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Myeloid cell leukemia-1 is an important predictor of survival and
progression of small cell lung cancer
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Background: Small cell lung cancer (SCLC) is the most fatal malignancy for which more effective
therapies are urgently needed. Overexpression of myeloid cell leukemia-1 (Mcl-1) has been demonstrated
to be one of the most common genetic alterations among different types of tumor/cancer, which induces
resistance against various anti-cancer therapies including cisplatin. The study aimed to explore the role of
Mcl-1 in the prognosis and resistance to anti-cancer therapy in patients with SCLC.

Methods: Patients with SCLC were recruited from those enrolled/treated in Sun Yat-sen University
Cancer Center. Their specimens were collected for immunohistochemical evaluation. We compared the
baseline characteristics, response to chemotherapy and overall survival (OS) of the patients with different
expression levels of Mcl-1.

Results: The expression level of Mcl-1 was significantly lower in patients with limited stage SCLC than
in those with extensive stage SCLC (P=0.014). Based on the median value of Mcl-1 expression level, the
patients were divided into high and low Mcl-1 groups, respectively. Univariate analysis revealed that low
Mecl-1 expression was associated with a significant improvement in OS, with a hazard rato (HR) of 0.538.
Multivariate analysis confirmed the independent prognostic value of Mcl-1 expression level (P=0.014).
Moreover, we found a significantly close relationship between higher Mcl-1 expression level and shorter time
to progression (TTP) of the patients received chemotherapy (P=0.040).

Conclusions: Our findings demonstrated that Mcl-1 expression level was a prognostic biomarker for
survival outcomes and cancer progression in the patients with SCLC. Thus, it could be used as a valuable

biomarker in identifying those patients with high risk of treatment failure.
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Introduction

Lung cancer is one of the leading causes of cancer-related
death in the world (1). Currently, approximately 15% of
new cases of patients with lung cancer have been diagnosed
as small cell lung cancer (SCLC) (2). SCLC behaves the
most aggressively and is characterized by the rapid growth
and high metastatic risk. A large proportion (60%) of
patients presents with extensive stage disease (ED-SCLC)
(3,4). Platinum-based chemotherapy still constitutes as
the standard first-line care (4-6 cycles of etoposide plus
either cisplatin or carboplatin) for patients with SCLC,
particularly for those with ED-SCLC. Despite the high
response rate of 65%, most patients encounter with rapid
progression and/or disease recurrence. The outcomes still
remain very poor, with the median overall survival (OS)
being shorter than 20 months in limited stage disease (LD-
SCLC) and only 12 months in ED-SCLC (5). Multiple
clinical trials evaluating new chemotherapy agents or other
treatment strategies have failed to improve the outcome
significantly (6-9). Thus, further advances in the treatment
of SCLC may rely on the development of novel classes of
drugs to overcome the resistance of platinum-based drugs
and/or of the newer targeted drugs targeting the related
signal pathways.

Myeloid cell leukemia-1 (Mcl-1) is a unique member of
anti-apoptosis B-cell lymphoma-2 (Bcl-2) family, with the
functions in cell growth, tumorigenesis, and development
of lymphocyte metastasis (10-13). Overexpression of
Mecl-1 has been found in many types of human tumors,
including breast cancer (14), melanoma (15), ovarian
cancer (16), and non-small cell lung cancer (NSCLC) (17).
Additionally, many lines of evidence have demonstrated that
overexpression of Mcl-1 frequently induces the resistance
to a number of the widely used anti-tumor drugs, including
paclitaxel, gemcitabine, and especially, cisplatin (18-20).
Inhibition of tumor growth and the increased cell apoptosis
were observed in Mcl-1-overexpressing ovarian, lymphoma,
colon cells, when Mcl-1 was knocked down. Furthermore,
Yu et al. suggested that inhibition of Mcl-1 could enhance
the cisplatin-induced apoptosis in esophageal squamous cell
carcinoma cells (20), which was also verified in NSCLC
cells (21). Depletion of Mcl-1 was reported to possibly
enhance the sensitivity of NSCLC cells to cisplatin (22).
Several studies reported that the overexpression of Mcl-1
was extremely and closely associated with inferior survival
benefit of the patients with breast cancer (23,24). Similarly,
the analogic prognostic value of Mcl-1 was observed in
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NSCLC (25). All together, these data indicate that Mcl-
1 can be a promising target for anti-cancer therapy.
However, its clinical features and the role as a prognostic
factor of Mcl-1 in SCLC remain unclear and need to be
clarified. Therefore, we performed this retrospective study
to assess the impact of Mcl-1 expression on OS and to
explore the association between expression level of Mcl-
1 and the baseline clinicopathological characteristics and
treatment response of the patients with SCLC, aiming to
identify the potential patients with poorer prognosis and
easier resistance to chemotherapy. Herein, we present
the following article in accordance with the REMARK
reporting checklist (available at http://dx.doi.org/10.21037/
atm-20-2305).

Methods
Study population

In this retrospective study, we screened a total of 80 patients
with histologically or cytologically confirmed SCLC at
the Sun Yat-sen University Cancer Center (SYSUCC)
(Guangzhou, Guangdong, China) during the period
between March 2008 and December 2013. The inclusion
criteria were set as follows: (I) the availability of tissue
specimens for immunohistochemical staining, and (II) the
availability of eligible clinicopathological information. The
patients who had multiple primary cancers or previous
malignancies within 5 years were excluded. The study was
conformed to the provisions of the Declaration of Helsinki
(as revised in 2013) and approved by the Institutional
Review Board of SYSUCC (ID: B2019-140-01).
The written informed consent was obtained from each
participant.

Data extraction

The pieces of information about the baseline
clinicopathological features, including gender, age,
smoking status, performance status (PS), cancer stage, and
therapeutic data were collected. The smokers were defined
as those who had smoked more than 100 cigarettes. The
cancer staging was determined based on the Veteran Affairs
Lung Study Group (VALG) staging system and the seventh
edition of the American Joint Committee on Cancer
(AJCCQ). The first-line chemotherapy consisted of cisplatin
and etoposide was administered for most patients on day 1
throughout each cycle. Furthermore, the patients with LD-
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A total of 100 SCLC patients
between March 2008 and
December 2013 were screened
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20 patients were excluded:

¢ Unavailable tissue for IHC (n=11)

¢ Ineligible clinicopathological information (n=7)
* Had multiple primary cancers or previous
malignancies within 5 years (n=2)

A total of 80 eligible patients
were included

Figure 1 Flow chart of patients’ enrollment. SCLC, small cell lung cancer.

SCLC even received concurrent chemoradiotherapy (CRT)
or radical surgery.

Follow-up

All the enrolled patients were regularly followed up from
pathological diagnosis to death. The last date of follow
up was October 21, 2019. Tumor assessment was done
every 2 cycles of chemotherapy and every 2 months after
completion of treatment until the concurrence of disease
progression, based on computerized tomography (CT)
scanning. Tumor response to drugs was determined
according to Response Evaluation Criteria in Solid Tumor
1.0 26).

Immunobistochemistry (IHC) staining and scorving

IHC staining was performed to assess Mcl-1 expression
level. Tumor tissue samples were obtained from biopsy of the
patients with SCLC and fixed with 10% formalin for 24 h,
The paraffin-embedded tumor tissue slides (3 pm thick) were
coated with Mcl-1 antibody (dilution: 1:150), incubated at
37 °C for 1 h, labeled with horseradish peroxidase (HRP)-
labeled streptomycin affinity solution for 10 min, and finally
stained with diaminoaniline (DAB). Two pathologists
independently determined the scores for IHC staining.
The calculation formula of scores of Mcl-1 was as follows:
staining intensity multiplied by percentage of positive cells
in the staining area. The intensity was scored as follows: 0,
negative; 1, weak; 2, moderate; and 3, strong. The frequency
of positive cells was defined as follows: the percentage of
positive tumor cells <5% =0, the percentage of positive
tumor cells <25% =1, the percentage of positive tumor cells
<50% =2, the percentage of positive tumor cells <75% =3,
and the percentage of positive tumor cells >75% =4.
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Statistical analysis

Continuous variables were changed into categorical
variables based on their median values. Categorical
variables were compared and evaluated with Chi-square
or Fisher’ exact test. The primary endpoint was OS,
defined as the period from time of pathological diagnosis
to the date of death for any cause or last follow-up.
For the analysis of OS, the patients who were alive at
the time of last contact were censored. OS rates were
compared between groups using the unstratified log-
rank test, and hazard ratio (HR) and 95% confidence
interval (95% CI) were provided. Subgroup analysis was
performed to identify the consistency of the prognostic
value according to the baseline clinicopathological
characteristics. Cox-proportional hazard model was used
to conduct multivariate analysis of association between
Mecl-1 expression level and other prognostic factors, which
were assessed with logistic regression. A two-sided P
value <0.05 was considered statistically significant. All the
statistical analyses were conducted via SPSS version 25.0

(IBM, Armonk, NY, USA).

Results
Clinicopathological characteristics of patients

A total of 80 SCLC patients with eligible tumor tissue
samples and clinical information were included in this study
(Figure I). Median age of the enrolled patients at diagnosis
was 59 years ranged from 22 to 78 years. Among them, 68
(85%) were male and 12 (15%) were female. A majority
of them (n=64, 80%) were current or ever smokers who
had a PS of 0-1 (n=79, 98.75%) and LD-SCLC (n=50,
62.5%). In term of treatment, all the patients received
platinum-based chemotherapy as the first-line treatment,
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most of them (n=63, 90%) received cisplatin. Their baseline
clinicopathological characteristics are shown in Table 1.

Association of Mcl-1 level with the clinicopathological
characteristics

Based on the median expression level of Mcl-1 of 8 ranged
within 2-12, the patients were divided into high (9-12,
n=34) and low (0-8, n=46) expression groups, respectively
(Figure 2). The patient’s clinicopathological characteristics
were described based on their Mcl-1 expression levels
(Table 1). Compared with those with LD-SCLC, the
patients with ED-SCLC had significantly higher expression
level of Mcl-1 (P=0.014). Similarly, those received radical
operation were more likely to have significantly lower
Mecl-1 expression level (P=0.002). To further explore the
relationship between Mcl-1 expression level and tumor
stage, we analyzed the detailed Tumor, Node, Metastasis
(TNM) classification. Interestingly, we found that the
higher expression level of Mcl-1 was also significantly
correlated with M classification (P=0.014), while there
were no significant relations between T/N classification
and Mcl-1 level (P=0.055 and P=0.380, respectively).
Other clinicopathological characteristics, including gender,
age, smoking status, PS score, chemotherapy regime, the
received radiotherapy and progression sites, were similar
between the patients with high Mcl-1 level and those with
low Mcl-1 level.

Zhou et al. Prognostic value of Mcl-1 in SCLC

Association of Mcl-1 with time to progression (TTP)

Of the 80 patients in the study, 38 patients suffered disease
progression, and most of them received cisplatin-based
chemotherapy as the first-line treatment. An exploratory
analysis showed that Mcl-1 expression level was significantly
correlated with TTP. An elevated Mcl-1 expression level
was remarkably associated with shorter TTP (high Mcl-1
group vs. low Mcl-1 group: 5.75 vs. 6.70, P=0.04) (Figure 3).
Among them, in the patients with limited stage, we found a
significantly consistent T'TP benefit in the patients with low
Mcl-1 expression level (P=0.018).

Association of Mcl-1 level with OS

The median follow-up for the entire population was 21.13
months ranged 0.30-121.49. At the time of analysis, all the
patients with high Mcl-1 expression level were alive whereas
only one patient with low Mcl-1 expression level was alive.
Their median OS was 12.67 months ranged within 0.20-
107.1. In the univariate analysis, OS was significantly more
closely associated with the patients in low Mcl-1 group than
with those in high Mcl-1 group (P=0.003, Table 2, Figure
4A). Moreover, the results showed significant OS benefit
in the patients with limited stage disease (16.26 vs. 9.36,
P<0.001, Table 2, Figure 4B). Nevertheless, no significant
correlations between OS and age (P=0.360), between OS
and gender (P=0.592) and between OS and smoking status

Table 1 Association between Mcl-1 expression level and the clinicopathological characteristics of the patients with SCLC

Mcl-1, n (%)
Clinicopathological features Total (%) P value
High expression (9 to 12) Low expression (0 to 8)

Gender 0.704
Female 12 (15.0) 4(11.8) 8 (17.4)
Male 68 (85.0) 30 (88.2) 38 (82.6)

Age (years) 0.519
<59 41 (51.3) 16 (47.1) 25 (54.3)
>59 39 (48.7) 18 (52.9) 21 (45.7)

Smoking status 0.497
Current or ever 64 (80.0) 26 (76.5) 38 (82.6)
Non-smoker 16 (20.0) 8 (23.5) 8(17.4)

Chemotherapy regimen 0.542

Table 1 (continued)
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Table 1 (continued)

Mcl-1, n (%)
Clinicopathological features Total (%) P value
High expression (9 to 12) Low expression (0 to 8)
Cisplatin 63 (90.0) 29 (90.6) 34 (89.5)
Carboplatin 3(4.3) 2 (6.3) 1(2.6)
Nedaplatin 4 (5.7) 13.1) 3(7.9)
Number of cycles 0.864
<4 23 (33.3) 10 (32.3) 13 (34.2)
>4 46 (66.7) 21 (67.7) 25 (65.8)
Tumor staging 0.014*
Limited stage 50 (65.0) 16 (47.1) 34 (73.9)
Extensive stage 30 (35.0) 18 (52.9) 12 (26.1)
Lung operation therapy 0.002*¢
Surgery 23 (28.7) 3(8.8) 20 (43.5)
No surgery 57 (71.3) 31(91.2) 26 (56.5)
Radiation therapy 0.165
Radiation 33 (41.2) 11 (32.4) 22 (47.8)
No radiation 47 (58.8) 23 (67.6) 24 (52.2)
T classification 0.055
X 5(6.2) 1(2.9) 4 (8.8
1 9(11.3) 3(8.8) 6 (13.0)
2 31(38.8) 9 (26.5) 22 (47.8)
3 16 (20.0) 8 (23.6) 8 (17.4)
4 19 (23.7) 13 (38.2) 6 (13.0)
N classification 0.380
0 3(3.7) 0(0.0) 3(6.5)
1 7 (8.8) 2(5.9) 5(10.9)
2 42 (52.5) 17 (50.0) 25 (54.3)
3 28 (35.0) 15 (44.1) 13 (28.3)
M classification 0.014*
0 50 (62.5) 16 (47.1) 34 (73.9)
1 30 (37.5) 18 (52.9) 12 (26.1)
Progressive site 0.822
Lymph node and brain 22 (55.0) 9 (52.9) 13 (56.5)
Other 18 (45.0) 8 (47.1) 10 (43.5)

*, P<0.05. Mcl-1, myeloid cell leukemia-1; SCLC, small cell lung cancer.
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Figure 2 Representative images of immunostaining of Mcl-1 expression with different scores. (A) High expression level of Mcl-1
(magnification, x20); (B) high expression level of Mcl-1 (magnification, x40); (C) low expression level of Mcl-1 (magnification, x20); (D) low
expression level of Mcl-1 (magnification, x40); (E) the negative expression level of Mcl-1 (magnification, x20); (F) the high expression level
of Mcl-1 (magnification, x40). The tissue sections were dewaxed in xylene, rehydrated, and rinsed in graded ethanol solutions. The antigens
were retrieved by heating the tissue sections at 100 °C for 5 min in EDTA (1 mmol/L, pH 9.0) solution when necessary, and then immersed
in a 0.3% hydrogen peroxide solution for 10 min to block endogenous peroxidase activity, rinsed in phosphate buffered saline (PBS) for
5 min, and incubated with the MCL-1 primary antibody (1:100 dilution, CST#39224; Cell Signaling Technology) at 4 °C overnight. The
slides were washed with 1x PBS and treated with a goat antibody against a rabbit secondary antibody (EnVision; Dako, Glostrup, Denmark)
at 37.5 °C for 30 min. Finally, the visualized staining was developed with 3,3’-diaminobenzidine tetrahydrochloride (DAB, Dako, Glostrup,

Denmark), and all of the slides were counterstained with hematoxylin. Mcl-1, myeloid cell leukemia-1.
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(P=0.606) were observed (Table 2).

The benefit on OS in low Mcl-1 expression group was
verified in the multivariate analyses (7able 3). The Mcl-1
expression level appeared to be an independent prognostic
factor for OS. As compared to the group with high Mcl-1
expression level, the group with low Mcl-1 expression level
had 0.538-fold lower risk of death (HR 0.538; 95% CI:
0.366-0.981; P=0.042).

1.0 Mcl-1 expression
Low expression
—High expression
0.8
= P=0.040
%
306
Q
S
204
<
>
(]
0.2
l
0.0
0.00 10.00 20.00 30.00

TTP (months)

Figure 3 Kaplan-Meier survival curves comparing TTP: low Mcl-
1 expression level vs. high Mcl-1 expression level. Mcl-1, myeloid

cell leukemia-1; T'TP, time to progression.

Table 2 Univariate analysis of OS
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Discussion

To the best of our knowledge, this is the first study
evaluating the prognostic power of Mcl-1 in patients with
SCLC. Our findings show that the patients with high
expression level of Mcl-1 have a significantly lower OS as
compared with that of the patients having low expression
level of Mcl-1. Multivariable analysis has demonstrated
that the lower expression level of Mcl-1 is independently
associated with longer OS. In recent years, accumulating
lines of evidence have suggested that overexpression of
Mcl-1 is the most common genetic alterations in several
types of human cancers, including breast cancer, ovarian
cancer and melanoma (15,16,27). Similarly, Mcl-1 has
been regularly found to be overexpressed in lung cancer
cell lines (17,28,29). Data about the prognostic value of
Mcl-1 have been emerging, with the results indicating
that Mcl-1 is closely related to the survival benefit in
the patients with breast, pancreatic, and gastric cancer
(10,30,31). Furthermore, the beneficial prognostic role of
Mcl-1 in clinical outcomes for the patients with non-small
lung cancer cells (NSCLC) has also been verified in some
researches (32-34). The results reported in the current
study are in accordance with the outcomes reported in these
previous studies regarding NSCLC patients, with a similar
prognostic power that Mcl-1 is significantly associated with
poor prognosis (high Mcl-1 group vs. low Mcl-1 group:

Variable Cases number Proportion (%) OS (months), median (95% ClI) P value
Median age (range), years 59 (22 to 78) - - 0.360
Gender 0.592
Female 12 15.00 11.79 (4.76-18.82)
Male 68 85.00 12.81(9.29-16.34)
Smoking status 0.606
No 16 20.00 11.79 (3.03-20.55)
Yes 64 80.00 12.81 (9.81-15.81)
Expression level of Mcl-1 0.003*
Low 46 57.50 16.26 (12.23-20.30)
High 34 42.50 10.55 (8.48-12.62)
Tumor staging <0.001*
Limited stage 50 62.5 16.26 (12.75-19.77)
Extensive stage 30 37.5 9.36 (6.80-11.92)

*, P<0.05. Mcl-1, myeloid cell leukemia-1; OS, overall survival; Cl, confidence interval.
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Figure 4 Kaplan-Meier survival curves comparing OS. (A) Low Mcl-1 expression vs. high Mcl-1 expression; (B) limited stage vs. extensive

stage. OS, overall survival; Mcl-1, myeloid cell leukemia-1.

Table 3 Cox regression model analysis

Variable P value HR 95% ClI
Expression of Mcl-1 (score) 0.014 0.538 0.328-0.882
Tumor staging 0.008 0.500 0.300-0.833

Mcl-1, myeloid cell leukemia-1; HR, hazard ratio; Cl, confidence interval.

8.48-12.62 v5.12.23-20.30, P=0.003). Mcl-1 is a virtual
anti-apoptotic protein and exerts its anti-apoptotic power
to promote tumor development and progression (12).
While the tumorigenesis mechanism of Mcl-1 in SCLC
was unclear, its anti-apoptotic function may be explained
by our results showing that Mcl-1 expression is negatively
associated with OS in SCLC patients. Another underlying
mechanism might be related to the direct interaction of
Mcl-1 with AKT at the pleckstrin homology (PH)
domain (35), which plays a significant role in maintaining
AKT in an inactive state. Moreover, Hong ez /. also found
that Mcl-1 was significantly associated with AKT/mTOR
pathway (36). Thus, targeting the mTOR/Mcl-1 axis can be
effective against SCLC.

According to the NCCN guideline, currently, the
standard first-line chemotherapy for SCLC patients is
still cisplatin-based regime. Therefore, we analyzed the
relation between Mcl-1 and TTP in the patients received
the cisplatin-containing first-line chemotherapy. Our
results revealed a close correlation of Mcl-1 with risk of
progression in the patients with SCLC. The patients with
high Mcl-1 expression level was associated with lower
TTP, as compared with those with low expression level
of Mcl-1, especially in the patients in the limited stage

© Annals of Translational Medicine. All rights reserved.

(high Mcl-1 group vs. low Mcl-1 group: 2.981-8.518 vs.
5.456-7.948, P=0.04). A number of studies have shown that
overexpression of Mcl-1 can contribute to the resistance of
multiple types of cancer to cisplatin (19,20,37). Additionally,
the in vitro studies have also suggested that inhibition
of Mcl-1 activity by specific inhibitors can enhance the
sensibility to cisplatin and increase the apoptosis of lung
cancer cells after receiving cisplatin (22). Our investigation
suggested that overexpression of Mcl-1 could induce the
cisplatin-resistance of SCLC. Lines of emerging evidence
have indicated that as a novel member in the Bcl-2 family,
Mecl-1 plays a critical role in chemotherapy resistance
(38,39). One of the potential mechanisms might be the
association between Mcl-1 and TGF-B-induced epithelial-
to-mesenchymal transition (EMT) being considered as an
essential process in the chemo-resistance of NSCLC (40).
Therefore, further studies with focus on elucidating these
mechanisms need to be conducted. Moreover, our findings
are also of clinical significance. We could stratify the
patients with high or low possibility of cisplatin-resistance
by examining their expression levels of Mcl-1. In clinical
practice, if the patients with SCLC have high expression
level of Mcl-1, they could be considered to have high
risk of cisplatin-resistance or tumor progression after the
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first-line treatment and thus, more frequent follow-up is
recommended. In addition, a Mcl-1 inhibitor could be used
in combination with the cisplatin-based chemotherapy to
reduce the cisplatin resistance. However, the patients with
low Mcl-1 expression levels are likely to have low risk of
cisplatin-resistance, and they may acquire more benefit
from chemotherapy. For these patients, regular follow-up is
preferred. Mcl-1 is essential for initial tumor development
and progression, as well as for the metastasis of lymphocytes
and neurons (13,41). The results of our study had
validated these hypotheses from another prospective. Our
findings have demonstrated that Mcl-1 expression level is
significantly associated with cancer stage. Compared with
the patients with high expression levels of Mcl-1, those
patients with low expression levels of Mcl-1 are significantly
likely in limited stage and their probability of receiving
radical operation can be higher.

However, there are several limitations for the
present study. First, this is a retrospective and single-
centered study, and thus, it may have the potential
selection bias. To minimize this bias, we have identified
the consecutive patients, and after adjustment for basic
clinical characteristics, Mcl-1 also acts as the independent
prognostic factor. Second, nowadays, the addition of
programmed cell death ligand 1 (PD-L1) antibody to
chemotherapy has become a new regime for the first-line
treatment of SCLC patients. Whether Mcl-1 can serve as
the prognostic factor for the patients receiving combined
immunotherapy and chemotherapy is still needed to be
further explored. Certainly, prospective, large-scale, and
multiple-centered studies are needed to further verify our
findings.

Conclusions

In conclusion, this study has demonstrated that lower
expression level of Mcl-1 is an independent prognostic
biomarker for longer OS in SCLC patients. Moreover, the
results of T'TP analysis, which are consistent with those
reported in the previous iz vitro studies, indicate that lower
Mcl-1 expression level is also associated with better TTP.
Therefore, the patients with higher Mcl-1 expression level
may be at an increased risk of failure and death, and more
aggressive therapy regime should be considered.
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