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INTRODUCTION 
 

Sex is defined by biological differences in the 

chromosomes, reproductive organs, and sex steroid levels 

between men and women, while gender is determined by 

behaviors and activity differences in human society or 

culture between male and female [1]. In many cancer 

types, significant sex disparities in cancer incidence, 

survival, and prevalence and treatment responses have 

also been reported [2, 3]. Sex disparities in cancer are 

presumably induced by sex hormones, especially 

estrogen, which are known to modulate gene expression 

in many cancers [4, 5]. Genomic mutation, may be key 

factors for sex-biased disparities in mortality and 

incidence of cancers [6]. Most prior research on genomic 

determinants of sex differences have focused on TMB [7]. 

However, the mutant genes related to sex disparity have 

yet to be elucidated. 

 

Immune checkpoint inhibitors (ICIs) have revolutionized 

cancer treatment, showing higher efficacy than standard 

therapies in the management of several difficult-totreat 

malignancies, including malignant melanoma, non-small-

cell lung cancer, bladder cancer, and head and neck 
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ABSTRACT 
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immunotherapy prediction biomarkers based on sex difference. 
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cancer, among many others [8]. Recently, sex-based ICI 

efficacy dimorphism has been found in various cancers, 

suggesting that male cancer patients benefit from ICIs 

more than female cancer patients [9, 10]. However, only a 

subset of patients responds well to ICIs. Recent studies 

suggested that TMB was an efficient pan-cancer 

biomarker for ICI response and was preferentially useful 

in female patients [11]. However, due to the non-uniform 

calculation, various sequencing approaches and exorbitant 

expenses, TMB is not an optimal indicator to ICIs 

responses in some types of cancer. Therefore, new 

biomarkers are desperately needed to identify the group of 

patients who may be more likely to benefit from ICIs. 

 

Telomerase reverse transcriptase (TERT) mutations lead 

to aberrantly upregulate TERT expression, and ultimately 

enable telomere maintenance, which achieve unlimited 

proliferative capacity of tumor cells [12, 13]. Moreover, 

TERT mutations are identified as biomarkers of tumor 

aggressiveness and poor prognosis in several human 

cancer types [14–17]. Recently, a study on bladder cancer 

suggested that TERT promoter mutation has been 

identified as a potential predictive marker of Bacillus 

Calmette-Guérin (BCG) treatment which was regarded as 

one of the first and most successful of all oncological 

immunotherapies [18]. However, a comprehensive 

analysis of TERT mutation and their predictive value for 

ICIs has never been elucidated to date.  

 

With the availability of the cBioPortal database, we 

firstly compared the mutant genes related to sex 

disparity, and then analyzed the frequency of TERT 

mutation between different sex groups in different 

cancer types. Finally, we explored the effect of TERT 

mutation and sex disparity on the efficacy of 

immunotherapy in pan cancer, especially melanoma.  

 

RESULTS 
 

The differential mutant genes related to sex 

disparity 

 

Scatter plots all showed differences in genetic mutations 

between different sex groups (Figure 1A). The blue dots 

indicated that the p and q values were statistically 

significant, and the gray dots were not significant. We also 

showed the top 10 genes with the greatest difference of 

mutations in female and male. As shown in Figure 1B, the 

mutation frequency of PIK3CA, ATRX, CDH1, GATA3, 

MAP3K1, and ESR1 was higher in the female than in the 

male group (p <0.05). In TERT, ERG, VHL, and 

TMPRSS2, the mutation frequency was higher in the male 

than in the female group, and the difference was also 

statistically significant (p <0.05). 

 

We further analyzed the frequency of TERT mutations 

between different sex groups in different cancer types. 

Figure 1C showed that Bladder Cancer, Glioma and 

Melanoma were the top three of TERT mutation 

frequency, while Esophagogastric cancer, Prostate 

cancer, and Pancreatic cancer were the last three. 

Notably, for Melanoma and Hepatobiliary cancer, 

TERT mutation frequency was higher in male patients 

than female patients. 

 

 
 

Figure 1. The differential mutant genes between female vs male group. (A) Scatter plots, the altered frequency of genetic mutations 

between female vs male group (%). The X axis represents altered frequency in female. The Y axis represents altered frequency in male. The 
blue dots indicate that the p and q values are statistically significant. (B) The top 10 genes with the greatest difference of mutations between 
female vs male group. The X axis represents genetic changes with the greatest difference. The Y axis represents differential mutant genes. 
The red histogram indicates female and the blue histogram indicates male. (C) The frequency of TERT mutations between female vs male 
group in different cancer types. X-axis represents common types of cancer. The Y axis represents percent of TERT mutation. The red 
histogram indicates female and the blue histogram indicates male. 
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Relationship between TERT mutation and sex 

disparity and immunotherapy 

 

We first explored the association between sex and 

overall survival (OS) in the immunotherapy cohort. As 

shown in Figure 2A, male patients had significantly 

better median OS than female patients (19 months vs 15 

months, p =0.047). From the above results, we found 

that TERT mutation was related to sex disparity. We 

also explored the predictive value of TERT mutation on 

the efficacy of immunotherapy. Surprisingly, patients in 

the TERT altered group showed a significantly longer 

median OS than unaltered group (Figure 2B, 24 months 

vs 17 months, p =0.002).  

 

In order to further understand whether male and female 

patients with TERT mutation can benefit from 

immunotherapy. We next conducted subgroup analysis 

in the TERT-male and TERT-female cohort. Notably, in 

TERT-male group, male patients in the TERT altered 

group had longer median OS than unaltered group 

(Figure 2C, 27 months vs 17 months, p =0.006). Similar 

results were obtained in TERT-female cohort, female 

patients in the TERT altered group had longer median 

OS trend than unaltered group, but not statistically 

significant (Figure 2D, 19 months vs 14 months, p 

=0.193). 

 

Relationship between TERT mutation and 

immunotherapy in different sex groups of melanoma 

 

To explore the predictive value of TERT mutation on 

the efficacy of immunotherapy in certain cancer types. 

The cancer types including non-small cell lung cancer, 

melanoma, bladder cancer, renal cell carcinoma, head 

and neck cancer, esophagogastric cancer, glioma and 

colorectal cancer were further analyzed. However, the 

result showed that only male melanoma patients in the 

TERT altered group had longer median OS than 

unaltered group (Figure 3A, 49 months vs 27 months, 

p<0.001). Similar to pan cancer analysis, the 

statistically OS significant was not found for female 

 

 
 

Figure 2. The effect of TERT mutation and sex disparity on the efficacy of immunotherapy in cBioPortal database. (A) Kaplan-

Meier survival analysis between female and male patients in ICI treatment cohort. The red curve represents female group, and the blue curve 
represents male group. (B) Kaplan-Meier survival analysis between TERT altered and unaltered group in ICI treatment cohort. The red curve 
represents TERT altered group, and the blue curve represents unaltered group. (C) Kaplan-Meier survival analysis between TERT altered and 
unaltered group in the TERT-male cohort. The red curve represents TERT altered group, and the blue curve represents unaltered group. (D) 
Kaplan-Meier survival analysis between TERT altered and unaltered group in the TERT-female cohort. The red curve represents TERT altered 
group, and the blue curve represents unaltered group. 
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melanoma patients in the TERT altered group (Figure 

3B, 60 months vs 44 months, p =0.511). Other tumor 

types did not get a positive result, and the data were not 

given. 

 

DISCUSSION 
 

Sex disparities were biologically related to cancer 

diagnosis, prognosis, severity, and prediction of 

treatment response [2, 3]. Genomics studies showed a 

variation in the expression of autosomal genes between 

males and females [19, 20]. TMB, as a biomarker of 

response to ICIs, has been considered to be more 

predictive of the efficacy of immunotherapy in female 

patients [11]. However, due to the limitations of TMB 

application, we needed to explored new biomarkers 

related to sex disparity to better predict ICIs response. 

 

In our study, we showed the top 10 genes with the 

greatest difference of mutations, which were related to 

sex disparity. This variation (genetic mutation) may 

help facilitate the identification of sex-specific cancer 

biomarkers. We found that PIK3CA and TERT were 

genes with the greatest differences between different 

sex groups. Strikingly, TERT mutation could be 

frequent in many malignancies and be identified as 

biomarkers of tumor aggressiveness and poor prognosis 

in several human cancer types [14–17]. We further 

analyzed the frequency of TERT mutations between 

different sex groups in different cancer types. The result 

showed that Bladder Cancer, Glioma and Melanoma 

were the top three of TERT mutation frequency, while 

Esophagogastric cancer, Prostate cancer, and Pancreatic 

cancer were the last three. Consistent results have also 

been confirmed the high prevalence of TERT mutation 

in bladder cancer, Glioma and Melanoma and a lower 

mutation frequency of breast cancer and prostate cancer, 

although they occurred with different frequencies [21–

25]. Moreover, we also found that TERT mutation 

frequency of Melanoma and Hepatobiliary cancer was 

higher in male patients than female patients. Lee et al 

analyzed TERT promoter mutation in 162 tumor 

samples of the patients with HCC by sequencing and 

real-time PCR, respectively. The result showed that the 

TERT promoter mutation rate was 28.8% (46/160) in 

HCC and was associated with males (p =0.027) [26]. 

Egberts et al also found highly recurrent TERT 

promoter mutations in malignant melanomas, and the 

prevalence of its TERT-promoter mutations was 

associated with the patient's sex [23 (51.1%) men, 10 

(21.3%) women; p = 0.004] [27]. The above results 

suggested that TERT mutation might be closely related 

to sex, although efforts are still needed to evaluate the 

clinical utility of sex-biased TERT mutation in a larger 

patient cohort. 

 

But for patients who received ICIs, what was the 

relationship between TERT mutation and OS? We 

evaluated the effect of TERT mutation and sex disparity 

on the efficacy of immunotherapy. Our results 

demonstrated that male patients and patients with TERT 

mutation all had significantly better median OS. More 

importantly, male patients with TERT mutation had 

longer median OS. Current study has revealed that sex-

based dimorphism on the efficacy of ICIs in various 

cancers and confirmed that male patients can benefit 

more from immunotherapy [8, 28, 29]. As we all know, 

not all male patients can benefit from immunotherapy, 

 

 
 

Figure 3. The effect of TERT mutation on the efficacy of immunotherapy in melanoma database. (A) Kaplan-Meier survival 

analysis between TERT altered and unaltered group in the male cohort. The red curve represents TERT altered group, and the blue curve 
represents unaltered group. (B) Kaplan-Meier survival analysis between TERT altered and unaltered group in the female cohort. The red 
curve represents TERT altered group, and the blue curve represents unaltered group. 
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and new biomarkers are still needed to predict the 

efficacy of immunotherapy. Our study reported that male 

patients with TERT mutation may be more likely to 

benefit from immunotherapy in a multitude of cancers. 

 

Our study has not only found a high frequency of 

TERT mutations in melanoma, but also a higher 

frequency of mutations in male melanoma patients. In 

addition, effect of sex on immunotherapy may exist in 

specific cancer types rather than all cancer types [30, 

31]. TERT mutation should also be like this. Our result 

showed that only male melanoma patients with TERT 

mutation had longer median OS. Therefore, male 

melanoma patients with TERT mutation may benefit 

from immunotherapy.  

 

This study also has certain limitations. Firstly, our study 

was only a bioinformatic based on public databases. 

The next step is to confirm whether male patients with 

TERT mutation could benefit from immunotherapy 

through prospective or retrospective studies. Secondly, 

the immunotherapy data we collected for each cancer 

type was very limited. Although we did immunotherapy 

analyses in certain cancer types, the same conclusion 

was only obtained in melanoma. As for other tumor 

types, we need to determine whether male patients with 

TERT mutations benefit from immunotherapy.  

 

In conclusion, using the cBioPortal database, we 

identified that TERT mutation may serve as a sex-

specific cancer biomarker and TERT mutation 

frequency of melanoma was higher in male patients. 

Notably, we found that male patients with TERT 

mutation may be more likely to benefit from 

immunotherapy, especially for melanoma. However, the 

potential role of TERT mutation as biomarkers for 

immunotherapy are still needed to confirm by further 

clinical trials. 

 

MATERIALS AND METHODS 
 

All data in this study were selected from the cBioPortal 

database (https://www.cbioportal.org) [32]. To analyze 

the differences of gene mutation according to sex 

disparity, we used the MSK-IMPACT Clinical 

Sequencing Cohort [33], which contain 10336 

patients/10945 samples with available mutation and sex 

status information. 

 

For the relationship analysis between gender, TERT 

mutation and immunotherapy, we also selected TMB 

and Immunotherapy Cohort [34], which contains 1661 

patients with various cancer types (including 320 cases 

of melanoma) with available survival, immunotherapy, 

TERT mutation and sex status information. Data 

between two groups were compared using unpaired  

t-test or Wilcoxon rank-sum test. Kaplan-Meier method 

was used to calculate the survival probability and log-

rank test was used to compare the survival curves. All 

reported p values are two-tailed, and for all analyses, p 

<0.05 is considered statistically significant. This study 

was mainly based on the cBioPortal database and 

personal privacy information was not involved, so the 

informed consent was not needed.  
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