
2247

ORIGINAL RESEARCH

Nomograms incorporating genetic variants in BMP/Smad4/
Hamp pathway to predict disease outcomes after definitive 
radiotherapy for non-small cell lung cancer
Ju Yang1,2 , Ting Xu1, Daniel R. Gomez1, Xianglin Yuan3, Quynh-Nhu Nguyen1, Melenda Jeter1, 
Yipeng Song4, Ritsuko Komaki1, Ye Hu5, Stephen M. Hahn1 & Zhongxing Liao1

1Department of Radiation Oncology, The University of Texas MD Anderson Cancer Center, Houston, Texas 77030
2The Comprehensive Cancer Centre of Drum Tower Hospital, Medical School of Nanjing University & Clinical Cancer Institute of Nanjing University, 
Nanjing 210008, China
3Department of Oncology, Tongji Hospital, Huazhong University of Science and Technology, Wuhan, Hubei 430030, China
4Department of Radiation Oncology, Yuhuangding Hospital, Zhifu, Yantai, Shandong 264000, China
5Arizona State University, Mesa, Arizona 85212

© 2018 The Authors. Cancer Medicine published by John Wiley & Sons Ltd.  
This is an open access article under the terms of the Creative Commons Attribution License, which permits use, 
distribution and reproduction in any medium, provided the original work is properly cited.

Keywords
Hepcidin, nomogram, NSCLC, outcome, 

polymorphism, radiotherapy

Correspondence
Zhongxing Liao, Department of Radiation 
Oncology, The University of Texas MD 
Anderson Cancer Center, Houston,  
TX 77030. Tel: +1 713 563 2349;  
Fax: +1 713 563 2349; 
 E-mail: zliao@mdanderon.org

Funding Information:
No funding information provided.

Received: 4 December 2017; Revised: 27 
December 2017; Accepted: 28 December 
2017

Cancer Medicine 2018; 7(6):2247–2255

doi: 10.1002/cam4.1349

Drs Ju Yang and Ting Xu, contributed equally 
to this study as cofirst authors.

This study was orally presented in 2016 
American Society for Radiation Oncology 
(ASTRO). http://www.redjournal.org/article/
S0360-3016(16)30705-2/abstract.

Abstract

Hepcidin is crucial in regulating iron metabolism, and increased serum levels 
were strongly linked with poor outcomes in various malignancies. Thus, we 
investigated if genetic variants in the BMP/Smad4/Hamp hepcidin-regulating 
pathway were associated with outcomes in patients receiving definitive radio-
therapy for NSCLC. Subjects were 664 NSCLC patients who received ≥60  Gy 
radiotherapy for NSCLC retrospectively identified from a single-institution da-
tabase. Potentially, functional and tagging single nucleotide polymorphisms 
(SNPs) of BMP2 (rs170986, rs1979855, rs1980499, rs235768, and rs3178250), 
BMP4 (rs17563, rs4898820, and rs762642), Smad4 (rs12456284), and Hamp 
(rs1882694, rs10402233, rs10421768, and rs12971321) were genotyped by TaqMan 
real-time polymerase chain reaction. Cox proportional hazard’s analyses were 
used to assess potential influences of SNPs on overall survival (OS), local-regional 
progression-free survival (LRPFS), progression-free survival (PFS), and distant 
metastasis-free survival (DMFS). Nomogram of each endpoint model was de-
veloped using R project. The median patient age was 66 years. Most (488 [73.2%]) 
had stage III NSCLC. Age, disease stage, receipt of concurrent chemotherapy, 
and gross tumor volume were independent factors of OS. Hamp rs1882694 AC/
CC genotypes were associated with poor OS, LRPFS, PFS, and DMFS in mul-
tivariate analyses. Besides, BMP2 rs1979855, rs3178250, and rs1980499 associated 
with PFS; Hamp rs10402233 and BMP2 rs1979855 associated with LRPFS; BMP2 
rs3178250 associated with DMFS after adjustment for clinical factors. After add-
ing SNPs to each model, all the likelihood ratios were increased; the nomograms 
were improved significantly to predict LRPFS (P < 0.001) and PFS (P < 0.001), 
and marginally to predict OS (P = 0.056) and DM (P = 0.057). Our nomograms 
incorporating significant SNPs in the BMP/Smad4/Hamp hepcidin-regulating 
pathway could improve the prediction of outcomes in patients given definitive 
radiotherapy for NSCLC. Intensified follow-ups would be recommended for 
patients with unfavorable outcomes identified in nomograms. Due to the rapid 
developments of targeted therapies and immunotherapies for NSCLC, it is nec-
essary to further validate our findings in patients receiving such treatments.
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Introduction

About 80% of patients with nonsmall cell lung cancer 
(NSCLC) are with disease that is inoperable owing to 
local advancement or distant metastases at diagnosis [1]. 
Definitive radiotherapy is routinely used for unresectable 
locally advanced NSCLC either as therapy given concur-
rently or sequentially with systemic therapy or as primary 
curative therapy without any other surgical or drug therapy. 
However, treatment outcomes are still unsatisfactory and 
heterogeneous due to poor response rates, high rates of 
distant metastasis, and recurrence [2]. The heterogeneous 
outcomes are also complicated by the involved genetic 
backgrounds. A “one-size-fits-all” approach to treatment 
is no longer optimal, and easily accessed markers are 
needed for tailoring treatments to individuals.

The hormone hepcidin was initially identified through 
a search for novel antimicrobial peptides but was found 
in 2001 to participate in regulating iron metabolism. 
Induction of hepcidin synthesis by the liver reduces iron 
export from macrophages, enterocytes, and hepatocytes 
[3]. Iron metabolism is known to be dysregulated in sev-
eral types of cancer, and iron overload has been linked 
to the tumorigenesis in lung cancer. Targeting metabolic 
pathways of iron may provide new tools for lung cancer 
prognosis and therapy [4, 5]. Hepcidin was mainly syn-
thesized in the liver, and the expression of hepcidin can 
be also found in tumor cells including breast cancer, lung 
cancer, and prostate cancer [6–8]. The increased expres-
sion of hepcidin-induced iron retention can promote the 
proliferation of tumor cells [8]. Increased expression of 
hepcidin was found to correlate with poor outcomes of 
patients with breast cancer or renal cell carcinoma [9, 
10]. High serum hepcidin levels have also been linked 
with lymph node metastasis and clinical stage in NSCLC 
[7]. Our preliminary work has suggested that expression 
of hepcidin correlates with and is predictive of overall 
survival (OS) in patients with NSCLC (in review).

Hepcidin expression is regulated in part by bone mor-
phogenetic protein (BMP) signaling [11]. Signals from 
BMPs act through type II and type I serine–threonine 
kinase receptors to phosphorylate downstream Smad1/5/8, 
which then bind to the common mediator Smad4 to 
regulate the transcription of Hamp [12]. Mutations in 
genes regulating hepcidin could induce iron-deficiency 
anemia [13], which is thought to cause hypoxia-induced 
resistance to radiation in tumor cells. To the best of our 
knowledge, no studies have investigated potential associa-
tions between single nucleotide polymorphisms (SNPs) 
in hepcidin regulatory BMP/Smad4/Hamp signaling path-
ways and outcomes (disease control and survival) among 
patients with NSCLC receiving definitive radiotherapy. To 
address this gap, we selected 13 potentially functional and 

tagging SNPs in BMP2 (rs1979855, rs170986, rs1980499, 
rs235768, rs3178250), BMP4 (rs4898820, rs762642, 
rs17563), Smad4 (rs12456284), and Hamp (rs1882694, 
rs10402233, rs10421768, rs12971321), hypothesizing that 
these SNPs in hepcidin regulatory BMP/Smad4/Hamp 
would be correlated with outcomes among patients with 
NSCLC after definitive radiotherapy. We defined outcomes 
in terms of overall survival (OS), local-regional progression-
free survival (LRPFS), progression-free survival (PFS), and 
distant metastasis-free survival (DMFS). Moreover, our 
study aimed to develop predictive nomograms incorporat-
ing significant clinical characteristics and genetic variants 
for individuals receiving definitive radiotherapy for NSCLC.

Materials and Methods

Study population

This retrospective analysis was approved by the institu-
tional review board The University of Texas MD Anderson 
Cancer Center, and complied with all applicable Health 
Insurance Portability and Accountability Act regulations. 
Informed consents were wavered. Eligibility criteria were 
(1) receipt of definitive radiotherapy to a total radiation 
dose of ≥60  Gy [or ≥60  Gy (RBE) for proton therapy 
between 2006 and 2014 with chemotherapy for NSCLC; 
(2) histologically confirmed NSCLC from 1999 through 
2014; and (3) available archived blood samples for geno-
typing. Patients who had received stereotactic ablative 
radiotherapy were excluded. A total of 664 patients met 
these criteria and were the subjects of this analysis.

SNP selection and genotyping methods

Potentially functional and tagging SNPs were selected using 
https://snpinfo.niehs.nih.gov/snpinfo/snpfunc.html. The 
inclusion criteria were (1) having a minor allele frequency 
of >5% among whites and (2) being located in a tran-
scription factor binding site, a microRNA-binding site, 
or a nonsynonymous mutation in the coding area.

Genomic DNA’s extract, evaluation, and storage have 
been described in our previous studies [14, 15]. The pri-
mary extracted genomic DNA from blood samples was 
diluted into 5 ng/μL aliquots for genotyping with TaqMan 
real-time polymerase chain reaction. Primers and probes 
were from Applied Biosystems. For all genotypes, the assay 
success rate was >95%, and concordance of repeated 
sample testing was 100%.

Statistical analyses

Potential associations between patient- and treatment-
related factors and outcomes, and potential associations 

https://snpinfo.niehs.nih.gov/snpinfo/snpfunc.html
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between genotypes (genotype distribution was shown in 
Table S1) and outcomes, were assessed with a Cox pro-
portional hazards model, with consideration of time to 
the event. Characteristics with P-values<0.05 in the uni-
variate Cox analysis were entered into the multivariate 
analysis; characteristics with P-values of >0.20 in the 
multivariate analysis were removed. Only significant fac-
tors identified in the multivariate analyses were entered 
into the nomograms. Statistical significance levels were 
all two-sided, with statistical significance set at 0.05.

Results

Patient characteristics

Characteristics of the study population are shown in 
Table  1. This study used the same database with our 
previous study [14, 16]. The median age of the patients 
was 66 years (range 35–88 years), and most (488 [73.2%]) 
had stage III NSCLC. Radiation was delivered as proton 
beam therapy to 139 patients (20.8%), as intensity-
modulated (photon) radiotherapy to 331 (49.6%), and as 
three-dimensional conformal radiotherapy to 174 (26.1%).

Clinical factors, SNPs, and overall survival

Univariate analyses of patient- and treatment-related fac-
tors for potential associations with OS were shown in 
Table S2. Factors with P  <  0.05 were entered into the 
multivariate analyses. Multivariate analyses revealed two 
factors associated with worse OS and two with better OS: 
Age ≥66  years (hazard ratio [HR]=1.247, 95% confidence 
interval [CI] 1.016–1.530, P = 0.034) and GTV ≥95.2 cm3 
(HR=1.890, 95% CI 1.539–2.321, P  <  0.001) were associ-
ated with poor OS. Conversely, receipt of concurrent 
chemotherapy (HR=0.706, 95% CI 0.515–0.968, 
P = 0.031) and Karnofsky performance status score (KPS) 
≥80 (HR=0.753, 95% CI 0.581–0.977, P  =  0.031) were 
associated with improved OS (Table  2).

Distributions of alleles for each SNP were shown in 
Table S1. Univariate analysis identified two significant 
SNPs associated with OS, as shown in Table S3. Analysis 
of potential associations of OS with the 13 analyzed SNPs 
revealed two SNPs were significant in multivariate analysis 
(Table  3): Hamp rs1882694 (poor OS for AC/CC vs. AA: 
HR  =  1.301, 95% CI 1.040–1.627, P  =  0.021) and Hamp 
rs10421768 (poor OS for AG/GG vs. AA: HR  =  1.253, 
95% CI 1.015–1.546, P  =  0.035).

The model that incorporated the independent predictors 
identified in the multivariate analyses (Tables  2 and 3) 
was developed and presented as the nomogram (Fig.  1A). 
For example, a patient was with GTV = 100 cm3, KPS = 90, 
mld = 19 Gy, Hamp rs1882694 CC genotypes and received 

concurrent chemoradiation, the total points would be 197 
(points for each factor: GTV  =  100, concurrent chemo-
radiation  =  0, KPS  =  0, MLD  =  56, CC genotypes  =  41, 
total points  =  100  +  0  +  0  +  56  +  41  =  197). The 
one-year survival probability would be 60%; the three-year 
survival probability would be 22%, and the five-year sur-
vival probability would be 11%. Likelihood ratio (LR) 
was used to compare the predictive capacities between 
different models. The prediction model yielded an LR of 
54.22 with SNP and 50.55 without SNP. Adding the SNP 
into the nomogram improved the prediction of OS mar-
ginally (P  =  0.056, Table  4)

Table 1. Patient characteristics.

Characteristics No. patients (%)

Age, years
<66 (median) 332 (50)
≥66 332 (50)

Sex
Male 363 (55)
Female 301 (45)

Race
White 569 (86)
Other 95 (14)

Disease stage
I-IIIA 296 (45)
IIIB, IV, recurrence 333 (50)
Unknown 35 (5)

Tumor histology
Adenocarcinoma 293 (44)
SCC and Other 371 (56)

Karnofsky performance status score
<80 101 (15)
≥80 563 (85) 

Induction chemotherapy
No 417 (63)
Yes 247 (37)

Smoking status
Never 55 (8)
Former or current 597 (90)
Unknown 12 (2)

Total radiation dose, Gy
<69.03 (median) 328 (49)
≥69.03 330 (50)
Unknown 6 (1)

Gross tumor volume, cm3

<95.2 (median) 306 (46)
≥95.2 305 (46)
Unknown 53 (8)

Mean lung dose, Gy
<17.9 (median) 320 (48)
≥17.9 319 (48)
Unknown 25 (4)

Radiation modality
Photon (X-ray) 511 (77)
Proton 139 (21)
Unknown 14 (2)

SCC, squamous cell carcinoma.
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Clinical factors, SNPs, and progression-free 
survival

Not surprisingly, higher disease stage and larger tumor 
volume were strongly associated with poor PFS, in both 
univariate analysis (stage: HR = 1.400, 95% CI 1.141–1.718, 
P  =  0.001; GTV: HR  =  1.911, 95% CI 1.563–2.336, 
P  <  0.001, Table S2) and multivariate analysis (stage: 
HR  =  1.315, 95% CI 1.432–2.215, P  <  0.001; GTV: 
HR  =  1.890, 95% CI 1.539–2.321, P  <  0.001, Table  2).

In univariate analysis, seven SNPs associated with PFS 
(Table S3); however, five SNPs held their significance in 
multivariate analyses: two SNPs in Hamp (rs1882694, AC/
CC vs. AA: HR  =  1.435, 95% CI 1.127–1.827, P  =  0.003; 

and rs10421768, AG/GG vs. AA: HR  =  1.337, 95% CI 
1.066–1.677, P  =  0.012) and three SNPs in BMP2 
(rs1979855, AG/GG vs. AA: HR  =  1.433, 95% CI 1.128–
1.820, P  =  0.003; rs3178250, CT/TT vs. CC: HR  =  0.370, 
95% CI 0.207–0.663, P  =  0.001; and rs1980499, CT/TT 
vs. CC: HR  =  1.319, 95% CI 1.009–1.725, P  =  0.043) 
(Table  3).

Significant factors of the multivariate analyses were 
included to establish the predictive nomogram (Fig.  1B). 
As shown in Table  4, the LR of the model with SNPs 
(LR  =  38.44) was increased significantly (P  =  0.001), 
compared to the model without SNPs (LR  =  24.37). The 
significant SNPs could obviously improve the capacity of 
the nomogram to predict the PFS.

Table 2. Multivariate Cox regression analyses for association between characteristics and disease outcome in patients with NSCLC receiving definitive 
radiotherapy.

Characteristics

OS PFS LRRFS DMFS

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

Age (≥66 vs. < 66) 1.247 
(1.016–1.530)

0.034 NI NI 0.853 
(0.665–1.095)

0.213

Sex (male vs. 
female)

1.134 
(0.922–1.396)

0.233 NI NI NI

Race (black and 
other vs. white)

1.239 
(0.952–1.612)

0.11 1.262 
(0.945–1.685)

0.116 NI NI

Stage (IIIB, IV, 
recurrence vs. 
I-IIIA)

NI 1.315 
(1.432–2.215)

<0.001 NI 1.335 
(1.041–1.713)

0.023

Histology (SCC 
and other vs. 
adeno)

1.160 
(0.941–1.431)

0.164 NI 1.402 
(1.040–1.889)

0.027 0.722 
(0.561–0.928)

0.011

KPS (≥80 vs. < 80) 0.753 
(0.581–0.977)

0.032 NI NI NI

Concurrent 
chemotherapy 
(yes vs.no)

0.706 
(0.515–0.968)

0.031 NI NI NI

Smoking status 
(current/former 
vs. never)

NI NI NI NI

Total radiation 
dose (≥69.03 vs. 
<69.03 Gy)

NI NI NI NI

GTV (≥95.2 vs. 
<95.2 cm3)

1.890 
(1.539–2.321)

<0.001 1.781 
(1.432–2.215)

<0.001 1.317 
(0.985–1.761)

0.063 1.951 
(1.514–2.514)

<0.001

MLD (≥17.9 vs. 
<17.9 Gy)

NI NI NI NI

Technique (Proton 
vs. 
3D-CRT+IMRT)

NI   NI   NI   0.887 
(0.647–1.214)

0.453

OS, overall survival; PFS, progression-free survival; LRRFS, local-regional recurrence-free survival; DM, distant metastasis-free survival; HR, hazard ratio; 
CI, confidence interval; NI, not included due to the P-value >0.2; SCC, squamous cell carcinoma; adeno, adenocarcinoma; KPS, Karnofsky perfor-
mance status score; GTV, gross tumor volume; MLD, mean lung dose; 3D-CRT, three-dimensional conformal (photon) radiation therapy; IMRT, 
intensity-modulated (photon) radiation therapy.
Characteristics with a P-value of <0.05 in the univariate analysis were entered into the multivariate model in a stepwise fashion and were removed if 
at any point the P-value was >0.20.
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Clinical factors, SNPs, and local-regional 
progression-free survival

In the analysis of clinical factors and LRPFS, three factors 
(histology, GTV, and MLD) were linked with LRPFS in 
univariate analyses (Table S2), but only histology remained 
significant in multivariate analysis (squamous cell carci-
noma and other vs. adenocarcinoma: HR  =  1.403, 95% 
CI 1.056–1.864, P  =  0.020) (Table  2).

A total of four SNPs were associated with LRFFS in 
univariate analyses (Table S3). These four SNPs were also 
statistically significant in multivariate analyses: three in 
Hamp (rs1882694, AC/CC vs. AA: HR  =  1.648, 95% CI 
1.188–2.286, P  =  0.003; rs10421768, AG/GG vs. AA: 
HR = 1.423, 95% CI 1.054–1.922, P = 0.021; and rs10402233, 
AG/AA vs. GG: HR  =  0.654, 95% CI 0.434–0.986, 
P  =  0.042) and one in BMP2 (rs1979855, AG/GG vs. AA: 
HR  =  1.433, 95% CI 1.042–1.970, P  =  0.027) (Table  3).

Histology, MLD, rs1882694, and rs1979855 were used 
to develop nomogram (Fig.  1C). One-year LRPFS, 3-year 
LRPFS, and 5-year LRPFS could be estimated through 
our established nomograms. Patients with risk genotypes 
(Hamp rs1882694 AC/CC and BMP2 rs1979855 AG/GG), 
higher MLD, and nonadenoma histology had poor LRPFS. 
The LR was increased significantly after adding the SNPs 
into the nomogram (LR  =  25.01, P  =  0.001), compared 
to without SNPs (LR  =  10.54). (Table  4).

Clinical factors, SNPs, and distant metastasis

Three clinical factors were associated with DMFS on mul-
tivariate analysis: disease stage (IIIB, IV, recurrence vs. I–IIIA: 
HR  =  1.335, 95% CI 1.041–1.713, P  =  0.023); histology 
(squamous and other vs. adenocarcinoma: HR = 0.722, 95% 
CI 0.561–0.928, P = 0.011); and GTV (≥95.2 vs. <95.2 cm3: 
HR  =  1.951, 95% CI 1.514–2.514, P  <  0.001) (Table  2).

Table 3. Multivariate analysis of associations between single nucleotide polymorphisms and disease outcome in patients with NSCLC receiving defini-
tive radiotherapy.

SNPs

OS PFS LRRFS DMFS

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

Hamp
rs1882694 (AC/
CC vs. AA)

1.301 
(1.040–1.627)

0.021 1.435 
(1.127–1.827)

0.003 1.648 
(1.188–2.286)

0.003 1.348 
(1.025–1.773)

0.033

rs10421768 (AG/
GG vs. AA)

1.253 
(1.015–1.546)

0.035 1.337 
(1.066–1.677)

0.012 1.423 
(1.054–1.922)

0.021 1.282 
(0.993–1.655)

0.057

rs10402233 (AG/
AA vs. GG)

1.040 
(0.765–1.414)

0.801 0.966 
(0.683–1.366)

0.844 0.654 
(0.434–0.986)

0.042 1.005 
(0.679–1.486)

0.981

rs12971321 (GC/
GG vs. CC)

1.032 
(0.771–1.380)

0.843 1.105 
(0.808–1.511)

0.533 1.053 
(0.695–1.596)

0.807 1.221 
(0.844–1.765)

0.289

BMP2
rs170986 (AC/CC 
vs. AA)

0.951 
(0.576–1.570)

0.843 1.203 
(0.666–2.171)

0.54 1.088 
(0.510–2.322)

0.826 1.092 
(0.558–2.137)

0.798

rs1979855 (AG/
GG vs. AA)

1.189 
(0.950–1.489)

0.13 1.433 
(1.128–1.820)

0.003 1.433 
(1.042–1.970)

0.027 1.259 
(0.958–1.654)

0.098

rs3178250 (CT/TT 
vs. CC)

0.671 
(0.391–1.153)

0.149 0.370 
(0.207–0.663)

0.001 1.035 
(0.383–2.800)

0.946 0.356 
(0.187–0.678)

0.002

rs1980499 (CT/TT 
vs. CC)

1.116 
(0.869–1.434)

0.389 1.319 
(1.009–1.725)

0.043 1.318 
(0.927–1.873)

0.125 1.260 
(0.934–1.700)

0.13

rs235768 (AT/TT 
vs. AA)

1.195 
(0.882–1.618)

0.25 1.226 
(0.898–1.674)

0.2 1.101 
(0.741–1.638)

0.633 1.285 
(0.896–1.843)

0.173

BMP4
rs4898820 (GT/TT 
vs. GG)

1.165 
(0.895–1.516)

0.257 1.130 
(0.855–1.494)

0.391 0.964 
(0.676–1.376)

0.84 1.225 
(0.886–1.695)

0.219

rs762642 (AC/AA 
vs. CC)

1.044 
(0.784–1.391)

0.766 1.107 
(0.813–1.506)

0.518 1.123 
(0.745–1.693)

0.58 1.223 
(0.856–1.746)

0.268

rs17563 (AG/GG 
vs. AA)

1.022 
(0.797–1.312)

0.862 0.956 
(0.736–1.241)

0.734 0.954 
(0.684–1.331)

0.782 0.945 
(0.714–1.253)

0.695

Smad4
rs12456284 (AG/
AA vs. GG)

0.829 
(0.557–1.232)

0.353 0.739 
(0.491–1.114)

0.149 0.882 
(0.491–1.585)

0.674 0.745 
(0.476–1.166)

0.198

OS, overall survival; PFS, progression-free survival; LRRFS, local-regional recurrence-free survival; DMFS, distant metastasis-free survival; HR, hazard 
ratio; CI, confidence interval.
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Five SNPs were associated significantly with DMFS in 
univariate analyses (Table S3). Finally, two SNPs were 
found to be associated with DMFS in multivariate analyses 
(Table  3), one in Hamp (rs1882694, AC/CC vs. AA: 
HR  =  1.348, 95% CI 1.025–1.773, P  =  0.033) and one 
in BMP2 (rs3178250, CT/TT vs. CC: HR  =  0.356, 95% 
CI 0.187–0.678, P  =  0.002).

Based on the data above, disease stage, histology, GTV, 
and rs1882694 were considered as independent factors 
for DMFS to develop the nomogram (Fig.  1D). Without 

SNP, the LR of the model was 27.99, and the LR (31.63) 
was increased marginally after adding the SNP (P = 0.057) 
(Table  4). The high-risk factors of DM included greater 
GTV, advanced disease stage, younger age, and Hamp 
rs1882694 AC/CC genotypes.

Discussion

In the current study, we found that SNPs in hepcidin 
regulatory BMP/Smad4/Hamp pathway were significantly 

Figure 1. (A) Nomogram for overall survival. Abbreviations: KPS, Karnofsky performance status score; GTV, gross tumor volume; MLD, mean lung 
dose. (B) Nomogram for progression-free survival. Abbreviations: GTV, gross tumor volume. (C) Nomogram for local-regional progression-free 
survival. Abbreviations: MLD, mean lung dose. (D) Nomogram for distant metastasis-free survival. Abbreviations: GTV, gross tumor volume.

Table 4. Likelihood ratio for each endpoint with or without SNPs.

With SNP Without SNP Increase with SNP

LR df LR df Chi-square df P-value

OS 54.22 5 50.55 4 3.66 1 0.056
PFS 38.44 4 24.37 2 14.07 2 0.001
LRPFS 25.01 4 10.54 2 14.46 2 0.001
DMFS 31.63 4 27.99 3 3.64 1 0.057

OS, overall survival; PFS, progression-free survival; LRPFS, local-regional progression-free survival; DMFS, distant metastasis-free survival; LR, likelihood 
ratio; df, degree of freedom.
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associated with disease outcomes after definitive radio-
therapy in NSCLC; Hamp rs1882694 in particular was 
associated with all of the studied endpoints in both uni-
variate and multivariate analyses. As far as we know, this 
is the first study to investigate associations between genetic 
variants in hepcidin regulatory pathway and prognosis 
for patients with NSCLC after definitive radiotherapy. 
Nomograms established in our study will be helpful to 
predict individual outcome in such patients.

Hamp is the gene that codes for hepcidin. Increased 
expression of hepcidin has been thought to indicate 
unfavorable outcomes for patients with various malig-
nancies including breast cancer, prostate cancer, renal 
cell carcinoma, and lymphoma [6, 9, 10, 17, 18]. Similar 
results were found in our preliminary data (in review). 
Previous studies of genetic variants in hepcidin or hep-
cidin regulation pathways focused on iron burden; for 
example, one group found common variants in hepcidin 
regulation pathways to be associated with penetrance of 
HFE (hereditary) hemochromatosis penetrance [19], and 
another group implicated variants in Hamp regulators 
as well [20].

Our results can be explained from a biological stand-
point. Hepcidin, secreted by hepatocytes, has a crucial 
role in iron homeostasis. The major role of hepcidin is 
to regulate the surface expression of ferroportin 1 (FPN1), 
the only known iron-exporting protein; after hepcidin 
binds with FPN1 and thereby induces the degradation 
FPN1 [21], enterocytes, macrophages, and hepatocytes can 
no longer export iron. Similar phenomenon can also be 
observed. The expression of hepcidin could promote the 
cancer cell survival by inducing the iron retentions in 
tumor cells [8]. High expression of hepcidin decreases 
plasma iron concentrations; low expression increases iron 
concentrations [22]. Hepcidin expression is upregulated 
by high concentrations of iron in the liver and plasma, 
inflammation, and physical activity [23]. Radiation-induced 
expressions of IL-1 [24] and IL-6 [25] could promote 
synthesis of hepcidin, which would be accompanied by 
a reduced availability of iron. Deficiency in iron in turn 
leads to anemia, which is thought to result in hypoxia-
induced resistance to radiation in tumor cells [26]. Genetic 
variants in Hamp or Hamp regulation pathways thus might 
be expected to induce aberrant expression of hepcidin 
and therefore promote the proliferation and treatment 
resistance of tumor cells.

Our findings that SNPs in Hamp or Hamp regulation 
pathways could predict outcomes among patients with 
NSCLC after definitive radiotherapy have several implica-
tions for tailoring treatment, moving from “one size fits 
all” to individualized therapy. Our nomograms could help 
better identify patients with poor outcomes. For instance, 
if patients with high-risk alleles were more likely to develop 

DM, closer follow-up would be recommended. Both pre-
vious findings in breast cancer and our results shed light 
on the roles of iron metabolism in tumor progression 
and implicate potential targets for therapy. Examples of 
such strategies may include depleting hepcidin using neu-
tralizing antibodies, hepcidin small-interfering RNAs, or 
microRNAs, or by inhibiting pathways that stimulate 
hepcidin expression, such as CEBPa or CEBPb [27–30].

Strengths of our study were the relatively large number 
of patients analyzed (n  =  664) and its rigorous design: 
Follow-up was comprehensive and included information 
on OS, DMFS, LRPFS, and PFS. Further, clinical char-
acteristics were evaluated carefully with regard to each 
observed endpoint, and so that factors that met the sta-
tistical requirements could be included in the subsequent 
multivariate model. This is also the first study to develop 
nomograms incorporating clinical characteristics and 
genetic background to predict OS, PFS, LRPFS, and DMFS.

Our study is limited by its retrospective and single-
institution nature. And we analyzed patients with a wide 
latency (1999–2014), and other kinds of treatment options 
have been rapidly developed in recent years. Thus, these 
findings require validation in studies of other patient popu-
lations at other institutions. We also did not investigate 
potential mechanistic explanations for our positive results. 
Finally, we studied only potentially functional and tagging 
SNPs, rather than all of the SNPs in the entire gene.

In conclusion, genetic variants in hepcidin regulation 
pathways help improve the prediction of outcomes among 
patients receiving definitive radiotherapy for NSCLC, espe-
cially rs1882694, which was predictive of all studied end-
points. It is necessary to validate our findings in patients 
receiving other types of treatments, for example, targeted 
therapies and immunotherapies.

Acknowledgments

Dr. Ju Yang was supported by the China Scholarship 
Council to complete the project in the University of Texas 
MD Anderson Cancer Center. Christine Wogan has done 
a great job to help edit this manuscript.

Conflict of Interest

None declared.

References

  1.	 Siegel, R. L., K. D. Miller, and A. Jemal. 2016. Cancer 

statistics, 2016. CA Cancer J. Clin. 66:7–30.

  2.	 Rodrigues, G., H. Choy, J. Bradley, K. E. Rosenzweig, J. 

Bogart, W. J. Jr Curran, et  al. 2015. Definitive radiation 

therapy in locally advanced non-small cell lung cancer: 

Executive summary of an American Society for 



2254 © 2018 The Authors. Cancer Medicine published by John Wiley & Sons Ltd. 

J. Yang et al.Nomograms to Predict Outcomes for NSCLC

Radiation Oncology (ASTRO) evidence-based clinical 

practice guideline. Pract. Radiat. Oncol. 5:141–148.

  3.	 Rossi, E. 2005. Hepcidin–the iron regulatory hormone. 

Clin. Biochem. Rev. 26:47–49.

  4.	 Xiong, W., L. Wang, and F. Yu. 2014. Regulation of 

cellular iron metabolism and its implications in lung 

cancer progression. Med. Oncol. 31:28.

  5.	 Torti, S. V., and F. M. Torti. 2013. Iron and 

cancer: more ore to be mined. Nat. Rev. Cancer 

13:342–355.

  6.	 Pinnix, Z. K., L. D. Miller, W. Wang, R. D’Agostino, 

Jr., T. Kute, M. C. Willingham, et  al. 2010. Ferroportin 

and iron regulation in breast cancer progression and 

prognosis. Sci. Transl. Med. 2:43ra56.

  7.	 Chen, Q., L. Wang, Y. Ma, X. Wu, L. Jin, and F. Yu. 

2014. Increased hepcidin expression in non-small cell 

lung cancer tissue and serum is associated with clinical 

stage. Thorac. Cancer 5:14–24.

  8.	 Tesfay, L., K. A. Clausen, J. W. Kim, P. Hegde, X. 

Wang, L. D. Miller, et  al. 2015. Hepcidin regulation in 

prostate and its disruption in prostate cancer. Cancer 

Res. 75:2254–2263.

  9.	 Miller, L. D., L. G. Coffman, J. W. Chou, M. A. Black, 

J. Bergh, R. Jr., D’Agostino, et  al. 2011. An iron 

regulatory gene signature predicts outcome in breast 

cancer. Cancer Res. 71:6728–6737.

10.	 Kamai, T., N. Tomosugi, H. Abe, K. Arai, and K. 

Yoshida. 2009. Increased serum hepcidin-25 level and 

increased tumor expression of hepcidin mRNA are 

associated with metastasis of renal cell carcinoma. BMC 

Cancer 9:270.

11.	 Truksa, J., H. Peng, P. Lee, and E. Beutler. 2006. Bone 

morphogenetic proteins 2, 4, and 9 stimulate murine 

hepcidin 1 expression independently of Hfe, transferrin 

receptor 2 (Tfr2), and IL-6. Proc. Natl Acad. Sci. U S 

A 103:10289–10293.

12.	 Babitt, J. L., F. W. Huang, Y. Xia, Y. Sidis, N. C. 

Andrews, and H. Y. Lin. 2007. Modulation of bone 

morphogenetic protein signaling in vivo regulates 

systemic iron balance. J. Clin. Invest. 117:1933–1939.

13.	 Cau, M., M. A. Melis, R. Congiu, and R. Galanello. 

2010. Iron-deficiency anemia secondary to mutations in 

genes controlling hepcidin. Expert Rev. Hematol. 

3:205–216.

14.	 Yang, J., T. Xu, D. R. Gomez, M. Jeter, L. B. Levy, Y. 

Song, et  al. 2017. The pulmonary fibrosis associated 

MUC5B promoter polymorphism is prognostic of the 

overall survival in patients with non-small cell lung 

cancer (NSCLC) receiving definitive radiotherapy. Transl. 

Oncol. 10:197–202.

15.	 Yuan, X., Q. Wei, R. Komaki, Z. Liu, J. Yang, S. L. 

Tucker, et  al. 2013. TGFbeta1 polymorphisms predict 

distant metastasis-free survival in patients with 

inoperable non-small-cell lung cancer after definitive 

radiotherapy. PLoS One 8:e65659.

16.	 Yang, J., T. Xu, D. R. Gomez, X. Yuan, Q. N. Nguyen, 

M. Jeter, et  al. 2017. Polymorphisms in BMP2/BMP4, 

with estimates of mean lung dose, predict radiation 

pneumonitis among patients receiving definitive 

radiotherapy for non-small cell lung cancer. Oncotarget 

8:43080–43090.

17.	 Tisi, M. C., V. Bozzoli, M. Giachelia, G. Massini, B. M. 

Ricerca, E. Maiolo, et  al. 2014. Anemia in diffuse large 

B-cell non-Hodgkin lymphoma: the role of 

interleukin-6, hepcidin and erythropoietin. Leuk. 

Lymphoma 55:270–275.

18.	 Hohaus, S., G. Massini, M. Giachelia, B. Vannata, V. 

Bozzoli, A. Cuccaro, et  al. 2010. Anemia in Hodgkin’s 

lymphoma: the role of interleukin-6 and hepcidin. J. 

Clin. Oncol. 28:2538–2543.

19.	 Milet, J., V. Dehais, C. Bourgain, A. M. Jouanolle, A. 

Mosser, M. Perrin, et  al. 2007. Common variants in the 

BMP2, BMP4, and HJV genes of the hepcidin 

regulation pathway modulate HFE hemochromatosis 

penetrance. Am. J. Hum. Genet. 81:799–807.

20.	 Radio, F. C., S. Majore, C. Aurizi, F. Sorge, G. 

Biolcati, S. Bernabini, et  al. 2015. Hereditary 

hemochromatosis type 1 phenotype modifiers in Italian 

patients. The controversial role of variants in HAMP, 

BMP2, FTL and SLC40A1 genes. Blood Cells Mol. Dis. 

55:71–75.

21.	 Yanatori, I., D. R. Richardson, K. Imada, and F. Kishi. 

2016. Iron export through the transporter ferroportin 1 

is modulated by the iron chaperone, PCBP2. J. Biol. 

Chem. 291:17303–17318.

22.	 Ganz, T., and E. Nemeth. 2012. Hepcidin and iron 

homeostasis. Biochim. Biophys. Acta 1823:1434–1443.

23.	 Lopez, A., P. Cacoub, I. C. Macdougall, and L. 

Peyrin-Biroulet. 2016. Iron deficiency anaemia. Lancet 

387:907–916.

24.	 Wu, C. T., M. F. Chen, W. C. Chen, and C. C. Hsieh. 

2013. The role of IL-6 in the radiation response of 

prostate cancer. Radiat. Oncol. 8:159.

25.	 Bigildeev, A. E., O. A. Zhironkina, O. N. Lubkova, and 

N. J. Drize. 2013. Interleukin-1 beta is an irradiation-

induced stromal growth factor. Cytokine 64:131–137.

26.	 Harrison, L., and K. Blackwell. 2004. Hypoxia and 

anemia: factors in decreased sensitivity to radiation 

therapy and chemotherapy? Oncologist 9(Suppl. 

5):31–40.

27.	 Courselaud, B., C. Pigeon, Y. Inoue, J. Inoue, F. J. 

Gonzalez, P. Leroyer, et  al. 2002. C/EBPalpha regulates 

hepatic transcription of hepcidin, an antimicrobial 

peptide and regulator of iron metabolism. Cross-talk 

between C/EBP pathway and iron metabolism. J. Biol. 

Chem. 277:41163–41170.



2255© 2018 The Authors. Cancer Medicine published by John Wiley & Sons Ltd. 

Nomograms to Predict Outcomes for NSCLCJ. Yang et al.

28.	 Pogribny, I. P. 2010. Ferroportin and hepcidin: a new 

hope in diagnosis, prognosis, and therapy for breast 

cancer. Breast Cancer Res. 12:314.

29.	 Sow, F. B., G. R. Alvarez, R. P. Gross, A. R. Satoskar, 

L. S. Schlesinger, B. S. Zwilling, et  al. 2009. Role of 

STAT1, NF-kappaB, and C/EBPbeta in the macrophage 

transcriptional regulation of hepcidin by mycobacterial 

infection and IFN-gamma. J. Leukoc. Biol. 

86:1247–1258.

30.	 Rochette, L., A. Gudjoncik, C. Guenancia, M. Zeller, Y. 

Cottin, and C. Vergely. 2015. The iron-regulatory 

hormone hepcidin: a possible therapeutic target? 

Pharmacol. Ther. 146:35–52.

Supporting Information

Additional supporting information may be found in the 
online version of this article:

Table S1. Genotype distribution of our studied SNPs.
Table S2. Univariate Cox regression analyses for asso-

ciation between characteristics and disease outcome in 
patients with NSCLC receiving definitive radiotherapy.

Table S3. Univariate analysis of associations between 
single-nucleotide polymorphisms and disease outcome in 
patients with NSCLC receiving definitive radiotherapy.


