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Purpose: To assess the role of the expression levels of FOXK family members, FOXK1 and 
FOXK2, in predicting response to neo-chemoradiotherapy (NCRT) and prognosis in locally 
advanced rectal cancer (LARC).
Methods: A total of 256 LARC patients who underwent NCRT and radical resection 
between 2011 and 2017 were enrolled in the present study. The patients were divided into 
a training dataset (n=169, 2011–2015) and a validation dataset (n=87, 2016–2017). Tumor 
tissues were collected before NCRT and post-surgery and were used for immunohistochem-
ical analysis.
Results: Oncomine database analysis revealed that FOXK1 and FOXK2 were overexpressed 
in most cancers especially in colorectal cancer. Additionally, overexpression of FOXK1 and 
FOXK2 was associated with poorer prognosis by the R2 database. In both our training and 
validation datasets, the expression of FOXK1 and FOXK2 was lower in the pathological 
complete response (pCR) group compared with the non-pCR group (P<0.05). Cox regression 
analysis demonstrated that pathological N stage (HR=1.810, 95% CI 1.159–2.827, P=0.009), 
FOXK1 expression (HR=5.831, 95% CI 2.925–11.625, P<0.001), and FOXK2 expression 
(HR=2.390, 95% CI 11.272–4.491, P=0.007) were independent predictors of disease-free 
survival (DFS). Based on the Cox multivariate analysis, we constructed a risk score model 
that served as a prognostic biomarker and had a powerful ability to predict pCR in LARC 
patients upon NCRT in both training and validation groups.
Conclusion: Expression levels of FOXK family members were associated with chemor-
adiotherapy resistance and prognosis of LARC patients following NCRT and were used to 
construct a risk score model that is a promising biomarker for LARC.
Keywords: rectal cancer, neoadjuvant chemoradiotherapy, FOXK1, FOXK2, prognosis

Introduction
The Forkhead box (FOX) family can be grouped into 19 subfamilies (FOXA to 
FOXS) based on sequence homology.1–3 The FOXK transcription factors are 
ubiquitously expressed in various tissues and organs and play vital roles in cellular 
functions of higher organisms. In mammalian species, the FOXK family includes 
two members, FOXK1 and FOXK2. FOXK family can regulate cell proliferation, 
survival, skeletal muscle regeneration, and myogenic differentiation as well as 
carcinogenesis.4–7 A tightly controlled expression and activity of FOXKs provide 
a balanced transcriptional network to ensure appropriate cell function and tissue 
development. Therefore, the deregulation of FOXKs affects cell proliferation, 
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differentiation, apoptosis, autophagy, migration, invasion 
and DNA repair, which are closely associated with cancer 
initiation, development, metastasis, angiogenesis and drug 
resistance.8–13 Previous studies have implicated the FOXK 
family members in several cancers, including breast can-
cer, gastric cancer, colorectal cancer, and lung cancer.14–19 

However, the exact role of these proteins in cancer 
remains to be fully elucidated. Moreover, the expression 
levels of the FOXK family members in cancers are still 
unclear. Sun et al20 reported that FOXK1 expression is 
lower in breast cancer tissue and cell lines compared with 
normal tissue. In contrast, Li et al19 showed that the 
expression of FOXK1 was higher in breast cancer tissue 
compared with adjacent-cancer tissues. Low expression of 
FOXK2 in tumor tissue compared with normal tissue was 
identified in breast cancer, clear-cell renal, gastric cancer, 
glioma, and non-small cell lung cancer.21–25 On the other 
hand, the expression of FOXK2 was high in colorectal 
cancer and hepatocellular cancer.26,27 In addition, the 
expression and role of the FOXK family in the locally 
advanced rectal cancer (LARC) patients receiving neoad-
juvant chemoradiotherapy (NCRT) is still unclear.

NCRT followed by total mesorectal excision (TME) 
has become the standard of care for LARC. This strategy 
offers a higher probability of tumor downsizing and down-
staging, increased tumor resectability, sphincter preserva-
tion, and better local tumor control.28–30 However, LARC 
patients show a wide range of responsiveness to NCRT. 
Approximately 15% to 45% of LARC patients develop 
resistance to NCRT.31 Unfortunately, there is a lack of 
reliable biomarkers and the mechanisms of resistance to 
NCRT are still unclear. Previous studies have demon-
strated that FOXK2 expression is associated with the 
response to paclitaxel in breast cancer,32 and Wu et al 
reported that knockdown of FOXK1 promoted 5-fluorour-
acil (FU)-induced apoptosis in colorectal cancer.6 

However, there is no relevant report regarding the associa-
tion between the FOXK family and CRT in LARC 
patients. Thus, exploration of the relationship between 
the expression of FOXK family members and resistance 
to NCRT in the LARC patients is imperative.

To address this gap in the literature, the present study 
explored the effect of the pre-NCRT and post-surgery 
expression of FOXK family members in LARC patients 
in terms of NCRT response and survival outcome and 
resulted in the construction of a predictive and prognostic 
risk score model.

Patients and Method
Patient Eligibility
This study was a retrospective study based on our prospec-
tively maintained colorectal cancer database and the colono-
scopy samples collected before NCRT. Consecutive LARC 
patients who underwent NCRT and radical resection between 
2011 and 2017 were identified. Patient inclusion criteria were 
as follows: 1) clinical stage II or III (cT3/4 or cN1/2) dis-
ease; 2) histopathologically confirmed adenocarcinomas; 
and 3) tumors located within 12 cm from the anal verge. 
Exclusion criteria included: 1) concurrent with previous or 
concurrent malignancies; 2) patients who underwent emer-
gency surgery, palliative resection, or local excision. A total 
of 256 patients were enrolled in the present study and were 
divided into the training dataset (n=169, 2011–2015) and the 
validation dataset (n=87, 2016–2017) according to the year 
of diagnosis. This study was approved by the Institutional 
Review Board of Fujian Medical University Union Hospital 
(2,013-051).

Treatment Protocol
Tumor assessments were performed for tumor staging by 
means of a digital rectal examination, colonoscopy, chest 
radiography or computed tomography (CT), abdominopel-
vic magnetic resonance imaging (MRI) scan, and transrec-
tal ultrasound (ERUS). Preoperative long-course radiation 
consisted of a total dose of 45 Gy to the pelvis (45 Gy in 
25 fractions, 5 days a week), followed by a boost to the 
primary tumor (5.4 Gy in 3 fractions) which was according 
to the national comprehensive cancer network (NCCN) 
guidelines.33 Concurrent chemotherapy was initiated on 
the first day of radiotherapy using one of two chemother-
apeutic regimens: 5FU plus oxaliplatin (FOLFOX) or 
capecitabine plus oxaliplatin (CapeOX).

The surgery was performed 8–12 weeks after the com-
pletion of radiation. Surgical techniques for rectal cancer, 
such as total mesorectal excision (TME) and high ligation 
of the inferior mesenteric artery, are routinely performed at 
our institution. The surgical procedure consisted of low 
anterior resection (LAR), abdominoperineal resection 
(APR), or Hartmann’s procedure. About 3–4 weeks after 
surgery, patients received postoperative adjuvant che-
motherapy (FOLFOX or CapeOX) for 6 months.

Follow-Up
Follow-up protocol was performed every 3 months for the 
first 3 years, then every 6 months for the next 2 years, and 
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annually thereafter. Physical examination (including digi-
tal rectal examination), serum carcinoembryonic antigen 
(CEA) test, chest X-ray or CT scan, and abdominopelvic 
MRI or CT scan were performed during each visit. 
A colonoscopy was scheduled annually after surgery. 
Positron emission tomography (PET) was performed 
when needed. Patient follow-up lasted until death or the 
cut-off date of December 31, 2019.

Definitions
Tumor response to NCRT was graded according to the 
American Joint Committee on Cancer pathological tumor 
regression grade (AJCC TRG);33,34 that is, TRG 0, no resi-
dual tumor cells; TRG 1, single cells or small groups of cells; 
TRG 2, residual cancer with the desmoplastic response; and 
TRG 3, minimal evidence of tumor response. Pathological 
complete response (pCR) was defined as the absence of 
viable tumor cells in the resected specimen, either at the 
primary site or in the lymph nodes. Venous blood samples 
were obtained within one week before NCRT.

Immunohistochemical Analysis and 
Identification of FOXK1 and FOXK2 in 
the Public Database
The protein expression of FOXK1 (bs-16168R, 1:200, 
BIOSS, China) and FOXK2 (DF13638, 1:100, Affinity 
Biosciences. OH. USA) in specimens obtained before 
and after NCRT in 256 LARC patients was assessed 
using the immunohistochemical streptavidin-biotin com-
plex method.35 Phosphate-buffered saline (PBS) was used 
as the negative control and the image of the positive 
control from GE Healthcare Life Sciences. Due to 
a total of 216 patients who developed pCR after NCRT, 
the above patients’ post-surgery specimens were not 
enrolled in the immunohistochemical analysis. 
Immunoreactivity was scored by semi-quantitative analy-
sis, and the fields were randomly selected in five direc-
tions (up, center, down, left, and right) under high 
magnification (×400). The color was determined based 
on the intensity score as follows: 0 (no staining), 1 (light 
yellow), 2 (brown), and 3 (deep brown). The percentage 
of positive cells was scored as 0 (<5%), 1 (5–25%), 2 
(25–50%), 3 (50–75%), and 4 (>75%). The mean value 
was calculated for each case with the aforementioned 
scoring methods and the final score was obtained by 
multiplying these two scores. All analyses were per-
formed in a double-blind manner.

The Oncomine database (https://www.oncomine.org) 
was also used to investigate the differential expression of 
FOXK1 and FOXK2 between cancer and adjacent-cancer 
tissues including CRC and normal groups. In addition, we 
explored the prognostic value of FOXK1 and FOXK2 in 
patients with CRC by the R2: Genomics Analysis and 
Visualization Platform (http://r2.amc.nl).

Statistical Analysis
Statistical analyses were performed using SPSS version 23.0 
(SPSS INC., Chicago, USA) and R software packages, version 
3.5.1 (The R Foundation for Statistical Computing, http:// 
www.-rproject.org/). Categorical variables were presented in 
frequencies and percentages and assessed using the Chi-square 
or Fisher’s exact test. Continuous variables were described as 
means and standard deviations and assessed via the analysis of 
variance (ANOVA) test. The optimal cut-off points for pre- 
NCRT FOXK1 and FOXK2 expression were calculated and 
determined by using the X-tile program (http://www.tissuear 
ray.org/rimmlab/), a new bio-informatics tool for biomarker 
assessment and outcome-based cut-point optimization, which 
identified the cut-off with the minimum p values from log-rank 
χ2 statistics in terms of disease-free survival (DFS).36 Survival 
outcomes were assessed using the Kaplan-Meier method and 
the Log rank test. A Cox proportional hazards model was used 
to identify risk factors for overall survival (OS) and DFS. 
Based on Cox regression model analysis, a risk factor model 
was developed by using the R software. The corresponding 
risk scores for the samples from the validation dataset were 
calculated using the risk score system. Based on cut-off values 
determined by receiver operating characteristics (ROC) analy-
sis, patients were divided into high-risk and low-risk groups. 
The entire patient cohort was divided into two subgroups 
according to patient outcomes (recurrence or not). The risk 
score was selected as the cut-off value when the area under the 
curve (AUC) reached its maximum. Kaplan-Meier curves and 
Cox regression analysis were performed to compare DFS risk 
between high-risk and low-risk groups. The performance of the 
model was evaluated by time-dependent ROC analysis. P < 
0.05 was considered statistically significant.

Results
Assessing the Expression and Prognostic 
Ability of FOXK1 and FOXK2 in the 
Oncomine and R2 Database
The role of the FOXK family members in different 
types of cancer is still controversial. To explore the 
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role of FOXK1 and FOXK2 in different types of can-
cers, we analyzed the expression of FOXK1 and 
FOXK2 in tumor tissues and adjacent normal tissues 
from the Oncomine database. The results (Figure 1A 
and C) indicated that FOXK1 expression was higher in 
cancerous tissues compared with adjacent normal tissues 
for most cancers including bladder cancer, brain and 
central nervous system cancer, cervical cancer, color-
ectal cancer, gastric cancer, kidney cancer, liver cancer, 
melanoma, prostate cancer, and sarcoma. On the other 
hand, the overexpression of FOXK1 remained contro-
versial in breast cancer, esophageal cancer, head and 
neck cancer, leukemia, lung cancer, and pancreatic can-
cer. Only in lymphoma, the expression of FOXK1 was 
low. We also found that FOXK2 expression was higher 
in most cancers including in colorectal cancer. To 
further explore the FOXK1 and FOXK2 expression in 
colorectal cancer we performed a meta-analysis of 22 

GEO-sourced data sets mined from the Oncomine data-
base. The results showed that FOXK1 mRNA levels 
were significantly higher in colorectal cancer tissues 
than in normal colorectal tissues (P<0.001; Figure 1B). 
Likewise, FOXK2 expression was also higher in color-
ectal cancer tissue than in normal colorectal tissues 
(P<0.001; Figure 1D), which was revealed by a meta- 
analysis of 34 GEO-sourced data sets mined from the 
Oncomine database.

The R2: Genomics Analysis and Visualization 
Platform were used to generate Kaplan-Meier event-, dis-
ease-, relapse-free, and overall survival curves using the 
“Tumor Colon-Sieber-290-MAS5.0-u133p2” data set, 
“Tumor Colon CIT (Combat)-Marisa-566-rma-u133p2” 
data set, “Tumor Colon (Core-Transcript)-Sveen-333-rma- 
sketch - huex10p data set” Tumor Colon-SieberSmith-355- 
MAS5.0 - u133p2” data set, “Tumor Colon MSI-status 
(Core Exon)-Sveen-95-rma-sketch- huex10p” data set, 

Figure 1 Validation of the FOXK family expression in the Oncomine database. (A and C) The FOXK1 and FOXK2 expression between cancer tissue and normal tissue in 
the multiple cancers. (B and D) The FOXK1 and FOXK2 expression between colorectal cancer tissue and normal tissue in the meta-analysis basing on the Oncomine 
database (P<0.01).
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“Tumor Colon MSI-status (Core Transcript)-Sveen-95-rma 
-sketch- huex10p” data set, and “Tumor Colon (Core- 
Exon)-Sveen-333-rma-sketch - huex10p data set”. Low 
FBXW4 expression was correlated with a significantly 
worse event and relapse-free survival (both P < 0.05; 
Figure 2A–G).

Clinicopathological Parameters Between 
the Training and Validation Datasets
Among a total of 257 LARC patients, 169 LARC patients 
were enrolled in the training dataset and 87 patients in the 
validation dataset. No statistical differences were observed 
between two datasets in terms of gender, age, interval time 
between NCRT and surgery, distance from the anal verge, 
clinical T stage, clinical N stage, hypoproteinemia, and 
pre-NCRT carcinoembryonic antigen (CEA) level, as 
shown in Supplementary Table 1. In terms of perioperative 
clinicopathological parameters, no statistical differences 
were found between the two datasets, as shown in 
Supplementary Table 1 and Supplementary Table 2.

Association of Pre-NCRT FOXK1, 
FOXK2 Expression with pCR
pCR is considered a short-term endpoint of NCRT. To ana-
lyze the expression of the FOXK family members in the 
pCR and the non-pCR groups, we explored the role of the 
FOXK family in LARC patients receiving NCRT. As shown 
in Figure 3A and B, the expression of the FOXK family 
members was lower in the pCR group compared with the 
non-pCR group (FOXK1, 9.15±0.28 vs. 5.40±0.50, P<0.01; 
FOXK2, 5.25±0.39 vs. 2.50±0.39, P<0.01) in the training 
dataset. Moreover, ROC analysis was performed to analyze 
the predictive ability of the FOXKs. The results demon-
strated that both FOXK1 and FOXK2 had a powerful ability 
to predict pCR in the training dataset (FOXK1, AUC=0.80, 
P<0.01; FOXK2, AUC=0.76, P<0.01; Figure 3E and F). To 
further verify the expression of FOXK1 and FOXK2 in 
LARC patients, we analyzed the FOXK family members in 
the validation dataset as shown in Figure 3C, D, G, and 
H. The results indicated that also in the validation set the 
expression of both FOXK1 and FOXK2 was higher in the 
non-pCR group compared with the pCR group (FOXK1, 

Figure 2 High FOXK family expression was associated with a worse event-, disease-, and relapse-free survival. (A–G) High FOXK family expression was associated with 
a significantly better event-, disease- and relapse-free survival. (both P <0.05).
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9.93±0.24 vs. 8.67±0.65, P=0.03; FOXK2 5.96±0.42 vs. 
3.27±0.60, P<0.01). For both FOXK1 and FOXK2 the pre-
dictive power for pCR was strong (FOXK1, AUC=0.67, 
P=0.04; FOXK2, AUC=0.79, P<0.01; Figure 3G and H)

The Expression of FOXK1 and FOXK2 in 
LARC Patients and Cut-off Values for 
Pre-NCRT FOXK1 and FOXK2 
Expression
Biopsy tissues from 169 LARC patients in the training dataset 
and 87 patients in the validation dataset were used to analyze 
the expression levels of FOXK1 and FOXK2 prior to NCRT. 
Additionally, surgical tissues from 129 non-pCR LARC 
patients in the training dataset and 72 non-pCR patients in 
the validation dataset were used to analyze FOXK1 and 
FOXK2 expression post-surgery. The pre-NCRT/post- 

surgery FOXK1 and FOXK2 expression levels are shown 
in the Figure 3I and J. To select the optimal cut-off points for 
FOXK1 and FOXK2 expression, 169 LARC patients in the 
training dataset were used for X-tile analysis. As shown in 
Figure 4A and B, and Supplement Figure 1, X-tile plots were 
constructed and values of 12 and 6 were identified as cut-off 
values for FOXK1 and FOXK2, respectively. Based on these 
cut-off points, we divided the entire cohort into low and high 
subgroups to assess their effect on OS and DFS.

Association of Pre-NCRT FOXK1, 
FOXK2 and Post-Surgery FOXK1, 
FOXK2 Levels with Survival in the 
Training Dataset
To explore the relationship between FOXK family members 
and prognosis in the LARC patients following NCRT, we 

Figure 3 Association of pre-NCRT FOXK1, FOXK2 expression with pCR. (A–D) the expression of FOXK family were lower in the pCR group compared with the non- 
pCR group in the training dataset (FOXK1, 9.15±0.28 vs. 5.40±0.50, P<0.01; FOXK2. 5.25±0.39 vs. 2.50±0.39, P<0.01) and validation dataset (FOXK1, 9.93±0.24 vs. 8.67 
±0.65, P=0.03; FOXK2. 5.96±0.42 vs. 3.27±0.60, P<0.01). (E–H) ROC analysis demonstrated that both FOXK1 and FOXK2 have a powerful ability to predict pCR in the 
training dataset (FOXK1, AUC=0.80, P<0.01; FOXK2, AUC=0.76, P<0.01; (E and F) and the training dataset (FOXK1, AUC=0.67, P=0.04; FOXK2, AUC=0.79, P<0.01). (I) 
the immunohistochemical analysis score of the pre-NCRT FOXK1 and FOXK2 expression. (J) the immunohistochemical analysis score of the post-surgery FOXK1 and 
FOXK2 expression.

Figure 4 The Kaplan-Meier analysis of the FOXK family in the training dataset. (A–D) Kaplan-Meier analysis of both pre-NCRT and post-surgery FOXK1 and FOXK2 
expression for DFS. (E–H) Kaplan-Meier analysis of both pre-NCRT and post-surgery FOXK1 and FOXK2 expression for OS.
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performed Kaplan-Meier analysis. The results demonstrated 
that higher expression of pre-NCRT FOXK family members 
was associated with worse prognosis in LARC patients 
following NCRT. The 3-year OS rates for the low pre- 
NCRT FOXK1 and FOXK2 group were 93.1% and 87.0%, 
respectively, which were significantly higher than in high 
pre-NCRT FOXK1 and FOXK2 group 56.9% and 64.2%, 
respectively, in the training dataset (all P<0.01, Figure 4E 
and F). Interestingly, lower pre-NCRT FOXK1 and FOXK2 
expression levels were correlated with improved DFS, and 
the 3-year DFS rates for the low pre-NCRT FOXK1 and 
FOXK2 groups were 90.5% and 81.3%, respectively, which 
was significantly higher than in the high pre-NCRT FOXK1 
and FOXK2 groups (44.3%, P<0.01 and 62.2%, P=0.01, 
respectively), as shown in Figure 4A and B. The effects of 
post-surgery FOXK1 and FOXK2 expression levels on DFS 
and OS were also analyzed in the present study. Although 
the 3-year DFS rates for the high post-surgery expression 
levels of FOXK1 and FOXK2 were 70.5% and 69.0%, 
respectively, these values were lower than in the low post- 
surgery FOXK1 and FOXK2 group (82.3%, P=0.24 and 
90.0%, P=0.08, respectively, see Figure 4C and D). 
Moreover, we observed a similar result in the OS analysis 
in the post-surgery FOXK1 and FOXK2 expression analysis 
(P=0.15 and P=0.11, respectively, Figure 4 G and H).

Association of Pre-NCRT FOXK1, 
FOXK2 and Post-Surgery FOXK1, 
FOXK2 with Survival in the Validation 
Dataset
To validate whether high expression of the FOXK family 
members was associated with worse prognosis in the LARC 

patients following NCRT, we performed the Kaplan-Meier 
analysis in the validation dataset. The 3-year OS rates in the 
low pre-NCRT FOXK1 and FOXK2 group were 97.9% and 
98.3%, respectively, which was significantly higher than in 
the high pre-NCRT FOXK1 and FOXK2 group in the 
training dataset (85.1%, P=0.02 and 80.1%, P<0.01; 
Figure 5E and F). Noteworthy, lower pre-NCRT FOXK1 
and FOXK2 expression levels were correlated with 
improved DFS, and the 3-year DFS rates for the low pre- 
NCRT FOXK1 and FOXK2 groups were 94.2% and 89.8%, 
which was significantly higher than in high pre-NCRT 
FOXK1 and FOXK2 groups (67.6%, P<0.01 and 73.9%, 
P=0.02), as shown in Figure 5A and B. The results of the 
post-surgery FOXK1 and FOXK2 is shown in Figure 5C, D, 
G, and H. Although the 3-year DFS rates for the high 
expression of FOXK1 and FOXK2 post-surgery were 
78.3% and 78.8%, lower than 94.1% and 100.0% in the 
low post-surgery FOXK1 and FOXK2 group (P=0.11, 
P=0.10). Moreover, we found a similar result in OS rates 
in the post-surgery FOXK1 and FOXK2 expression groups 
(P=0.66, P=0.97).

Prognostic Value of Pre-NCRT FOXK 
Family and Construction of the Risk 
Score
To explore the prognostic impact of pre-NCRT expression 
levels of the FOXK family members on OS and DFS in 
LARC patients, we performed a Cox regression analysis. 
Univariate analysis revealed that tumor size (P<0.001), patho-
logical T stage (P=0.001), pathological N stage (P<0.001), 
AJCC grade (P=0.005), FOXK2 expression (P=0.001), 
FOXK1 expression (P<0.001), perineural invasion 

Figure 5 The Kaplan-Meier analysis of the FOXK family in the validation dataset. (A–D) Kaplan-Meier analysis of both pre-NCRT and post-surgery FOXK1 and FOXK2 
expression for DFS. (E–H) Kaplan-Meier analysis of both pre-NCRT and post-surgery FOXK1 and FOXK2 expression for OS.
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(P=0.015), and tumor differentiation (P=0.013) were indepen-
dently associated with DFS in LARC patients following 
NCRT and TME (Table 1). Multivariate Cox regression ana-
lysis demonstrated that pathological N stage (HR=1.810, 95% 
CI 1.159–2.827, P=0.009), FOXK1 expression (HR=5.831, 
95% CI 2.925–11.625, P<0.001), and FOXK2 expression 
(HR=2.390, 95% CI 11.272–4.491, P=0.007) were indepen-
dent predictors of DFS following NCRT, as shown in Table 1.

Upon univariate analysis of predictors of OS, tumor 
size (P<0.001), pathological T stage (P=0.006), patholo-
gical N stage (P<0.001), pathological M stage (P=0.011), 
American Joint Committee on Cancer (AJCC) grade 
(P=0.010), FOXK2 expression (P=0.002), FOXK1 
expression (P<0.001), perineural invasion (P=0.003), 
distal resection margin (DRM) involvement (P=0.037), 
and tumor differentiation (P=0.008) were independently 
associated with OS in LARC patients following NCRT 

and TME (Table 2). Results from the multivariate Cox 
regression model demonstrated that pathological N stage 
(HR=2.136, 95% CI 1.242–3.674, P=0.006), FOXK1 
expression (HR=5.353, 95% CI 2.331–12.296, 
P<0.001), and FOXK2 expression (HR=4.943, 95% CI 
1.062–23.011, P=0.042) were independent predictors of 
OS following NCRT, as shown in Table 2.

Based on the DFS Cox regression result, we selected 
the expression of pre-NCRT FOXK1 and pre-NCRT 
FOXK2, and pathology TNM stage to construct a risk 
factor model as follows: risk score =1.799×(pre-NCRT 
FOXK1 expression) + 0.891×(pre-NCRT FOXK2 expres-
sion) + 0.662×pathology N stage), as demonstrated in 
Figure 6A. Using this formula, each patient had a risk 
score that was associated with an individual prognosis. 
Using the cutoff value of 2.7 for risk scores generated 
from ROC curves, patients were divided into high-risk 

Table 1 Cox Regression Analysis of Predictive Factors for Disease-Free Survival in the Training Dataset Patients with LARC Following 
NCRT (n=169)

Variables Univariate Analysis Multivariate Analysis

HR 95% CI P value HR 95% CI P value

Sex, male/female 0.757 0.406–1.411 0.381

Age 1.001 0.979–1.024 0.907
ASA 0.937 0.560–1.567 0.804

Distance from the anal verge 1.002 0.904–1.111 0.967

Tumor size 1.479 1.243–1.761 <0.001 1.131 0.927–1.379 0.224
Pathological T stage 1.624 1.226–2.151 0.001 0.933 0.623–1.397 0.737

Pathological N stage 2.374 1.686–3.344 <0.001 1.810 1.159–2.827 0.009

AJCC grade 1.575 1.146–2.167 0.005 0.980 0.643–1.494 0.926
Interval time between NCRT and surgery 0.973 0.847–1.117 0.696

DRM involvement 5.982 0.801–44.651 0.081

CRM involvement 1.786 0.246–12.960 0.566
Pre-NCRT cT stage 1.161 0.697–1.932 0.566

Pre-NCRT cN stage 0.889 0.352–2.244 0.803

Organ preservation 1.377 0.585–3.240 0.464
Pre-NCRT CEA level 1.131 0.641 −1.996 0.671

Post-NCRT CEA level 1.515 0.772 −2.970 0.227

Pre-NCRT FOXK1 expression 7.847 4.244–14.510 <0.001 5.831 2.925–11.625 <0.001
Pre-NCRT FOXK2 expression 2.789 1.552–5.011 0.001 2.390 1.272–4.491 0.007

Postoperative complications 1.257 0.626–2.522 0.521

Nerval invasion 5.968 1.419–25.092 0.015 3.453 0.778–15.325 0.103
Vascular invasion 0.049 0.000–2166.539 0.580

Tumor differentiation 2.518 1.215–5.219 0.013 1.060 0.452–2.487 0.894

Histopathology 0.227
Expanding Reference Reference

Infiltrating 0.570 0.177–1.841 0.348

Ulcering 1.401 0.282–6.947 0.680

Abbreviations: LARC, locally advanced rectal cancer; NCRT, neoadjuvant chemoradiotherapy; HR, hazard ratio; CI, confidential interval; ASA, American Society of 
Anesthesiologists; AJCC, American Joint Committee on Cancer; CEA, carcinoembryonic antigen; CRM, circumferential resection margin; DRM, distal resection margin.
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and low-risk groups. Moreover, based on the risk score, 
we confirmed the above result in the validation dataset as 
shown in Figure 6B.

Identification and Validation of the Risk 
Score in the Training Dataset and the 
Validation Dataset and Construction of 
a Decision Curve Analysis for pCR
To further explore the risk score efficiency and accuracy in 
the LARC patients, Kaplan-Meier and ROC analyses were 
performed to identify and validate the risk score in the 
training and validation datasets. The results demonstrated 
that risk scores were lower in the pCR group compared 
with the non-pCR group in both training and validation 
datasets (training dataset: 3.93±0.11 vs. 2.78±0.04, 

respectively, P<0.01; validation dataset: 4.00±0.14 vs. 
3.17±0.21, respectively, P=0.01; Figure 7A and B). 
Moreover, ROC analysis was performed to analyze the 
predictive ability of the risk score. The results demon-
strated that risk score had a powerful ability to predict 
pCR in both training and validation datasets (training 
dataset: AUC=0.78, P<0.01; validation dataset: 
AUC=0.71, P=0.01; Figure 7E and F).

Kaplan-Meier analysis revealed that 3-year OS rates 
for the low-risk score group were 96.4% and 100.0%, 
respectively, which was significantly higher than those 
for the high-risk score group (67.2% and 88.5%, respec-
tively) in both training and validation datasets (P<0.01 and 
P=0.04, respectively; Figure 7G, and H). Notably, a lower 
risk score was correlated with improved DFS, and the 
3-year DFS rates for the low-risk score group were 

Table 2 Cox Regression Analysis of Predictive Factors for Overall Survival in the Training Dataset Patients with LARC Following 
NCRT (n=169)

Variables Univariate Analysis Multivariate Analysis

HR 95% CI P value HR 95% CI P value

Sex, male/female 0.919 0.461–1.828 0.808
Age 0.990 0.965–1.016 0.466

ASA 0.903 0.496–1.643 0.739

Distance from the anal verge 1.007 0.897–1.130 0.906
Tumor size 1.497 1.218–1.840 <0.001 1.138 0.885–1.464 0.313

Pathological T stage 1.549 1.136–2.110 0.006 0.824 0.515–1.320 0.422

Pathological N stage 2.689 1.837–3.937 <0.001 2.136 1.242–3.674 0.006
Pathological M stage 3.881 1.371–10.981 0.011 0.532 0.143–1.983 0.347

AJCC grade 1.612 1.122–2.314 0.010 0.958 0.585–1.569 0.864

Interval time between NCRT and surgery 0.935 0.798–1.094 0.401
DRM involvement 8.961 1.143–70.263 0.037 1.002 0.113–8.852 0.999

CRM involvement 2.150 0.294–15.700 0.450

Pre-NCRT cT stage 1.071 0.602–1.904 0.816
Pre-NCRT cN stage 2.065 0.496–8.589 0.319

Organ preservation 1.714 0.714–4.113 0.228

Pre-NCRT CEA level 1.127 0.590 −2.152 0.716
Post-NCRT CEA level 2.005 0.970–4.143 0.060

Pre-NCRT FOXK1 expression 7.181 3.541–14.562 <0.001 5.353 2.331–12.296 <0.001

Pre-NCRT FOXK2 expression 2.798 1.450–5.401 0.002 2.208 1.010–4.824 0.047
Postoperative complications 0.877 0.366–2.103 0.769

Nerval invasion 9.014 2.110–38.504 0.003 4.943 1.062–23.011 0.042

Vascular invasion 0.049 0.000–1122.150 0.632
Tumor differentiation 2.909 1.327–6.376 0.008 1.171 0.428–3.202 0.758

Histopathology 0.137
Expanding Reference Reference

Infiltrating 0.598 0.143–2.497 0.481

Ulcering 1.899 0.317–11.368 0.482

Abbreviations: LARC, locally advanced rectal cancer; NCRT, neoadjuvant chemoradiotherapy; HR, hazard ratio; CI, confidential interval; ASA, American Society of 
Anesthesiologists; AJCC, American Joint Committee on Cancer; CEA, carcinoembryonic antigen; CRM, circumferential resection margin; DRM, distal resection margin.
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94.1% and 93.8%, significantly higher than 59.0% and 
77.9% in high-risk score group in both training and vali-
dation datasets (all P<0.01), as shown in Figure 7C and D.

Decision curve analysis (DCA) was used to evaluate 
the performance of the risk score in the pCR. As shown in 
Figure 7I, the risk score provided more benefit than either 
FOXK1 or FOXK2 in the pCR scheme. The clinical 
impact curve (Figure 7J) showed the prediction of risk 
stratification of 1000 patients using a resampling bootstrap 
method. “Number high risk” indicated the number of 
patients classified as positive (high risk) by the risk score 
according to various threshold probabilities. “Number high 
risk with the event” was the true positive patient number 
according to various threshold probabilities.

Association of Risk Score with Patient 
Characteristics in the Training Dataset 
and Validation Dataset
From the training dataset, 85 (50.3%) patients were clas-
sified into the low-risk score group and 84 (49.7%) 
patients in the high-risk score group. Meanwhile, from 
the validation dataset, 33 (37.9%) patients were classified 
into the low-risk score group and 54 (62.1%) patients in 
the high-risk score group. A higher pre-NCRT CEA level 

was found in the high-risk score group in the validation 
dataset (P<0.05). No statistical differences were observed 
between the two risk groups in terms of gender, age, 
American Society of Anesthesiologists (ASA) grade, inter-
val time between NCRT and surgery, distance from the 
anal verge, clinical T stage, clinical N stage, and post- 
surgery CEA level in both training and validation datasets, 
as shown in Table 3.

Association of Risk Score with 
Perioperative Clinicopathological 
Parameters in the Training Dataset and 
Validation Dataset
No significant differences were observed between risk 
groups in terms of pathological type, postoperative com-
plication, histopathology, circumferential resection margin 
(CRM) involvement, distal resection margin (DRM) invol-
vement, perineural invasion, vascular invasion, and organ 
preservation procedure in both training and validation 
datasets (Table 4). Compared to the low-risk score group, 
the high-risk score group was associated with an increased 
metastasis to the lymph nodes (training dataset, 0 vs 2.4 
±5.2, P<0.01; validation dataset, 0 vs 0.7±1.1, P<0.01), 
advanced pathological T stage, pathological N stage (all in 

Figure 6 Construction and identification of the risk factor model in the training dataset and validation dataset. (A) The risk factor model of the risk factors in the training 
dataset. (Upper) risk score distribution of 169 LARC patients. (Middle) Status of every patient in the external dataset (N=169). (Lower) Expression heatmap of the risk 
factors corresponding to each sample above. Red: high expression; Blue: low expression. (B) The risk factor model of the risk factors in the validation dataset. (Upper) risk 
score distribution of 87 LARC patients. (Middle) Status of every patient in the external dataset (N=87). (Lower) Expression heatmap of the risk factors corresponding to 
each sample above. Red: high expression; Blue: low expression.
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the training dataset, P<0.01; validation dataset, P<0.01), 
and poorer TRG grade (training dataset, P<0.01; validation 
dataset, P=0.021). In the training dataset, in the high-risk 
score group a larger tumor size was seen (2.5±1.3 vs 3.5 
±1.5, P<0.01), more lymph nodes were retrieved (10.4±5.2 
vs 15.4±12.6, P<0.01), and poorer tumor differentiation 

was observed (P<0.01) compared with low-risk score 
group. However, there was no significant difference 
between the high-risk and low-risk score groups in the 
validation dataset in terms of tumor size, lymph nodes 
retrieved, and tumor differentiation (P=1.000, P=0.522, 
P=0.393)

Figure 7 Validation the risk score model. (A and B) the expression of risk score were lower in the pCR group compared with the non-pCR group in the training dataset 
and validation dataset (training dataset, 4.33±0.10 vs. 2.47±0.03, P<0.01; validation dataset, 4.37±0.13 vs. 2.85±0.20, P<0.01) (C and D) Kaplan-Meier analysis of risk score 
models for Disease-free survival. (E and F) ROC analysis demonstrated that risk score has a powerful ability to predict pCR in the training dataset and the training dataset 
(training dataset, AUC=0.98, P<0.01; validation dataset, AUC=0.88, P<0.01). (G and H) Kaplan-Meier analysis of risk score model for overall survival. (I) Decision curve 
analysis for pCR (J) Clinical impact curve for the risk model. Of 1000 patients, the red solid line shows the total number of patients deemed to be at high risk for each risk 
threshold. The blue dashed line shows how many of those would be true positives.
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Discussion
Resistance to NCRT has been a major clinical problem for 
treatment efficacy in LARC patients. The FOXK family, 
an important subgroup of the FOX family, has attracted 
attention as a potential biomarker in several cancers. To 
the best of our knowledge, few studies have evaluated the 
relationship between the expression of the FOXK family 
members and the efficiency of NCRT in LARC patients. In 
the present study, we demonstrated that the pre-NCRT 
expression of FOXK family members could effectively 
predict NCRT response and prognosis of LARC patients 
in both the training and validation datasets. Based on the 
Cox regression analysis, a risk score model was built that 
served as a biomarker to predict NCRT response and 
prognosis of LARC patient survival.

The FOXK family comprises two members, FOXK1 and 
FOXK2, which have been implicated in several cancers. 
However, the exact role of the FOXK1 and FOXK2 in cancer 

is still controversial. In breast cancer, Sun et al20 reported that 
FOXK1 expression is lower in cancer tissue and cell lines; on 
the contrary, In contrast, Li et al19 showed that the expression 
of FOXK1 was higher in cancer tissue. Moreover, high 
FOXK1 expression has been reported in the tumor tissue 
compared with normal tissue in several cancers, including 
gastric, hepatoma, ovarian, esophagus, and colorectal can-
cers. Conflicting results on the expression levels of FOXK2 
in cancer tissue have been obtained. Low expression of 
FOXK2 in cancerous tissue compared with normal tissue 
was identified in breast cancer, clear-cell renal, gastric can-
cer, glioma, non-small cell lung cancer.21–25 On the other 
hand, the expression of FOXK2 was high in colorectal cancer 
and hepatocellular cancer.26,27 In the present study, we ana-
lyzed the expression of FOXK1 and FOXK2 in the 
Oncomine database which contains multiple datasets. Our 
results indicated that the FOXK family members were over-
expressed in most cancers and may act as oncogenes. 

Table 3 Baseline Characteristics in Patients with LARC Following NCRT Stratified by Risk Group in Training and Validation Dataset

Characteristics Training Dataset P value Validation Dataset P value

Low-Risk Group 
(n=85)

High-Risk 
Group (n=84)

Low-Risk Group 
(n=33)

High-Risk 
Group (n=54)

Sex (%) 0.872 0.028
Male 57 (67.1) 55 (65.5) 24 (72.7) 26 (48.1)

Female 28 (32.9) 29 (34.5) 9 (27.3) 28(51.9)

Age (years) 58.8 ± 10.8 55.3 ± 14.1 0.070 56.3 ± 9.8 59.8 ± 9.2 0.109
ASA score (%) 0.430 0.815

1 56 (65.9) 63(75.0) 23(69.7) 35(64.8)

2 25 (29.4) 18 (21.4) 10 (30.3) 19 (35.2)
3 4 (4.7) 3 (3.6) 0(0.0) 0(0.0)

Distance from the anal verge (cm) 6.4 ± 2.9 6.7 ± 2.4 0.400 7.6 ± 2.5 6.3 ± 2.5 0.031

Interval time between NCRT and 
surgery (weeks)

8.4±1.9 8.5 ± 2.1 0.219 8.7±1.7 8.2 ± 1.4 0.158

Pre-NCRT cT stage (%) 0.335 0.573

T2 4 (4.7) 1(1.2) 0(0.0) 1(1.9)
T3 34(40.0) 31 (36.9) 10(30.3) 20 (37.0)

T4 47 (55.3) 52 (61.9) 23 (69.7) 33 (61.1)

Pre-NCRT cN stage (%) 0.794 0.363
N0 9 (10.6) 7 (8.3) 3 (9.4) 2 (3.7)

N+ 76 (89.4) 77(91.7) 30 (90.9) 52 (96.3)

Pre-NCRT CEA (%) 0.063 0.021
<5.0 ng/mL 54 (63.5) 41 (48.8) 57 (64.8) 38 (46.9)

≥5.0 ng/mL 31 (35.5) 43 (51.2) 31 (35.2) 43 (53.1)

Post-surgery CEA (%) 0.314 0.226
<5.0 ng/mL 73 (85.9) 67 (79.8) 76 (86.4) 64 (79.0)

≥5.0 ng/mL 12 (14.1) 17 (20.2) 12 (13.6) 17 (21.0)

Abbreviations: LARC, locally advanced rectal cancer; NCRT, neoadjuvant chemoradiotherapy; ASA, American Society of Anesthesiologists; CEA, carcinoembryonic 
antigen.
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Table 4 Operative and Postoperative Outcomes in Patients with LARC Following NCRT Stratified by Risk Groups in the Training and 
Validation Dataset

Characteristics Training Dataset P value Validation Dataset P value

Low-Risk GROUP 
(n=85)

High-Risk Group 
(n=84)

Low-Risk Group 
(n=33)

High-Risk Group 
(n=54)

Pathological type (%) 0.337 1.000

Ulcering 81 (92.3) 75 (89.3) 30(90.9) 50 (92.6)

Expanding 2 (2.4) 4 (4.8) 0 (0.0) 0 (0.0)
Infiltrating 2 (2.4) 5 (6.0) 3 (9.1) 4(7.4)

Histopathology (%) 0.374 1.000
Adenocarcinoma 82 (96.5) 70 (83.3) 29 (87.9) 48(88.9)

Mucinous or signet ring cell 

carcinoma

3 (3.5) 14 (16.7) 4 (12.1) 6(11.1)

Tumor differentiation (%) 0.007 1.000

Well to moderately 
differentiated

81 (95.3) 69 (82.1) 29 (87.9) 48(88.9)

Poorly differentiated and 

others

4 (4.7) 15 (17.9) 4 (12.1) 6(11.1)

Postoperative complications 

(%)

15 (17.6) 14(16.7) 1.000 5 (15.2) 9 (16.7) 1.000

Organ preservation (%) 78 (91.8) 73 (86.9) 0.330 32 (97.0) 45 (83.3) 0.082

Lymph nodes retrieved 10.4± 5.2 15.4 ± 12.6 <0.001 12.7± 7.3 13.7 ± 6.3 0.522

Metastatic lymph nodes 0.0± 0.0 2.4 ± 5.2 0.001 0.0± 0.0 0.7 ± 1.1 0.001
CRM involvement (%) 1 (1.2) 1(1.2) 1.000 0 (0.0) 0 (0.0) 1.000

DRM involvement (%) 0 (0.0) 2 (2.4) 0.246 0 (0.0) 0 (0.0) 1.000
Tumor size (cm) 2.5 ± 1.3 3.5 ± 1.5 <0.001 2.5 ± 1.2 2.8 ± 1.5 0.393

Pathological T stage (%) <0.001 <0.001
0 36(42.4) 4(4.8) 11(33.3) 4 (7.4)

1 7 (8.2) 2 (2.4) 9 (27.3) 15 (27.8)

2 17(20.0) 18(21.4) 13 (39.4) 15(27.8)
3 23 (27.1) 54 (64.3) 0 (0.0) 17(31.5)

4 2(2.4) 6 (7.1) 0 (0.0) 3 (5.6)

Pathological N stage (%) <0.001 <0.001

0 85(100) 40 (47.6) 11(33.3) 4 (7.4)

1 0(0.0) 30 (35.7) 9 (27.3) 15 (27.8)
2 0(0.0) 14(16.7) 13 (39.4) 15(27.8)

Pathological M stage (%) 0.117 <0.001
0 84(100) 79 (94.0) 11(33.3) 4 (7.4)

1 1(1.2) 5 (6.0) 9 (27.3) 15 (27.8)

TRG (%) <0.001 0.021

0 36(42.4) 4(4.8) 11(33.3) 4 (7.4)

1 22 (25.9) 26 (31.0) 10 (30.3) 21 (38.9)
2 24 (28.2) 43(51.2) 10 (30.3) 24(44.4)

3 3 (3.5) 11(13.1) 2 (6.1) 5(9.3)

Nerval invasion (%) 0(0.0) 2 (2.4) 0.246 1(3.0) 7 (13.0) 0.149
Vascular invasion (%) 1(1.2) 1 (1.2) 1.000 2(6.1) 1 (1.9) 0.554

Abbreviations: LARC, locally advanced rectal cancer; NCRT, neoadjuvant chemoradiotherapy; CRM, circumferential resection margin; DRM, distal resection margin; TRG, 
tumor regression grade; pCR, pathological complete response.
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Moreover, the expression of both FOXK1 and FOXK2 was 
higher in colorectal cancer tissue compared with normal 
tissue based on a meta-analysis using multiple datasets 
from different sources. Collectively, these data suggested 
that the expression of both FOXK1 and FOXK2 was higher 
in the colorectal cancer tissues compared with normal tissues 
and may act as the oncogene.

pCR is the important endpoint of response to NCRT in 
LARC patients following NCRT. LARC patients who 
developed pCR following NCRT have a better prognosis 
compared with non-pCR patients.37,38 Further exploration 
of the relationship between pre-NCRT FOXK family 
expression levels and pCR could illuminate the role of 
the FOXK family in LARC following NCRT. In the pre-
sent study, the results indicated that pre-NCRT expression 
levels of FOXK1 and FOXK2 were lower in the pCR 
group, suggesting that FOXK1 and FOXK2 act as onco-
genes in LARC patients. Moreover, the results of the ROC 
analysis indicated that the pre-NCRT FOXK1 and FOXK2 
expression can act as efficient biomarkers to predict pCR 
in LARC patients following NCRT.

NCRT, the standard treatment for LARC patients com-
bined with TME surgery, could effectively eradicate tumor 
cells. Meanwhile, the gene expression was deregulated in 
the residual tumor cells that survived NCRT. Thus, to 
explore the efficiency of the pre-NCRT/post-surgery 
FOXK family in predicting the LARC patients’ prognosis, 
we analyzed the FOXK1 and FOXK2 expression both 
before NCRT and after surgery. We did not detect the 
FOXK1 and FOXK2 expression in resected tumors from 
LARC patients with pCR, given that those patients had no 
residual tumor cells in the surgery tissues. We are not 
aware of any studies comparing FOXK1 and FOXK2 
expression before and after NCRT in LARC. In the present 
study, the results demonstrated that the low pre-NCRT 
expression of FOXK1 and FOXK2 was associated with 
better OS and DFS compared with high pre-NCRT expres-
sion in both training and validation datasets, in contrast to 
the post-surgery FOXK1 and FOXK2 expression. The 
above results demonstrated that high pre-NCRT expression 
of FOXK1 and FOXK2 is associated with poor prognosis 
in LARC patients. A number of studies have previously 
indicated that the overexpression of FOXK1 and FOXK2 
is associated with worse prognosis in several 
cancers.19,26,27,39,40 Meanwhile, the result that the post- 
surgery expression levels FOXK1 and FOXK2 could not 
effectively distinguish LARC patient prognosis, indicated 
that FOXK1 and FOXK2 expression had changed in tumor 

cells that survived NCRT. The altered expression of 
FOXK1 and FOXK2 in the post-surgery tumor tissues of 
LARC patients lacked prognostic power.

Previous studies have identified multi-gene signatures 
to predict patients who would benefit from chemotherapy 
and/or radiotherapy.41–43 Moreover, the risk factor model 
has been utilized for prognostication in several tumors, 
such as liver, lung, and colon cancers.44–46 Most pre-
viously reported risk score models were based on genetic 
expression, while few studies have constructed a risk fac-
tor model combining gene expression and clinical para-
meters. The patient’s prognosis is usually influenced by 
a variety of clinical factors. In the present study, we 
successfully constructed a risk factor model based on the 
results of multivariate Cox regression analysis, which 
represented the optimal factors for the LACR patient prog-
nosis in the training dataset. The above risk score model 
has also been independently verified in the validation 
dataset. The results indicated that the risk score model 
could effectively predict the pCR rate and the prognosis 
in both training and validation datasets. Additionally, to 
further explore the improved efficiency in predicting pCR 
between risk score and FOXK family member expression 
in LARC patients, we performed DCA analysis, a useful 
tool that can assist the clinical decision making.47,48 In the 
present study, we found that the risk score was superior in 
predicting pCR than FOXK family member expression 
levels. Taken together, our results show that the risk factor 
model had a powerful ability to predict NCRT response in 
LARC patients in addition to being a prognostic marker 
for patient prognosis.

There are several limitations to the present study that 
warrant discussion. First, our study was subjected to 
potential selection bias due to the retrospective design. 
Second, there were no experimental data about the expres-
sion and mechanisms of the FOXK family; thus, in vivo/ 
in vitro experimental validations are needed to illuminate 
the potential mechanisms for clinical applications. In spite 
of these limitations, we believe this study adds to our 
understanding of the impact of FOXK1 and FOXK2 
expression on the oncological outcomes in patients with 
LARC following NCRT.

In conclusion, high pre-NCRT FOXK1 and FOXK2 
expression rather than post-surgery FOXK1 and FOXK2 
expression was associated with poorer DFS and OS in 
LARC patients. In addition, pre-NCRT FOXK1 and 
FOXK2 can act as effective biomarkers to predict NCRT 
response in LARC patients. Finally, a predictive risk factor 
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score model was constructed to help in the prediction of 
survival outcomes. More intense adjuvant treatment could 
be considered for LARC patients with higher risk factor 
scores following NCRT.
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