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Folate receptor-positive circulating tumor cells as a predictive
biomarker for the efficacy of first-line pemetrexed-based
chemotherapy in patients with non-squamous non-small cell lung
cancer
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Background: There is a lack of well-established biomarkers to predict the efficacy of pemetrexed-based
chemotherapy. In this prospective phase II study, we investigated the correlation of folate receptor (FR)-
positive circulating tumor cell (CTC) level with the clinical outcomes of patients with advanced non-
squamous non-small cell lung cancer (nsNSCLC) when treated with pemetrexed-based chemotherapy.
Methods: A total of 98 nsNSCLC patients were enrolled. Peripheral blood was collected from each patient
prior to initiation of treatment. FR-positive CTCs were enriched by immunomagnetic leukocyte depletion
and quantified using ligand-targeted polymerase chain reaction (LT-PCR) method.

Results: Patients with relatively low CTC level (11-16 FU/3 mL, n=32) showed a significantly shorter
progression-free survival (PFS) and overall survival (OS) compared with those in the “high CTC level
group” (>16 FU/3mL, n=28; median PFS, 133 versus 320 days, P<0.001; median OS, 632 days versus “not
reached”, P=0.003). Patents in the “high CTC level group” also achieved superior objective response rate
(ORR) and disease control rate (DCR) over those in the “low CTC level group” (ORR, 40.9% versus 9.5%,
P=0.0339; DCR, 100% versus 81.0%, P=0.0485). The clinical outcomes of pemetrexed in the “negative-
CTC group” (<11 FU/3mL, n=38) fell between the “high CTC level group” and the “low CTC level group”
(median PFES, 290 days; median OS, 1,122 days; ORR: 21.2%, DCR: 93.9%). Further multivariate Cox
proportional hazards regression analysis demonstrated that “high CTC level” was an independent factor
that was significantly associated with better PFS [hazard ratio (HR) =0.26, 95% confidence interval (CI),
0.12-0.58, P=0.001] and OS (HR =0.23, 95% CI, 0.06-0.92, P=0.037).

Conclusions: Our results implied that FR-positive CTC is a promising biomarker to predict the clinical

outcome of pemetrexed-based chemotherapy in patients with advanced nsNSCLC.
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Introduction

Platinum-based doublet chemotherapy remains the standard
first-line treatment for advanced non-small cell lung cancer
(NSCLC) patients, especially for those who are ineligible
for targeted therapy (1). Pemetrexed, an anti-folate agent, is
one of the most commonly used drugs for treating patients
with non-squamous NSCLC (nsNSCLC) (2). Pemetrexed
primarily targets thymidylate synthase (TS) and also
inhibits folate-dependent enzymes such as dihydrofolate
reductase (DHFR) and glycinamide ribonucleotide
formyltransferase (GARFT) (3). Through inhibiting those
enzymes, pemetrexed interferes with the biosynthesis of
thymidine and purine nucleosides, and thus blocks tumor
growth (3). Nowadays, many clinical guidelines, including
NCCN, ESMO, and ASCO (2,4,5), have recommended
pemetrexed in combination with platinum as a first-line
treatment option for patients with advanced nsNSCLC.
Despite the clinical benefits of pemetrexed, it lacks an
effective biomarker currently. TS and folate receptor alpha
(FRA) have been found to be correlated to the efficacy
of pemetrexed (6-10). Recently, Tie er 4/. found that FRp
was overexpression in tumor-associated macrophages and
was associated with poor prognosis in lung cancer (11).
However, the clinical value of these biomarkers remains
controversial (12,13). More importantly, these biomarkers
require tumor tissue for analysis while the majority of
advanced lung cancer patients may not have sufficient
tumor tissue for the analysis.

Recently, liquid biopsy has become a research hotspot
in oncology. Many studies have investigated the clinical
significance of circulating tumor cells (CTCs) in cancer
management (14). CTCs are tumor cells that shed from the
primary or metastatic lesions and enter the blood circulation.
Comparing with conventional tumor tissue, CTCs can be
easily obtained in a non-invasive approach. Hence, it can
be collected repeatedly for molecular test and dynamic
monitoring. “CytoploRare detection kit” is a diagnostic kit
developed by Genosaber Biotech Co. Ltd. (Shanghai, China).
The kit utilizes negative enrichment and ligand-targeted
PCR (LT-PCR) method to enumerate FR-positive CTCs.
Our previous study has proven the diagnostic efficiency of
FR-positive CTCs in the diagnosis of lung cancer (15) and
in 2016, China Food and Drug Administration has approved
the clinical application of the kit in lung cancer diagnosis.
In the present study, we prospectively investigated the
predictive capability of FR-positive CTCs for the efficacy of
pemetrexed-based chemotherapy.
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Methods
Study design

This was a prospective, single-institution, phase II clinical
trial approved by the Institutional Review Board of the
Shanghai Pulmonary Hospital (No. K13-112). Inclusion
criteria included: (I) pathologically or cytologically
confirmed advanced nsNSCLC based on the International
Association for the Study of Lung Cancer 8" TNM Staging
System; (II) received pemetrexed-based chemotherapy for
at least one cycle; and (III) had sufficient blood samples
prior to initial treatment. Eligible patients were treated with
pemetrexed (500 mg/m’, d1) with cisplatin (75 mg/m’, d1)
or carboplatin [area under the curve (AUC) =5, d1]
or oxaliplatin (100 mg/m’, d1), or pemetrexed alone
(500 mg/m’, d1) every 3 weeks for at least one cycle.

This trial was registered on the Chinese Clinical Trial
Registry Web site (ChiCTR-ONC-13003475).

FR-positive CTC analysis

Three milliliters of peripheral blood were collected from
each patient before the initiation of treatment for FR-positive
CTC analysis. FR-positive CTC analysis was performed
using “CytoploRare detection kit” (GenoSaber Biotech
Co., Ltd., Shanghai, China) as previously described (15).
Whole blood samples from eligible patients were collected
in 3 mL ethylene diamine tetraacetic acid (EDTA)
anticoagulant tubes and stored at 4 °C. FR-positive CTC
analysis was performed within 24 hours of collection,
according to the manufacturer’ instructions. In brief, CT'Cs
were enriched from 3 mL of whole blood by immunomagnetic
depletion of leukocytes and then labeled with conjugates
of a tumor-specific ligand folic acid and a synthesized
oligonucleotide. After washing off free conjugates, the stripped
bound conjugates were analyzed by quantitative PCR. In this
study, the quantity of FR-positive CT'C was expressed as an
arbitrarily defined “FR Unit” (FU), which was defined as the
number of FR-positive CTC detected in 3 mL of blood. A
serial of standards containing oligonucleotides (10 to 10™” M,
corresponding to 2 to 2x10° FU/3 mL) was used for
FR-positive CT'C quantification.

Statistical analysis

The categorical variables were compared using chi-square
tests, or Fisher’s exact tests when needed. Progression-free
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survival (PFS) was defined as the time from the date of first-
line treatment to the date of systemic progression or death.
Overall survival (OS) was defined as the time from the date
of first-line treatment to the date of death and was censored
at the date of the last follow-up if the patient was alive.
Tumor response was assessed according to the Response
Evaluation Criteria in Solid Tumors (RECIST) version
1.1 (16). Kaplan-Meier curve and two-sided log-rank
test were used for survival analyses. Multivariate Cox
proportional hazards regression analyses were used to
determine the independently predictive and prognostic
value of FR-positive CTC. P<0.05 was considered to
indicate a statistically significant difference. Statistical analysis
was performed using SPSS 20.0 software (SPSS Inc., IL,
USA) and Prism 7.0 (GraphPad Software Inc., CA, USA).

Results
Study population

A total of 98 patients with nsNSCLC were enrolled
in this study (the patients’ baseline clinicopathological
characteristics were presented in Table S1). The majority
of the enrolled patients had stage IV (77/98, 78.6%)
adenocarcinoma (96/98, 98.0%). Most of the patients
received first-line (84/98, 85.7%) pemetrexed/carboplatin
(86/98, 87.8%) treatment. All of the 98 patients commenced
pemetrexed treatment between May 2014 and May 2018.
The median follow-up duration was 150 days (ranging from
2 to 1,204 days). At the date of analysis, 47 patients had
disease progression. The median PFS and OS were 229 and
1,122 days, respectively.

Association of FR-positive CTC level with PFS and OS

The median CTC level of the enrolled patients was
11.9 FU/3 mL (0.4-35.5 FU/3 mL). According to the
manufacturer’s instruction, the optimal cutoff threshold
of FR-positive CTC count in lung cancer diagnosis was
8.7 FU/3 mL. In this study, the positive rate was 80.6%
(79/98). According to our previous report (17), another
cutoff threshold (16 FU/3 mL) was chosen to classify high
and low FR-positive CTC levels.

The median PFS of the “<8.7 group”, “8.7-16 group”,
and “>16 group” were 224, 269, and 320 days, respectively
(Figure 1A4). The median OS of the “8.7-16 group” was
735 days, while that of the “<8.7 group” and “>16 group”
had not yet reached at the date of analysis (Figure 1B).

© Annals of Translational Medicine. All rights reserved.
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The PFS and OS showed no significant differences among
the three subgroups. When patients who received only
one cycle of treatment or received pemetrexed-based
chemotherapy as second-line treatment were excluded, the
PFS and OS among the three CTC subgroups remained
statistically insignificant (Figure 1C,D).

Since the cutoff threshold of 8.7 FU/3 mL was
determined to differentiate lung cancer from benign lung
disease, a new cutoff threshold was chosen. Our previous
has demonstrated that the median level of CTC in lung
cancer patients was 11.64 FU/3 mL (15). We further
divided patients into three groups, “‘negative-CTC group”
(<11 FU/3 mL), “the low CTC level group” (11-16 FU/3 mL),
and “the high CTC level group” (>16 FU/3 mL). The
baseline clinicopathological features of patients among
the three CTC subgroups were well balanced, except for
gender, as shown in Table 1.

Interestingly, the median PFS of the three CTC subgroups
were 290, 133, and 320 days, respectively (Figure 2A4).
And the median OS were 1,122, 632 days and not reached,
respectively (Figure 2B). Further univariate and multivariate
Cox proportional hazards regression analyses (Table 2)
demonstrated that “high CTC level” was an independent
factor that was significantly associated with better PFS
[hazard ratio (HR) =0.26, 95% confidence interval (CI),
0.12-0.58, P=0.001] and OS (HR =0.23, 95% CI, 0.06-0.92,
P=0.037). Furthermore, EGFR/ALK/ROSI molecular
alterations was identified as an independent factor that was
significantly associated with better PFS (HR =0.27, 95%
CI, 0.10-0.71, P=0.008).

When patients who received only 1 cycle of treatment (n=10)
were excluded, the median PFS of the three CTC subgroups
were 290, 133, and 320 days, respectively (Figure 2C). Patients
with low CTC level had a significantly shorter PFS than those
with high CTC level (Log-rank P=0.0002). The median OS
of the “low CTC level group” was 688 days, while that of the
“negative-CTC group” and the “high CTC level group” had
not yet reached at the date of analysis (Figure 2D).

Association of FR-positive CTC level with objective
response rate (ORR) and disease control rate (DCR)

The ORR of the three CTC subgroups were 21.2%, 9.5%
and 40.9%, respectively (Table 3, Figure 34). The ORR of
patients with high CTC level was significantly higher than
those with low CTC level (P=0.0339), whereas the ORR
between the “low CTC level group” and the “negative-CTC
group” (P=0.4559), and that between the “high CTC level

Ann Transl Med 2020;8(10):631 | http://dx.doi.org/10.21037/atm-19-4680



Page 4 of 10
A
100+
80
©
2
b
5 601
2]
5
© 401
[0}
o
20
0 T T e !
0 200 400 600 800
PFS (days)
C
100
_ 80+
g -+ <87
% 60 - =+ 8.7-16
2 + >16
@
© 404
[0}
o
20
+ o+
0 T T T ]
0 200 400 600 800
PFS (days)

Chen et al. CTC predicts pemetrexed efficacy

100t -+
801 1
60

407

Percent survival

- <8.7
== 8.7-16

201 + >16

500 1000 1500
OS (days)

o

100+ +

80 1

60+

404

Percent survival

-+ <8.7
- 8.7-16
+ >16

204

500 1000 1500
OS (days)

o

Figure 1 PFS and OS of patients in the CTC subgroups (with 8.7 and 16 FU/3 mL as the cutoff threshold). (A,B) The Kaplan-Meier curve
of PES (A) and OS (B) of the entire cohort (n=98); (C,D) PES (C) and OS (D) of the patients received >1 cycle of pemetrexed treatment (n=88).
CTC, circulating tumor cell; FU, folate receptor unit; PFS, progression-free survival; OS, overall survival.

group” and the “negative-CTC group” (P=0.1390) were not
significantly different.

The DCR of the three CTC subgroups were 93.9%,
81.0% and 100.0%, respectively (Table 3, Figure 3B). The
DCR of patients with high CTC level was significantly
higher than those with low CTC level (P=0.0485), whereas
the DCR between the “low CTC level group” and the
“negative-CTC group” (P=0.1933), and that between the
“high CTC level group” and the “negative-CTC group”
(P=0.5111) were not significantly different.

When patients who received only 1 cycle of treatment (n=10)
were excluded, the differences were stll significant in terms of
ORR and DCR. The ORR of the three CTC subgroups were
21.9%, 5.3% and 45.0%, respectively (P=0.0137, Figure 3C).
The DCR of the three CTC subgroups were 93.8%, 79.0% and
100%, respectively (P=0.0511, Figure 3D).

© Annals of Translational Medicine. All rights reserved.

Discussion

A wide variety of biomarkers have been investigated
to predict the efficacy of chemotherapy during the
past decade, unfortunately, none of these biomarkers
has been prospectively and appropriately validated in
clinical trials (18). CTCs as a non-invasive source that
reflects the molecular underpinnings of the originating
tumors represent a valuable resource for predicting
treatment efficacy (19-22), including in advanced NSCLC
patients treated with targeted therapy, chemotherapy or
immunotherapy. However, no studies dedicatedly focus on
the predictive value of CTC for the efficacy of pemetrexed-
based chemotherapy.

In the present study, we focused on the association of
FR-positive CTCs with the efficacy of pemetrexed-based
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Table 1 Patients’ characteristics according to CTC subgroups
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CTC subgroups

Negative-CTC (<11 FU/3mL)  Low CTC level (11-16 FU/3 mL) High CTC level (>16 FU/3 mL) P

Number of patients, n (%) 38 (38.8) 32 (32.7) 28 (28.6)

Gender, n (%) 0.012
Male 19 (50.0) 24 (75.0) 23 (82.1)
Female 19 (50.0) 8 (25.0) 5(17.9)

Age (years) 0.891
Median, range 62, 26-75 63.5, 33-75 61.5,29-78
>60 years, n (%) 23 (60.5) 21 (65.6) 17 (60.7)
<60 years, n (%) 15 (39.5) 11 (34.4) 11 (39.3)

Smoking history, n (%) 0.234
Ever 10 (26.3) 14 (43.8) 12 (42.9)
Never 28 (73.7) 18 (56.3) 16 (57.1)

Clinical stage, n (%) 0.474
Recurrence disease 8(21.1) 5(15.6) 8 (28.6)
\% 30 (78.9) 27 (84.4) 20 (71.4)

Treatment regimen, n (%) 0.506
AC 34 (89.5) 28 (87.5) 24 (85.7)
AP 2(5.3) 4 (22.5) 2(7.1)
AO 1(2.6) 0(0) 2(7.1)
A 1(2.6) 0(0) 0(0)

Mutational status, n (%) 0.234
EGFR 7 (18.4) 3(9.4) 8 (28.6)
ALK 4(10.5) 1(3.1) 2(7.1)
ROS1 1(2.6) 0 (0) 0(0)
KRAS 2 (5.3) 3(9.4) 2(7.1)
Wild-type 19 (50.0) 22 (68.8) 9(32.1)
Unknown 5(13.2) 3(9.4) 7 (25.0)

CTC, circulating tumor cell; FU, folate receptor unit; NSCLC-NOS, non-small cell lung cancer not otherwise specified; AC, pemetrexed
+ carboplatin; AP, pemetrexed + cisplatin; AO, pemetrexed + oxaliplatin; A, pemetrexed; EGFR, epidermal growth factor receptor; ALK,
anaplastic lymphoma kinase; KRAS, Kirsten rat sarcoma viral oncogene homolog.

chemotherapy. Our results demonstrated that, using 11
and 16 FU/3 mL as the cutoff threshold, patients with high
CTC level had better clinical outcomes over those with
low CTC level, in terms of ORR, DCR, PFS, and OS.
As previous studies have proven that, 8.5-8.94 FU/3 mL
was the established optimal cutoff threshold chosen for
differentiating lung cancer from lung benign disease (15,23-25).
When using the cutoff threshold of 8.7 FU/3 mL, although

© Annals of Translational Medicine. All rights reserved.

a trend towards better OS was observed in patients
with high CTC level over those in the “8.7-16 group”
(HR =2.69, P=0.0812), it lacks of statistical significance. For
predicting the efficacy of pemetrexed, the cutoff threshold
may be different. Therefore, a different cutoff threshold
is required. In the present study, using 11 FU/3 mL as
the cutoff threshold can better discriminate the clinical
outcomes, in term of ORR, DCR, PFS and OS, therefore,
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Figure 2 PFS and OS of patients in the CTC subgroups (with 11 and 16 FU/3 mL as the cutoff threshold). (A,B) The Kaplan-Meier curve
of PFS (A) and OS (B) of the entire cohort (n=98); (C,D) PFS (C) and OS (D) of the patients received >1 cycle of pemetrexed treatment (n=88).

CTC, circulating tumor cell; FU, folate receptor unit; PES, progression-free survival; OS, overall survival.

we chose 11 FU/3 mL as the cutoff threshold for defining
FR-positive or negative CTCs.

The ORR and median PFS of patients with low CTC
level in our study was 9.5% and 4.4 months, which was
significantly inferior to the results from PARAMOUNT
study (26,27). With use of this non-invasive and convenient
method, we could potentially identify approximately 30%
patients with nsNSCLC may not derive the expected
benefits from pemetrexed-based chemotherapy. If only
9.5% with low CTC level responded to pemetrexed-based
chemotherapy, other chemotherapeutic regimens should be
assessed in this subtype populations.

To explain the better clinical outcome of pemetrexed in
patients with high CTC level, we proposed the following
hypotheses: (I) since FRA is responsible for the transport
of pemetrexed into cells, tumor cells with a high FRA

© Annals of Translational Medicine. All rights reserved.

expression will retain a higher concentration of pemetrexed
within the cells (28), which leads to the superior efficacy.
(II) FRA also transports folic acid into cells. Folic acid
is a key substrate for TS to synthesize deoxythymidine
monophosphate, hence regulating DNA biosynthesis (29).
When tumor cells have high expression level of FRA,
it is more likely that these cells rely on this pathway to
proliferate. Thus, pemetrexed which inhibits the T'S activity
would be more effective in killing these tumor cells.

For patients with negative-CTC (<11 FU/3 mL), the
clinical outcome of pemetrexed fell between the “high
CTC level group” and the “low CTC level group” in
this study. Theoretically, low CTC level may indicate a
favorable prognosis and a less aggressive disease. Therefore,
the better prognosis of patients in negative-CTC group
when treated with pemetrexed-based chemotherapy may

Ann Transl Med 2020;8(10):631 | http://dx.doi.org/10.21037/atm-19-4680
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Table 2 Univariate and multivariate analysis of clinical parameters on progress-free survival and overall survival

Progression-free survival Overall survival

Factor Univariate analysis Multivariate analysis Univariate analysis Multivariate analysis

95% ClI P HR

HR 95% ClI P HR  95% ClI P HR 95% ClI P

Gender (female/male) 0.72 0.39-1.32 0.283 0.99 0.51-1.93 0.979 229 0.87-6.03 0.094 2.16 0.72-6.50 0.173

Age (<60/=60 years) 0.84 0.46-1.51 0555 1.30 0.63-2.71 0.479 041 0.13-1.28 0.127 1.28 0.31-5.33 0.737

Smoking history (ever/  0.79 0.42-1.48 0.460 0.56 0.28-1.14 0.111 3.68 1.32-10.24 0.013 1.87 0.56-6.28 0.309

never)

Clinical Stage (IV/ 0.81 0.41-1.60 0.537 0.45 0.20-1.05 0.065 2.97 0.67-13.16 0.152 1.16 0.23-5.84 0.856

recurrence)

Mutation status

Wild-type or unknown 1.00 - - 1.00 - - - - - 1.00 - -

KRAS 0.40 0.10-1.69 0.212 1.12 0.05-1.26 0.093 NA NA 0.984 NA NA 0.988

EGFR/ALK/ROS1 0.31 0.15-0.64 0.002 0.27 0.10-0.71 0.008 0.16 0.04-0.71 0.016 0.22 0.04-1.27 0.090
CTC subgroup

Low CTC level 1.00

High CTC level 0.22 0.10-0.52 <0.001 0.26 0.12-0.58 0.001 0.13 0.04-0.50 0.003 0.23 0.06-0.92 0.037

Negative CTC 0.26 0.13-0.56 <0.001 0.31 0.11-0.81 0.018 0.21 0.07-0.67 0.008 0.29 0.08-1.01 0.052

CTGC, circulating tumor cell; EGFR, epidermal growth factor receptor; ALK, anaplastic lymphoma kinase; KRAS, Kirsten rat sarcoma viral
oncogene homolog; HR, hazard ratio; Cl, confidence interval.

Table 3 Radiological assessment of patients in the three CT'C subgroups
Negative-CTC (<11 FU/3 mL) Low CTC level (11-16 FU/3 mL) High CTC level (>16 FU/3 mL) P

Response

Radiological response, n (%) -

PR 7 (18.4) 2(6.3) 9 (32.1)
SD 24 (63.2) 15 (46.9) 13 (46.4)
PD 5(13.2) 4 (12.5) 0(0)
No assessment 5(13.2) 11 (34.4) 6 (21.4)
Clinical response rate, %
ORR 21.2 9.5 40.9 0.0485
DCR 93.9 81.0 100.0 0.0599

CTC, circulating tumor cell; FU, folate receptor unit; PR, partial response; SD, stable disease; PD, disease progression; ORR, objective
response rate; DCR, disease control rate.

be attributed to a favorable prognosis and a less aggressive
nature of this subgroup of patients themselves, rather than
correlating with the sensitivity to pemetrexed.

In conclusion, FR-positive CTC is an attractive
biomarker to predict the clinical outcomes of advanced
nsNSCLC patients when receiving pemetrexed-based

© Annals of Translational Medicine. All rights reserved.

chemotherapy. Enumeration of FR-positive CTC could
help select suitable patients for pemetrexed treatment and
possibly improve patients’ prognosis by avoiding ineffective
treatment. Further investigation of this biomarker in well-
designed prospective studies may propel the advance of
precision therapy in chemotherapy.
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Supplementary

Table S1 Patients’ characteristics

Clinicopathological parameters Number of patients Percentage (%)
Gender
Male 66 67.3
Female 32 32.7

Age (years)

Median [range] 63 [26-78]
>60 years 61 62.2
<60 years 37 37.8

Smoking history
Ever 36 36.7
Never 62 63.3
Pathological subtype
Adenocarcinoma 96 98.0
NSCLC-NOS 2 2.0
Clinical stage
I\ 77 78.6
Recurrence disease 21 21.4

Treatment regimen

AC 86 87.8
AP 8 8.2
AO 3 3.1
A 1 1.0

Mutation status

EGFR 18 18.4
ALK 7 7.1
ROS1 1 1.0
KRAS 7 7.1
Wild-type 50 51.0
Unknown 15 15.3

NSCLC-NOS, non-small cell lung cancer not otherwise specified; AC, pemetrexed + carboplatin; AP, pemetrexed + cisplatin; AO,
pemetrexed + oxaliplatin; A, pemetrexed; EGFR, epidermal growth factor receptor; ALK, anaplastic lymphoma kinase; KRAS, Kirsten rat
sarcoma viral oncogene homolog.



	631-ATM-19-4680 (含附录)
	631-ATM-19-4680 (含附录) - 附录

