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carcinoma patients receiving neoadjuvant therapy depend
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The current study aimed to evaluate the impact of neoadju-
vant chemotherapy (NACT) on the expression of three ma-
jor multidrug resistance efflux transporters, P-glycoprotein
(P-gp/ABCB1), multidrug resistance associated protein
(MRP1/ABCC1) and breast cancer resistance protfein
(BCRP/ABCG2) in non-small cell lung carcinoma (NSCLC)
patients. Particularly, their role as molecular markers of
chemosensitivity and prognosis of NSCLC patients receiv-
ing NACT was investigated. To that end, we specifically
studied mMRNA and protein expression of these three efflux
transporters in two independent groups, each consisting of
35 NSCLC patients who did or did not receive platinum-
based NACT. Alterations in the expression of MDR ef-
flux transporters were statistically analyzed in relation to
NACT status, and their associations were evaluated re-
garding patients' survival. The frequency of samples with
positive MRP1 expression was significantly decreased in
the NACT group, regardless of the applied platinum drugs
which are known to induce MRP1 expression. On the
other hand, the incidence of BCRP expressing tumor spec-
imens, doubly positive BCRP and P-gp as well as triple
positive samples increased in the NACT group. Impor-
tantly, patients lacking P-gp expression had more favor-
able prognosis with NACT than without NACT, whereas
the status of MRP1 and BCRP did not influence the pa-
tients' survival in both investigated groups. Collectively,
we show that decreased MRP1 and increased BCRP ex-
pression after NACT could determine the chemosensitivity
of NSCLC following adjuvant therapy, whereas Pgp ex-
pression status could be considered a prognostic marker
for NSCLC patients who can benefit from NACT treatment.
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1. Introduction

Non-small cell lung carcinoma (NSCLC) is the most com-
mon histological type of lung carcinoma, accounting for 85% of
all lung cancer cases [1]. Platinum-based chemotherapy is the
treatment of choice for most NSCLC stages [2]. When com-
bined with surgery, chemotherapy is usually applied after tumor
resection (adjuvant chemotherapy). However, for NSCLC pa-
tients with good performance status, neoadjuvant chemotherapy
(NACT), prior to surgery, is also considered a treatment strat-
egy [3]. Despite chemotherapy administration, NSCLC patient
survival remains unsatisfactory with median relative survival less
than 1 year [4]. One reason for the dismal prognosis of NSCLC
is the poor response to chemotherapy due to the frequent develop-
ment of chemoresistance.

The most extensively studied mechanism of drug resistance is
increased drug efflux and reduced intracellular drug concentration
due to the overexpression of ATP-binding cassette (ABC) mul-
tidrug efflux transporters. This transporter superfamily has sev-
eral subclasses including P-glycoprotein/multidrug resistance pro-
tein (P-gp, MDR1, ABCB1), multidrug resistance associated pro-
tein (MRP1, ABCC1) and breast cancer resistance protein (BCRP,
ABCG2). These ATP-driven pumps extrude a variety of xeno-
biotics out of cells, including the majority of chemotherapeutics
[5]. Under physiological conditions, these transporters are widely
expressed in human lung tissues, with an important role in pro-
tection against cytotoxins. However, mutations, polymorphisms
and altered expression of ABC transporters may cause develop-
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ment of lung diseases, predominantly cancer [6]. Preclinical stud-
ies suggest that ABC transporters are involved in the development
of resistance to chemotherapeutics in NSCLC. Major MDR ef-
flux pumps were shown to confer chemoresistance in vitro and in
vivo to multiple unrelated drugs, including platinum agents, key
components of NSCLC chemotherapy protocols [7, 8, 9, 10, 11].
However, results from clinical studies are inconsistent regarding
the association of ABC transporters with chemotherapy response
and prognosis in NSCLC. For example, Li and colleagues re-
ported a significant association between high MRP1 expression
and poor response to cisplatin-based chemotherapy and survival
[12], whereas in another, larger study no significant associations
were found [13]. Similar, conflicting results were also reported
for BCRP expression and response rate to platinum-based ther-
apy [12, 14]. However, all these studies considered associations
between ABC transporters and adjuvant chemotherapy response,
with only a few studies investigating associations of these efflux
pumps with the effect of NACT. Therefore, in this study, we ex-
amined the potential role of P-gp, MRP1 and BCRP, as molecular
markers of chemosensitivity associated with NACT treatment in
NSCLC. We performed a comprehensive analysis of their mRNA
and protein expression levels in two independent groups of 35
NSCLC patients who did or did not receive platinum-based NACT.
We further investigated the association between ABC pump ex-
pression and NACT status. Finally, we analyzed their effects on
patients' survival to study the potential prognostic value of P-gp,
MRP1 and BCRP for NSCLC patients receiving NACT.

2. Materials and methods
2.1 Tissue samples

Two groups of NSCLC samples were collected and analyzed
in this study. One group included 35 patients who received one to
four cycles of neoadjuvant platinum-based chemotherapy (NACT
group), while the other group of 35 patients did not receive NACT
(non-NACT group). All 70 patients underwent surgery between
June 2004 and September 2011. Lobectomy or pneumonectomy
with lymphadenectomy was conducted at the Clinic of Thoracic
Surgery, Clinical Centre of Serbia and pathological diagnosis was
performed at the Department of Thoracopulmonary pathology,
Service of Pathology, Clinical Centre of Serbia. Tumor and sur-
rounding non-tumor lung tissues from each patient were obtained
for diagnosis and investigation. Surrounding non-tumor tissue
samples were taken at a distance of at least 3 cm away from the
primary tumor lesion. The samples were fixed in 10% buffered
formalin, embedded in paraffin for diagnostic procedures and im-
munohistochemical analyses. For mRNA expression analysis of
NACT samples, RNA was extracted from paraffin blocks. For
the non-NACT group, patient's tissues were freshly frozen in lig-
uid nitrogen and kept until RNA extraction. Diagnosis of NSCLC
and histopathological classification were established by histolog-
ical examinations in our previous publication [15]. All samples
were collected and used after obtaining patients' informed con-
sent and approval from the Ethics Committee of the Faculty of
Medicine, University of Belgrade, in accordance with the ethical
standards laid down in the 1964 Declaration of Helsinki and its
later amendments.
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2.2 RNA isolation and Reverse Transcription

Total RNA was isolated from pairs of tumor tissues and cor-
responding non-tumor tissues of all NSCLC patients. The RNA
from paraffin blocks was extracted using RecoverAll™ Total Nu-
cleic Acid Isolation kit (Ambion, USA), while RNA isolation from
fresh frozen samples was carried out using Trizol® reagent (Invit-
rogen Life Technologies, USA). Both procedures were performed
according to the manufacturers' protocols. Isolated RNA was
quantified spectrophotometrically and the quality was verified by
agarose gel electrophoresis. Reverse transcription reactions were
performed using 2 ug of total RNA, with a High-capacity cDNA
reverse transcription kit (Applied Biosystems, USA), following
the manufacturer's protocol.

2.3 Quantitative real-time PCR

Quantitative real time PCR (qRT-PCR) was used to deter-
mine the relative mRNA levels of ABCBI, ABCCI and ABCG?2
genes in all 70 samples. PCR reactions were performed with
100 ng of cDNA using TagMan Gene Expression Assay method-
ology. Primers and probes specific for each ABC pump gene,
and HPRT as a reference gene for the normalization of tar-
get mRNA expression, were obtained from Applied Biosys-
tems as following Assay-on-Demand Gene Expression Products:
ABCBI (Hs00324085_m1), ABCC1 (Hs00219905_m1), ABCG2
(Hs01053790_m1) and HPRTI (Hs01003267_m]1).

PCR reactions were performed on an ABI Prism 7000 Se-
quence Detection System (Applied Biosystems, USA) according
to the manufacturer's recommendations. Each sample was tested
in triplicate in at least three independent experiments and mRNA
expression levels in tumor samples were analyzed relative to cor-
responding non-tumor samples using 2-AACt method [16].

2.4 Immunohistochemistry

Tumor samples in paraffin blocks were cut in 2-3 um sec-
tions for immunohistochemical analyses. Upon deparaffinization
and antigen retrieval, the following antibodies were used for im-
munostaining according to the manufacturer's instructions: anti-
P-gp ("ready to use", clone: JSB-1, Abcam, USA), anti-MRP1 (1 :
100, clone: MRPmS5, Abcam, USA) and anti-BCRP (1 : 40, clone:
BXP-21, Abcam, USA). The streptavidin-biotin immunostaining
procedure was further performed (LSAB+ Kit, Peroxidase Label-
ing, K0690, DAKO Cytomation, Denmark). Antigen-antibody
complexes were visualized with diaminobenzidinehydrochloride
substrate solution (DAB, DAKO Cytomation, Denmark), while the
cell nuclei were contra-stained with Mayer's hematoxylin. Positive
immunoreactivity of P-gp in peripheral nerve, MRP1 in hepato-
cytes and BCRP in placental trophoblasts were used as the inter-
nal positive controls. Immunohistochemical (IHC) results were
independently evaluated using a Leica DM2500 light microscope
(Leica Microsystems, Germany) by two pathologists (JS and ZM)
blinded to the clinicopathological data. Interpretation differences
greater than 10% were discussed and solved by an agreement be-
tween examiners.

The expression of ABC transporter proteins was evaluated ac-
cording to the scoring methodology previously described [17, 18,
19]. Pump protein expression in more than 10% of malignant cells,
at each tissue section, was considered as positive, while < 10% of
the stained tumor cells were considered negative. The individual
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Table 1. mRNA expression of ABC transporters in NSCLC
samples and their association with neoadjuvant chemotherapy.

Table 2. Protein expression of ABC transporters in NSCLC
samples and their association with neoadjuvant chemotherapy.

non-NACT NACT

non-NACT NACT

Expression status (NT vs. T) P value Positive expression? 5 P value
NP? (%) NP (%) NP? (%) NP (%)
Yes” 24 (70.6) 21 (60.0) 0.45 Yes 21 (60.0) 20 (57.2)
ABCBI P-gp 1
No¢ 10 (29.4) 14 (40.0) No 14 (40.0) 15 (42.8)
Yes 15 (44.2) 14 (40.0) 0.81 Yes 32(91.4) 24 (68.6) )
ABCCI MRP1 0.03¢
No 19 (55.8) 21 (60.0) No 3(8.6) 11 (31.4)
Yes 29 (87.9) 25 (71.4) 0.13 Yes 18 (51.4) 20 (57.2)
ABCG2 BCRP 0.8
No 4(12.1) 10 (28.6) No 17 (48.6) 15 (42.8)

“NP, number of patients per group.

b Downregulated expression, significantly decreased mRNA level by at
least 50% in tumor (T) compared to matching non-tumor (NT) samples.
¢All other expression level relations between T and NT.

expression and co-expression of all proteins was examined.

2.5 Statistical analysis

Significant differences were determined by statistical package
R (version 3.1.3 (2015-03-09) Copyright (C) 2015 The R Founda-
tion for Statistical Computing). Paired t-test was used to evalu-
ate statistical differences in mRNA expression between matched
tumor and non-tumor samples of each patient. mRNA expres-
sion in tumor samples was considered to be downregulated if its
level was significantly decreased by at least 50% compared to non-
tumor samples. Conversely, differences in relative mRNA levels
between total tumor and non-tumor samples in each group (NACT
and non-NACT) were calculated using unpaired t-test. Fisher ex-
act test was used to analyze the association between mRNA/protein
expression and NACT status. Survival analyses were performed
by the Kaplan & Meier product-limit method. The log rank test
was used to evaluate the significant difference between pairs of
survival probabilities. Overall survival rate was calculated from
day one after surgery to the last follow-up examination or patient's
death. Statistical differences were considered significant when P
< 0.05.

3. Results
3.1 ABC transporter mRNA expression analysis

The expression levels of ABCBI, ABCCI and ABCG2 mRNAs
in all samples were determined by qRT-PCR. In the group without
NACT, overall expression of ABCBI and ABCG?2 in tumor sam-
ples was significantly lower than in non-tumor samples (Fig. 1A,
P < 0.001). Similarly, ABCBI and ABCG2 mRNA expression
was significantly downregulated in NSCLC samples compared
to non-tumor samples in the NACT group (Fig. 1B, P <0.001).
ABCBI expression was downregulated in 70%, ABCCI in 44%
and ABCG?2 in 88% of NSCLC samples compared to matched
non-tumor samples in the non-NACT group (Table 1). However,
the downregulated expression of ABC pumps in the NACT sam-
ples had lower frequency compared to non-NACT samples but did
not reach statistical significance (Table 1). Specifically, decreased
ABCBI, ABCCI and ABCG2 mRNA levels were detected in 60%,
40% and 71% of NSCLC samples with NACT, respectively (Ta-
ble 1).
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“Positive expression, more than 10% of immunopositive tumor cells.
5NP, number of patients per group.
“Bold indicates statistically significant value, P < 0.05.

3.2 Protein expression analysis of ABC transporters

Protein expression of ABC transporters was evaluated using
immunohistochemical staining (Fig. 1C). Positive protein expres-
sion of the MDR efflux pumps was present in more than 50% of
samples in both groups (Table 2). In the group without NACT,
positive P-gp expression was observed in 60% of samples, show-
ing a trend of decrease to 57% in the NACT group. Positive MRP1
expression was detected in 91% of non-NACT samples and was
significantly decreased to 69% in the NACT group (Table 2, P
= 0.03). The incidence of BCRP positive samples increased from
51% in non-NACT group to 57% in NACT group but did not reach
statistical significance.

3.3 Co-expression of ABC transporters in NSCLC patients
in relation to NACT status

The presence of co-expressed ABC transporters was further
evaluated (Table 3). Almost all patients without NACT had pos-
itive expression of at least one ABC pump (97%) and this per-
centage decreased in the NACT group (86%). The frequency of
samples with positive expression of only one MDR efflux trans-
porter was identical in both groups (23%). However, a positive
expression of only MRP1 in the group without NACT (75%) was
considerably decreased in the NACT group (43%). Conversely,
BCRP, whose sole expression was not detected in the group with-
out NACT, appeared among NSCLC samples in the NACT group
(29%). Unlike MRP1 and BCRP, the single occurrence of P-gp ex-
pression did not differ considerably between the groups (Table 3).

The incidence of positive co-expression of any two pumps was
44% in the group without NACT and slightly decreased in the
NACT group (40%). Double positive expression of P-gp/MRP1
and MRP1/BCRP was the most prevalent in the group without
NACT (53% and 47%, respectively). However, the incidence of
these samples decreased in the NACT group (42% and 41%, re-
spectively). Double positive P-gp/BCRP expression which was
not present in non-NACT group, was detected in NACT samples
(17%). Co-expression of all three transporters was more frequently
present in the NACT group (37%) than in the non-NACT group
(32%).

3.4 The impact of ABC transporter expression on the sur-
vival of patients who received neoadjuvant therapy
Survival rates indicated that the interaction of P-gp and NACT

significantly influenced patient survival (Fig. 2A, P = 0.034).
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Figure 1. ABC transporters expression. Box plot analysis of ABCB1, ABCC1 and ABCG2 mRNA expression levels in primary tumor (T)
and matched non-tumor tissue (NT) samples in non-NACT (A) and NACT (B) group of samples. Results are presented as log10 of each mRNA
expression relative to HPRT mRNA level. * indicates p < 0.05 as significantly decreased mRNA level in tumor samples compared fo non-tumor

control samples. Immunohistochemical analysis of P-gp, MRP1 and BCRP protein expression in NSCLC specimens (C). Representative examples

of Pgp expression on the surface of the cells (20 x objective), heterogeneous MRP1 expression with linear expression on the cell membrane

and diffuse expression in the cytoplasm of the malignant cells (20 x objective) and BCRP expression on the surface of the cells (20 x objective).

Specifically, the patients who did not express P-gp and did not
receive NACT, had a significantly worse prognosis than patients
without P-gp expression who received NACT ( P =0.019). MRP1
and BCRP expression did not significantly influence the survival
of patients who received NACT (Fig. 2B and 2C, P=0.13 and P
= 0.11, respectively).

4. Discussion

Previous clinical trials have shown some benefits of NACT ad-
ministered to NSCLC patients [20]. However, the impact of this
approach was poorly evaluated in relation to molecular alterations
linked to disease pathogenesis and response to therapy, includ-
ing alterations in drug resistance-associated transporters. In the
present study, we assessed the impact of NACT on mRNA and
protein expression of P-gp, MRP1 and BCRP in NSCLC. More-
over, we then determined their potential role as molecular markers
of chemosensitivity and prognosis of NSCLC patients. Our results
suggest that determination of the ABC transporter expression sta-
tus can help in predicting the sensitivity to planned adjuvant ther-
apy and selecting patients who will benefit from NACT treatment.

132

Analyses of mRNA expression in the groups with and without
administered NACT, revealed that mRNA levels of ABCBI and
ABCG2 were significantly lower in tumors compared to cognate
non-tumor tissues, whereas ABCCI mRNA expression did not dif-
fer significantly between cancer and surrounding non-tumor lung
tissue, in both groups. Similar findings were previously reported
for ABCBI and ABCG?2 expression in NSCLC samples without
NACT treatment [21, 22, 23, 24]. On the other hand, Li and col-
leagues observed increased ABCCI expression in tumor tissues of
non-NACT samples [22]. However, no published data were avail-
able for tumor specimens from patients who received NACT. The
current study shows, for the first time, the same pattern of ABC
transporters' gene expression in non-tumor and tumor tissues of
both investigated groups (i.e. with and without NACT).

It is not surprising that fast growing NSCLC cells have down-
regulated ABCBI and ABCG2 expression in comparison with sur-
rounding non-tumor tissue. Namely, ABCBI and ABCG?2 are con-
sidered as stemness markers, usually present in quiescent cells
[25] Therefore, their expression is decreased in actively dividing
NSCLC cells, while in non-tumor cells these genes sustain the ex-
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Table 3. Incidence of co-expression of ABC transporters in
NSCLC patient specimens with or without NACT treatment.

non-NACT NP“ NACT NP
Total NP 35 35
Protein expression
Negative 1 3%)" 5 (14%)"
Positive 34 (97%)" 30 (86%)”
Positive expression of only 1 protein 8 (23%)° T(23%)
P-gp 2 (25%)¢ 2 (28%)¢
MRP1 6 (75%)" 3 (43%)¢
BCRP 0 (0%)“ 2 (29%)¢
Positive expression of any 2 proteins 15 (44%)° 12 (40%)°
P-gp /MRP1 8 (53%)° 5 (42%)°
P-gp/BCRP 0 (0%)° 2 (17%)°
MRP1/BCRP 7 (47%)¢ 5 (41%)°
Positive expression of all 3 proteins
P-gp/MRP1/BCRP 11 (32%)° 11 (37%)¢

“NP, number of patients per group.
9% of total number of patients.
“% of total number of patients with positive protein expression.

49 of total number of patients with positive expression of only 1protein.

“% of total number of patients with positive expression of any 2 proteins.

pression of transporters due to the necessity of their physiological
role in the elimination of xenobiotics harmful to lungs [6]. The
status of ABCCI expression differs due to the fact that its product
MRP1 is present at the invasive front of the lung tumors, particu-
larly in areas with lymphatic or blood vessels [6].

Another novelty of our study is the observed trend of decrease
in the proportion of NSCLC to non-tumor tissue with downregu-
lated gene expression of each drug efflux pump in the NACT group
compared to non-NACT group. This result points at the impact of
NACT on the overall increase in ABCBI, ABCCI and ABCG?2 ex-
pression in tumor tissue.

A particular focus of the current study was on the ABC trans-
porter protein expression in the two groups of interest. Posi-
tive protein expression of all three MDR pumps was present in
both non-NACT and NACT group with a substantial frequency.
MRP1 was the predominant efflux pump expressed in NSCLC
samples, both with and without NACT, which is in agreement
with earlier publications on samples without preoperative treat-
ment [14, 26, 27]. However, in our set of NSCLC samples, the in-
cidence of MPR1 positive expression was significantly decreased
in the NACT group regardless of the dominant use of carboplatin,
while BCRP positive samples showed a trend of increase when
compared to the non-NACT group. In contrast to our findings,
Berger and colleagues reported P-gp, but not MRP1, overexpres-
sion in NSCLC samples with NACT, probably due to the therapy
regimen which included P-gp inducers such as vinorelbine, vin-
cristine and taxol [27]. Although the NACT regimen included
cisplatin known as an MRP1 inducer, Xiang and colleagues did
not observe statistical difference in MRP1 expression between
matched NSCLC samples before and after NACT [28].

The use of platinum-based agents in chemotherapeutic treat-
ment is generally known to induce MRP1 expression and its ad-
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Figure 2. Kaplan-Meier overall survival curves. In general,
P-gp expression and NACT status had a significant effect on patients'
survival (p = 0.034) (A). Specifically, patients that did not express
P-gp and received NACT had significantly better prognosis than pa-
tients devoid of P-gp expression who did not receive NACT treatment
(p = 0.019), while other combinations of P-gp and NACT status did
not show significant associations with patient prognosis. Moreover,
MRP1 expression and NACT status (B), as well as BCRP expression
and NACT treatment (C), did not significantly influence patients' sur-
vival.

ministration in NACT protocol would be expected to increase the
incidence of MRP1 positive samples and lead to the development
of drug resistance [6]. Conversely, we obtained opposite results
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as MRP1 positive cells were eliminated and BCRP positive cells
appeared to be selected upon platinum-based NACT approach. Al-
though mechanistically these NACT effects on ABC pump expres-
sion are not clear and should be further investigated, the results
obtained could have important clinical implications. They jus-
tify further use of platinum-based agents in adjuvant chemother-
apy treatment in NSCLC patients that already received platinum-
based NACT and suggest avoiding administration of BCRP drug
substrates, such as methotrexate and tyrosine kinase inhibitors
(for example gefitinib and erlotinib,) in the following adjuvant
chemotherapy courses [29].

Importantly, we observed redistribution in the positive expres-
sion of each efflux pump and their combinations in NACT com-
pared to non-NACT group. The frequency of positive MRP1 spec-
imens and the co-presence with P-gp and BCRP was decreased in
the NACT group, whereas the incidence of BCRP, P-gp/BCRP
and triple pump positive samples was increased on the expense of
the overall MRP1 decrease. To the best of our knowledge, this is
the first study that comparatively evaluated individual expression
and co-expression of all three MDR pumps with special emphasis
on the effects of NACT in NSCLC. So far, only co-expression of
P-gp and MRP1 was studied but without considering the effects
on preoperative chemotherapy and without significant correlation
between these pumps [26, 27, 30].

It is interesting to note that NACT had mainly opposite effects
on gene expression and protein levels of the MDR transporters in
our set of samples. NACT decreased the number of samples with
positive protein expression, while increasing the frequency of sam-
ples with higher mRNA levels. Except for different methodologies
used for protein and mRNA levels determination, we speculate that
this effect of NACT could be a result of negative feedback loop be-
tween protein and gene expression. From a clinical point of view,
this could have implications on the following courses of adjuvant
therapy when we could expect increased protein expression and
subsequent acquisition of resistance to chemotherapy, due to the
presence of mRNA prepared to produce ABC transporters. There-
fore, we believe that evaluating gene expression after NACT treat-
ment could be important and useful for optimal scheduling of ad-
juvant chemotherapy in order to increase its efficacy and prevent
the development of drug resistance.

Studies that evaluated the prognostic relevance of ABC trans-
porter expression in NSCLC patients with NACT did not observe
a significant association between P-gp, MRP1 and BCRP expres-
sion and patients' outcome [27, 31]. This is in concordance with
our current findings on the effects of MRP1 and BCRP on sur-
vival of NSCLC in NACT and non-NACT groups. However, P-
gp expression showed prognostic significance in these patients.
Namely, patients without P-gp expression who received NACT had
the most favorable prognosis compared to all other patients, partic-
ularly those without P-gp expression and without NACT treatment.
P-gp expression was studied as a prognostic factor in chemother-
apy naive NSCLC patients in several studies [32, 33, 34], however
our present study is the first to suggest its prognostic significance
in relation to NACT treatment.

In conclusion, the present study showed that MRP1 and BCRP
could be considered as NSCLC chemosensitivity biomarkers and
could potentially be included in personalized therapy design in pa-
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tients receiving NACT. We speculate that platinum-based NACT
treatment eliminates MRP1 positive cells and has tendency to se-
lect BCRP positive cells, probably due to the individual differ-
ences among investigated patients. Moreover, the study revealed
that P-gp negative expression had prognostic relevance and con-
tributed to favorable prognosis in patients who received NACT.
Although the results of the present study are novel and signifi-
cant for potential implementation in clinical practice, the definite
applicability of ABC transporters expression as potential molec-
ular markers related to NACT treatment, should be further tested
on larger cohorts of patients. Considering that the current clinical
practice introduces NACT as a treatment strategy aimed to improve
therapy response and survival of NSCLC patients, studying the ex-
pression status of MDR efflux transporters after NACT seems to
be significant for making proper decisions about following adju-
vant treatment of NSCLC patients.
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