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A B S T R A C T   

Summary: Cancer represents a significant cause of death and suffering in both the developed and developing 
countries. Key underlying issues in the mortality of cancer are delayed diagnosis and resistance to treatments. 
However, improvements in biomarkers represent one important step that can be taken for alleviating the 
suffering caused by malignancy. Precision-based medicine is promising for revolutionizing diagnostic and 
treatment strategies for cancer patients worldwide. Contemporary methods, including various omics and systems 
biology approaches, as well as advanced digital imaging and artificial intelligence, allow more accurate 
assessment of tumor characteristics at the patient level. As a result, treatment strategies can be specifically 
tailored and adapted for individual and/or groups of patients that carry certain tumor characteristics. This in
cludes immunotherapy, which is based on characterization of the immunosuppressive tumor microenvironment 
(TME) and, more specifically, the presence and activity of immune cell subsets. Unfortunately, while it is 
increasingly clear that gender strongly affects immune regulation and response, there is a knowledge gap con
cerning differences in sex-specific immune responses and how these contribute to the immunosuppressive TME 
and the response to immunotherapy. In fact, sex dimorphism is poorly understood in cancer progression and is 
typically ignored in current clinical practice. In this review, we aim to survey the available literature and 
highlight the existing knowledge gap in order to encourage further studies that would contribute to under
standing both gender-biased immunosuppression in the TME and the driver of tumor progression towards 
invasive and metastatic disease. The review highlights the need to include sex optimized/genderized medicine as 
a new concept in future medicine cancer diagnostics and treatments.   

1. Introduction 

It has been known for over one hundred years that the immune 
system has the capacity to recognize and kill tumors. However, it is only 
recently that immunotherapy has started to become effective and is now 
taking its place alongside surgery, radiotherapy and chemotherapy as a 
fourth option for treatment of many cancers [1]. The reason that it has 
taken so long is that most tumors develop evasive mechanisms that 
prevent immune recognition and tumor killing, as described by our
selves [2–7] and others [8]. However, recent breakthroughs have 
allowed some of these immunoevasive aspects to be overcome, although 
much work remains to be done if immunotherapies are to reach their 

maximum efficacy [9]. Differences in the distributions between men and 
women, including gender-biased behaviors and clinicopathological 
subtypes, have not been considered [10–12]. In immunotherapy clinical 
trials, women are significantly underrepresented compared to men [13]. 
This may be in part due to concerns related to cyclical hormonal changes 
in a woman’s body and how they could influence clinical trials. How
ever, when considering sex-based immunological differences, it is likely 
that the results obtained from male patients would not always apply to 
female patients and vice versa, and accordingly there is now a clear 
understanding that both sexes should be represented in trial-based 
research. 

A shortage of evidence-based and gender-specific markers hinders 
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efficient drug development. Therefore, wide omics assessments com
bined with mechanistic studies will reveal a marked enrichment of 
tissue-specific immune subsets in males and females that can be used as 
predictive biomarkers and therapeutic targets. Here, we provide a 
comprehensive review concerning immune differences related to gender 
in the field of tumor immunology and immunotherapy, which will be 
critical for both basic cancer research and translational application, as 
well as guiding the mechanistic studies of sex dimorphism in human 
cancers and the development of sex-specific precision cancer medicine. 

1.1. Sex dimorphism in the immune-tumor microenvironment 

Whilst sex immune dimorphism is acknowledged for its impact on 
multiple health-related conditions, such as autoimmune diseases, 
chronic infections and vaccination responses, how it affects tumor 
development remains ill-defined [14]. Cancer incidence is predomi
nantly higher throughout male populations, which, in addition to ge
netic and behavioral factors, could be inherently dictated by the 
immune-cellular and molecular variations that exist between the two 
sexes [15]. Interestingly, breast and thyroid cancers are two exceptions 
with increased incidence in women compared to men [16]. The higher 
breast cancer incidence in female has been directly linked to estrogen 
receptor (ER) up-regulation. This leads to activation of downstream 
signaling proteins (such as the antiapoptotic protein Bcl-2) ultimately 
resulting in unrestrained tumor growth with genomic instability via 
p53/Erb-B2-dependent pathways. Contrary, in men breast cancer such 
estrogen-dependent pathways do not seem to trigger genomic instability 

nor aggressive tumoral transformation. This has been mostly associated 
with the different hormonal milieu in males as well as other environ
mental carcinogens, namely smoking, radiation or chemical pesticides 
[17,18]. Additionally, thyroid cancer is 2.9-times more prevalent in 
women than men. Similarly, in breast neoplasms, the papillary thyroid 
cancer is also dependent on estrogen receptor status and hence affected 
by sex hormones. Lee et al., described how estrogen can dramatically 
induce thyroid cancer cell line proliferation, compared with male sex 
hormones, which was also associated with an up-regulation of the 
antiapoptotic protein Bcl-xL expression [19,20]. Altogether indicating 
that sex hormones play inherently decisive roles at multiple molecular, 
cellular and physiological stages which trigger malignant trans
formation. Hereby, we discuss how sex-biased differences can govern 
the anti-tumoral properties of immune cells belonging to both myeloid 
and lymphoid cell lineages (Fig. 1). 

1.2. Myeloid-derived sex dimorphism in the TME 

1.2.1. Dendritic cells 
Dendritic cells (DC) are professional antigen-presenting monocytes 

in charge of orchestrating both innate and adaptive immune systems 
[21]. Immune-transcriptional profiling in males and females with 
chronic inflammation has unraveled key genes involved in monocytic 
inflammatory responses, such as the interferon (IFN) signaling pathway, 
immune cell activation, phagocytosis and antigen-processing machin
ery. However, of note are genes that include ubiquitin 
proteasome-mediated antigen processing; UBA1, or major 

Fig. 1. Sex dimorphism in the immune-tumor microenvironment. Schematic representation of how immune sex dimorphism could affect tumor development. (Left) 
Higher cancer incidence in males could be due to an overall combination of less vigilant and tolerogenic dendritic cell (DC) phenotypes (1a), which poorly present 
tumor-associated antigens to T cells (2a). Male T cells lack many important X-linked cytotoxic genes, which deprives them of potent inflammatory responses (3a). 
The male tumor microenvironment (TME) is enriched with tumor-resident macrophages and monocytic MDSC (mMDSC) (4a), which secrete anti-inflammatory 
cytokines (e.g. IL-6) leading to an inhibited T-cell function, low numbers (5a) and, ultimately, inefficient tumor cell killing and increased tumor burden (6a). 
(Right) Females possess vigorous immune responses characterized by highly inflammatory monocytes (1b) with an improved antigen presentation capacity 
compared to males (2b). Females display a Th2-biased phenotype (3b), which has been hypothesized to support CD8+ T-cell function in the TME (4b). Together with 
the CD8+ T cells, the high neutrophil densities (5b) and greater humoral immunity (6b) found in female TMEs contribute to efficient tumor cell killing (7b). 
However, some studies have reported the presence of immunosuppressive cells in female TMEs, such as M2 macrophages or granulocytic MDSCs (8b), which could 
hinder anti-tumor immunity. 
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histocompatibility complex (MHC) antigen loading; CD1E, which is 
found upregulated in female individuals. This implies that female 
monocytes are more vigilant and possess an improved antigen presen
tation capacity [22]. 

Antigen presenting cells, especially DC development, both quantity 
and functionality, have been reported to be positively influenced by 
estrogens [23,24]. For instance, downstream signaling of estrogen re
ceptor α (ERα) promotes DC-mediated interferon (IFN)-α and IL-6 pro
duction, as well as enhancing DC surface activation marker expression, 
such as CD40, CD86 and MHCII [25]. Moreover, plasmacytoid DC 
(pDCs) IFN-mediated production depends on the activation of Toll-like 
receptor 7 (TLR-7), whose gene expression, found on the X-chromo
some, is positively regulated in vivo by the 17-β-estradiol (E2)-ERα 
signaling axis [26–28]. Lastly, estrogens can also indirectly impact tol
erogenic DC subset functional responses. Female mice engrafted with 
melanoma and breast tumors have less infiltration of tolerogenic 
FOXO3-expressing DC with reduced functionality compared to the male 
counterpart. FOXO3 transcription factor, which is the key for DC 
tolerance and immunosuppression, could exclusively regulate male 
androgen receptor expression through binding to its promoter region, 
initiating a positive feedback loop that was shown to polarize DC to
wards a tolerogenic phenotype [29]. Overall, this implies that androgen 
favors immunoregulatory DC, while estrogens favor DC anti-tumoral 
properties, which can be advantageous for female cancer survival rates. 

1.2.2. Macrophages 
Under normal physiological conditions, female macrophages possess 

greater phagocytic activity and produce higher levels of anti- 
inflammatory prostanoids compared to the male equivalent [30,31]. 
On the other hand, the macrophages found in multiple female TME have 
been associated with immunosuppressive phenotypes, such as M2 
macrophages (M2). In bladder cancer, poor female prognosis and a 
minor response to immunotherapy have been correlated with high 
anti-inflammatory CD163+-M2 macrophage infiltration. The latter has 
been associated with the sex-related immune differences within bladder 
mucous membranes or the cancer cell-mediated induction of 
tissue-resident macrophage polarized towards the M2 phenotype 
[32–34]. In colorectal cancer, only female mice presented an elevated 
granulocyte colony-stimulating factor (GCSF) concentration in the TME 
that supported high intratumoral IL-10+ macrophage levels, which is 
known to be an M2-like marker [35]. 

Similar to dendritic cells, estrogens also affect macrophage function. 
At low estrogenic concentrations, the macrophage-mediated production 
of pro-inflammatory IL-1, IL-6 and TNF cytokines increases, whereas at 
higher concentrations this process is reversed [36]. In hepatocellular 
carcinoma, lower systemic levels of estrogen found in males have been 
shown to promote tumor development by endowing liver-resident 
macrophages with a greater capacity to secrete IL-6. On the contrary, 
the high systemic estrogen levels found in females inhibited IL-6 pro
moter activity in liver macrophages, hindering hepatocellular carci
noma development [37]. 

1.2.3. Myeloid-derived suppressor cells 
Myeloid-derived suppressor cells (MDSCs) possess potent anti- 

inflammatory and immunosuppressive functions, hence they are asso
ciated with poor clinical outcomes in many cancer types [38,39]. 
Interestingly, glioblastoma progression has been reported to be sup
ported by distinct MDSC subsets in a sex-dependent manner. In glio
blastoma TME, male tumors were shown to be enriched with monocytic 
MDSCs, whereas female tumors were mostly infiltrated by granulocytic 
MDSCs, which strongly favored antitumor immune responses [40]. 
Although they were not associated with the latter study, estrogens are 
known to display a pivotal role in cancer during pathological myelo
poiesis by accelerating MDSC mobilization and enhancing their immu
nosuppressive activity in vivo [41]. This suggests that hormones could 
determine both systemic and tumor-related MDSC frequencies, as well 

as the phenotype, in a sex-dependent manner. 

1.2.4. Neutrophils 
Females possess higher neutrophil phagocytic activity [30]. In fact, 

females with gastric cancer in different ethnic cohorts had higher 
tumor-associated neutrophil densities relative to men, which could 
predict overall survival. It has been hypothesized that the presence of an 
advantageous neutrophil phenotype in women, such as 
N1-tumor-associated neutrophils, is associated with a reduction of 
tumor burden [42]. In fact, estrogens can positively impact neutrophil 
inflammatory activity, motility and recruitment in tumoral areas. For 
instance, women with increased estrogens due to longer fertility periods 
or later-menopause stages have shown a lower risk of suffering from 
gastric cancer [43,44]. 

1.3. Lymphoid progenitor-derived cell sex dimorphism in the TME 

1.3.1. Natural killer cells 
Similar to the cells belonging to the myeloid lineage, natural killer 

(NK) cell cytotoxicity could also be influenced by estrogen signaling 
pathways. It has been demonstrated that E2-G-protein–coupled estrogen 
receptor 1 (GPER1) signaling promotes the downstream phosphatidyli
nositol 3-kinase (PI3K)-mechanistic target of rapamycin (mTOR) acti
vation, which is needed for NK cell functionality and development 
[45–47]. However, further studies are needed to confirm the physio
logical link between estrogen signaling and NK cell performance. In 
comparison, NK cell frequencies are higher in healthy male populations 
compared to females [48]. Similar observations have pointed out that 
greater systematic NK cell numbers occurred in males compared to fe
males in a lung cancer murine model, concomitantly leading to lower 
tumor cell retention and development of fewer lung tumor colonies [49]. 
Nonetheless, it was reported from a human lung cancer transcriptomic 
study that tumor-associated NK cells and non-tumoral NK cells did not 
differ between males and females [50]. Additionally, in colorectal can
cer patients, NK cell-cytotoxic parameters were also similar between the 
two sexes [51]. Overall, this suggests that further research is needed to 
better understand how gender variability affects NK cell anti-tumor 
responses. 

1.3.2. B cells 
Throughout their lifetime, females possess higher B-cell frequencies, 

greater systemic immunoglobulin levels and demonstrate a higher 
capability to mount antigen-specific antibody responses upon vaccina
tion compared to males [48,52–54]. A systems immunology study of 
women and men receiving inactivated influenza vaccine revealed higher 
antibody responses and inflammatory cytokines in the female group 
[53]. In the same study, it was also found that anti-vaccine responses 
correlated negatively with the testosterone levels in males. In a differ
ential gene expression study between male and female individuals, 
important B-cell genetic signatures were significantly upregulated in 
females, some of which displayed a possible correlation with estrogen 
signaling pathways [55]. In fact, B cells exhibit high levels of ERβ, which 
favors B-cell survival upon estrogenic exposure, by upregulating sur
vival proteins, including CD22, SHP-1 and Bcl-2, and downregulating 
apoptotic mediators (e.g. PD-1) [56,57]. Moreover, the E2-ER complex 
has been shown to directly stimulate activation-induced deaminase 
(AID), hence, initiating B-cell somatic hypermutation and class switch 
recombination [58]. On the other hand, the male-associated hormone 
testosterone has been reported to suppress humoral immune responses 
and inhibit immunoglobulin production [59]. In addition to sex steroids, 
sex chromosomes also appear to control B-cell responses. Patients with 
inherited disorders where the X-chromosome is duplicated (e.g. Kline
felter syndrome) or deleted (e.g. Turner syndrome) present enhanced or 
decreased B-cell frequencies, respectively [60,61]. Patients with sex 
chromosome aberrations also face an increased risk of sex-biased auto
immune disorders, in particular, autoimmune thyroiditis in Turner 
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syndrome [62] and systemic lupus erythematosus in Klinefelter syn
drome [63]. Although not correlated with B cell numbers, patients with 
such inherited chromosomal disorders could be at substantially elevated 
risks for non-Hodgkin lymphoma, breast cancer and lung cancer (Kli
nefelter syndrome) or melanoma, central nervous system, colon and 
rectal cancers (Turner syndrome) [64]. B-cell sex dysmorphic patterns 
have been observed in cancer studies. Female bladder tumors associated 
with decreased recurrence-free survival were characterized by increased 
CD79+ B-cell numbers, recruitment (increased CXCL13 gene expression) 
and function (increased CD40 gene expression) [32]. This altogether 
indicates that anti-tumoral B-cell immune responses in females could 
outperform those present in male individuals. 

1.3.3. T cells 
Under normal physiological conditions, the T-cell family shows dif

ferences between the sexes. Females are known to have an increased 
CD4+/CD8+ T-cell ratio, which is associated with greater Th2 cell fre
quencies and higher T-cell proliferation, as well as cytotoxicity. The 
latter could be due to the fact that multiple cytotoxic and inflammatory 
T-cell genes (including IFN- γ, lymphotoxin beta (LTbeta), granzyme A 
(GZMA), interleukin-12 receptor beta2 (IL12Rbeta2), or granulysin 
(GNLY)) are located on the X-chromosome and carry estrogen response 
elements (EREs) on their promoters [65]. Regardless of age, males 
display diminished T-cell immunity compared to premenopausal 
women, and yet this is characterized by having higher CD8+ and T 
regulatory (Treg) cell numbers, as well as IL-17 cytokine gene (IL17A) 
upregulation [65,66]. It has also been shown that the negative selection 
of autoreactive naïve T cells in the thymus differs between females and 
males. The autoimmune regulator (AIRE) gene plays a key role in the 
establishment of central immune tolerance by promoting a thymic 
display of tissue-restricted antigens [67]. This process was shown to be 
sex hormone-dependent and less active in females [68], and may 
represent one of many factors contributing to sex differences in auto
immunity, including adverse events of the checkpoint blockade. In this 
review, we include different studies that report T-cell family members 
have immune sex dimorphism in cancer. 

1.3.4. CD4 

1.3.4.1. T helper cells. Female Th2 dominance could be related to the 
influence of estrogen during CD4+ T-cell differentiation, since E2 stim
ulates Th2-mediated anti-inflammatory cytokine secretion [69]. In 
colorectal cancer, female changes in G-CSF and IL-4 cytokine production 
within the TME have been associated with a biased Th2 phenotype. 
Additionally, it was reported that the greater increase in Th2 cells could 
favor high CD8+ T-cell numbers, which altogether correlates with 
overall enhanced female survival in colorectal cancer (CRC) compared 
to males [35]. Interestingly, although estrogens inhibit Th1-mediated 
proinflammatory cytokine secretion, female melanoma patients were 
found to have high tumor-specific-antigen Th1 cell frequencies 
compared to males [70]. It has been hypothesized that female mono
cytes can foster Th1 differentiation, given that the Th1-biased female 
profile was associated with inflammatory monocyte activation marker 
upregulation, such as MHC-II and IFN-STAT1 [22,71]. Nonetheless, 
there are no studies regarding this for cancer. Lastly, Th17 cells have 
been shown to be an important immune biomarker for pancreatic cancer 
prognosis prediction, although no differences were observed between 
the sexes [72]. 

1.3.4.2. Regulatory T cells. Treg cells promote immune self-tolerance 
and hinder tumor immune surveillance [73]. In both healthy and 
chronic inflammatory conditions, females have been reported to have 
lower and dampened Treg cells [74,75]. In parallel, Treg cells in B16 
melanoma-bearing female mice displayed high levels of the exhaustion 
marker B7-H1 [76]. The master regulator of the Treg cell function gene 

(Forkhead box protein P3 (FOXP3)) is X-linked, and Treg cell fre
quencies positively correlate with systemic estradiol concentrations, 
altogether implying that Treg cell number and function are likely to be 
favored in females, contradicting what has been seen both in vivo and in 
vitro to date [77,78]. However, Treg functionality and FOXP3 expres
sion are also under the control of testosterone exposure, and multiple 
cytokines are elevated in males, such as IL-6 and IL-1 [77,79], hence 
indicating that the Treg cell subset is complexly regulated and involves 
numerous factors biased by gender. 

1.3.5. CD8 
Cytotoxic CD8+ T-cell immune surveillance and anti-tumor proper

ties correlate with good clinical outcomes for the majority of cancers. 
However, upon engagement with the checkpoint inhibitor PD-1 (pro
grammed cell death-1) receptor their function is hampered, and immune 
checkpoint blockade (ICB) therapy has only proved to be successful in 
20–40% of patients [80]. The impact of sex differences in cytotoxic cell 
exhaustion is becoming a topic of study, since the PD-L1 gene is 
significantly upregulated in female melanoma, colorectal or bladder 
cancer patients [32,81–83]. Concomitantly, this leads to increasing 
numbers of CD8+-exhausted T cells in females, making them more sus
ceptible to ICB therapies. The reasons behind this may be due to the fact 
that the PD-L1 gene is partially modulated by estrogens and X-linked 
mRNA (including miR-221, miR-222, miR-106b, miR-20b, and 
miR-513) [84–87]. However, this is still a matter for debate, since a 
meta-analysis of multiple clinical trials in different cancers treated with 
ICB therapy have suggested that female individuals had objective low 
response rates [88]. Indeed, different checkpoint gene expressions are 
under the control of multiple variables, such as the gut microbiome or 
sex hormones. For example, several melanoma models showed that 
highly heterogeneous microbiomes have greater tumor-infiltrating 
cytotoxic cell numbers leading to an overall better response to ICB 
[89,90]. Thus, further research is needed to decipher better if CD8+

T-cell intratumoral activity is dictated in a gender-dependent manner. 

1.4. Gender differences in tumor invasion and metastasis 

Gender differences have also been reported when it comes to cancer 
invasion and metastasis. For example, males are statistically over
represented in patients with malignant melanoma showing metastatic 
disease [91]. Moreover, early studies suggested sex differences in the 
metastatic spread of hepatocellular carcinoma (HCC) to bone [92]. 
Further studies have shown that men not only have a higher incidence of 
HCC but also a worse prognosis compared to women [93]. Similar to 
this, it is known that women with colorectal cancer (CRC) have a better 
survival outcome compared to men in the same age group [94]. In line 
with this, it was found that females had increased survival and infil
tration of T cells in a mouse model of metastatic CRC [35]. 

Part of the gender-based differences in CRC may also be explained by 
sex hormones regulating the fate and function of various cell types in the 
TME, including tumor cells, cancer-associated fibroblasts (CAFs) and 
immune cells [95]. Estrogen has been shown to have protective effects in 
CRC development and progression into invasive and metastatic disease. 
Estrogen preserves the epithelial phenotype and inhibits 
epithelial-mesenchymal transition (EMT) by regulating the activity of 
ion channels, including voltage-gated K+ channels, such as KCNQ1, 
which stabilize the E-cadherin/β-catenin complex at adherens junctions 
[96]. Deregulation of the Wnt/β-catenin signaling pathway is found in a 
large majority of patients with CRC, and loss of the E-cadherin/β-catenin 
complex is a hallmark of EMT. This leads to loss of cell adhesion and 
nuclear translocation of β-catenin, which interacts with other tran
scription factors to promote EMT, in part by repressing the gene 
encoding KCNQ1. 

EMT has also been linked to male predominance in HCC by the 
recently discovered oncoprotein RBMY (RNA-binding motif on the Y- 
chromosome), a protein frequently overexpressed in HCC [97]. RBMY 
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promotes phosphorylation and inactivation of glycogen synthase kinase 
3β (GSK-3β), which is a kinase that plays a key role in controlling 
epithelial cell differentiation through its capacity to phosphorylate and 
target β-catenin and EMT-promoting transcription factors for degrada
tion, including members of the Snail, Zeb and Twist families [98,99]. 
Inactivation of GSK-3β promotes EMT and the development of cancer 
stem cell properties [100,101], whereas sex-biased differences in the 
expression of EMT markers, such as Zeb1, have also been associated with 
an invasive phenotype in cancer cell lines [102]. Another factor asso
ciated with EMT are tissue inhibitors of metalloproteinases 1 (TIMP1). 
Male-specific upregulation and secretion of TIMP1 promote liver 
metastasis in pancreatic cancer [103]. 

1.5. Gender differences in cancer immunotherapy outcomes and efficacy 

Immune checkpoint blockade (ICB) therapies, including inhibition of 
PD-1 or PD-L and CTLA-4, have extended patient survival in several 
forms of malignancy by unleashing anti-tumor T-cell activities [9]. In 
randomized trials, ICB compared to standard chemotherapy has signif
icantly improved cancer survival rates [104]. However, although tumor 
immunotherapy has been well developed, clinical outcomes and treat
ment efficacy are highly influenced by adapted immunoevasion strate
gies. Nevertheless, recent breakthroughs have allowed some of these 
immunoevasion aspects to be overcome, although much work remains 
to be carried out if immunotherapies are to reach their maximum effi
cacy [105]. It is clear that sex-based immunological differences have 
significant impacts on the immune response, and thus it is likely that 
they also affect responses to cancer immunotherapy. Gender-biased 
factors related to the pathogenesis and prognosis of tumors have been 
suggested, but a large knowledge gap still remains in this area. Data 
from meta-analyses based on subgroup hazard ratios (HR) from pub
lished clinical trials have given rise to conflicting data, and may intro
duce bias due to the lack of analyses for individual patients, and they 
have not taken into account features that differ because of their distri
butions between men and women, including gender-biased behaviors 
and clinicopathological subtypes [10,11]. In immunotherapy clinical 
trials, women are significantly underrepresented compared to men [13]. 
This may be in part due to concerns related to cyclical hormonal changes 
in a woman’s body and how these could influence clinical trials. How
ever, it would be inappropriate to assume that the results obtained from 
male patients could also apply to female patients and vice versa, and 
accordingly there is now a clear understanding that both sexes should be 
represented in trial-based research. 

In the next sections, we will discuss the importance of gender dif
ferences in clinical practice. 

1.6. Checkpoint inhibitors for cancer 

At present, there is no clear conclusion as to whether there is a 
gender-biased benefit from ICB treatments. In melanoma patients, it was 
confirmed that men have higher HR in clinical outcomes relative to 
women on anti-PD1 treatment [106,107]. For melanoma, men had 
higher overall survival rates in six out of seven clinical trials for ICB 
treatment (alone or in combination with anti-CTLA-4) compared to 
women [106,108–112]. Compared to men, anti-PD-1 or anti-PD-L1 
treatment can improve the overall survival rate and remission rate of 
female patients with NSCLC [113]. In addition, the survival time of fe
male individuals in CRC was significantly longer than that of males 
under 45 [114]. In contrast, among 65–99 year-old patients, the survival 
time of male individuals was significantly longer than that of females 
[115]. 

It has been suggested that microbiota diversity in different genders 
may affect patient responses to ICB. In the case where increased fecal 
bacterial diversity was found in both mouse tumor models and mela
noma patients treated with ICBs, the survival rates were correlatively 
better [116]. However, importantly, these bacterial communities were 

observed to be higher in healthy women, suggesting that women in the 
non-responding group might have been heavily treated with antibiotics 
at higher doses compared to men, thus compromising the microbiota 
diversity [14]. 

Although ICB treatments are intended to potentiate anti-tumoral 
responses, they result in a non-specific upregulation of immune re
sponses that may also release detrimental autoimmune reactions [117]. 
Such immune-related adverse events of ICB treatments are a major 
clinical challenge that limit the use of these very potent therapies. The 
endocrine system, gastrointestinal tract, skin and lungs are major targets 
for immune-related adverse events of ICB treatments [118]. There is 
growing understanding of sex differences in these adverse events, since 
the risk of endocrinopathies, such as autoimmune thyroiditis, is higher 
in women, whereas neuromuscular immune complications appear to be 
more common in men [118]. 

1.7. Adoptive cell therapy 

There is a lack of advance in current reports concerning the clinical 
responses to chimeric antigen receptor T-cell treatments in different 
genders. Studies have shown that T cells given as adoptive transfer 
therapy can continue to be regulated by the superior physiological levels 
of estrogen in the TME [119]. Thus, concerns about gender benefits in 
cellular therapies should be addressed. Although there are few studies 
on allogeneic adoptive cell therapy addressing sex-biased factors, data in 
mouse models show that the function of transferred female donor leu
kocytes is not immunosuppressed in male recipients. In contrast, male 
donor leukocytes transferred into female recipients were highly 
dysfunctional [120]. It has been shown that female TRAMP-C2-primed 
or naïve T cells effectively reject TRAMP-C2 prostate tumors, where 
no pathological autoimmune responses were observed in the treated 
tumor-bearing male mice [121]. Hence, female T-cell donors should be 
considered for cellular therapies. Female cells can be transferred to male 
recipients, where no Y-chromosome related rejection will occur, 
whereas on the contrary, male cells will be rejected by female recipients 
due to the presence of the Y-chromosome presenting the foreign male 
antigens. 

In an experiment using expanded tumor-infiltrating lymphocytes 
(TIL) for adoptive T-cell therapy (ACT), the effects of the clinical and 
pathological characteristics of patients on the success rate of initial TIL 
growth were compared. Female patients compared to males (71% vs. 
57% for males; P = 0.04) had the highest rate of TIL expansion success 
in 226 consecutive patients undergoing tumor resection [122]. These 
results suggest a link between gender-biased factors in TME and TIL 
expansion success. 

1.8. Sex differences in cancer immunotherapy predictive biomarkers 

Most patients with solid tumors do not respond well to ICB, so 
effective biomarkers are obviously necessary as the selection criteria for 
treatment options. At present, the response rate of most solid tumors to 
PD-1 inhibition is less than 30%. According to various reports, the 
objective remission rate of tumors is affected by many factors in the 
TME, including tumor mutation burden, immune checkpoint protein 
expression, DNA mismatch repair, immune infiltrating subtype, T-cell 
subpopulation ratio, antigen presentation defect, and the microbial 
community. 

1.8.1. Sex-related differences in tumor immunogenicity 
Tumor mutational burden (TMB) is consistent with the increased 

immunogenicity of tumors, where enhanced neoantigen production is 
observed. At present, there have been many reports confirming that 
TMB has good predictive value in ICB therapies, and it may be used as a 
classification index [123]. Comparing the two sexes, the predictive 
value of tumor burden on clinical prognosis is not consistent, which may 
be due to differences in protein levels in healthy individuals of both 
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sexes. Wang et al. found that using TMB as a predictive biomarker for 
ICB responses had more power in female than male lung cancer patients 
[124]. In addition, Karantanos et al. believed that male sex was an in
dependent prediction factor for adverse outcomes in myeloproliferative 
neoplasms (MPN) [125]. This seems to be due to the increased risk of 
non-MPN-specific somatic mutations, especially high-risk mutations, 
rather than MPN-specific mutation allele frequencies. On the contrary, 
the disease progression of female subjects was more dependent on JAK2 
mutant allele load rather than the acquisition of other somatic mutations 
[125]. Gupta et al. analyzed a metastatic melanoma patient cohort from 
the Cancer Genome Atlas (TCGA) and found that the burden of missense 
mutations in men was significantly higher and correlated with a higher 
survival rate [126]. In summary, different tumor types present 
completely different sex-dependent tumor mutational burdens 
(Table 1). 

Tumor antigens induce immune responses at different intensities in 
different genders. This may be related to differences in hormone levels, 
XY chromosomes, and genomics. On the other hand, tumor antigens 
themselves also have a certain degree of gender differences that serve as 
potential diagnostic or therapeutic targets. Cancer-testis antigens (CTA) 
are named based on their expression patterns in many normal and 
abnormal tissues, which are usually expressed in normal male germ 
cells, also types of cancers, but not normal somatic cells [127]. To date, 
228 CTAs have been distinguished: 120 CTAs (52%) are located on the 
X-chromosome, while the rest are located on the autosomes and Y 
chromosomes [128]. Due to the specificity of sex-linked expression of 
tumor testis antigens, it is often reported that there is a sex-specific bias 
in some types of tumors [129,130]. Mirandola et al. reported new data 
showing that the expression of CTA Ropporin-1 was significantly 
increased in male patients with multiple myeloma compared with fe
male patients [129]. Kim et al. showed evaluated expression of 13 CTAs 
in lung cancer patients by PCR and immunohistochemistry. The data 
confirmed that the positive rate of CTA expression was associated with 
the male gender (p = 0.001) [130]. CTAs have strong immunogenicity, 
as well as cancer-restricted expression patterns. These characteristics 
make them fairly ideal tumor-specific therapeutic targets in male cancer 
patients [131]. Currently, a certain number of pre-clinical and clinical 
trials have been carried out to target CTAs [132,133]. Due to the specific 
expression of these XY chromosome-linked genes, some potential 

gender-related adverse effects may appear associated with these 
treatments. 

Although gender-related factors, such as androgenic or estrogenic 
hormone levels amongst sex-specific tumors, cannot be compared, they 
can provide profound clinical insights into specific tumors. For instance, 
estrogen and progesterone are of great significance in tumors, especially 
breast cancer, endometrial cancer and ovarian cancer [134–137]. 
Several studies even claim that long-term oral contraceptives represent a 
crucial risk factor for breast cancer [138,139]. Lokich et al. found that 
17β-estradiol can induce the up-regulation of HE4 antigen expression 
and mediate importin-dependent nuclear translocation in ovarian can
cer cell lines [140]. 

1.9. Cancer vaccines 

These emerging treatment methods, although their history is not 
long, have achieved remarkable success in the field of tumor treatment, 
such as in human papilloma virus (HPV) related cancers. Nevertheless, 
HPV infection is still the most commonly diagnosed sexually transmitted 
infection worldwide [141]. A significant proportion of oropharyngeal, 
anal, penile, vaginal and vulvar cancers, as well as almost all cervical 
cancers, are related to HPV infection [142,143]. A succession of evi
dence confirms that men and women have different immune responses 
to foreign antigens and autoantigens. The research results of Aldakak 
et al. showed that women’s titers after being vaccinated with the HPV 
vaccine were higher than men’s [144]. On the other hand, gender 
perception may strongly influence HPV vaccination preference. In most 
regions of the world, there is no policy explicitly supporting HPV 
vaccination in men, which can cause controversy in a small number of 
countries [145,146]. In fact, in addition to oropharyngeal cancer, which 
itself is more common in males, male patients who are diagnosed with 
anal/rectal squamous cell carcinoma (SCC) have a higher risk of death 
than SCC female patients [147]. Thus, medical preference and social 
attitudes may also become an important part of gender differences in 
immunotherapy. 

In addition, it is still controversial whether bacillus Calmette-Guérin 
(BCG) perfusion therapy has gender-biased efficacy in bladder cancer. A 
multicenter study covering 2635 patients with T1 urinary bladder can
cer found that female factors were related to disease progression after 

Table 1 
Tumor mutational burden in male vs. female patients.  

Antigen Position Gender Sample# 
(M/F) 

Conclusion Reference 

BRAF Colorectal Female 662/635 Higher Mutation rate [199]  
Colorectal Female 990/515 Higher Mutation rate [200] 

BRAF V600E Papillary Thyroid Cancer Male 623/2015 Longer distant and higher rate of metastasis (BRAF V600E CPTC) [201] 
Ropporin-1 Multiple myeloma Female 37/22 5x higher Ropporin-1 expression [202] 
BCR-ABL1 CML Female 240/183 Independent predictor of stable, undetectable BCR-ABL1 during first-line imatinib 

therapy 
[203] 

DDX3X (MYC derived) Burkitt lymphoma Female 11/1 Lower mutation rate [204] 
EGFR mutation Non-small Cell Lung Cancer Female 18/17 Female gender predicts EGFR mutation burden [205] 
EGFR mutation lung adenocarcinomas Female 691/687 Incidence of EGFR mutation positively associated with age [206] 
FLT3-ITD acute myeloid leukemia Female 276/222 Mutation overrepresented in females [207] 
Gastrin-releasing 

peptide receptor 
(GRPR) 

Lung Female 40/38 The presence of two expressed copies of the GRPR gene in females may be a 
factor in the increased susceptibility of women to tobacco-induced lung cancer 

[208] 

Her2/neu Non–Small-Cell Lung 
Cancer 

Female 68/22 Predicts survival only in females [209] 

JAK2 V617F mut Chronic myeloproliferative 
neoplasms 

Female 346/469 Disease progression in females depends on JAK2 mutation [210] 

KDM6A Bladder Male 56/27 Lower mutation rate in non-invasive disease [211] 
KRAS mut Lung Female 1898/1128 KRAS G12C mut high in women [212] 
MAGE-1, MAGE-4, CT- 

7, etc. 
Lung Male 49/19 CT antigen expression associated with male gender [213] 

PIK3CA Colorectal Male 88/87 Lower mutation rate [214] 
p53 Lung Male 607/404 Higher mutation rate among poor survivals [215]  

Pan-cancer Male 3271/1913 Poor survival in males is contributed by high frequencies of TP53 mutations [216] 
UTX mut T-cell leukemia Male 25/10 UTX mutations exclusively present in male T-ALL patients [217]  
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BCG treatment [148]. Similarly, in a cohort of 1062 patients treated only 
with BCG, female gender (HR=1.71) compared to male gender was 
associated with increased risk of recurrence [149]. Nevertheless, there 
are also other studies that believe there was no significant difference 

between men and women after BCG treatment [150]. 

Table 2 
Registered clinical trials of combined endocrine and immunotherapies.  

NCT number Title Status Conditions Population description Collaborators Phase 

NCT00170157 Hormone Therapy and Ipilimumab in 
Treating 
Patients With Advanced Prostate Cancer 

Completed Advanced Prostate Cancer n = 112；Drug: 
Bicalutamide/Flutamide/ 
Goserelin Acetate/ 
Ipilimumab/ Leuprolide 
Acetate 
Other: Pharmacological 
Study 

Mayo Clinic Phase 
II 

NCT02221999 Weekly Paclitaxel and Cisplatin to Treat 
Hormone Receptor Positive and Triple 
Negative Breast Cancer Patients 
(SHPD002) 

Active, not 
recruiting 

Tubular Breast Cancer/ 
Mucinous Breast Cancer/ 
Invasive Ductal Breast Cancer/ 
Inflammatory Breast Cancer 

n = 250; Drug: Paclitaxel 
Cisplatin 
Gonadotropin-releasing 
hormone agonist 
Letrozole 

RenJi Hospital Phase 
II 

NCT02990845 Pembrolizumab and Exemestane/ 
Leuprolide 
in Premenopausal HR+ / HER2- Locally 
Advanced or Metastatic Breast Cancer 
(PEER) 

Recruiting Premenopausal Breast Cancer n = 25; Drug: 
Pembrolizumab/ 
Exemestane/ Leuprolide 

National Taiwan 
University Hospital 

Phase 
II& III 

NCT04934722 Efficacy and Safety of Pembrolizumab 
(MK-3475) 
Plus Enzalutamide Plus Androgen 
Deprivation Therapy (ADT) Versus 
Placebo Plus Enzalutamide Plus ADT in 
Participants With Metastatic Hormone- 
Sensitive Prostate Cancer (mHSPC) (MK- 
3475–991/KEYNOTE-991)-China 
Extension 

Recruiting Metastatic Hormone-Sensitive 
Prostate Cancer 

n = 186; Biological: 
Pembrolizumab 
Drug: Enzalutamide 
Procedure: Androgen 
Deprivation Therapy (ADT) 
Other: Placebo 

Merck Sharp & 
Dohme Corp. 

Phase 
III 

NCT04191096 Efficacy and Safety of Pembrolizumab 
(MK-3475) 
Plus Enzalutamide Plus Androgen 
Deprivation Therapy (ADT) Versus 
Placebo Plus Enzalutamide Plus ADT in 
Participants With Metastatic Hormone- 
Sensitive Prostate Cancer (mHSPC) (MK- 
3475–991/KEYNOTE-991) 

Active, not 
recruiting 

Metastatic Hormone-Sensitive 
Prostate Cancer 

n = 1232; Biological: 
Pembrolizumab 
Drug: Enzalutamide 
Procedure: Androgen 
Deprivation Therapy (ADT) 
Other: Placebo 

Merck Sharp & 
Dohme Corp. 

Phase 
III 

NCT04046185 Programmed Death-1(PD-1) Inhibitor 
Combined With Progesterone Treatment 
in Endometrial Cancer (ECCT) 

Not yet 
recruiting 

Endometrial Cancer Stage I n = 60； Drug: PD-1 
inhibitor combined 
progesterone 
Drug: progesterone 

Shanghai First 
Maternity and Infant 
Hospital 

Early 
Phase I 

NCT03753243 Neoadjuvant Pembrolizumab Plus 
Androgen Axis Blockade Prior to 
Prostatectomy for High Risk Localized 
Prostate Cancer 

Recruiting Prostate Cancer n = 32; Drug: 
Pembrolizumab 
Drug: Enzalutamide 

VA Portland 
Healthcare System 
Portland, Oregon, 
United States 

Phase 
II 

NCT04946370 Maximizing Responses to Anti-PD1 
Immunotherapy With PSMA-targeted 
Alpha Therapy in mCRPC 

Recruiting Prostate Cancer n = 76; Drug: 225Ac-J591 
Drug: Pembrolizumab 
Drug: Androgen receptor 
pathway inhibitor 
Diagnostic Test: 68Ga- 
PSMA-11 

Dana-Farber Cancer 
Institute 
New York 
Presbyterian/ 
Brooklyn Methodist 
Hospital 
New York 
Presbyterian/Weill 
Cornell Medical 
Center 

Phase I 
& II 

NCT02312557 Pembrolizumab in Treating Patients 
With Metastatic Castration Resistant 
Prostate Cancer Previously Treated With 
Enzalutamide 

Active, not 
recruiting 

Castration-Resistant Prostate 
Carcinoma 
Hormone-Resistant Prostate 
Cancer 
PSA Progression 
Recurrent Prostate Carcinoma 
Stage IV Prostate 
Adenocarcinoma AJCC v7 

n = 58; Drug: Enzalutamide 
Other: Laboratory 
Biomarker Analysis 
Biological: Pembrolizumab 

OHSU Knight Cancer 
Institute 

Phase 
II 

NCT04631601 Safety and Efficacy of Therapies for 
Metastatic Castration-resistant Prostate 
Cancer (mCRPC) 

Recruiting Metastatic Castration-resistant 
Prostate Cancer 

n = 159; Drug: Acapatamab 
Drug: Enzalutamide 
Drug: Abiraterone 
Drug: AMG 404 

University of 
Alabama at 
Birmingham 
University of 
California San 
Francisco Mission 
Bay Campus 
University of 
Chicago 

Phase I 
& II  
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1.10. Endocrine therapy 

Sex hormones play an essential role in anti-tumor immunity, and the 
differential regulation of the immune-tumor microenvironment both by 
sex hormones and other gender-related factors may pave the way for 
different therapeutic targets. Estrogen and androgens have been shown 
to have opposite effects on B cells and T cells, macrophages, neutrophils 
and NK cells, where they are often suspected to be the driving forces for 
gender differences in the immune system [151–155]. However, most of 
these differences have been studied in in vitro experiments and mouse 
models, thus it remains uncertain whether they are applicable to human 
pathology. 

Menopausal hormone therapy using a combination of estrogen and 
progesterone (synthetic analogs of progesterone) is associated with an 
increased risk of cancer in hormone-responsive tissues, such as the 
breast [156], endometrium [157] and the ovaries [158]. Similarly, 
various forms of hormonal contraception, mainly oral 
estrogen-progesterone combinations, are associated with a small in
crease in breast cancer risk depending on the length of time they are 
used for [159]. Nevertheless, although an increase in estrogen and 
progesterone also increases the number of B cells and T cells, this risk 
still occurs. This may be due to the effect of estrogen on epithelial cells 
that exceed the enhancement of the immune cell responses, thus 
resulting in immunoevasion. 

Whether testosterone replacement therapy increases the risk of 
prostate cancer is still inconclusive. However, the available meta-data 
analysis of clinical trials of testosterone treatment has indicated no 
significant increase in the incidence of prostate cancer and prostate- 
specific antigen (PSA) levels [160,161]. 

Sex hormone deprivation therapy can be used as an adjunct to 
immunotherapy. Tamoxifen (estrogen receptor target) stimulates 
neutrophil activity in vitro and in vivo by regulating sphingolipid 
biosynthesis. It has also been shown to reduce the number of immuno
suppressive MDSCs and increases the number of effector T cells and 
cytotoxic T-cell infiltration in ERα-negative ovarian tumors [162]. In 
addition, enzalutamide (androgen receptor antagonist) has been found 
to promote the differentiation and proliferation of MDSCs [163], which 
may partly explain the mechanism of enzalutamide resistance in pros
tate cancer. Androgen deprivation therapy (ADT) is the standard treat
ment for prostate cancer, which induces initial T-cell expansion and 
increases the T-cell response. This effect is observed within 1–24 months 
[164]. Several studies have shown that ADT enhances the susceptibility 
of androgen receptor (AR)-overexpressing prostate cancer cells to 
immune-mediated T-cell killing by improving immune recognition [165, 
166]. In addition, there is evidence showing that the combination of 
ADT and immunotherapy for prostate cancer patients can increase the 
treatment efficacy [164,165]. (Table 2). 

1.11. Gender differences and immune response in other cancer treatment 
approaches 

1.11.1. Surgery 
The perioperative period of any major surgery is accompanied by 

immunosuppression, which is caused by the interaction of many factors, 
including the use of prophylactic drugs for postoperative pain [167]. 
Impairment of the immune system during the perioperative period re
sults in an increased risk for postoperative infection and sepsis [168]. 
Crucially, cell-mediated immunity is important in reducing the spread of 
metastasis during cancer surgery. Therefore, surgeons are very con
cerned about the changes in immunological indicators before and after 
surgery [169]. On the other hand, pain can also induce immunosup
pression [170]. 

Postoperatively, male sex hormones have immunosuppressive 
properties after trauma and bleeding compared to women [171,172]. 
Castration of mice before traumatic bleeding can prevent immunosup
pression in males, while treatment of females with physiological levels 

of testosterone suppresses the immune response [173]. In contrast, fe
male sex steroids have immunoprotective effects under these conditions 
[174,175]. Therefore, the immunomodulatory properties of sex hor
mones may represent a new strategy for the treatment of immunosup
pressed patients after trauma and blood loss, in possible combination 
with cancer immunotherapy. 

1.12. Chemotherapy 

Almost all patients receiving extensive chemotherapy experience 
immunosuppression [176]. In principle, chemotherapy targets rapidly 
dividing cells and does not distinguish cancer cells from other rapidly 
dividing cells [177]. Since cells of the immune system divide rapidly, 
especially during the immune response, they represent one of the 
off-target effects of chemotherapy. The degree of treatment benefit be
tween men and women may be different due to inherent biological 
characteristics. Bins et al. took paclitaxel chemotherapy as an example 
to discuss the correction of factors, such as gender and the body surface 
area (BSA), in the measurement of drug concentration [178]. In a pre
vious calculation method, only the effect of height and weight on drug 
dosage was considered. Gender, as a simple and obtainable variable, is 
often ignored in many cases. The sex dimorphism of immunity has been 
recognized, and gender differences have become accepted as one of the 
underlying reasons for differences in immunity [179]. 

Systemic immune suppression of chemotherapy, such as a decline in 
white blood cells and neutrophil counts, is widely recognized and has 
been associated with poor prognosis in most reports [180,181]. Systemic 
and local immunosuppression has been shown to be closely related. 
Primary and secondary located tumors may affect many immunosup
pressed sites, including peripheral veins [182], hepatic portal veins 
[183], lymph nodes [184], spleen [185], and bone marrow [186]. The 
most reported is the increase of IL-10, TGF-β plasma levels in cancer 
patients receiving chemotherapies [187,188]. Zhang et.al. observed 
higher proportion of male patients with increased IL-10 plasma levels 
that correlated with worse clinical response to chemotherapy in T cell 
lymphoma compared to female patients. This effect was believed to be 
regulated by hormonal discrepancies, where lower estradiol levels in 
elderly female patients correlates with higher IL-10 and MDSC fre
quency [187]. 

In recent years, it has been an increased focused on the role of im
mune checkpoints in tumor prognosis, and the combination with 
traditional therapies such as chemotherapy and surgery has received 
special attention. Neoadjuvant therapy and chemotherapy both can 
induce changes in gene expression of immune checkpoint modulating 
the anti-tumor immune responses [189]. There is indeed evidence that 
gender is to some extent an adjunct factor in neoadjuvant chemo
therapy, where combination of ICB and chemotherapy benefits female 
cancer patients [190–192]. Gender mediated differences in medical 
treatment habits, economic conditions, living habits, and immune re
sponses, which we are most concerned about, contribute to the differ
ential benefits in different cancer treatments at different levels. 

1.13. Radiotherapy 

The purpose of radiotherapy is usually to induce DNA double-strand 
breaks (DSBs) in cancer cells, leading to senescence or apoptosis. For 
every 1 Gy dose of sparse ionizing radiation absorbed, approximately 40 
DSBs are generated. DNA damage to surrounding tissues is limited by 
careful planning of the delivery speed and route, but many side effects, 
such as hair loss, hyperpigmentation, dermatitis, intestinal malabsorp
tion, mucositis, sexual dysfunction, and even tumor transformation, may 
occur in the acute phase or appear a few years after treatment [193]. 

There is evidence that radiation may cause damage in gender- 
specific ways. After the Chernobyl disaster, the male and female birth 
rates increased slightly in the short term, however, long-term data 
showed that the number of girls born, compared to males exposed to 
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radiation, decreased [194]. Another study in the Marshall Islands 
following nuclear testing, showed that infants of women explosively 
exposed may have had an increased risk of specific birth defects [195]. 
In addition, studies on occupational and accidental radiation have found 
that women’s long-term radiation sensitivity was higher than that of 
men receiving the same dose [196]. There are strong reasons to suspect 
that the effects of radiation are significantly different between the two 
sexes. Indeed, it has been found in clinical trials that gender differences 
are reflected in the sensitivity of radiotherapy. Gasinska et al. studied 
the treatment efficacy in rectal cancer patients who received 
short-course radiotherapy before surgery, and subsequent overall sur
vival (OS), progression-fee survival (PFS), metastasis-free survival 
(MFS) and tumor proliferation were evaluated. Only OS was signifi
cantly lower in male patients receiving radiotherapy of longer than 15 
days prior to surgery (p = 0.018), while no difference was observed in 
female patients [197]. Another study, although not significant, indi
cated there was a trend showing differences in males vs females in mean 
time to recurrence (23.5 vs. 15.2 months, p = 0.234) and metastasis 
(14.0 vs. 23.2 months, p = 0.092). Interestingly, only male patients 
treated with fractionated radiotherapy had improved survival when 

stratified to age and tumor differentiation (P = 0.013, P = 0.040), while 
these parameters were not significant in female patients. It has also been 
proposed that estrogen levels may contribute to treatment response and 
improved radiosensitivity of female tumor cells but not those in males 
[198]. 

1.14. Concluding remarks 

In aggressive cancers, such as pancreatic cancer and lung cancer, 
five-year survival has improved only marginally since the 1970 s from 
3% to 12% to 7–18.6%, and this highlights the need for more effective 
treatments. Thus, the exciting possibility of targeting sex immune 
dimorphism in the TME may have a large impact on health care that also 
goes beyond these cancers. In this review, we have highlighted the 
importance of sex-related factors (Fig. 2) in regulating cancer progres
sion and treatments. Nevertheless, there are many discrepancies and 
difficulties that hinder the possibility of reaching a conclusion at this 
point concerning the mechanisms driving tumor progression and 
metastasis, and the response to different therapies. However, there is a 
clear consensus based on sex-based immunological differences and it is 

Fig. 2. The hallmarks of Cancer immune responses biased by sex. Schematic representation of how sex dimorphism can affect incident risk for different diseases and 
how it plays role in the various cancer treatments. The inner circle represents the internal factors of the three gender-biased differences (Genome, Chromosome, and, 
Hormones). The middle circle shows differences in the immune system caused by gender differences. The outer circle represents the gender-specific immune response 
differences in the eight tumor treatment approaches. 
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unlikely that the results obtained from male patients would always 
apply to female patients and vice versa, thus both sexes should be rep
resented in trial-based research. Gender optimized/genderized cancer 
medicine has the potential to revolutionize precision medicine aimed at 
customizing the healthcare of patients and leading towards more 
effective cancer therapies. 
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