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Abstract
Background: A-to-I RNA editing has been recognized as a novel hallmark of cancer, while little is known
about its contribution to cancer prognosis. We aimed to develop a prognostic nomogram with A-to-I
editing events in lung squamous cell carcinoma (LUSC).

Methods: The TCGA A-to-I editing pro�le, corresponding clinical and gene expression data of LUSC were
analyzed. Patients were randomly divided into a training (n = 134) and validation group (n = 94). An A-to-I
risk biosignature was generated by univariate Cox regression and followed Lasso regression.

Results: We identi�ed a seven A-to-I sites-based risk biosignature that includes TMEM120B(A2588I),
HMOX2(A224I), CALCOCO2(A2603I), MIR548AE2(A113641I), ZNF440(A3942I), CLCC1(A2315I), and CHMP3(A23735I).

High risk was signi�cantly associated with worse overall survival (OS) in both the training (HR = 7.30;
95%CI = 3.48-15.3) and validation groups (HR = 2.13; 95%CI = 1.09-4.15). Patients with advanced T (P =
0.021) or clinical stages (P = 0.021) had higher risk scores than the counterparters. We then developed a
nomogram incorporating the A-to-I biosignature and clinicopathological features, which exerted well
performance on predicting probability of LUSC OS with C-indexes as 0.808 and 0.685 in both sets.
Moreover, the editing levels of ZNF440(A3942I), CLCC1(A2315I), HMOX2(A224I) are correlated with expressions
of their host genes, while the levels of TMEM120B(A2588I), CLCC1(A2315I), and CALCOCO2(A2603I) differed
between tumor tissues and normal tissues.

Conclusions: Our results for the �rst time provided insight into the development of A-to-I editing‐based
nomogram for predicting OS of LUSC patients.

Introduction
As the leading-cause of cancer-related death, lung cancer has resulted in 1,796,144 deaths in 2020,
representing 18.0% of all global cancer-related deaths[1]. Over the past two decades, individualized
targeted therapy have been practiced in lung cancer with appreciable bene�ts in some patients[2].
However, there are also a certain portion of patients who undergo non-response, acquired drug resistance,
unexpected toxic effects after targeted therapy, underscoring the critical need for precisely prognostic
models and more targeted agents. Hence, there is an urgent necessity to identify the underlying molecular
alterations of lung cancer and characterize biosignature for cancer prognosis.

The leapfrog development of high-throughput sequencing technology and analytic tools of
bioinformatics have deeply revealed the widespread DNA mutations and RNA editing in human genome
and transcriptome during tumorigenesis, which are of great potential to be used as biomarkers for early
detection, treatment selection and prognostic estimation, and targeted drug discovery of cancer. Unlike
speci�cally expressed genes[3–7], somatic mutations[8], genetic variants[9], and DNA hypo- or hyper-
methylation[10–13], all of which have been studied extensively for cancer prognostic prediction, little is
known about the contribution of RNA editing to cancer prognosis. RNA editing is a molecular process
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through which cells can make speci�c alterations in the chemical structure of RNA molecules occurring
after DNA transcription and synthesis by the RNA polymerase enzyme. RNA editing events can result in
missense codon changes in mRNA, modulation of alternative splicing in mRNA, or re-direction of mRNA-
microRNA or Mrna-RNA binding protein interaction. Once thought rare in humans, RNA editing is now
recognized as widespread in the human genome that is in the forefront of cancer research[14].

Over 70% of RNA editing in human is adenosine-to-inosine (A-to-I) editing[15]. A-to-I editing is a post-
transcriptional modi�cation of pre-mRNA that converts adenosines to inosines, which results in
recognition of inosine as guanosine by posttranscriptional regulatory machinery causing potential
recoding events in amino acid sequences and binding site rearrangement of microRNAs or RNA binding
proteins in untranslated region (UTR). A-to-I editing has recently emerged as an important mechanism in
cancer biology via affecting protein variation and diversity[16, 17]. In cancer studies, a lot of A-to-I editing
events such as A-to-I-edited GABRA3[18], AZIN1[19], and miRNA-379-5p[20] have signi�cant effects on
cancer survival. Other studies have also shown that A-to-I editing regulates cancer progression[21, 22],
metastasis[23], tumorigenesis[24–26], drug resistance[27]. However, the extent to which A-to-I editing
predicts cancer survival is not known. In the current study, we aimed to develop a nomogram based on A-
to-I editing sites for predicting overall survival (OS) of individuals affected by lung squamous cell
carcinoma (LUSC), which is one of the primary types of lung cancer. The whole A-to-I RNA editing pro�les
of LUSC and clinical data were obtained from the TCGA database, and a nomogram incorporating A-to-I
editing risk biosignature and baseline clinicopathological features that has considerably high accuracy to
predict probability of LUSC OS was constructed.

Material And Methods
Sample selection and data processing

We downloaded the TCGA A-to-I RNA editing dataset of LUSC from the synapse website
(https://www.synapse.org/#!Synapse:syn4382524), which was uploaded by Han L et al [17], and the
corresponding clinical information from the TCGA database (https://portal.gdc.cancer.gov/). Only 228
samples owned A-to-I editing data were retained and randomly divided into a training group (i.e., 134
cases) and a validation group (i.e., 94 cases). A �owchart describing the data processing is provided in
Figure 1a. We �rst performed the univariate Cox analysis to determine the OS-related A-to-I sites in the
training group after removing the A-to-I sites with undetermined editing level in ≥ 50% cases. We then
incorporated the promising A-to-I sites with P value < 0.001 in a least absolute shrinkage and selection
operator (Lasso) regression model to select the most prognostic A-to-I sites with penalty parameter tuning
conducted by 10-fold cross-validation [28]. Before the Lasso analysis, A-to-I sites with editing level less
than 5% were removed because very low level of editing is di�cult to detect accurately. Seven A-to-I sites
were selected to consistent risk biosignature and the coe�cient for each was obtained through the Lasso
analysis. A risk score formula was established as follows: 
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Development and validation of the Nomogram
We developed an OS prognostic nomogram incorporating the above risk biosignature and baseline
clinicopathological features including T, N stages, age at diagnosis and gender using the Cox regression
model and the “rms” package in R. The nomogram was based on proportionally converting each Cox
regression coe�cients in multivariate logistic regression to a 0- to 100-point scale. The predictive
performance of the nomogram was measured by Harrell's C-index and calibration with 100 bootstrap
samples [29]. For validation of the nomogram, the total points of each patient in the validation set were
calculated according to the established nomogram, then Cox regression in this cohort was performed
using the total points as a factor, and �nally, the Harrell's C-index and calibration were analyzed. Finally, a
decision curve analysis determined the clinical usefulness of the nomogram, A-to-I biosignature and
clinicopathological features by quantifying the net bene�ts at different threshold probabilities [30].
Correlation between A-to-I editing level and host gene expression

Since 4 of the 7 prognostic A-to-I sites are located at the 3’-untranslated region (3’-UTR) and 1 is located
at the 5’-UTR of host genes, we queried the expression data of each host gene from the TCGA database
and analyzed the correlations between the editing levels of the A-to-I sites and expressions of their host
genes.
Statistical analysis

In addition to the aforementioned data analysis, the effect of risk score generated by the prognostic A-to-I
sites on OS was analyzed using the log-rank test, univariate or multivariate Cox regression model, with
estimation of hazard ratio (HR) and 95% con�dence intervals (CI). A strati�cation analysis with regard to
baseline clinicopathological features was also performed using the Cox model. A multiple interaction
analysis between the risk score and clinicopathological features was conducted with the Cox model, too.
The difference in editing levels of the prognostic A-to-I sites between the cancer tissues and normal
tissues was tested by the student’s t test, and among different stages were analyzed by the ANOVA test.
The correlation between editing level of each A-to-I site and expression of host gene was assessed using
Pearson correlation test, in which we removed the non-editing samples. All tests were two-sided and
evaluated by the Stata software version 16.0 or R software version 4.0.1. P < 0.05 was considered to be
statistically signi�cant.

Results
Robustness of the novel biosignature based on seven A-to-I editing sites

Demographic and clinicopathological features of TCGA LUSC cases who owned A-to-I editing data
among the training group and validation group are presented in Table 1. There was no signi�cant
difference in age, gender, smoking status, TNM stages and survival status between the training group and
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validation group. The multivariable Cox analysis showed that increase of age, male, advanced T stages
were signi�cantly associated with OS in the 228 LUSC cases (Figure S1).

Table 1. Frequency distribution of demographic and clinicopathological features of LUSC cases.
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Variables Training set

(n = 134)

Validation set

(n = 94)

P value

Age ( Mean ± SD, y) 68.3 ± 7.6 67.5 ± 9.0 0.445 a

Gender      

  Male 101 (73.4%) 67 (71.3%) 0.489 b

  Female  33 (24.6%) 27 (28.7%)  

Smoking status      

  Yes 124 (92.5%) 89 (94.5%) 0.520 b

  No  10 (7.5%)  5 (5.3%)  

T stages      

  1 33 (24.6%) 18 (19.1%) 0.324 b

  2 84 (62.7%) 58 (61.8%)  

  3+4 17 (12.7%) 18 (19.1%)  

N stages      

  0 91 (67.9%) 57 (60.6%) 0.515 b

  1 30 (22.4%) 25 (26.6%)  

  2+3 13 (9.7%) 12 (12.8%)  

M stages      

  0 133 (99.2%) 91 (96.8%) 0.166 b

  1   1 (0.8%)  3 (3.2%)  

Clinical stages      

  I 72 (53.7%) 48 (51.1%) 0.248 b

  II 38 (28.4%) 21 (22.3%)  

  III+IV 24 (17.9%) 25 (26.6%)  

Survival status      

  Dead 53 (39.6%) 39 (41.5%) 0.678 c

  Alive 81 (60.4%) 55 (58.5%)  
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a P value calculated by the student’s t test.

b P value calculated by the two-side χ2 test.

c P value calculated by the log-rank test.

As shown in Fig. 1b, thirty-two A-to-I editing sites were identi�ed with signi�cant associations with OS of
LUSC (P < 0.001) and were included in the Lasso regression model in the training set. After removing such
A-to-I editing sites with very low editing level (< 5%) and the Lasso analysis, there were �nally 7 A-to-I sites
to be included in the prognostic risk biosignature (Fig. 1c). They are TMEM120B(A2588I), HMOX2(A224I),
CALCOCO2(A2603I), MIR548AE2(A113641I), ZNF440(A3942I), CLCC1(A2315I), CHMP3(A23735I). The number in
parentheses refers to the position, where the A-to-I editing occurs at the cDNA sequences of host gene,
except for CHMP3(A23735I) and MIR548AE2(A113641I). The numbers of CHMP3(A23735I) and
MIR548AE2(A113641I) refer to the position, where the A-to-I editing occurs at the DNA sequences, because
the sites are located at introns. All HRs of these A-to-I sites are > 1, indicating that high editing levels of
them were associated with unfavorable OS. A risk score incorporating the risk effects of these A-to-I sites
is calculated by: Risk score = (11.58 ×Editing level of HMOX2(A224I)) + (4.19 ×Editing level of
CALCOCO2(A2603I)) + (8.21 ×Editing level of MIR548AE2(A113641I)) + (12.46 ×Editing level of
ZNF440(A3942I)) + (2.63 ×Editing level of CLCC1(A2315I)) + (4.47 ×Editing level of CHMP3(A23735I)) + (7.69
×Editing level of TMEM120B(A2588I)). Taking the median risk score as the cutoff point, LUSC cases were
divided into a high-risk group and a low-risk group. Distribution of the risk score based on the seven A-to-I
sites, survival status, and editing levels of the seven A-to-I sites are shown in Fig. 2A-D. The low-risk group
had almost quadrupled in a median survival time (MST, 98.0 months) when compared to the high-risk
group (24.3 months, log-rank test: P < 0.001), and the latter exerted obviously increased death rate
(multivariate Cox regression model: HR = 7.30; 95%CI = 3.48–15.3) in the training set. A consistent �nding
was observed in the validation set that the high-risk group exerted shorter OS time and higher death rate
than the low-risk group (HR = 2.13; 95%CI = 1.09–4.15). In strati�cation analysis (Fig. 2E), we merged the
training set and validation set to increase the study power. The hazard effect of high-risk was prominent
in most sub-groups, except in patients with T3/4 stages, cases with lymphatic metastasis, and those in
stage II, which may be due to the limited sample size. Strati�cation analyses with regard to smoking and
distant metastases were omitted because of the extremely low sample size. Moreover, no signi�cant
interaction was observed between the risk biosignature and demographic and clinicopathological
features.

Correlation between the signature and clinicopathological features
An analysis to test correlations between the risk score and clinicopathological features, including T, N
stages, clinical stages, and age at diagnosis was performed. The risk score was signi�cantly increased
along with the T stages (P = 0.021, Figure 2F) but not the N stages (P = 0.297, Figure 2G). Being
consistent, cases with advanced clinical stages exerted higher risk scores (P = 0.002, Figure 2H).
However, no signi�cant association was observed for the risk biosignature and diagnostic age (Figure 2I).
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Predictive performance of the established nomogram

Based on the risk biosignature and clinicopathological features including T, N stages, gender and age at
diagnosis, we developed a nomogram to predict OS of LUSC in the training set (Figure 3A) and validated
the nomogram in the validation set. The calibration plots presented a superior agreement in both the
training set and the validation set between the observed OS rate and nomogram-predicted OS rate of 1-,
3-, and 5-year (Figure 3B, C). Besides, the Harrell's C-indexes were 0.808 (95%CI = 0.770-0.845) in the
training set and 0.685 (95%CI = 0.638-0.733) in the validation set, showing a noticeable value on
predicting probability of LUSC OS. Moreover, the decision curve analysis showed that the nomogram-
produced point exerted a higher net bene�t than the clinicopathological features and the pute A-to-I
biosignature in both the training set and the validation set at 1 and 3 years (Figure 3D, E; Figure S2).

Possible functions of the seven A-to-I sites

As a novel biosignature for cancer prognostic prediction, nothing is known about the functions of the
seven A-to-I editing sites. We evaluated the differences in the editing levels of these A-to-I sites between
cancer tissues and normal tissues in LUSC, and assessed correlations between editing levels of these
sites and expressions of their host genes. We overlooked such effects for CHMP3(A23735I) and
MIR548AE2(A113641I), since the editing sites are located at introns. As shown in Figure 4A-E, the editing
levels of CLCC1(A2315I) (P = 0.004) and CALCOCO2(A2603I) (P < 0.001) but not ZNF440(A3942I) (P = 0.942)
and HMOX2(A224I) (P = 0.442) were signi�cantly different between cancer tissues and normal tissues.
Besides, since the sample size of normal tissues were too little, the editing level of TMEM120B(A2588I)

displayed a barely detectable statistically signi�cant difference (P = 0.051). Furthermore, as shown in
Figure 4F-J, the correlation analysis revealed negative correlations between ZNF440(A3942I) and ZNF440 (r
= -0.312, P < 0.001), CLCC1(A2315I) and CLCC1 (r = -0.282, P < 0.001), and HMOX2(A224I) and HMOX2 (r =
-0.163, P = 0.073). However, no obvious correlation was observed for TMEM120B(A2588I) and TMEM120B
(r = -0.146, P = 0.232), and CALCOCO2(A2603I) and CALCOCO2 (r = 0.050, P = 0492),.

Discussion
To explore a prognostic nomogram of tumor is not only critical to know of the probability of the survival
outcome but also the selection appropriate treatment options. Despite the progress made in lung cancer
OS predictive models, most of which are constructed by gene expression, DNA methylation, radiographic,
genome mutation or variant, new predictive rule based on novel biomarkers still need to be done to
discover a more precise forecast model independently or by combining with previous nomograms. A-to-I
editing has been widely implicated in cancer as reported recently, which produces a great potential for
cancer prognostic prediction. Out study successfully developed an A-to-I editing-based nomogram for
LUSC. The C-index, calibration plot and decision curve demonstrated a good predictive performance of
this nomogram in both the training group and validation group. To the best of knowledge, this is the �rst
study reporting a nomogram for cancer with regard to A-to-I editing.
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Our study �rst identi�ed OS-related A-to-I sites for LUSC according to transcriptome-wide A-to-I editing
analysis based on the TCGA data, following by Lasso regression to determine an A-to-I biosignature
including TMEM120B(A2588I), HMOX2(A224I), CALCOCO2(A2603I), MIR548AE2(A113641I), ZNF440(A3942I),
CLCC1(A2315I), and CHMP3(A23735I), which was signi�cantly associated with OS of LUSC patients. Besides,
this biosignature was positively correlated with T stages and clinical stages. With regard to the
corresponding genes the seven A-to-I sites betiding, HMOX2 is a biomarker for tumor initiating cells of
lung cancer and a potentially therapeutic target, suppression of which will signi�cantly increase cancer
survival[31]. CALCOCO2 is an autophagy receptor that contributes to autophagy addiction in K-Ras driven
lung cancer[32, 33]. CLCC1 acts as a cell-surface biomarker for tumor initiating cells[34]. CHMP3 is a
possible tumor suppressor with downregulated expression across a wide range of human cancers and its
high level predicts a better survival outcome of breast cancer patients[35]. These evidences supported the
functional underpinnings of the A-to-I risk biosignature. Nevertheless, the biological effects of
TMEM120B, MIR548AE2 and ZNF440 on LUSC have not been studied.

A-to-I editing may lead to non-synonymous amino acid mutations, mis-regulation of alternative splicing,
disturbance codon preference, and microRNA-mRNA redirection or RNA-binding protein-mRNA redirection,
thereby in�uencing gene expression and function[36]. Among the seven A-to-I editing sites,
TMEM120B(A2588I), CALCOCO2(A2603I), ZNF440(A3942I) and CLCC1(A2315I) are located in the 3’-UTR of their
host genes, and HMOX2(A224I) is located in the 5’-UTR of HMOX2, thus they have a great potential to
affect expression of host genes. Indeed, the editing level of ZNF440(A3942I) and CLCC1(A2315I) were
negatively correlated with the expressions of ZNF440 and CLCC1, respectively. HMOX2(A224I) editing level
might be also related to HMOX2 expression with a clear trend to be statistically signi�cant. These results
suggested that the three editing sites are functional. However, no association was observed between the
expression and the editing level of other two genes (TMEM120B and CALCOCO2), suggesting an
unconventional regulatory mechanism across them. In future, we will focus on verifying the biological
functions of these A-to-I sites. Wonderingly, MIR548AE2(A113641I) and CHMP3(A23735I) are located in the
intron of MIR548AE2 and CHMP3, respectively. We guessed they may belong to pre-mRNA sequences or
non-coding RNA molecules that have not been identi�ed by now.

Moreover, a difference in the editing level of TMEM120B(A2588I), CLCC1(A2315I), and CALCOCO2(A2603I) was
observed between tumor tissues and normal tissues, suggesting a role of these sites on affecting the
occurrence of LUSC. Therefore, these sites may be alternative biomarkers for LUSC diagnosis.

To construct a prognostic model for LUSC, we developed a nomogram incorporating the seven A-to-I sites,
age at diagnosis, gender, and TN stages. The nomogram exerted a medium accuracy on predicting OS of
LUSC, which is similar with those were reported in other studies. Besides, the nomogram had better
overall net bene�t than the T, N stating system at 1 and 3 years. Although the nomogram showed well
predictive performance in our study, to apply the nomogram to the "real-world" clinic, more LUSC cohorts,
especially the prospective cohorts, are needed to assess the robustness. In addition, the current study
have several limitations. First, we lacked an external group to validate the A-to-I biosignature and the
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nomogram. Second, therapeutic schedule is important to show the application of prognostic nomogram
for selection of appropriate treatment options, but the data is unavailable in the TCGA database. Finally,
there may be some bias in the process of subjects’ recruitment and data analysis.

In conclusion, we found the �rst risk prognostic biosignature based on A-to-I RNA editing in LUSC, which
was associated with OS and clinical stages of LUSC patients. We further constructed a nomogram
incorporating the A-to-I biosignature and clinicopathological features. The nomogram exerted well
predictive performance and reliability for LUSC OS. Large prospective cohorts are warranted to validate
the robustness of this model to assess the application value in "real-world" clinic.
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Figure 1

Identi�cation of an A-to-I RNA editing risk biosignature for OS of LUSC patients. A. The work�ow of
construction of a nomogram based on OS-related A-to-I sites and clinicopathological features. B. Scatter
plot of P values in –log10 scale from the univariate Cox model analysis on transcriptome-wide A-to-I
editing sites from TCGA. C. LASSO coe�cient pro�les of the A-to-I editing sites after removing OS-related
sites with low editing lever (<5%).
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Figure 2

Association of the A-to-I risk biosignature with OS survival and clinical stages of LUSC patients. A-D.
Distribution of the risk score based on the seven A-to-I sites, survival status, and editing level of each A-to-
I site in the training set (A) and validation set (C), and Kaplan–Meier plot to visualize the survival
probabilities for risk score in the training set (B) and validation set (D). P values were calculated by the
log-rank test. E. Performance of the A-to-I biosignature on LUSC OS in different sub-groups with regard to
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clinicopathological features. F-I. Correlation between the A-to-I signature and clinicopathological features
including T stages (F), N stages (G), clinical stages (H), and age at diagnosis (I). P values were calculated
by the ANOVA test.

Figure 3

Developed prognostic nomogram based on the A-to-I risk biosignature and clinicopathological features.
A. The nomogram for predicting probabilities of patients with 1-, 3- and 5-year OS; B-C. Calibration curves
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of the nomogram in the training group (B) and validation group (C). D-E. Decision curves of the
nomogram in the training group (D) and validation group (E) at 1 year.

Figure 4

Editing levels of each A-to-I and their correlations with corresponding genes. A-E. The difference in editing
level of each A-to-I site between tumor tissues and normal tissues of LUSC. P values were calculated by
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the student’s t test. F-J. The correlation between editing level of each A-to-I site and expression of
corresponding gene. P values were assessed by the Pearson correlation test.
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