Karnofsky Performance Status Scale 
[20]. Improved quality of life was defined as a 
score increase of 10 points compared with that 
before treatment. Stable quality of life was 
defined by a score increase of <10 points and 
decline in the quality of life was defined as a 
score decrease of 10 points.

Detection

Blood (5 mL) from the medial cubital vein was 
obtained from patients at 8:00 am at 4 weeks 
after the end of treatment and placed in a vac-
uum-free blood collection tube. Following cen-
trifugation at 3500 RPMs for 8 min, the sepa-
rated serum was collected in an EP tube and 
stored at -80°C. Thereafter, the serum was 
thawed in a refrigerator at 4°C, followed by 
complete thawing at room temperature. Serum 
CEA and CA125 concentrations were measured 
using enzyme-linked immunosorbent assay 
(ELISA) [21] in strict accordance with the hu- 
man CEA ELISA and human CA125 ELISA kit 
instructions (Shanghai Hengfei Biotechnology 
Co., Ltd., CSB-E04767h-1, CSB-E04771h-1). 
The sample, standard, and blank wells were 
identified. The optical density of each well was 
measured using a fully automatic enzyme label 
analyzer (Shanghai Fuze Trading Co., Ltd., AMR-
100) and CEA and CA125 concentrations were 
determined.

Follow-up

The patients were followed up every 3 months 
via telephone correspondence or a visit to 
determine the final treatment outcome of pa- 
tients. The overall survival period was defined 
as the period from the start of the treatment to 
the time of death or the end of follow-up.

Statistical analysis

Data were visualized using GraphPad Prism 6 
(GraphPad Software, San Diego, CA, USA). 
SPSS 21.0 was used for statistical analysis. 
The count data were expressed as number and 
percentage [n (%)] and were compared between 
the control and research groups using the chi-
squared test. The continuous variables were 

expressed as mean ± SD and were compared 
between the two groups using independent 
sample t-tests. ROC curves were employed to 
assess the predictive value of CEA and CA125 
for treatment efficacy. A statistical difference 
was indicated by P<0.05.

Results

Baseline data

There were no significant differences between 
the control and research groups in terms of 
sex, mean age, body mass index (BMI), ECOG 
PS score, pathological type, TNM stage, smok-
ing habits, alcohol consumption, marital sta-
tus, diet, or place of residence (P>0.05, Table 
1).

Comparison of clinical efficacy between the 
two groups

In the control group, 16 patients experienced 
CR, 22 demonstrated PR, 6 demonstrated SD, 
and 10 demonstrated PD, with an overall dis-
ease control rate of 81.48% and overall 
response rate of 70.37%. In the research group, 
33 patients experienced CR, 18 demonstrated 
PR, 10 demonstrated SD, and 5 demonstrated 
PD, with an overall disease control rate of 
92.42% and overall response rate of 77.27%. 
The overall disease control and overall respon- 
se rates were lower in the control group than in 
the research group and the difference in the 
overall response rate was significant (P<0.05, 
Table 2).

Adverse reactions in the two groups

The incidence of alopecia, peripheral neuritis, 
abnormal liver function, nausea and vomiting, 
visual impairment, edema, thrombocytopenia, 
and leukopenia was significantly lower in the 
research group than that in the control group 
(P<0.05, Table 3).

Survival of patients in the two groups

In the control group, 13 patients survived for 1 
year; the progression-free survival was 8.50± 
2.13 months and overall survival was 10.15± 
3.41 months. In the research group, 28 patients 
survived for 1 year; the progression-free sur-
vival was 9.91±2.27 months and overall sur-
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Table 1. Comparison of baseline characteristics between the control and research groups [n (%), 
mean ± SD]
Factors n Control group (n=54) Research group (n=66) χ2/t P
Sex 0.124 0.724
    Male 69 32 (59.26) 37 (56.06)
    Female 51 22 (40.74) 29 (43.94)
Mean age (year) 120 60.59±5.37 59.88±6.16 0.665 0.507
BMI (kg/m2) 120 21.50±2.53 21.37±2.15 0.304 0.762
ECOG PS score 0.425 0.809
    0 61 29 (53.70) 32 (48.48)
    1 55 23 (42.59) 32 (48.48)
    2 4 2 (3.71) 2 (3.04)
Pathological type 0.367 0.833
    Squamous cell carcinoma 54 25 (46.30) 29 (43.94)
    Adenocarcinoma 60 27 (50.00) 33 (50.00)
    Other 6 2 (3.70) 4 (6.06)
TNM stage 1.061 0.303
    IIIB 64 26 (48.15) 38 (57.58)
    IV 56 28 (51.85) 28 (42.42)
Smoking 0.081 0.776
    No 45 21 (38.89) 24 (36.36)
    Yes 75 33 (61.11) 42 (63.64)
Alcohol consumption 1.028 0.311
    No 43 22 (40.74) 21 (31.82)
    Yes 77 32 (59.26) 45 (68.18)
Marital status 0.182 0.670
    Unmarried 22 9 (16.67) 13 (19.70)
    Married 98 45 (83.33) 53 (80.30)
Diet 0.003 0.956
    Light diet 73 33 (61.11) 40 (60.61)
    Heavy diet 47 21 (38.89) 26 (39.39)
Place of residence 0.030 0.862
    Rural area 41 18 (33.33) 23 (34.85)
    Urban area 79 36 (66.67) 43 (65.15)

Table 2. Comparison of clinical efficacy between the control and research groups [n (%)]

Group n CR PR SD PD Overall disease 
control rate

Overall  
response rate

Control group 54 16 (29.63) 22 (40.74) 6 (11.11) 10 (18.52) 81.48 70.37
Research group 66 33 (50.00) 18 (27.27) 10 (15.15) 5 (7.58) 92.42 77.27
χ2 - - - - - 3.252 4.495
P - - - - - 0.071 0.034

vival was 12.66±4.58 months. The number of 
1-year survival patients, progression-free sur-
vival, and overall survival were notably higher in 
the research group than those in the control 
group (P<0.05, Table 4).

Quality of life of patients in the two groups

In the control group, the quality of life after 
treatment had declined in 15 patients, was 
stable in 29, and had improved in 10; the stabil-
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Table 3. Adverse reactions in the control and research groups

Events Control group 
(n=54)

Research 
group (n=66) χ2 P

Alopecia 5.057 0.025
    Yes 4 (7.41) 0 (0.00)
    No 50 (92.59) 66 (100.00)
Peripheral neuritis 8.485 0.004
    Yes 12 (22.22) 3 (4.55)
    No 42 (77.78) 63 (95.45)
Abnormal liver function 4.207 0.040
    Yes 11 (20.37) 5 (7.58)
    No 43 (79.63) 61 (92.42)
Nausea and vomiting 7.916 0.005
    Yes 10 (18.52) 2 (3.03)
    No 44 (81.48) 64 (96.97)
Visual impairment 3.153 0.076
    Yes 10 (18.52) 3 (4.55)
    No 44 (81.48) 63 (95.45)
Edema 5.399 0.020
    Yes 8 (14.81) 2 (3.03)
    No 46 (85.19) 64 (96.97)
Thrombocytopenia 6.377 0.012
    Yes 5 (9.26) 0 (0.00)
    No 49 (90.74) 66 (100.00)
Leukopenia 10.476 0.001
    Yes 8 (14.81) 0 (0.00)
    No 46 (85.19) 66 (100.00)

Table 4. Comparison of postoperative survival between the con-
trol and research groups

Group n 1-year survival 
patients [n (%)]

Progression-free 
survival (month)

Overall survival 
(month)

Control group 54 13 (24.07) 8.50±2.13 10.15±3.41
Research group 66 28 (42.42) 9.91±2.27 12.66±4.58
χ2/t - 4.446 3.480 3.340
P - 0.035 0.007 0.001

ity rate was 72.22%. In the research group, the 
quality of life after treatment had declined in 8 
patients, was stable in 43, and had improved in 
15; the stability rate was 87.88%. The stability 
rate was considerably higher in the research 
group than in the control group (P<0.05, Table 
5).

Serum expression of CEA and CA125 in pa-
tients

Among the 120 patients enrolled, 89 showed 
effective treatment responses, whereas 21 

showed ineffective responses. 
Serum CEA concentration was 
9.69±1.98 μg/mL and 12.77± 
2.03 μg/mL in patients with 
effective and ineffective treat-
ment responses, respectively. 
Serum CA125 concentration 
was 65.64±9.73 μg/mL and 
83.11±10.36 μg/mL in patients 
with effective and ineffective 
treatment responses, respecti- 
vely. The patients with ineffec-
tive treatment responses sh- 
owed increased serum CEA and 
CA125 concentrations compar- 
ed with the effective treatment 
responses (Figure 1).

Predictive value of serum CEA 
and CA125 concentrations for 
treatment efficacy

According to the ROC curves for 
predicting treatment efficacy, 
CEA showed an AUC of 0.889 
(95% CI: 0.821-0.957), a cut- 
off value of 11.18, sensitivity  
of 90.48%, and specificity of 
74.16%, whereas CA125 show- 
ed an AUC of 0.866 (95% CI: 
0.798-0.934), a cutoff value of 
75.69, sensitivity of 95.24%, 
and specificity of 73.03% (Table 
6 and Figure 2).

Discussion

Both crizotinib and alectinib are 
ALK inhibitors used to treat pa- 
tients with ALK-positive NSCLC. 
However, acquired mutations in 
NSCLC increase the resistance 
to crizotinib, thereby resulting in 

lower chemosensitivity to crizotinib [22]. The 
resistance to alectinib may be attributable to 
the expression of an adenosine triphosphate-
binding cassette transporter ABCC11 that is 
activated in vivo [23]. The resistance to crizo-
tinib and alectinib in patients with ALK-positive 
NSCLC is different. The present study did not 
investigate the mechanism of drug resistance 
to crizotinib and alectinib; instead, we com-
pared the efficacy of the two drugs.

Numerous researchers have studied the effi-
cacy of crizotinib and alectinib in patients with 
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Table 6. Predictive value of serum CEA and CA125 concentra-
tions for treatment efficacy

Group AUC 95% CI S.E Cutoff Sensitivity 
(%)

Specificity 
(%)

CEA 0.889 0.821-0.957 0.035 11.18 90.48 74.16
CA125 0.866 0.798-0.934 0.034 75.69 95.24 73.03

Table 5. Quality of life of patients in the control and research 
groups [n (%)]

Group n Declined 
quality of life

Stable  
quality of life

Improved 
quality of life

Stability 
rate

Control group 54 15 (25.93) 29 (55.56) 10 (18.51) 72.22
Research group 66 8 (12.12) 43 (65.15) 15 (22.73) 87.88
χ2/t - - - - 4.699
P - - - - 0.030

Figure 1. Serum CEA and CA125 expressions in patients. A. The patients 
with effective treatment responses showed decreased serum CEA con-
centration compared with the ineffective treatment responses. B. Serum 
CA125 concentration was significantly lower in patients with effective treat-
ment responses than in those with ineffective treatment responses. Note: 
***P<0.001.

Figure 2. ROC curves of serum CEA and CA125 for predicting treatment 
efficacy. A. ROC curve of serum CEA concentration for predicting treatment 
efficacy. B. ROC curve of serum CA125 concentration for predicting treat-
ment efficacy.

ALK-positive NSCLC. Ou et al., 
[24] indicated that patients 
with ALK-positive NSCLC who 
experienced poor efficacy af- 
ter treatment with crizotinib 
showed good tolerance and 
treatment outcomes after tre- 
atment with alectinib, with 
grade 3-5 adverse reactions, 
including dyspnea and pulmo-
nary embolism, occurring in 
only 27.5% of the patients. In a 
study by Gandhi et al. [25] 
involving alectinib-treated pa- 
tients with ALK-positive NSCLC 
having CNS metastasis who 
were tolerant to crizotinib, al- 
ectinib greatly relieve the CNS 
metastasis and controlled the 
disease, with or without radio-
therapy. In the present stu- 
dy, patients treated with alec-
tinib showed significantly high-
er overall disease control rat- 
es and overall response rates 
compared with those treated 
with crizotinib. Furthermore, 
adverse reactions, such as alo-
pecia, peripheral neuritis, ab- 
normal liver function, nausea 
and vomiting, visual impair-
ment, edema, thrombocytope-
nia, and leukopenia, were less 
common in patients treated 
with alectinib than in those tre- 
ated with crizotinib, suggesting 
that alectinib was superior to 
crizotinib in disease control, 
efficacy, and safety. ALK inhi- 
bitors reportedly induce ocular 
toxicity that manifest as side 
effects including spots, ad- 
aptation disorder, presbyopia, 
decreased vision, and blurred 
vision [26]. A previous study 
reported that abnormal liver 
function was the most com-
mon side effect of alectinib 
treatment [27], which is similar 
to the results of the present 
study. In a study by Shaw et al. 
[28] of alectinib-treated pati- 
ents with stage III ALK-posi- 
tive NSCLC, alectinib treatment 
resulted in longer progression-
free survival and overall sur-
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vival, better efficacy, and superior tolerability 
compared with crizotinib. In the present study, 
the number of 1-year survival patients, progres-
sion-free survival, overall survival, and propor-
tion of stable quality of life patients were signifi-
cantly higher in the research group than in the 
control group, indicating that alectinib can sub-
stantially reduce the mortality risk in patients 
with ALK-positive NSCLC and effectively im- 
prove their quality of life and survival.

CEA is a prognostic serum tumor marker for 
patients with NSCLC. High CEA concentrations 
are often associated with disease progression 
and poor prognosis [29, 30]. Zhang et al. [31] 
demonstrated that CA125, a serum tumor 
marker involved in NSCLC occurrence and pro-
gression, was higher in the NSCLC group than 
in the benign lung lesion group and healthy 
control group, indicating the potential of serum 
CA125 concentration to predict NSCLC. At the 
end of the study, we determined the serum CEA 
and CA125 concentrations to assess their pre-
dictive value for treatment efficacy in patients 
with ALK-positive NSCLC and observed that 
these concentrations were significantly lower in 
patients with effective treatment responses 
than in those with ineffective treatment res- 
ponses. The AUC was 0.889 for CEA and 0.866 
for CA125 in predicting efficacy, suggesting 
that serum CEA and CA125 concentrations 
have a good predictive value for treatment effi-
cacy in patients with ALK-positive NSCLC.

The present study confirmed that alectinib was 
superior to crizotinib in efficacy, safety, quality 
of life, and survival of patients with ALK-positive 
NSCLC and demonstrated the ability of serum 
CEA and CA125 concentrations to predict treat-
ment efficacy. However, this study also has limi-
tations. First, the sample size should be ex- 
panded to validate the study results. Second, 
the molecular mechanisms of both ALK inhibi-
tors that affect the biological function of NSCLC 
cells as well as their specific regulatory mecha-
nisms should be investigated. Such investiga-
tions will be performed in the future.

In summary, alectinib is more clinically valuable 
for treating ALK-positive NSCLC compared with 
crizotinib. Further, the study showed that CEA 
and CA125 can be used as tumor markers for 
predicting treatment efficacy in patients with 
ALK-positive NSCLC.
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