
RESEARCH ARTICLE Open Access

The first evidence for SLFN11 expression as
an independent prognostic factor for
patients with esophageal cancer after
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Abstract

Background: Schlafen 11 (SLFN11) was recently identified as a dominant determinant of sensitivity to DNA-
targeting agents including platinum-based drugs. SLFN11 also reportedly enhances cellular radiosensitivity. In this
study, we examined the prognostic value of SLFN11 expression in esophageal squamous cell carcinoma (ESCC)
patients treated with definitive chemoradiotherapy (dCRT), including the platinum derivative nedaplatin.

Methods: Seventy-three patients with ESCC who received dCRT were examined. SLFN11 expression was analyzed
in pre-dCRT biopsies using immunohistochemistry and evaluated using a histo-score (H-score). Correlation between
the H-score and overall survival was analyzed. An H-score ≥ 51 was provisionally defined as indicating high SLFN11
expression. Viability assays were performed using previously established isogenic human cell lines differentially
expressing SLFN11 to test the usefulness of SLFN11 as marker of response to the dCRT regimen.

Results: High SLFN11 expression was independently associated with better prognosis in ESCC patients (hazard
ratio = 0.295, 95% CI = 0.143–0.605, p = 0.001 for multivariate analysis). Kaplan-Meier survival curves showed that the
prognostic value of high SLFN11 expression was most evident in patients at clinical stages II and III (p = 0.004). In
in vitro study, SLFN11-proficient cells were highly sensitive to platinum derivatives compared to SLFN11-deficient
cells.

Conclusion: SLFN11 expression is an independent prognostic factor for ESCC patients treated with dCRT and a
potential biomarker for treatment selection of ESCC. Examination of SLFN11 may be particularly useful for clinical
Stage II–III patients who wish to choose dCRT (instead of surgery) to preserve esophageal function.
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Background
Esophageal cancer is among the solid tumors with
poor prognosis. There are two main pathological
types: esophageal squamous cell carcinoma (ESCC)
and esophageal adenocarcinoma. Treatment comprises
endoscopic submucosal dissection, surgery,
chemotherapy, radiotherapy or combinations of these.
The type of treatment selected is usually determined
by clinical stage, performance status, tolerance to
anesthesia, and/or the wishes of each patient. Follow-
ing reports by Herskovic et al. and Cooper et al. [1,
2], clinical trials of definitive chemoradiation therapy
(dCRT), which combines platinum-based drug, 5-
fluorouracil and irradiation, were initiated in
unresectable esophageal cancer patients with/without
distant lymph node metastasis (cT4/cM1-lym) in
Japan [3]. Since verifying the therapeutic effectiveness
and manageable tolerability of dCRT in these patients
(median survival time, 9–13.6 months; 3-year survival
rate, 23–30%) [3–6], dCRT has become a standard
treatment for patients with clinical stage IVA or clin-
ical stage IVB (cM1-lym) esophageal cancer [7]. Sub-
sequent clinical trials have since been performed in
Japanese patients at a resectable clinical stage [8–12].
Currently, dCRT is most often performed in patients
at a resectable clinical stage (i.e. clinical stage I
(cT1b), II and III) because clinical stage II–III pa-
tients tend to select dCRT (instead of surgery) to pre-
serve esophageal function and quality of life.
Importantly, Kato et al. [11] reported that the overall
survival of clinical stage II and III ESCC patients who
undergo surgery is similar to that of patients treated
with dCRT, although the 3-year survival of dCRT-
treated patients is 44.7%. Therefore, although the ef-
fectiveness of dCRT is comparable to that of surgery,
the moderate survival rate implies that some clinical
stage II and III patients are poor responders to dCRT.
Currently, however, there is no way to predict re-
sponders or non-responders to dCRT in advance. The
identification of predictive biomarkers is an unmet
need.
The Schlafen (SLFN) family of genes, first identified in

mice and since shown to be present only in mammals, is
involved in multiple cellular processes, including growth
and immune regulation and cellular differentiation [13,
14]. SLFN11, one of the 5 human SLFNs, is a putative
DNA/RNA helicase concentrated in the nucleus [14]
and has a dominant role in sensitizing malignant cells to
DNA-targeting anti-cancer agents [13, 15]. SLFN11 se-
lectively augments the anti-cancer effects of anti-cancer
agents that target DNA replication, such as topoisomer-
ase (TOP) inhibitors (TOP1 inhibitors: camptothecin,
topotecan and irinotecan; TOP2 inhibitors: etoposide,
mitoxantrone and doxorubicin), alkylating agents

(cisplatin and carboplatin) and DNA synthesis inhibitors
(gemcitabine and cytarabine) [15, 16]. High SLFN11 ex-
pression is also associated with hypersensitivity to poly
(ADP-ribose) polymerase (PARP) inhibitors [17–19]. A
common mechanism of action among these drugs is in-
duction of DNA damage that causes replication fork
stalling with cell cycle checkpoint activation, which is
known as replication stress. Recently, we revealed that
SLFN11 is recruited to replication forks under replica-
tion stress, where it persistently blocks replication. This
explains why SLFN11-positive cells are selectively killed
by replication stress-inducing drugs [13, 20]. SLFN11
also reportedly enhances cellular radiosensitivity [21].
Based on this background, we investigated SLFN11 ex-

pression levels in ESCC, and examined the correlation
between SLFN11 expression level and prognosis in
ESCC patients treated with dCRT. We also conducted
an in vitro study to investigate the effect of SLFN11 on
the anticancer drug-sensitivity of human cell lines.

Methods
Study design and quality management
This study was conducted under a retrospective/observa-
tional design and is in accordance with the STROBE
Statement and REMARK guidelines [22]. All authors
contributing to this clinical research completed an e-
learning program, Good Clinical Practice Education and
Training (eAPRIN) prior to the start of the study. The
study protocol was in advance approved by the ethics
committee of Hamamatsu University School of Medi-
cine, Hamamatsu, Japan (Approval no. E18–185).

Subjects
Our hospital database was searched using the expression
“esophageal cancer” from January 2003 to June 2014. A
total of 597 subjects were identified (Fig. 1). Among
these, 78 ESCC patients received low-dose nedaplatin
(cis-diammine-glycolatoplatinum) + 5-fluorouracil with
concurrent radiation as first-line treatment and met the
inclusion criteria (Table S1). Five of these patients were
then excluded based on the exclusion criteria (Table S1),
leaving 73 patients for analysis of the correlation be-
tween SLFN11 expression and overall survival.

SLFN11 expression level and overall survival
Paraffin-embedded specimens obtained during esopha-
goscopy prior to dCRT were subjected to immunohisto-
chemical staining with an anti-SLFN11 mouse
monoclonal antibody (sc-515,071; Santa Cruz Biotech-
nology, Dallas, TX, USA) at 1:300 dilution [13] using
previously described methods [23]. Two pathologists
(S.B. and H.S.) evaluated the expression level of SLFN11
in each patient using a semi-quantitative method and
calculated the histo-score (H-score) [24, 25] (Fig. 2).
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Patient medical records were accessed from the hospital
information system. We analyzed the correlation be-
tween expression levels of SLFN11 and overall survival.

Performance status
We evaluated the performance status of each patient in
accordance with the Eastern Cooperative Oncology
Group (ECOG) criteria [26]. Performance status of all
subjects ranged from 0 to 2.

Chemoradiotherapy
Dose intensities of nedaplatin and 5-fluorouracil were
calculated as previously reported [27].
Each patient received a total of 60 Gy of radiation in

principle. At least two courses of additional chemother-
apy were then given after dCRT. We assessed thera-
peutic effect by computed tomography and
esophagoscopy every 4–6 months after completion of
dCRT.

Radiation range and dosage
The standard dose of dCRT in western countries is 50.4
Gy/28 fractions [28]. In contrast, previous studies in

Japan have commonly reported the use of 60 Gy/30 frac-
tions [4, 6, 8, 10, 11, 29]. Our hospital uses 40 Gy/20
fractions to irradiate a field that includes the primary le-
sion, regional lymph nodes, and regions of distant lymph
node metastasis when present. Additionally, 20 Gy/10
fractions were used to irradiate the primary lesion with a
suitable margin.

Cell lines and drugs
Human leukemia K562 and CCRF-CEM cell lines
were grown in RPMI medium 1640 (1x, 11,875–093;
Gibco, Thermo Fisher Scientific Inc., Waltham, MA,
USA) which included 10% fetal bovine serum (100–
106; Gemini Bio-Products Inc., West Sacramento, CA,
USA) and 1% penicillin-streptomycin (15140–122,
Gibco) at 37 °C in a 5% CO2 atmosphere. SLFN11-
knockout cells were generated from CCRF-CEM and
genetically modified K562 cell lines (K562 + vector
and K562 + SLFN11) as described previously [18, 20].
Nedaplatin (143–09481), carboplatin (033–25,231) and
5-fluorouracil (068–01401) were obtained from Fuji-
film Wako Pure Chemical Corp. (Osaka, Japan).

Fig. 1 Participant flow. Abbreviations: cT1a, tumor invasion to the muscularis mucosa; cT1b, tumor invasion to the submucosa; cM1-lym, distant
lymph node metastasis; dCRT, definitive chemoradiotherapy; H-score, histo-score
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Viability assay
Sensitivity to the drugs was measured by continuous ex-
posure of cells to various concentrations of the drugs for
72 h. Wells in 384-well white plates (6,007,680; Perkin
Elmer Life Sciences) were seeded with 2000 cells in 40 μl
of medium per well. The ATPlite 1-step kit (PerkinEl-
mer) was used to determine cellular viability, and lumi-
nescence was measured with an Infinite M200 (TECA
N). ATP concentration in untreated cells was considered
as 100%, and the viability (%) of treated cells was consid-
ered as ATP-treated cells/ATP-untreated cells × 100.

Study size and statistical analysis
The ideal sample size was found to be at least 30 (15 sub-
jects each with high and low SLFN11 expression) as rec-
ommended by a biostatistician (E.O.). Because SLFN11
has been reported to be inactivated in about 50% of cancer
cell lines [20], we calculated that about half of the ESCC
subjects would have high SLFN11, which in turn indicated
the need for at least 30 eligible subjects (15/0.5) in order
to enroll 15 ESCC subjects each with high and low
SLFN11 expression. About 60% of ESCC patients in our
hospital who received dCRT were provided the low-dose
nedaplatin + 5-fluorouracil regimen. Finally, we deter-
mined that at least 50 patients were required (30/0.6).
Cox regression analysis was used to assess the association

between clinicopathological variables and survival. The chi-
squared test or Fisher’s exact test was used to analyze the

relationship between clinicopathological variables and
SLFN11. The survival of patients with high and low SLFN11
expression were compared using the Kaplan-Meier method
and log-rank test. All analysis was conducted using SPSS
ver. 24 (IBM, Madison Ave, NC, USA), and p values of less
than 0.050 were considered to show statistical significance.

Results
Patients with high SLFN11 expression have longer overall
survival
Subjects’ clinical demographic characteristics are pre-
sented in Table 1. Median (range) follow-up was 23 (12–
44) months. The results of univariate and multivariate
analyses of the effect of clinical parameters on overall sur-
vival are summarized in Table 2. Performance status,
tumor size, clinical stage and high SLFN11 expression (H-
score ≥ 51) were statistically associated with overall sur-
vival in univariate analyses (hazard ratio [HR] = 2.98, 95%
confidential interval [CI] 1.43–6.19, p = 0.004; HR = 3.76,
95% CI 1.78–7.90, p < 0.001; HR = 5.12, 95% CI 2.45–
10.95, p < 0.001; HR = 0.44, 95% CI 0.22–0.87, p = 0.018,
respectively). In multivariate analysis, clinical stage and
SLFN11 expression were independent prognostic factors
(HR = 4.09, 95% CI 1.49–11.21, p = 0.006; HR = 0.295, 95%
CI 0.14–0.61, p = 0.001, respectively) (Table 2).
Kaplan-Meier survival curves showed that the overall sur-

vival of ESCC patients with high SLFN11 expression was
significantly longer than that of patients with low SLFN11

Fig. 2 Semiquantitative scoring scheme for SLFN11 expression. SLFN11 level in the nucleus of tumor cells was determined using a 0+ to 3+
scale. Representative micrographs for each score are shown. The histo-score (H-score) for each patient was evaluated using the following formula:
(% of cells 3+) × 3 + (% of cells 2+) × 2 + (% of cells 1+). H-score≥ 51 was defined as high SLFN11 expression
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Table 1 Characteristics of subjects with ESCC
Gender Male 61 (83.6%)

Female 12 (16.4%)

Age Mean ± SD, (y) 69.0 ± 8.2

Weight Mean ± SD, (kg) 53.9 ± 8.8

Height Mean ± SD, (cm) 161.1 ± 8.0

Performance status 0 18 (24.7%)

1 39 (53.4%)

2 16 (21.9%)

3 0 (0.0%)

eGFR Mean ± SD, (ml/min/1.73 m2) 78.0 ± 20.5

Tumor location (primary site) Ce 9 (12.3%)

Ut 11 (15.1%)

Mt 35 (47.9%)

Lt 18 (24.7%)

EGJ 0 (0.0%)

Number of pre-CRT biopsy samples Median with range, (n) 2 (1–6)

Histological type Well differentiated SCC 10 (13.7%)

Moderately differentiated SCC 54 (74.0%)

Poorly differentiated SCC 9 (12.3%)

Basaloid SCC 0 (0.0%)

Depth of invasion cTis 0 (0.0%)

cT1a 0 (0.0%)

cT1b 15 (20.5%)

cT2 9 (12.3%)

cT3 22 (30.1%)

cT4a 12 (16.4%)

cT4b 15 (20.5%)

Tumor size Median with range, (cm) 5.0 (1.0–10.5)

Lymph node metastasis cN0 24 (32.9%)

cN1 12 (16.4%)

cN2 32 (43.8%)

cN3 5 (6.8%)

Distant metastasis cM0 63 (86.3%)

cM1-lym 10 (13.7%)

cM1-hematogenous or (pleural/peritoneal) dissemination 0 (0.0%)

Clinical stage, TNM 8th 0 0 (0.0%)

I (cT1b) 14 (19.2%)

II 8 (11.0%)

III 16 (21.9%)

IVA 25 (34.2%)

IVB (cM1-lym) 10 (13.7%)

IVB with hematogenous metastasis or (pleural/peritoneal) dissemination 0 (0.0%)

SLFN11 expression Mean ± SD, (H-score) 74.6 ± 77.7

Follow up periods Median (range) 23 (12–44)

Abbreviations: SD standard deviation, eGFR estimated glomerular filtration rate, CE cervical esophagus, Ut upper thoracic esophagus, Mt middle thoracic
esophagus, Lt lower thoracic esophagus, EGJ esophago-gastric junction, cT1a tumor invasion to the muscularis mucosa, cT1b tumor invasion to the submucosa,
cT2 tumor invasion to the muscularis propria, cT3 tumor invasion to the adventitia, cT4a tumor invasion to the pleura, pericardium, azygos vein, diaphragm, or
peritoneum, cT4b tumor invasion to other adjacent structures, such as the aorta, vertebral body, or trachea, cN0 no regional lymph node metastasis, cN1
metastasis in 1–2 regional lymph nodes, cN2 metastasis in 3–6 regional lymph nodes, cN3 metastasis in 7 or more regional lymph nodes, cM0 no distant
metastasis, cM1-lym distant lymph node metastasis, CRT chemoradiotherapy, H-score histo-score
All values indicate n (%) unless otherwise indicated
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expression (p = 0.013; Fig. 3a). When stratified by clinical
stage, there was no statistically significant difference in
overall survival between clinical stage I (cT1b) subjects with
high and low SLFN11 expression, both of which had favor-
able overall survival rates (p = 0.564; Fig. 3b). In contrast, in
clinical stage II + III and clinical stage IVA + IVB (cM1-
lym), subjects with high SLFN11 expression had longer
overall survival than those with low SLFN11 expression
(p = 0.004, Fig. 3c; p = 0.007, Fig. 3d, respectively). Overall,
these results suggest that high SLFN11 expression is associ-
ated with better prognosis in ESCC patients after dCRT.

High SLFN11 expression is an independent factor for
good prognosis
We analyzed the association between SLFN11 expression
and clinicopathological variables (Table 3). Univariate
analysis showed that no clinicopathological variable,

including the number of pre-dCRT tumor biopsy speci-
mens, met a significance level of 0.050. Age, however,
met a significance level of 0.100 (p = 0.062), suggesting
that there may be a significant association between
SLFN11 expression and age in larger size studies. In our
study, however, no clinicopathological variables affected
the SLFN11 expression level. Therefore, SLFN11 expres-
sion is an independent factor associated with the overall
survival of ESCC patients who received dCRT.

Nedaplatin but not 5-fluorouracil causes SLFN11-
dependent toxicity
To experimentally test the usefulness of SLFN11 as a
marker of response to the dCRT regimen, we performed
viability assays using previously established isogenic hu-
man cell lines differentially expressing SLFN11 (human
leukemia CCRF-CEM SLFN11-proficient [parent] and

Table 2 Relationship between overall survival and clinicopathological variables

Variable n Univariate analysis Multivariate analysis

HR (95% CI) P value HR (95% CI) P value

Gender Male 61 1 (reference) 0.657

Female 12 0.807 (0.313–2.080)

Age (y) < 65 26 1 (reference) 0.422

≥ 65 47 1.340 (0.656–2.738)

Performance status 0 or 1 57 1 (reference) 0.004 a 1 (reference) 0.066

2 16 2.975 (1.431–6.186) 2.051 (0.954–4.410)

Body surface area (m2) < 1.50 30 1 (reference) 0.162

≥ 1.50 43 1.664 (0.815–3.398)

eGFR (ml/min/1.73m2) < 60 13 1 (reference) 0.838

≥ 60 60 1.096 (0.455–2.643)

Tumor size (cm) < 5 35 1 (reference) < 0.001 a 1 (reference) 0.332

≥ 5 38 3.755 (1.784–7.903) 1.638 (0.605–4.436)

Post-dCRT chemotherapy – 17 1 (reference) 0.646

+ 56 0.823 (0.358–1.891)

Histological type Differentiated 64 1 (reference) 0.876

Un-differentiated 9 1.079 (0.418–2.782)

Clinical stage in UICC 8th edition I (cT1b) - III 38 1 (reference) < 0.001 a 1 (reference) 0.006 a

IVA or IVB (cM1-lym) 35 5.177 (2.448–10.946) 4.085 (1.488–11.211)

Radiation dose (Gy) < 57 13 1 (reference) 0.670

≥ 57 60 1.229 (0.477–3.169)

Nedaplatin dose intensity in dCRT (%) < 90 45 1 (reference) 0.360

≥ 90 28 0.716 (0.351–1.463)

5-fluorouracil dose intensity in dCRT (%) < 90 47 1 (reference) 0.130

≥ 90 26 0.556 (0.261–1.188)

SLFN11 expression Low (< 51) 37 1 (reference) 0.018 a 1 (reference) 0.001 a

(H-score) High (≥ 51) 36 0.438 (0.221–0.866) 0.295 (0.143–0.605)

Abbreviations: HR hazard ratio, CI confidence interval, eGFR estimated glomerular filtration rate, cM1-lym distant lymph node metastasis, dCRT definitive
chemoradiotherapy, H-score histo-score
astatistically significant
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Fig. 3 Kaplan-Meier curves of overall survival in ESCC patients in relation to SLFN11 expression. a In all subjects, prognosis after dCRT of the high
SLFN11 group was significantly better than that of the low SLFN11 group (p = 0.013). b In clinical stage I (cT1b) patients, SLFN11-dependent
differences in overall survival were not observed (p = 0.564). However, in clinical stage II + III (c) and clinical stage IVA + IVB (cM1-lym) patients (d),
prognosis of the high SLFN11 group was better than that of the low SLFN11 group (p = 0.004 and p = 0.007, respectively). Abbreviations: ESCC,
esophageal squamous cell carcinoma; dCRT, definitive chemoradiotherapy; clinical stage, clinical stage in UICC 8th edition; cT1b, tumor invasion
to the submucosa; cM1-lym, distant lymph node metastasis
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-deficient [SLFN11-KO], and K562 SLFN11-deficient
[K562 + vector] and -proficient [K562 + SLFN11] cell
lines) [18] (Figure S1). Consistent with previous reports
based on cancer cell database correlations [30, 31],
SLFN11-proficient cells were highly sensitive to carbo-
platin and nedaplatin compared to SLFN11-deficient
cells. In contrast, SLFN11 expression level did not affect
sensitivity to 5-fluorouracil. Therefore, the SLFN11-
dependent improvement in clinical outcome may be de-
rived from the improved response of tumors expressing
high SLFN11 to nedaplatin but not 5-fluorouracil.

Discussion
Our study shows that high SLFN11 expression is an in-
dependent factor for good prognosis in ESCC patients
treated with dCRT. Our data suggest that examination
of SLFN11 level in biopsy samples may be useful for
treatment selection (surgery or dCRT), and that further
investigation of SLFN11 as a biomarker of treatment re-
sponse in clinical settings is warranted.

SLFN11 level and ESCC patient prognosis after dCRT
We observed a significant correlation between SLFN11
expression level in biopsy tissue before treatment and
overall survival post-dCRT in ESCC patients. While
dCRT combines three treatments, nedaplatin, 5-
fluorouracil and irradiation, our study (Figure S1) and a

report by Mu et al. [21] indicate that the improved out-
come in tumors expressing high levels of SLFN11 is de-
rived from the cells’ response to nedaplatin and
irradiation but not 5-fluorouracil.

SLFN11 expression and age
Although we found no significant correlation between
SLFN11 expression and other clinicopathological vari-
ables (Table 3), SLFN11 expression levels tended to be
lower in older patients. A previous report suggested that
high levels of methylation of SLFN11 were significantly
associated with older age [32]. Bioinformatics analysis
using CellMinerCDB (https://discover.nci.nih.gov/cellmi-
nercdb/) demonstrated a strong inverse correlation be-
tween SLFN11 methylation in promoter regions and its
mRNA expression level (r = − 0.750, p = 0.00013; Figure
S2) [30, 31]. Therefore, high levels of methylation of
SLFN11 may explain the tendency for SLFN11 expres-
sion to be lower in older patients in our study.

Translation of SLFN11 to the clinical practice
Our data showed that the prognosis of stage I (cT1b) pa-
tients was relatively good irrespective of SLFN11 status.
In the USA, clinical stage IVA and IVB (cM1-lym) are
indications for palliative therapy, and dCRT is not pro-
vided as a treatment option. In contrast, clinical stage II
and III are generally indications for surgery or dCRT (as

Table 3 Relationship between SLFN11 expression level and clinicopathological variables

Variable SLFN-11 expression P value

Low High

n (%) n (%)

Gender Male 32 (52.5) 29 (47.5) 0.345

Female 4 (33.3) 8 (66.7)

Age < 65 9 (34.6) 17 (65.4) 0.062

≥ 65 27 (57.4) 20 (42.6)

Number of pre-dCRT biopsy specimens including tumor tissue 1 5 (45.5) 6 (54.5) 0.781

≥ 2 31 (50.0) 31 (50.0)

Histological type Differentiated 33 (51.6) 31 (48.4) 0.725

Un-differentiated 3 (33.3) 6 (66.7)

Depth of invasion cT1b or T2 12 (50.0) 12 (50.0) 0.935

cT3 - T4b 24 (49.0) 25 (51.0)

Tumor size < 5 cm 17 (48.6) 18 (51.4) 0.903

≥ 5 cm 19 (50.0) 19 (50.0)

Lymphatic metastasis cN0 11 (45.8) 13 (54.2) 0.677

(regional lymph node) cN1 - N3 25 (51.0) 24 (49.0)

Distant metastasis cM0 32 (50.8) 31 (49.2) 0.736

(distant lymph node) cM1 -lym 4 (40.0) 6 (60.0)

Abbreviations: CI confidence interval, cT1b tumor invasion to the submucosa, cT2 tumor invasion to the muscularis propria, cT3 tumor invasion to the adventitia,
cT4b tumor invades adjacent structures, such as the aorta, vertebral body, or trachea, cN0 no regional lymph node metastasis, cN1 metastasis in 1–2 regional
lymph nodes, cN3 metastasis in 7 or more regional lymph nodes, cM0 no distant metastasis, cM1-lym distant lymph node metastasis, dCRT
definitive chemoradiotherapy
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a non-surgical option). Importantly, the prognosis of pa-
tients treated with surgery is comparable to that of pa-
tients treated with dCRT [11, 33]. In our study setting,
we showed that the SLFN11-dependent good outcome is
more evident in clinical stage II and III patients than in
those at other stages. Therefore, examination of SLFN11
expression level may be particularly useful for clinical
stage II–III ESCC patients who wish to choose dCRT
(instead of surgery) to preserve esophageal function.
Moreover, this subset of patients is also a candidate for
trimodal treatment, namely neoadjuvant concurrent che-
moradiotherapy followed by surgery.
Taken together, our results suggest that the examin-

ation of SLFN11 expression might be useful in optimal
treatment selection.

Limitations
Our data should be interpreted in the context of several
limitations.
First, because our study was retrospective, we could

not address all confounding biases. In an attempt to
minimize the influence of confounding biases, we re-
cruited as many patients as possible (n = 597) and
adopted a solid outcome endpoint (i.e. overall survival).
Second, from among these 597 patients, 73 were en-

rolled in accordance with the inclusion/exclusion cri-
teria. Even in a study of this sample size, SLFN11
expression level was an independent prognostic factor,
probably because of its strong correlation with DNA-
damaging treatment sensitivity. Similar future studies
should be conducted to confirm our conclusions.
Third, we provisionally defined an H-score ≥ 51 as in-

dicating high SLFN11 expression.
This threshold was selected from an ROC curve of

SLFN11 expression level versus 3-year overall survival after
dCRT (data not shown). Therefore, the threshold may differ
according to different settings such as the antibody used for
immunohistochemistry, specimen size, and/or cancer type.
Fourth, we have used a low-dose nedaplatin + 5-fluoro-

uracil regimen in dCRT for renal protection since 2003.
Nedaplatin is used as an alternative to cisplatin, especially
in Japan, as it reportedly has fewer side-effects than cis-
platin [34]. According to national data from 2016 (Japanese
Ministry of Health, Labor and Welfare), nedaplatin (instead
of cisplatin) was used at a frequency of 12% (at 1 to 7.4 ra-
tio) in chemo−/chemoradiotherapy in esophageal cancer
patients [35]. Although cisplatin + 5-fluorouracil is the glo-
bal standard combination regimen for dCRT in ESCC pa-
tients, the treatment performance of cisplatin + 5-
fluorouracil with concomitant radiotherapy and low-dose
nedaplatin + 5-fluorouracil with concomitant radiotherapy
is reportedly similar in esophageal cancer patients [6, 34].
In this setting, as shown above, cancer cell lines with high
SLFN11 expression had better therapeutic sensitivity to

nedaplatin than those with low SLFN11 expression (Figure
S1). Given that our aim was to investigate the effect of
SLFN11 on the reactivity of ESCC to a platinum derivative
and radiation, we do not think that enrolling patients
treated with a low-dose nedaplatin + 5-fluorouracil regimen
with radiation affected our conclusion.
Fifth, among the types of esophageal cancer, adenocar-

cinoma is the most prevalent in western countries, while
ESCC is the most frequent (90.5%) in Japan [36]. There-
fore, the frequency of different pathological types of
esophageal cancer may differ according to ethnicity.
Sixth, although, SLFN11 expression was an independ-

ent prognostic factor in our own study cohort, external
validation of this finding is warranted. Confirmation in a
larger study may allow the drawing of firm conclusions.
Finally, in our vitro study, we investigated the associ-

ation between SLFN11 expression and sensitivity to these
anticancer agents using leukemia cell lines, as in our previ-
ous report, to allow timely reporting [18]. Additional
evaluation in esophageal cancer cell lines is desirable.

Conclusion
Our study revealed that high SLFN11 expression is associ-
ated with better prognosis in E-SCC patients treated with
dCRT because SLFN11 sensitizes ESCC cells to DNA-
damaging treatments such as platinum derivatives and radi-
ation. We believe that examination of SLFN11 expression is
useful in ensuring the optimal selection of anti-cancer treat-
ment. The clinical predictive value of SLFN11 warrants fur-
ther evaluation in prospective clinical studies.
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The online version contains supplementary material available at https://doi.
org/10.1186/s12885-020-07574-x.

Additional file 1: Table S1. Key inclusion and exclusion criteria. Figure
S1. SLFN11 sensitizes cancer cells to nedaplatin and carboplatin but not
5-fluorouracil. (A–C) Viability curves of the indicated cell lines after con-
tinuous treatment for 72 h with the indicated agents (carboplatin, neda-
platin, and 5-fluorouracil). ATP concentration was measured to estimate
cell viability. The viability of untreated cells was defined as 100%. Error
bars represent standard deviation (n = 3). Human leukemia CCRF-CEM
SLFN11-proficient [parent] and -deficient [SLFN11-KO], and K562 SLFN11-
deficient [K562 + vector] and -proficient [K562 + SLFN11] cell lines were
established previously [18, 20, 31]. Figure S2. Inverse correlation between
DNA methylation and transcripts of SLFN11. Scatter plot shows the level
of SLFN11 methylation in the promoter region (y-axis) and its mRNA ex-
pression level (Log2, x-axis) in esophageal squamous cell carcinoma cell
lines within the dataset Sanger/MGH GDSC (http://discover.nci.nih.gov/
cellminercdb). Pearson’s correlation coefficient (r) and two-sided P value
(p) are shown above the chart. (PPTX 326 kb)
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Ce: Cervical esophagus; cisplatin: Cis-diamminedichloro-platinum (cisplatin);
CI: Confidence interval; cM1-lym: cM1 with distant lymph node metastasis;
cN0: no regional lymph node metastasis; cN1: metastasis in 1–2 regional
lymph nodes; cN2: metastasis in 3–6 regional lymph nodes; cN3: metastasis
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adventitia; cT4a: Tumor invades the pleura, pericardium, azygos vein,
diaphragm, or peritoneum; cT4b: Tumor invades other adjacent structures,
such as the aorta, vertebral body, or trachea; dCRT: Definitive
chemoradiotherapy; ECOG: Eastern Cooperative Oncology Group;
eGFR: Estimated glomerular filtration rate; EGJ: Esophago-gastric junction;
ESCC: Esophageal squamous cell carcinoma; H-score: histo-score; HR: Hazard
ratio; Lt: Lower thoracic esophagus; Mt: Middle thoracic esophagus; N/A: Not
applicable; PR: Partial response; RECIST: Response Evaluation Criteria in Solid
Tumors; SCC: Squamous cell carcinoma; SD: Stable disease; SLFN-
11: Schlafen-11; UICC: Union for International Cancer Control; Ut: Upper
thoracic esophagus
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