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Abstract: Objective: To explore the effect of pemetrexed on the efficacy, toxic reaction, and survival rate of patients
with epidermal growth factor receptor tyrosine kinase inhibitor (EGFR-TKI) resistant moderate to advanced lung
cancer. Methods: A total of 86 patients with EGFR-TKI resistant moderate and advanced lung cancer in our hospital
were divided by therapeutic drugs into a control group (39 patients) and pemetrexed group (47 patients). Differ-
ences in general data, clinical efficacy, immunoglobulin expression, tumor necrosis factor o (TNF-&) and interleu-
kin-6 (IL-6) levels, tumor markers, toxic reaction, and survival rate between the two groups were analyzed. Results:
Similar expression levels of carcinoembryonic antigen, IL-6, carbohydrate antigen 125, TNF-&, carbohydrate antigen
153 and immunoglobulin were found in the control group and pemetrexed group before treatment (all P>0.05). Ex-
pression levels of the above indicators in all patients decreased one month after the end of treatment, and levels of
immunoglobulin, inflammatory factors, and tumor markers in the control group were higher than those in the peme-
trexed group (all P<0.05). Similar incidence rates of toxic reactions were shown in the two groups (P>0.05). Twelve
months after the end of treatment, one-year survival rate was significantly higher in the pemetrexed group than in
the control group (x?>=3.332, P=0.042). Conclusion: Pemetrexed can significantly improve the clinical efficacy in
patients with EGFR-TKI resistant lung cancer, decrease the expression of inflammatory factors, tumor markers, and
immunoglobulin in serum, has few side effects on the body, and prolongs the long-term survival rate.
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Introduction therapeutic drug to select during the treatment

of lung cancer is the key factor to improve pa-

The incidence of lung cancer remains high in
China and shows an upward trend [1]. A survey
by experts in 2013 showed that about 30% of
males that died from a tumor died from lung
cancer, which is significantly higher than the
proportion in females [2]. The specific patho-
genesis of lung cancer is still unclear [3, 4].

Lung cancer is difficult to distinguish from com-
mon lung diseases, resulting in the missing of
an optimal treatment period in many patients
[B]. Clinical methods for the treatment of lung
cancer mainly include surgery and chemothera-
py. Various chemotherapeutic drugs have been
developed for the treatment of lung cancer,
with different therapeutic effects and toxic
and side effects. Therefore, the optimal chemo-

tients’ survival and prognosis. At present, epi-
dermal growth factor receptor tyrosine kinase
inhibitor (EGFR-TKI) used for first-line treatment
versus chemotherapy produces better remis-
sion rate in epidermal growth factor receptor
(EGFR)-sensitive mutant lung adenocarcinoma
(exons 19 and 21). However, the vast majority
of patients will acquire resistance to tyrosine
kinase inhibitor. After EGFR-TKI failure, it is rec-
ommended to use pemetrexed as the first ch-
oice for second-line treatment [6, 7].

Pemetrexed as an antifolate, decreases the ac-
tivity of multiple folic acid related enzymes to
inhibit folic acid synthesis, resulting in the inhi-
bition of the folic acid-dependent metabolic
pathway in tumor cells, the arrest of cell cycle in
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Table 1. Diagnostic criteria for short-term efficacy

Efficacy Abbreviation Clinical manifestation

Complete remission CR The lesion disappeared completely and lasted for at least 1 month.

Partial remission PR The volume of lesion decreased by more than 30% and lasted for at least
1 month.

Stable disease SD The volume of lesion decreased by less than 30% or increased by less
than 25%.

Progression of disease PD The volume of lesion increased by more than 25%.

Note: Total effective rate (%) = (Number of patients with CR + number of patients with PR + number of patients with SD)/total
number of patients. CR: complete remission; PR: partial remission; SD: stable disease; PD: progression of disease.

the S phase, the interference of normal DNA
synthesis of tumor cells, the blocking of cell
duplication, and the inhibition of cell prolife-
ration [8, 9]. Recently, pemetrexed has been
applied in the treatment of lung cancer effec-
tively. However, the effect of the mechanism of
action of pemetrexed on the immune function
and survival rate of patients with lung cancer
is still unknown. Therefore, in this study, differ-
ences in general data, clinical efficacy, immu-
noglobulin expression, tumor necrosis factor o
(TNF-a) and interleukin-6 (IL-6) levels, tumor
markers, toxic reaction, and survival rate bet-
ween the control group and pemetrexed group
were analyzed.

Materials and methods
General data

A total of 86 patients with EGFR-TKI resistant
moderate and advanced lung cancer in our
hospital from August 2018 to August 2019
were retrospectively analyzed and divided by
therapeutic drugs into the control group (39
patients, treated with gefitinib only) and pe-
metrexed group (47 patients, treated with gefi-
tinib combined with pemetrexed). All enrolled
patients were informed of this study and sign-
ed the informed consent. This study was app-
roved by the Ethics Committee of the hospital.

Inclusion and exclusion criteria

Inclusion criteria: The patient met the diagnos-
tic criteria for moderate to advanced lung can-
cer [10]. The patient was resistant to EGFR-TKI;
The patient was not allergic to drugs used in
this study. Exclusion criteria: The patient had
chronic infectious disease or malignant tumor;
The patient had mental retardation; The patient
withdrew without reason during the study.
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Treatment methods

Patients in the control group took 0.25 g gefi-
tinib tablets (Hubei Widely Chemical Techno-
logy Co., Ltd., China, article number: 12303-
11863) orally before or during meals, once a
day. Patients in the pemetrexed group were
injected with 500 mg/m? pemetrexed disodium
(Dezhou Deyao Pharmaceutical Co., Ltd., China,
article number: 14207857313) besides taking
gefitinib tablets, with a duration of intravenous
drip of over 30 min/d, for 21 days per cycle, for
2 cycles.

Outcome measures

One month after the end of treatment, thera-
peutic efficacy in the two groups was evaluat-
ed. Specific diagnostic criteria are shown in
Table 1 [11].

Expression levels of immunoglobulins (immu-
noglobulin A (IgA), immunoglobulin M (IgM),
and immunoglobulin G (IgG)) in serum were
detected by immunoturbidimetry method with
a BN10O protein analyzer made in Germany
(Shanghai Kehua Bio-Engineering Co., Ltd.,
China).

TNF-at and IL-6 levels in serum were detected
by the ELISA method. The test was completed
within 20 min, and the average value was ob-
tained.

Tumor markers were detected using an auto-
matic chemiluminescence immunoassay ana-
lyzer made in ABBO TT Corporation, America
(Suzhou Hybiome Biomedical Engineering Co.,
Ltd., China, model number: AXS YM) and the
auxiliary reagents (Tellgen Corporation, China,
article number: EIA5071). The automatic che-
miluminescence immunoassay analyzer mea-
sured the content of the detected substance at
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Table 2. Comparison of general data (n/X * sd)

Control group Pemetrexed

ttem (n=39) group (n=47) X/t P
Gender 0.348 0.555
Male 21 25

Female 18 22
Tumor stage 0.321 0.571
M 23 27

v 16 20

Lymph node metastasis 0.111 0.739
Yes 17 19

No 22 28
Type 0.926 0.335
Squamous cell carcinoma 11 16

Adenocarcinoma 13 15

Other 15 16
Age (years) 55.3+8.4 54.1+8.6 0.487 0.626

Table 3. Comparison of clinical efficacy (n, %)

Group n CR PR SD PD Efficacy

Control group 39 11(28.20) 19 (48.72) 4(10.26) 5(12.82) 34 (87.18)
Pemetrexed group 47 21(44.68) 18(38.30) 7 (14.89) 1(2.13) 46 (97.87)
X2 0.136
P 0.711

Note: CR: complete remission; PR: partial remission; SD: stable disease; PD: progression of
disease.

each wavelength furthest and diluted the
serum automatically. After the completion of 3).
detection, the content was calculated using
micro-particle enzyme immunoassay.

The incidence rates of drug toxic reactions dur-
ing treatment were compared between the two
groups.

compare the differen-
ces in survival curves
and survival rates. P<
0.05 was considered a
significant difference.

Results

Comparison of general
data

No significant differen-
ces existed in general
data between the con-
trol group and pemetr-
exed group (P>0.05, Ta-
ble 2).

Comparison of clinical
efficacy

More patients with co-
mplete remission and
fewer patients with pro-
gression of disease we-
re observed in the pe-
metrexed group than in
the control group. Pati-
ents in the pemetrexed
group had better clini-
cal efficacy than those
in the control group, but

without a significant difference (P>0.05, Table

Comparison of immunoglobulin expression

Similar expression levels of IgA, 1gM, and IgG
were measured in the control group and pe-
metrexed group before treatment (all P>0.05).

The expression levels of IgA, IgM, and IgG

Patients were followed up for 12 months after
treatment, and the number of survivals and
survival rates in the two groups were recorded.

decreased significantly one month after the
end of treatment (all P<0.01) and were signifi-
cantly higher in the control group than in the

pemetrexed group (all P<0.01, Table 4 and

Statistical analysis Figure 1).
Data were analyzed using SPSS 23.00. General
data, clinical efficacy and toxic reactions were
expressed as n/% and analyzed by chi-square
test. The data of levels of immunoglobulins,
inflammatory factors and tumor markers con-
formed to normal analysis and were expressed
as X * sd; the data were analyzed by LSD t test
or Bonferroni test. Log-rank test was used to

Comparison of TNF-a and IL-6 levels

Similar expression levels of inflammatory fac-
tors were detected in the control group and
pemetrexed group before treatment (all P>
0.05). The expression levels of inflammatory
factors decreased significantly one month af-
ter the end of treatment (all P<0.01), and the
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Table 4. Comparison of immunoglobulin expression (X + sd)

Group IgA (g/L) IgM (g/L) I8G (g/L)
Before treatment
Control group (n=39) 1.28+0.28 0.96+0.22 8.68+1.32
Pemetrexed group (n=47) 1.31+0.29 0.95+0.23 8.66+1.09
t 0.485 0.204 0.076
P 0.628 0.838 0.938
One month after the end of treatment
Control group (n=39) 1.12+0.23# 0.85+0.21# 8.08+1.15%
Pemetrexed group (n=47) 0.96+0.21% 0.70+£0.19% 7.08+0.96%
t 3.369 3.475 4.396
P 0.001 <0.001 <0.001
Note: Compared with before treatment in the group, #P<0.01. IgA: immunoglobulin A; IgM: immunoglobulin M; IgG: immuno-
globulin G.
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Figure 1. Immunoglobulin expression level before treatment and one month after the end of treatment. A: IgA ex-
pression level before treatment and one month after the end of treatment; B: IgG expression level before treatment
and one month after the end of treatment; C: IgM expression level before treatment and one month after the end
of treatment. Compared with before treatment in the group, #P<0.01; compared with after the treatment in the
control group, **P<0.01, and "*P<0.001. IgA: immunoglobulin A; IgM: immunoglobulin M; IgG: immunoglobulin G.

expression levels of TNF-a« and IL-6 in the con-
trol group were higher than those in the peme-
trexed group (all P<0.001, Table 5 and Figure
2).

Comparison of tumor markers

Similar expression levels of carbohydrate anti-
gen 125 (CA125), carcinoembryonic antigen
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(CEA) and carbohydrate antigen 153 (CA153)
were detected in the control group and peme-
trexed group before treatment (all P>0.05). The
expression levels of CA125, CEA, and CA153
decreased significantly one month after the
end of treatment (all P<0.01) and were signifi-
cantly higher in the control group than in the
pemetrexed group (all P<0.001, Table 6 and
Figure 3).
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Table 5. Comparison of TNF-at and IL-6 levels (X + sd)

Group

TNF-at (U/mL)

IL-6 (g/L)

Before treatment
Control group (n=39)
Pemetrexed group (n=47)
t
P

One month after the end of treatment

Control group (n=39)
Pemetrexed group (n=47)
t

P

1.23+0.21 171.51+18.26
1.22+0.19 172.62+18.01
0.231 0.282
0.817 0.778
0.72+0.09%*  146.19+19.61*
0.51+0.10**  127.25+18.12%
10.240 4.614
<0.001 <0.001

Note: Compared with before treatment in the group, #P<0.01. TNF-a: tumor
necrosis factor «; IL-6: interleukin-6.

survivals in the pemetrexed
group and 29 (74.36%) survi-
vals in the control group. The
short-term survival rate was si-
gnificantly higher in the peme-
trexed group than in the con-
trol group (x?>=3.332, P=0.042,
Figure 4).

Discussion

Non-small cell lung cancer, es-
pecially lung adenocarcinoma,
is a malignant tumor due to
mutations in multiple types of
genes. With the development
and widespread application of
gene detection technology, ta-
rgeted drugs have been used
for the individual treatment
of lung adenocarcinoma [12,
13]. Since gefitinib, an EGFR-
TKI, was applied in clinical pr-
actice in 2000, three genera-
tions of EGFR-TKIs have been
approved for marketing. More
and more targeted drugs will
be used in clinical practice,
which will greatly improve the
progression-free survival and
overall survival of patients hav-
ing lung cancer with a driver
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Figure 2. TNF-a and IL-6 expression levels before treatment and one month
after the end of treatment. A: TNF-a expression level before treatment and
one month after the end of treatment; B: IL-6 expression level before treat-
ment and one month after the end of treatment. Compared with before
treatment in the group, #P<0.01; compared with after the treatment in the
P<0.001. TNF-a:: tumor necrosis factor «; IL-6: interleu-

ko

control group,
kin-6.
Comparison of toxic reactions

Similar incidence rates of toxic reactions were
found in the control group and pemetrexed
group (P>0.05, Table 7).

Comparison of survival rate

Patients were followed up for 12 months after
the end of treatment. There were 42 (89.36%)
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mutation [14, 15]. However, dr-
ug resistance, targeted drug
insensitivity and other ubiqui-
tous problems have become
difficult points in the treatment
of lung cancer, especially mod-
erate to advanced lung cancer
[16, 17]. It is controversial wh-
ether continuous oral admi-
nistration of targeted drugs or
systemic chemotherapy should
be performed after drug resis-
tance. Increasing studies sup-
port that continuous adminis-
tration of targeted drugs prolongs the survival
time of patients with oligometastatic or slow-
progression tumor [18, 19]. Targeted drugs
combined with local treatment including sur-
gery, radiotherapy, and local ablation have
been confirmed to lengthen the progression-
free survival and overall survival [20].

In this study, patients in the pemetrexed group
had better clinical efficacy than those in the

Am J Transl Res 2021;13(7):7857-7865
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Table 6. Comparison of tumor markers (X + sd)
Group CEA (ng/mL) CA125 (U/mL) CA153 (U/mL)
Before treatment
Control group (n=39) 13.30+2.53 45.24+6.43 51.28+8.24
Pemetrexed group (n=47) 13.28+2.48 46.19+6.09 50.28+8.75
t 0.036 0.702 0.541
P 0.970 0.484 0.589
One month after the end of treatment
Control group (n=39) 10.28+1.89% 38.28+5.15% 48.46+7.35%
Pemetrexed group (n=47) 7.28+1.34% 31.28+4.64% 40.45+7.23%
t 8.591 6.626 5.076
P <0.001 <0.001 <0.001

Note: Compared with before treatment in the group, #P<0.01. CA125: carbohydrate antigen 125; CEA: carcinoembryonic

antigen; CA153: carbohydrate antigen 153.
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Figure 3. Expression levels of tumor markers before treatment and one month after the end of treatment. A: CEA
expression level before treatment and one month after the end of treatment; B: CA125 expression level before
treatment and one month after the end of treatment; C: CA153 expression level before treatment and one month
after the end of treatment. Compared with before treatment in the group, #P<0.01; compared with after the treat-
ment in the control group, “*P<0.001. CA125: carbohydrate antigen 125; CEA: carcinoembryonic antigen; CA153:
carbohydrate antigen 153.

Table 7. Comparison of toxic reactions (n, %)

Gastrointestinal Injury of liver and Hand foot

Group Myelosuppression Oral mucositis

reaction kidney function  syndrome
Control group (n=39) 2 (5.13) 1(2.56) 1(2.56) 1(2.56) 1(2.56)
Pemetrexed group (n=47) 2 (4.26) 2 (4.26) 0 (0.00) 1(2.13) 2 (4.26)
X2 0.169
P 0.680
7862 Am J Transl Res 2021;13(7):7857-7865
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Figure 4. Survival rate.

control group. The expression levels of CEA,
IL-6, CA125, TNF-a, CA153 and immunoglobu-
lins before treatment in the pemetrexed group
were similar to those in the control group. One
month after the end of treatment, the levels of
inflammatory factors and tumor markers in the
control group were higher than those in the
pemetrexed group, and similar incidence rates
of toxic reactions were found in the two groups.
Six months after the end of treatment, pe-
metrexed for the treatment of moderate to
advanced lung cancer effectively eliminated
inflammatory factors, improved body immunity,
and decreased the expression levels of tumor
markers in serum, showing superiority to gefi-
tinib alone. A study has proved that pemetrex-
ed shows a synergistic effect as a clinical ad-
juvant drug and better antitumor effect [21].
Pemetrexed can decrease the stability of tumor
cell membrane, inhibit the activity of drug resis-
tance proteins such as multidrug resistance-
associated protein and p-glycoprotein, and pro-
mote the absorption of chemotherapy drugs by
tumor cells [20]. Pemetrexed can increase the
activity of tumor cell apoptosis channels to in-
fluence normal metabolism and promote apop-
tosis, and also improve the activity of pharma-
ceutical molecules to reverse drug resistance
of tumor cells, thus forming a good comple-
mentary action with chemotherapy [22]. Cancer
patients with EGFR mutation who developed
resistance to gefitinib due to the administration
of gefitinib then received the combination tre-
atment with gefitinib and pemetrexed. Cancer
patients with EGFR mutation had significantly
severer and more frequent adverse reactions
such as rash, nausea, and bone marrow sup-
pression compared with patients without muta-
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tion [23]. Patients without EGFR mutation after
the treatment with EGFR-TKI had some drug
resistance phenomena and received pemetre-
xed to further explore the superiority of peme-
trexed in patients with EGFR-TKI resistant mod-
erate and advanced lung cancer and to improve
the prognosis [24]. The study showed that the
efficacy of pemetrexed in lung adenocarcinoma
was not significantly correlated to age, gender,
or tumor stage and had a correlation with the
type of gene mutation in tissues [25]. The ab-
ove results might be related to the drug-resis-
tance mechanism of EGFR-TKI or directly relat-
ed to different mutation sites. Further clinical
and basic studies are needed due to small
sample size and the lack of relevant research
literature.

In this study, one month after the end of treat-
ment, the expression levels of IgA, IgM, and 1gG
in the two groups decreased significantly and
were significantly higher in the control group
than in the pemetrexed group. The occurren-
ce and development of cancer brought about
immune imbalance, which increased immune
escaping of cancer cells, further induced can-
cer cells spread, and worsened the condition.
Immunoglobulins (IgA, IgG, and IgM) are indica-
tors of the body’s immune response. The muco-
sa needs IgA to play an anti-infection effect.
IgM is the first immunoglobulin in the body to
play an anti-infection effect. The content of I1gG
is the highest in the body [26]. If bacteria and
viruses invade the body in the normal body
state, immunoglobulins will eliminate these
viruses in a timely manner. However, the im-
mune system will still be affected by partial
pathogens and be in an abnormal state, whi-
ch will decrease immunoglobulin content and
induce illness. Chemotherapy can damage im-
munoglobulins and reduce the activity of immu-
noglobulins to injure body immune function
besides inhibiting gene duplication of cancer
cells. A previous study indicated that after
patients with lung cancer were treated with
pemetrexed, the content of immunoglobulin in
serum decreased, and immune function declin-
ed gradually [27]. Therefore, patients should
be given adequate nutrition to enhance body
immunity when treated with pemetrexed.

There were some shortcomings in the study.
Comprehensive physical examination was not
performed on all subjects in this retrospective

Am J Transl Res 2021;13(7):7857-7865
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study, and thus the effect of other factors could
not be excluded. The small sample size might
bias the results to some extent. In addition,
there were few types of chemotherapeutic dr-
ugs in this study, causing limitations. There-
fore, more experimental methods should be
used in future studies to provide more favor-
able experimental evidence for the treatment
of EGFR-TKI resistant middle and advanced
lung cancer.

In conclusion, pemetrexed can significantly im-
prove the clinical efficacy of patients with EGFR-
TKI resistant moderate and advanced lung can-
cer, decrease the expression levels of inflam-
matory factors, tumor markers and immuno-
globulins in serum, have few side effects on the
body, and prolong the long-term survival rate.
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