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Abstract
Hereditary cancer syndromes (HCSs) are arguably the most frequent category of 
Mendelian genetic diseases, as at least 2% of presumably healthy subjects carry 
highly-penetrant tumor-predisposing pathogenic variants (PVs). Hereditary 
breast-ovarian cancer and Lynch syndrome make the highest contribution to 
cancer morbidity; in addition, there are several dozen less frequent types of 
familial tumors. The development of the majority albeit not all hereditary 
malignancies involves two-hit mechanism, i.e. the somatic inactivation of the 
remaining copy of the affected gene. Earlier studies on cancer families suggested 
nearly fatal penetrance for the majority of HCS genes; however, population-based 
investigations and especially large-scale next-generation sequencing data sets 
demonstrate that the presence of some highly-penetrant PVs is often compatible 
with healthy status. Hereditary cancer research initially focused mainly on cancer 
detection and prevention. Recent studies identified multiple HCS-specific drug 
vulnerabilities, which translated into the development of highly efficient thera-
peutic options.

Key Words: Hereditary cancer syndromes; Germline pathogenic variants; Cancer 
predisposition; Cancer treatment; Next-generation sequencing

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

https://www.f6publishing.com
https://dx.doi.org/10.5306/wjco.v14.i2.40
mailto:evgeny@imyanitov.spb.ru


Imyanitov EN et al. Hereditary cancer syndromes

WJCO https://www.wjgnet.com 41 February 24, 2023 Volume 14 Issue 2

Core Tip: There are many reviews describing particular types of hereditary cancer syndromes (HCSs) (e.g., 
hereditary breast-ovarian cancer, Lynch syndrome, Li-Fraumeni syndrome, etc.). However, for the last 15-
20 years there were no publications providing a general overview on familial cancers. Our paper describes 
mechanisms underlying genetic cancer predisposition, lists major types of HCSs, and comments on 
therapeutic advances in the management of hereditary tumors.

Citation: Imyanitov EN, Kuligina ES, Sokolenko AP, Suspitsin EN, Yanus GA, Iyevleva AG, Ivantsov AO, 
Aleksakhina SN. Hereditary cancer syndromes. World J Clin Oncol 2023; 14(2): 40-68
URL: https://www.wjgnet.com/2218-4333/full/v14/i2/40.htm
DOI: https://dx.doi.org/10.5306/wjco.v14.i2.40

INTRODUCTION
Hereditary cancer syndromes (HCSs) are a heterogeneous group of genetic diseases, which are 
associated with significantly increased risk of tumor development. There is a number of severe inborn 
disorders characterized by profound multiorgan failures, where cancer susceptibility constitutes only a 
part of clinical presentation of the disease (e.g., Bloom syndrome, Fanconi anemia, Nijmegen breakage 
syndrome, ataxia-telangiectasia, etc.). Most of these syndromes involve biallelic inactivation of genes 
involved in DNA repair and are characterized by severe immune deficiency[1,2]. Subjects affected by 
“genuine” HCSs usually do not have any detectable phenotypic malfunctions, they differ from truly 
healthy people only by a highly elevated propensity to develop malignant disease in certain organs.

Hereditary cancers apparently represent the most common category of vertically transmitted 
disorders. Indeed, while the occurrence of the best known genetic diseases, e.g., cystic fibrosis or 
phenylketonuria, usually falls below 1:10000, the population frequency of BRCA1/2-associated 
hereditary breast-ovarian cancer (HBOC) or MLH1/MSH2-linked Lynch syndrome is about 25-30 times 
higher and approaches approximately 1:300–1:400[3-6]. Collectively, at least 2% of presumably healthy 
subjects carry germline PVs associated with highly increased and often a nearly-fatal risk of a certain 
cancer type, and these estimates can be significantly higher in populations with pronounced founder 
effect[5,7].

Earlier studies on HCSs usually assumed that almost all carriers of pathogenic alleles are destined to 
develop cancer, i.e. they considered mainly families and genes with almost 100% disease penetrance. 
The development of genetic technologies and the availability of large collections of cancer patients and 
healthy subjects resulted in the discovery of genes, whose alteration is associated with less pronounced 
but still medically relevant (2-3-fold) increase of cancer risk. These moderately penetrant alleles rarely 
cause familial clustering of malignancies and present a challenge for defining disease-preventive 
strategies. Furthermore, unbiased case-control studies revealed that earlier family-based HCS investig-
ations overestimated disease risks for the majority of cancer genes; in fact, seemingly none of the well-
established HCS genes has a complete penetrance, with the most of estimates falling within 40%–80% 
probability of tumor development for germline pathogenic variant (PV) carriers[4-6,8,9].

Virtually all HCSs are more or less organ-specific, i.e. they mainly manifest by cancers arising in 
particular anatomic sites or tissues. However, the development of hereditary cancer registries and large 
data sets led to the understanding that many HCSs are associated with a wider spectrum of cancers than 
was initially suggested, although most of the newly added tumor types are characterized only by a 
marginal increase of their lifetime risk. For example, BRCA1 and BRCA2 were discovered as breast-
ovarian cancer genes. Recent data indicate that carriers of BRCA1/2 PVs may have a borderline elevation 
of the probability of development for almost all major cancer types[10-16].

MECHANISMS OF HEREDITARY CANCER PREDISPOSITION
The acquisition of a single mutation in oncogene or suppressor gene is usually fully tolerable for a 
human cell due to the existence of multiple cancer-protecting biological mechanisms. The process of 
malignant transformation ultimately requires accumulation of several cancer-driving events in the same 
cell clone. Consequently, when a single cancer-associated PV is inherited from the parents, its carrier 
remains phenotypically healthy despite the presence of the pathogenic allele in every cell of the body. 
However, the number of additional events necessary for cancer manifestation decreases by one, 
therefore the probability of tumor development in this subject is manifold higher as compared to 
general population (Figure 1).

The majority of known HCS genes are suppressor genes, which require biallelic inactivation to exert 
their action. When inactivating PV in a single allele is inherited, the remaining copy of the gene retains 
its function and the normal health status is preserved. The process of malignant transformation is 
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Figure 1 Mechanisms of hereditary cancer predisposition. Single cancer-driving mutation is usually fully compensated, therefore carriers of germline 
pathogenic variants may remain healthy during a prolonged period of time. However, since every cell in the target organ already contains one alteration in cancer 
gene, the probability of accumulation of a critical mass of additional oncogenic mutations in any given cell clone is high, and cancer manifestation often occurs at a 
relatively young age.

usually triggered by the “second hit”, i.e. by a somatic inactivation of the remaining allele occurring in 
any cell located within the target organ. This mechanism is highly characteristic for the best known HCS 
genes, e.g., RB1, BRCA1, BRCA2, MLH1, MSH2, etc[4,17-19]. There are examples of mutated suppressor 
genes, which contribute to the development of hereditary cancers without mandatory inactivation of the 
remaining gene copy. It is suggested that the reduced gene dosage, so-called haploinsufficiency, is a 
primary cause of malignant transformation in these situations. Interestingly, some genes, e.g., PALB2 
and CHEK2, may utilize both mechanisms: Indeed, instances of both monoallelic and biallelic 
inactivation of these genes in human tumors have been described in the literature, and there are clear 
biological differences between carcinomas associated with haploinsufficiency vs second-hit loss-of-
function of the above genes[20,21].

A few human cancers are caused by the inheritance of activated oncogene. The best known example 
is the syndrome of multiple endocrine neoplasia (MEN) type 2A and 2B (now sometimes classified as 
MEN2 and MEN3, respectively), which is associated with gain-of-function PVs in RET receptor tyrosine 
kinase[22].

HCSs have a Mendelian mode of inheritance. Most of currently described hereditary cancers are 
transmitted by autosomal-dominant mechanisms. Recessive inheritance of cancer predisposition is more 
difficult to study, especially for common tumor types, therefore only a few examples of biallelic cancer-
predisposing gene defects have been identified so far[23,24]. There are also reports describing instances 
of oligogenic inheritance, i.e. the combination of genetic variants resulting in significant increase of 
cancer risks[25-28].

Hereditary cancers usually have peculiar phenotypic characteristics attributed to their mechanisms of 
development[29]. Most of HCSs arising in adults manifest after the peak of reproductive activity, so 
cancer predisposition is transmitted through generations virtually without negative selection and HCS 
patients often describe multiple instances of the same disease in their relatives. Presence of the first 
cancer-predisposing mutation in every cell of the human organism ensures highly increased risk of 
cancer disease as long as target organs or their parts remain in the body. Consequently, HCSs often 
manifest by multiple primary malignancies[30]. Furthermore, given that the cancer development in PV 
carriers requires less additional somatic events as compared to genetically healthy subjects, hereditary 
cancers commonly demonstrate younger age at onset. The development of HCS usually involves gene-
specific pathways, therefore these cancers are often distinguished by predetermined molecular portrait 
and histological appearance. For example, BRCA1-associated breast carcinomas are usually triple-
negative, chromosomally unstable and carry somatic mutation in the TP53 suppressor gene[31-34]. All 
these features, i.e., family cancer history, presence of multiple primary tumors, young age at onset, and 
especial phenotypic characteristics, represent well-recognized clinical signs of HCSs[29].
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MAJOR TYPES OF HCSs 
Breast and ovarian carcinomas
It is difficult to discuss hereditary breast cancer (BC) and hereditary ovarian cancer (OC) as two separate 
disease entities, because the best known and the most frequent genetic causes for these diseases are 
represented by PVs located within the same genes, BRCA1 and BRCA2 (Figure 2). Nevertheless, there 
are essential differences between BC and OC, which may critically affect genetic investigations of these 
diseases. The lifetime risk for BC in Western countries is around 1:8, therefore about 1 out of 60-70 
mother-daughter or sister-sister pairs would share this disease just by chance[35,36]. OC is significantly 
less common, with population occurrence approaching close to 1:60–1:70; therefore, the probability of 
“random” co-occurrence of OC in two female first-degree relatives is very low, falling within 
1:3500–1:5000[36,37]. Furthermore, while two-thirds of OC cases belong to its major histological entity, 
i.e. high-grade serous ovarian carcinoma, breast carcinomas are characterized by significant biological 
diversity manifested by differences in their receptor status and other essential tumor features[38,39]. It 
appears that hereditary BC research has more confounding factors as compared to the analysis of OC 
familial clustering.

The causes of HBOC syndrome are considerably better understood than the genetic basis of 
hereditary BC alone. There are two major contributors to BC and OC predisposition, BRCA1 and BRCA2 
(Table 1). Both these genes are involved in double-strand DNA repair by homologous recombination. 
BRCA2-associated cancers tend to have older age at onset as compared to BRCA1-driven malignancies. 
PVs in both BRCA1 and BRCA2 genes confer approximately 70% lifetime risk for BC; the cumulative 
risk for OC is estimated to be 44% and 17% for BRCA1 and BRCA2 genes, respectively[40]. Importantly, 
these collective calculations may somehow be misleading, because some PVs located within these genes 
predispose preferentially to BC, while others are associated with more pronounced OC risk; in fact, 
there are so-called BC and OC cluster regions located within these genes[41]. There are multiple genetic 
and non-genetic factors, which modify the risk of cancer disease in BRCA1/2 PV carriers[42]. BRCA1/2 
make significant contribution to cancer morbidity: These PVs are observed in approximately 2%–5% of 
BC patients and up to 25%–30% of women diagnosed with high-grade serous OC[5,6,43-46]. In addition 
to BRCA1 and BRCA2, some RAD51 paralogs, namely RAD51C and RAD51D, predispose both to BC 
and OC[5,47,48]. Recent data also suggest the involvement of RAD51B germline PVs in breast- OC 
susceptibility[49]. The occurrence of PVs in newly described HBOC genes is an order of magnitude 
lower as compared to BRCA1/2[5,47].

PALB2 is the third most important BC-predisposing gene after BRCA1 and BRCA2[50]. Its penetrance 
towards BC is similar to BRCA2, while the data regarding the role of PALB2 PVs in OC predisposition 
are conflicting[47,51]. There are two middle-penetrance genes, ATM and CHEK2, which are associated 
with 2-3-fold elevation of the risk of BC development but are unlikely to contribute to increased OC 
susceptibility[47]. Moderate BC predisposing roles were also suggested for NBN (NBS1), BLM, RECQL, 
FANCM, BARD1 and several other genes, but, contrary to the evidence obtained for ATM and CHEK2, 
these observations have not been uniformly reproduced across distinct data sets[5,6,47,52-54]. BRIP1 is 
the only known gene, which is associated with hereditary OC but not with hereditary BC[47]. There are 
no mechanistic explanations, why some genes predispose to BC, others to OC, and a few to both BC and 
OC.

Many “novel” BC/OC-predisposing loci were discovered by candidate gene approach, where genes 
with similar to BRCA1/2 functions, i.e., the participants of DNA repair pathways, were selected for DNA 
testing in case-control studies. These functional considerations also influenced the interpretation of 
whole-exome studies, i.e., the priority was given to genes involved in the maintenance of cellular 
genome[55,56]. Overall, exome sequencing studies largely failed to reveal novel BC predisposing genes 
whose contribution to BC morbidity is comparable with the impact of BRCA1/2, PALB2 or CHEK2 
germline PVs[53,57,58].

BC may arise as a part of multiorgan cancer syndrome. Germline TP53 PVs predispose to Li-
Fraumeni syndrome, which is manifested by a wide spectrum of tumors. TP53 PVs are particularly 
common in very young patients with BC[59]. Recent large-scale next-generation sequencing (NGS) 
studies suggest that mutated TP53 can be found in non-selected BC patients, which do not have 
personal or family history of non-breast tumors[60-63]. A rare BC subtype, lobular BC, is associated 
with CDH1 germline PVs predisposing to diffuse stomach cancer[47,64].

There are convincing data indicating that patients with Lynch syndrome, i.e., hereditary predis-
position to colorectal and endometrial cancer, develop OC more often than in general population[46,65-
69]. Unlike BRCA1/2-driven tumors, Lynch syndrome associated OCs often have non-serous histology
[68]. Several other multiorgan cancer syndromes also render marginally increased OC risk[46,70].

Exome sequencing studies of OC families identified several promising OC-predisposing candidates, 
e.g., ANKRD11 and POLE genes[71]. Some data indicate that protein-truncating germline PVs in the 
ERCC3 gene may confer increased OC risk[72]. Validation of these findings is complicated due to rarity 
of BRCA1/2-independent familial OC clustering.

Small cell carcinomas of the ovary, hypercalcemic type (SCCOHTs) constitute a rare variety of OC. 
SCCOHTs are associated with germline PV in the SMARCA4 gene, which plays a role in chromatin 
remodeling[70].
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Table 1 Health impact of major hereditary cancer genes: Frequency of pathogenic variants in non-selected subjects and oncological 
patients

Gene Frequency of pathogenic variants in 
population Contribution in cancer morbidity Ref.

BRCA1 Approximately 0.1%; > 1% in some founder 
populations

Breast cancer: 1%-3%; High-grade serous ovarian cancer: 15%-
30%

[5,6,45,230-
233]

BRCA2 Approximately 0.3%; > 1% in some founder 
populations

Breast cancer: 1%-3%; High-grade serous ovarian cancer: 7%-
12%; Prostate cancer: 2%-4%; Pancreatic cancer: 2%-3%

[5,6,45,99,102,
112,232,233]

PALB2 Approximately 0.1% Breast cancer: Approximately 0.5%-1% [5,6,45]

CHEK2 0.5%-0.7% Breast cancer: 0.5%-2%; Moderately elevated frequencies across 
several cancer types

[5,6,25,113,
234,235]

ATM 0.3%-0.5% Breast cancer: 0.5%-0.8%; Moderately elevated frequencies 
across several cancer types

[5,6,45,99,102,
113]

MLH1, MSH2, MSH6, 
PMS2, EPCAM

0.02%-0.05% for MLH1, MSH2, MSH6, EPCAM 
each; approximately 0.1% for PMS2

Colorectal cancer: 1%-6%; Endometrial cancer: 2%-6% [5,6,76,236-
238]

CDH1 < 0.005% Diffuse gastric cancer: 7%; Lobular breast cancer: 0.3% [5,6,92]

TP53 < 0.01% Breast cancer in women < 30 years old: 2%-6%; Pediatric 
cancers: 8%; Osteosarcoma: 4%

[161,239,240]

HOXB13 0.2%-0.4% Prostate cancer: Approximately 1% [112,117,241]

Colorectal tumors 
The accumulation of multiple cases of colorectal cancer (CRC) in pedigrees was systematically described 
in 1967 by Lynch et al[73]. Lynch syndrome, also called hereditary non-polyposis colorectal cancer 
(HNPCC), is the best-known genetic cause of CRC predisposition. HNPCC is associated with hetero-
zygous germline inactivation of genes involved in DNA mismatch repair (MMR), namely MLH1, MSH2, 
MSH6 or PMS2 (Table 1). In addition, some Lynch syndrome patients carry deletion of the last portion 
of epithelial cell adhesion molecule (EPCAM), a gene located upstream to the MSH2 genomic segment. 
This deletion results in the loss of transcription of the termination polyadenylation signal at the end of 
EPCAM and consequent emergence of the read-through EPCAM-MSH2 fusion RNA message; 
furthermore, cells expressing the EPCAM-MSH2 chimera demonstrate methylation of the MSH2 
promoter and failure to produce functional MSH2 protein[74]. The genetic causes of Lynch syndrome 
are apparently limited to the germline inactivation of MLH1, MSH2, MSH6 or PMS2 genes, as attempts 
to link this disease with PVs in other participants of MMR were unsuccessful[4]. The lifetime risk of 
CRC for the carriers of pathogenic alleles falls within 40%–70% for MLH1 and MSH2 genes, however it 
reaches only 10%–20% for MSH6 and PMS2 heterozygous individuals. Lynch syndrome contributes 
approximately to 3% of CRC morbidity in Western countries, however this estimate is significantly 
lower in some other populations[3,4,75-79]. In addition to CRC, Lynch syndrome is associated with a 
highly elevated risk of endometrial cancer as well as increased susceptibility to gastric, small bowel, 
biliary, urothelial, ovarian, brain, and some other malignancies. The spectrum and the risk of 
extracolonic and extraendometrial cancers varies depending on the gene involved[4,77,80]. The 
development of tumors in Lynch syndrome patients involves somatic second-hit inactivation of the 
remaining copy of the disease-causing gene[4].

Malfunction of MMR in HNPCC-associated tumors results in a high tumor mutation burden (TMB). 
Short repetitive sequences, so-called microsatellites, are particularly prone to MMR defects. 
Consequently, Lynch syndrome tumors have high-level microsatellite instability (MSI-H) diagnosed by 
electrophoretic detection of multiple changes in the length of mononucleotide repeats. Electrophoretic 
equipment is not a component of the standard morphological laboratory; therefore, many hospitals 
chose to use immunohistochemical (IHC) detection of MMR deficiency (MMR-D). Indeed, tumors 
arising in carriers of MLH1 PVs lack the expression of MLH1 and PMS2 proteins, while MSH2-related 
CRCs show concomitant loss of MSH2 and MSH6 staining. Germline heterozygosity for MSH6 or PMS2 
genes is accompanied by tumor-specific IHC negativity for MSH6 or PMS2, respectively[77,81]. 
Importantly, only a minority of tumors with MSI-H/MMR-D phenotype are hereditary cancers. MSI-
H/MMR-D is also highly characteristic for sporadic colorectal, gastric and endometrial carcinomas, 
especially for malignancies occurring in elderly patients. Inactivation of MMR in sporadic tumors is 
usually attributed to the down-regulation of the MLH1 gene via promoter hypermethylation[81]. For the 
time being, MSI-H/MMR-D screening is recommended for all patients with CRC[82]. The selection of 
patients with MSI-H/MMR-D phenotype for subsequent germline testing may include consideration of 
age, family history of cancer, tumor location, and, in some instances, molecular characteristics of cancer 
cells. For example, Lynch syndrome related CRCs usually do not have mutation in the BRAF oncogene 
and demonstrate lack of methylation in the MLH1 gene promoter[81]. Increasing availability of NGS is 
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Figure 2 Main hereditary cancer genes and organs at risk. This figure illustrates major hereditary cancer types observed in females, males, adults of both 
genders, and children.

likely to result in the acceptance of uniform germline testing for all patients with microsatellite unstable 
colorectal and endometrial cancer, therefore the significance of procedures applied for the patient 
selection may diminish in the near future.

CRC familial clustering commonly occurs irrespective of MSI-H/MMR-D and Lynch syndrome. 
Surprisingly, the attempts to identify other than Lynch syndrome hereditary CRC genes were largely 
unsuccessful. Besides MLH1, MSH2, MSH6, PMS2 and EPCAM, there is only one hereditary CRC gene 
with proven significance, RPS20. However, RPS20 is altered only in a minority of multi-case CRC 
families and its impact is limited to a few selected populations[4,76,79].

Some germline PVs predispose to polyposis of gastrointestinal tract and increased risk of malignant 
transformation. There is a number of polyposis-related genes, which are associated with several 
scenarios of the disease development, e.g., either the emergence of CRC in combination with the 
presence of multiple polyps, or, alternatively, the appearance of CRC in the absence of benign colon 
lesions. Some polyposis syndromes are transmitted by autosomal-dominant mode (APC, POLE, POLD1, 
STK11, SMAD4, BMPR1A, PTEN, GREM1, RNF43), while others involve recessive inheritance and 
biallelic gene inactivation in affected patients (MUTYH, NTHL1, MSH3, MBD4)[23,24,83].

The most known polyposis gene, adenomatous polyposis coli (APC), is associated with very severe 
impairment of gastrointestinal tract, although some hypomorphic APC variants cause an attenuated 
form of this disease. APC is a tumor suppressor gene, its inactivation results in up-regulation of the 
WNT signaling pathway. The incidence of APC is around 1:10000, and approximately 30% of detected 
APC PVs are de novo mutations. In addition to colon polyposis and CRC, there are some common 
extracolonic features of this disease, in particular, duodenal polyps and carcinomas, stomach polyps, 
osteomas, desmoid tumors and congenital hypertrophy of the retinal pigmented epithelium[84].

MUTYH-associated polyposis (MAP) has a somewhat lower incidence than APC, with estimates 
approaching approximately 1:20000. MUTYH gene is involved in base excision repair (BER), therefore 
its biallelic deficiency is associated with increased risk of accumulation of oncogenic mutations. MAP is 
usually characterized by a moderate number of polyps and relatively late disease onset. However, the 
probability of CRC development in MAP patients is high and approaches approximately 80%. MUTYH-
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driven CRCs often contain KRAS G12C substitution. Approximately 5% of patients with KRAS G12C-
mutated CRC are biallelic carriers of MUTYH pathogenic alleles, therefore somatic KRAS status may be 
used as an indicator for MAP screening in CRC patients. Extracolonic manifestations of MAP are 
relatively uncommon, with the exception of highly increased risk for kidney cancer[83]. Most patients of 
European ancestry with genetic MAP diagnosis are homozygotes or compound heterozygotes for 
founder MUTYH alleles, Y165C and/or G382D[3,84-86].

NTHL1-related polyposis is similar to MAP, as it is caused by germline biallelic inactivation of the 
gene involved in BER. It is exceptionally rare, with estimated incidence falling below 1:100000. Various 
extracolonic tumors are highly characteristic for this syndrome, with a particularly elevated risk for BC
[24]. A recent study identified MBD4, another participant of BER pathway, as a genetic cause of 
polyposis and multiorgan cancer predisposition[83].

Heterozygous germline PVs in POLE and POLD1 genes predispose to gastrointestinal polyposis, 
CRC, endometrial carcinomas and some other malignancies. Inactivation of these genes results in failure 
of proofreading activities of DNA polymerases, therefore tumors arising in carriers of POLE and POLD1 
pathogenic alleles contain ultrahigh number of somatic mutations[24,76,85,87].

Gastric cancer
Gastric cancer (GC) is among the most common malignancies worldwide. Its incidence is highly 
influenced by environmental and behavioral factors: GC risk is significantly associated with Helico-
bacter pylori infection, low hygienic standard, high consumption of salt, “Northern” diet, alcohol abuse, 
etc.[88]. Consequently, family clustering of GC is not necessarily attributed to genetic factors, but may 
also be observed due to sharing of some GC-predisposing attitudes.

Strong evidence for the role of heredity is obtained only for diffuse GC, a histological variety of GC 
characterized by poor differentiation and presence of signet-ring cells[9,89]. The causative gene, CDH1, 
was initially discovered in New Zealand Maori families characterized by an exceptionally high 
incidence of diffuse GC[90]. CDH1 encodes E-cadherin, a protein involved in cell adhesion. CDH1 
germline PVs are uncommon in the majority of analyzed populations, with the frequency being around 
1:5000–1:20000[5,6,91], while the proportion of CDH1 heterozygotes in consecutive series of GC patients 
approaches approximately 7% for diffuse GC and 2% for non-selected GC[92]. A few hundred CDH1-
related GC pedigrees have been described worldwide. Presence of CDH1 germline PVs is also 
associated with high risk of lobular BC, a peculiar and relatively uncommon variety of BC disease. 
Family studies estimated penetrance of CDH1 PVs to be around 70% for GC and 40% for BC[9]. 
Unbiased NGS data sets revealed instances of CDH1 germline PVs unrelated to clinically diagnosed 
diffuse GC, therefore, there are yet unknown factors modifying phenotypic consequences of CDH1 
heterozygosity[5,6,91]. Genetic analysis of CDH1 PV-negative diffuse GC families led to the identi-
fication of subjects with inactivating PVs in CTNNA1 gene, which encodes alpha-catenin and interacts 
with beta-catenin and E-cadherin[9].

There are studies suggesting the role of PVs in double-strand DNA repair genes in GC predisposition. 
For example, contribution of PALB2 PVs has been suggested in some investigations[93,94], however the 
analysis of PALB2-related families did not confirm these findings[95]. GC is likely to be a part of 
BRCA1/2 syndrome, as some GCs arise on BRCA1/2-mutated background and demonstrate somatic loss 
of the remaining allele of the involved gene[13,96,97]. Lynch syndrome and some hereditary polyposis 
syndromes may involve malignant transformation of stomach epithelia. The lifetime GC risk in carriers 
of MLH1 or MSH2 PVs approaches 7%–8%. Specific nucleotide substitutions located in the promoter 1B 
region of the APC gene cause a condition, which is called gastric adenocarcinoma and proximal 
polyposis of the stomach (GAPPS). GAPPS is attributed to down-regulation of APC transcription in 
gastric mucosa; interestingly GAPPS patients do not have extensive involvement of the colon because 
APC expression in colonic epithelium is regulated by the promoter 1A[9,23,24,84,98].

Pancreatic cancer
Predisposition to pancreatic cancer (PanCa) is usually inherited as a part of multi-organ HCS. BRCA2 is 
the best-established PanCa-predisposing gene (Table 1). PVs in BRCA2 confer approximately 5%–10% 
lifetime risk of developing PanCa, which is an order of magnitude higher than in general population[99-
102]. In contrast to BRCA2, the data on the contribution of BRCA1 in PanCa morbidity are controversial
[103]. It is safe to state that if BRCA1 indeed plays a role in PanCa susceptibility, its penetrance towards 
this cancer type is significantly lower as compared to BRCA2[99-101].

The association of the PALB2 gene with familial PanCa was initially demonstrated by exome 
sequencing analysis of a PanCa patient whose sister also suffered from this disease[104]. Family-based 
studies of PALB2-related pedigrees have confirmed this association, although the risk of PanCa 
associated with PALB2 PVs is moderate[95]. Moderate-to-high elevation of PanCa risk is also charac-
teristic for ATM heterozygotes[99,105-108].

PanCa may emerge as a part of Li-Fraumeni syndrome, a disease caused by TP53 germline PVs, as 
well as a manifestation of Lynch syndrome[99,101,107]. Peutz-Jeghers syndrome (PJS) (attributed to PVs 
in STK11/LKB1) and CDKN2A-driven familial melanoma syndrome are associated with 20%–25% 
lifetime risk of PanCa[101,107,109].
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Whole-genome sequencing study of a PanCa family revealed segregation of this disease with RABL3 
truncating PV[110]. RABL3 is involved in the prenylation of KRAS protein. However, PVs in the RABL3 
gene appear to be exceptionally rare and are unlikely to significantly contribute to overall PanCa 
morbidity[111].

Prostate cancer
PVs in two genes, HOXB13 and BRCA2, are associated with more than 5-fold elevation of prostate 
cancer (PrCa) risk, and, therefore, with almost 1:2 probability of developing this disease during lifetime. 
HOXB13 is the only known gene specifically associated with PrCa (Table 1). It encodes a prostate-
specific homeobox transcription factor. Its PVs are represented by several ethnicity-specific missense 
mutations, which affect the interaction between HOXB13 protein and MEIS homeobox cofactor. 
HOXB13 PVs contribute to approximately 1% of PrCa incidence[112-114].

BRCA2 is apparently the most frequent cause of hereditary PrCa. Its penetrance towards PrCa in men 
is comparable to the risk estimates observed for BC in female BRCA2 PV carriers[103,112,114,115]. 
Similar to pancreatic cancer, evidences regarding the contribution of BRCA1 in PrCa morbidity are 
controversial, and associated risks are at best low-to-moderate[103,115,116]. The role of ATM PVs in 
PrCa predisposition is well established; ATM-heterozygous men have an approximately 2-fold elevation 
of the probability of PrCa development[112,114,117]. The impact of PALB2 PVs has been suggested in 
some studies, although systematic investigations failed to validate these findings[95]. Lynch syndrome 
associated with PVs in MSH2 and MSH6 genes may also render an increased PrCa risk[118].

Renal cell cancer
Next-generation sequencing of DNA obtained from renal cell carcinoma (RCC) patients revealed an 
unexpectedly high frequency of germline PVs: Pathogenic or likely pathogenic alleles were detected in 
41/254 (16%) analyzed subjects[119]. Approximately 5% of RCC incidence is associated with RCC-
predisposing syndromes[119]. Von-Hippel-Lindau syndrome caused by germline PVs in the von Hippel-
Lindau (VHL) gene renders approximately 30%–40% lifetime risk of RCC and is also associated with the 
development of pancreatic neuroendocrine tumors, pheochromocytomas and hemangioblastomas. PVs 
in the fumarate hydratase (FH) gene are responsible for hereditary leiomyomatosis and renal cell cancer. 
Germline PVs in MET receptor tyrosine kinase confer a fatal risk of papillary RCC. RCC is also charac-
teristic for Birt-Hogg-Dubé syndrome, a disease caused by PVs in the FLCN gene and associated with 
slowly progressing renal lesions, skin fibrofolliculomas and lung cysts[120]. The risk of various types of 
RCC is increased in patients with tuberous sclerosis syndrome[121].

Lung cancer
Genuine hereditary lung cancer (LC) is an exceptionally rare disease. The best-described cause of 
familial LC is the inheritance of the epidermal growth factor receptor (EGFR) T790M variant[122,123]. EGFR 
T790M was initially discovered as a secondary somatic mutation acquired during the course of therapy 
by EGFR inhibitors[124,125]. Subsequent studies demonstrated that some subjects carry this missense 
substitution in germline. Inborn EGFR T790M allele is associated with the development of lung tumors, 
which contain tyrosine kinase inhibitor sensitizing mutations in exons 19 and 21 of the EGFR gene[126]. 
Only a few dozen subjects carrying germline EGFR T790M allele have been described worldwide[123]. 
The frequency of the EGFR T790M allele in consecutive LC series is vanishingly low[127,128]. In 
addition to EGFR T790M, a few unique LC families with other germline pathogenic EGFR variants have 
been described[123,128]. LC may also arise as a part of Li-Fraumeni syndrome, being attributed to 
germline TP53 pathogenic allele[8,129].

Melanoma
Germline PVs in the CDKN2A gene have been detected in 20%–40% of families with multiple instances 
of cutaneous melanoma. CDKN2A PV carriers are at risk of development of other tumor types, partic-
ularly pancreatic cancer[130,131]. CDKN2A pathogenic alleles are associated with a more aggressive 
superficial spreading subtype, however there are controversial data with regard to their impact on 
melanoma-specific survival[132]. There are several described pedigrees where melanoma incidence is 
segregated with pathogenic alleles in CDK4, POT1 or TERT genes[133].

Multiple endocrine neoplasia
Multiple endocrine neoplasia (MEN) type 1 affects parathyroid glands, pancreatic islet cells and the 
anterior pituitary. It is caused by heterozygous inactivation of the MEN1 tumor suppressor gene, which 
encodes menin, a protein involved in regulation of a spectrum of biological processes. The prevalence of 
MEN1 syndrome is approximately 1:30000[22], although the population frequency of MEN1 PVs may be 
slightly higher[5]. Most of MEN1 patients demonstrate primary hyperparathyroidism caused by 
parathyroid hyperplasia. This condition is accompanied by hypercalcemia with varying degrees of its 
consequences. Duodeno-pancreatic neuroendocrine tumors of pancreas are represented by gastrinomas, 
non-functioning tumors, insulinomas, glucagonomas and vasoactive intestinal peptide producing 
tumors. Anterior pituitary neoplasms include prolactinomas as well as somatropin-, adrenocorticotropic 
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hormone- and gonadotropin-secreting adenomas. In addition to the above three organs, MEN1 may 
manifest by adrenocortical, bronchopulmonary and thymic neuroendocrine tumors as well as by a 
number of non-endocrine neoplasms[134]. Unexpectedly, a strong association between MEN1 heterozy-
gosity and highly increased risk of acute pancreatitis has been demonstrated in a recent study[108]. 
Some patients, who have MEN1-related phenotype, but lack PVs in the MEN1 gene, carry CDNK1B 
pathogenic alleles. CDNK1B-related MEN is now classified as MEN4 syndrome[22].

MEN2A (MEN2) and MEN2B (MEN3) syndromes are caused by activating PVs in RET receptor 
tyrosine kinase. Both these conditions are strongly associated with the development of medullary 
thyroid carcinoma (MTC). MTC is a relatively rare subtype of thyroid cancer, however germline RET 
pathogenic alleles make a very significant contribution to the incidence of this disease being detected in 
about a quarter of MTC patients. Besides MTC, approximately half of subjects with MEN2A syndrome 
develop pheochromocytomas, and up to a third of MEN2A cases are characterized by hyperpara-
thyroidism. The prevalence of MEN2A is similar to the one for MEN1. MEN2A is caused by RET PVs in 
codon 634, or less, frequently, in codons 609, 611, 618, 620 or 630. These PVs, being located in the 
extracellular domain and resulting in replacements of cysteines, induce conformational changes in RET 
protein, which facilitate dimerization and cross-phosphorylation of this receptor. There are some other 
point mutations, which do not affect cysteines and generally cause a milder disease phenotype, i.e. the 
development of MTC in the absence of other endocrine tumors; isolated MTC may also be associated 
with cysteine mutations involving other than 634 codons of the RET oncogene. MEN2B (MEN3), being 
an order of magnitude less common than MEN2A, is a significantly more aggressive disease manifested 
in the first or second decade of life with highly metastatic and potentially fatal MTC. Patients with 
MEN2B also often develop pheochromocytomas as well as some non-endocrine features, e.g., neuromas 
and musculoskeletal abnormalities. MEN2B is usually caused by RET M918T allele or, in less than 5% of 
cases, A883F substitution. These amino acid substitutions are located in the kinase domain and render 
dimerization-independent activation of RET receptor. Overall, the distinction between familial MTC, 
MEN2A and MEN2B may look counter-intuitive, as these maladies are all related to RET activating 
alleles and differ from each other mainly by the disease severity but not by underlying biological 
mechanisms[22,135,136].

Carney complex manifests with adrenocortical disease, pituitary adenomas, gonadal and thyroid 
tumors, spotty skin pigmentation, cardiac and cutaneous myxomas, and some other non-endocrine 
neoplasms. This condition is caused by PRKAR1A germline PVs[137]. There is a number of genes, 
associated with isolated endocrine cancers. Germline PVs in the WDR77 gene have been recently shown 
to predispose to papillary subtype of thyroid cancer. WDR77 is a component of a transmethylase 
complex responsible for posttranslational modification of histone H4[138]. Genetic susceptibility to 
pheochromocytoma and/or paraganglioma may be rendered by PVs affecting SDHAF2, SDHB, SDHC, 
SDHD, MAX, TMEM127 or some other genes[139]. There are instances of familial pituitary adenoma 
associated with AIP germline PVs[140,141].

Li-Fraumeni syndrome
Li-Fraumeni syndrome is caused by PVs in the TP53 gene. TP53 is apparently the best-studied tumor 
suppressor gene, which is involved in the regulation of DNA damage response, programmed cell death, 
cell cycle and several other biological processes. Population occurrence of TP53 germline heterozygosity 
is well below 1:10000, although some communities demonstrate a noticeable frequency of founder 
hypomorphic TP53 variants[5,6,142]. Earlier family-based studies suggested nearly-fatal penetrance for 
TP53 germline PVs, although recent data indicate that some carriers of TP53 pathogenic alleles manage 
to achieve late adulthood without being affected by cancer disease[8].

TP53 PVs render a highly increased risk of childhood cancers. Li-Fraumeni syndrome-associated 
pediatric malignancies include adrenal cortical carcinomas, choroid plexus carcinomas, rhabdomy-
osarcomas and medulloblastomas. Adult cancers are mainly represented by very-young-onset BC in 
females as well as lung carcinomas, osteosarcomas, soft-tissue sarcomas and brain tumors[8,63,143]. 
Breast carcinomas arising in TP53 PV carriers frequently carry HER2 amplification[144]. Li-Fraumeni 
syndrome related lung carcinomas are characterized by an exceptionally high frequency of EGFR 
somatic mutations[129,145]. Carriers of TP53 PVs also have highly elevated risk of hematological 
malignancies[146]. The analysis of specific groups of consecutive patients revealed that Li-Fraumeni 
syndrome is a significant contributor to the incidence of pediatric cancers, very-young-onset breast 
carcinomas and osteosarcomas[142,146-150].

PTEN hamartoma tumor syndrome
PTEN hamartoma tumor syndrome (PHTS) is manifested by multiple benign and malignant tumors 
affecting breast, thyroid, endometrium, skin, kidney, colon and some other organs[151-153]. It is caused 
by heterozygous inactivating PVs in the PTEN gene, which is involved in the negative regulation of 
phosphatidylinositol 3-kinase/AKT/mechanistic target of rapamycin (mTOR) pathway and plays a role 
in the regulation of cell survival, proliferation, apoptosis and various metabolic processes[152,154]. 
PTEN-related syndrome is commonly known as Cowden syndrome, however the PHTS is a more 
preferable definition as it includes some other PTEN-associated maladies, e.g., Bannayan-Riley-
Ruvalcaba syndrome and Lhermitte–Duclos disease[151,152]. Patients with PHTS often have a wide 
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range of skin and mucosal manifestations and frequently present with macrocephaly[151]. Based on 
clinical considerations, the reported frequency of PHTS is approximately 1:200000[154], although 
unbiased NGS studies suggest that approximately 1:10000 healthy people are PTEN heterozygotes[5,6]. 
Activating germline PVs in the WWP1 gene, which encodes E3 ubiquitin ligase and negatively regulates 
PTEN, were detected in some PTEN-wild-type patients with PHTS-associated tumors[155].

PJS
PJS manifests via characteristic mucocutaneous pigmentations and various polyp-related complications. 
Multiple gastrointestinal hamartomatous polyps in the affected patients are located mainly in the small 
bowel. The disease is caused by heterozygous inactivating PVs in tumor suppressor kinase STK11/LKB1. 
STK11/LKB1 is involved in the regulation of cell cycle, apoptosis and cell metabolism. Population 
occurrence of PJS is estimated to be within 1:50000–1:200000, however as many as 1 out of 10000 
apparently healthy subjects may carry STK11/LKB1 PVs[5,156]. STK11/LKB1 is a highly-penetrant 
cancer-predisposing gene. This genetic condition is associated with highly elevated risk of breast, colon, 
stomach, pancreatic and some other malignancies[156]. In addition, there are rare tumor subtypes 
specifically linked to PJS, e.g., so-called sex cord tumors with annular tubules affecting ovaries[157]. 
Clinical presentation of PJS may depend on the type of STK11/LKB1 PVs[158].

Gorlin syndrome
Gorlin syndrome [nevoid basal cell carcinoma (BCC) syndrome] is characterized by the appearance of 
BCCs and the development of odontogenic keratocysts. This disease is also associated with increased 
risk of medulloblastoma. In addition, various developmental abnormalities are frequently seen in 
patients with this condition. Gorlin syndrome is a rare disease, being observed in approximately 
1:30000–1:300000 subjects. The most frequent cause of Gorlin syndrome is a heterozygous inactivating 
PV in the PTCH1 gene. SUFU or PTCH2 pathogenic alleles have been identified in the affected subjects, 
who are mutation-negative for PTCH1. Tumor development in Gorlin syndrome patients involves 
upregulation of the Hedgehog signaling pathway due to loss of its negative regulation by PTCH1, SUFU 
or PTCH2[159]. BCC predisposition may also be rendered by heterozygous inactivating PVs in the 
PTPN14 tumor suppressor gene[160].

Pediatric cancers
It is difficult to draw a strict distinction between “pediatric” and “adult” hereditary cancers because 
many HCSs may present with various manifestations both in childhood and in the middle of life. 
Relevant examples include Li-Fraumeni syndrome, Cowden syndrome, PJS, neurofibromatosis, RET-
related malignancies, etc. Expectedly, NGS analysis of non-selected patients with pediatric cancers 
revealed elevated frequency of PVs in known cancer-predisposing genes[161,162].

Retinoblastoma was the first pediatric tumor for which the genetic origin was convincingly 
established and the causative gene was identified. Hereditary retinoblastoma is caused by germline 
inactivation of the RB1 gene. RB1, being the first cloned tumor suppressor gene, is implicated in the 
negative regulation of the cell cycle[19]. RB1 germline alterations are observed in all patients with 
familial and/or bilateral retinoblastoma as well as in 14% of subjects with sporadic unilateral 
appearance of this disease[163]. Retinoblastoma survivors are at high risk of developing other 
neoplasms, particularly sarcomas[164]. Spliceosome dysfunction has been recently shown to underlie 
the emergence of bone malignancies in RB1 heterozygotes[165].

Wilms` tumor (nephroblastoma, WT) is a relatively common pediatric cancer. The most frequent 
genetic cause of WT is a mutation in the WT1 gene, which can be associated either with isolated WT, or 
with its combination with aniridia, nephrotic syndrome and/or abnormal genitalia. WT can also be a 
part of so-called overgrowth syndromes (Beckwith-Wiedemann syndrome, Sotos syndrome, Simp-
son–Golabi–Behmel syndrome, Perlman syndrome) or several syndromes associated with a wide 
spectrum of cancers (Li-Fraumeni syndrome, Bloom syndrome, Fanconi anemia, etc.)[166].

Neurofibromatosis type 1 is caused by inactivating heterozygous PVs in the NF1 gene. NF1 is a 
negative regulator of the RAS signaling pathway. NF1 heterozygosity is estimated to occur in 1:3500 
newborns and is manifested by cafe au lait spots, axillary freckles, Lisch nodules and neurofibromas. 
This syndrome is associated with a high risk of development of gliomas, hematological malignancies, 
pheochromocytomas and some other tumors. Neurofibromatosis type 2 is ten times less common than 
the type 1 disease. The NF2 gene encodes merlin, its inactivation is associated with the development of 
schwannomas and meningiomas in adolescence or adulthood[167].

DICER1 syndrome has been described relatively recently[168]. It is associated with heterozygous 
germline inactivation of the DICER1 gene. DICER1, a ribonuclease III family enzyme, is responsible for 
the maturation of microRNA. The pathogenesis of DICER1-related malignancies usually involves 
somatic alteration of the remaining gene allele. DICER1 PVs are characterized by incomplete penetrance. 
Carriers of DICER1 PVs are at risk of developing pleuropulmonary blastomas, gynandroblastomas, 
sarcomas, Sertoli-Leydig cell tumors and some other neoplasms[169,170].

PVs in the SMARC family genes, which regulate chromatin remodeling, are responsible for the 
rhabdoid tumor predisposition syndrome[171]. SMARCB1 pathogenic alleles are associated with the 
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development of malignant rhabdoid tumors of the central nervous system and kidneys. Hypomorphic 
SMARCB1 PVs are also implicated in familial schwannomatosis where the development of 
schwannomas involves concomitant down-regulation of both SMARCB1 and NF2 genes[172]. SMARCE1 
PVs predispose to the development of meningiomas. SMARCA4 pathogenic alleles are associated with 
rhabdoid tumors as well as small-cell OC, hypercalcemic type[171].

Constitutional mismatch repair deficiency syndrome (CMMRD) is an autosomal-recessive disorder 
caused by biallelic inactivation of MMR genes[4]. This condition has characteristic cutaneous manifest-
ations and renders a high probability of developing brain, gastrointestinal and hematological 
malignancies at a young age[173].

Hematological malignancies
Hematological malignancies often manifest as a part of a syndromic condition. Various abnormalities of 
hematopoiesis resulting in the depletion of some cell lineages are frequently accompanied by myeloid-
derived neoplasms. Immune deficiencies render an increased risk of development of lymphomas[174]. 
Familial clustering of acute myeloid leukemia may be attributed to germline PVs in CEBPA, DDX41, 
RUNX1, GATA2, ETV6, SAMD9, SAMD9L and some other genes. Hereditary acute lymphoblastic 
leukemia is related to germline PVs in ETV6, IKZF1 or PAX5 genes and may as well be a part of clinical 
manifestation of Li-Fraumeni syndrome[175]. Alterations in the KDR (vascular endothelial growth 
factor 2) receptor tyrosine kinase are the most frequent cause of hereditary Hodgkin lymphoma; high 
risk of this disease may also be rendered by germline PVs located in KLHDC8B, NPAT or POT1 genes
[176].

MANAGEMENT OF HEREDITARY TUMORS
Cancer detection and prevention
The research on HCSs was initially viewed mainly as a part of prophylactic medicine. Indeed, there is a 
strong emphasis on the identification of yet healthy people, who are carriers of tumor-predisposing PVs 
and may significantly benefit from early cancer detection and prevention (Figure 3). Diagnostic 
surveillance strategies have been articulated for all major cancer syndromes. For example, female 
carriers of BRCA1, BRCA2 and some other pathogenic alleles are advised to start breast self-examination 
from 18 years old; regular clinical breast examination and magnetic resonance imaging are usually 
added beginning from 25 years, and they are supplemented by annual mammography in women aged 
30–75 years. OC screening includes annual transvaginal ultrasound examination and CA-125 serum 
marker measurement starting at 30–35 years[84]. Clinical efficacy of surveillance is considerably higher 
in patients with Lynch syndrome. The adherence to colonoscopy performed every 1–2 years beginning 
from 20–25 years of age, upper endoscopy every 3–5 years starting at 30–35 years as well as endometrial 
cancer screening, significantly reduces individual risk of cancer death[84]. Effective surveillance is more 
complicated in subjects with multiorgan cancer predisposition. In particular, carriers of TP53 germline 
PVs are advised to begin cancer screening in early childhood and, wherever possible, to abstain from 
potentially mutagenic diagnostic procedures, e.g., X-ray examination[146]. The development of 
screening recommendations for subjects with HCSs is a continuous process, which is usually 
coordinated by international and national healthcare professional societies or initiative groups, involves 
interaction of a high number of experts working in different areas of medicine, requires significant 
research efforts aimed at collection of real-world data and is a subject of regular updates[84,146,177,
178]. There is a multitude of published guidelines, which generally suggest similar diagnostic 
algorithms but differ from each other in many nuances. The detailed discussion on existing recommend-
ations is beyond the scope of this review.

Prophylactic risk-reducing surgery has become a standard medical intervention, being particularly 
well investigated in subjects with the HBOC syndrome, hereditary diffuse GC, hereditary medullary 
thyroid cancer, etc.[9,22,146,179-181]. It is self-explanatory that surgical removal of the organ(s) at-risk 
may be applied only in situations when this procedure is not associated with life-threatening adverse 
effects or disproportional decrease of the quality of life, and only for syndromes with insufficient 
reliability of early cancer diagnosis. Carriers of highly-penetrant BC-predisposing PVs (BRCA1, BRCA2, 
PALB2, TP53, etc.) are encouraged to undergo risk-reducing breast surgery, given that even high 
compliance with diagnostic check-ups does not fully warrant cancer detection at early stage or good 
treatment outcome[182]. BRCA1/2 heterozygous women are strongly recommended to opt for prophy-
lactic salpingo-oophorectomy at the age of 35–45 years (or after the completion of childbearing)[177,178,
183]. This procedure is justified by the poor clinical efficacy of OC screening and dispensability of 
ovaries for women entering their second half of life. Prophylactic gastrectomy in CDH1 PV carriers is 
associated with severe impairment of the quality of life, however the abstinence from this procedure is 
associated with a significant risk of death due to diffuse GC[9]. Risk-reducing thyroidectomy followed 
by hormone replacement therapy is a standard option for carriers of RET high-risk PVs. This surgery is 
usually performed in childhood, and the recommended age for intervention varies depending on the 
type of RET PV[184,185].
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Figure 3 Management of hereditary cancer syndromes. PARPi: Poly (ADP-ribose) polymerase inhibitors; TMB: Tumor mutation burden; HIF-2α: Hypoxia 
inducible factor-2α; VHL: von Hippel-Lindau; mTOR: Mechanistic target of rapamycin; MAPK: Mitogen-activated protein kinase signaling pathway; MEK: Mitogen-
activated protein kinase; VEGFR: Vascular endothelial growth factor receptor; SMO: Smoothened; CMMRD: Constitutional mismatch repair deficiency syndrome.

Benefit from risk-reducing surgeries has been confirmed by real-world data, however this experience 
is mainly limited to healthy relatives of cancer patients, who were found to be heterozygous for a 
highly-penetrant pathogenic allele[184,186,187]. Recent large-scale genetic investigations have identified 
some carriers of tumor-predisposing variants, who do not have a family history of cancers associated 
with their genetic findings[5,6]. Apparently, these individuals should be advised to undergo full-scale 
diagnostic surveillance, whereas great caution must be taken while considering prophylactic surgical 
interventions in subjects with favorable pedigree data[23].

Advances in cytotoxic and targeted therapy
Despite substantial advances in early detection and prevention of malignant diseases, cancer genetics 
remained an “exotic” discipline for many practicing oncologists until the second decade of this century. 
This was due to relative rarity of familial tumors and limited impact of germline DNA testing on the 
treatment strategies. Several discoveries, which were made within the past 10–15 years and resulted in 
the recognition of specific drug vulnerabilities in hereditary cancers, have moved familial cancer studies 
to the frontline of medical oncology[188,189].

BRCA1/2-driven breast and ovarian carcinomas arise due to somatic inactivation of the remaining 
allele of the involved gene (Figure 3 and Table 2). Consequently, these tumors are deficient in DNA 
double-strand break repair and demonstrate pronounced sensitivity to platinum compounds, 
mitomycin C, bifunctional alkylating agents and poly (ADP-ribose) polymerase (PARP) inhibitors 
(PARPi). Several clinical studies involving cisplatin or carboplatin suggested that platinum-based 
regimens are highly effective in women with breast or ovarian BRCA1/2-associated cancer[190-192]. 
Combined administration of cisplatin and mitomycin C resulted in a remarkable improvement of 
treatment outcomes in patients with BRCA1-mutated carcinomas[193,194]. There are a number of 
successful clinical investigations, which resulted in the approval of PARPi for the treatment of 
hereditary breast, ovarian, pancreatic and prostate malignancies[195]. Interestingly, non-breast/ovarian 
carcinomas arising in BRCA1/2 PV carriers often retain the second BRCA1/2 allele and therefore do not 
have this drug vulnerability. Findings obtained on BRCA1/2 PV carriers may or may not be applicable to 
other genes involved in homologous recombination, as not all of the latter trigger tumor development 
by the two-hit mechanism, and even biallelic defects in some genes, e.g., ATM or CHEK2, are not 
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Table 2 Cytotoxic and targeted therapy for tumors arising in carriers of cancer-predisposing alleles

Tumor type Target Drugs Ref.

BRCA1/2-driven carcinomas and their phenocopies BRCA1/2 inactivation resulting in the 
deficiency of DNA repair by 
homologous recombination

Platinum derivatives, 
Mitomycin C, Bifunctional 
alkylating agents, PARPi

[190-
193,
195]

Hypermutated cancers (Lynch syndrome associated microsatellite 
unstable tumors; POLD1/POLE-deficient cancers; MUTYH-associated 
colorectal carcinomas; tumors in patients with CMMRD syndrome)

High tumor mutation burden resulting 
in excessive number of neoantigens

Immune checkpoint 
inhibitors

[199-
206]

RET-associated malignancies RET tyrosine kinase RET inhibitors [207-
209] 

Neurofibromatosis, type 1 Upregulation of RAS/RAF/MEK 
pathway due to NF1 inactivation

MEK inhibitors [210,
211] 

Basal cell carcinomas in patients with Gorlin syndrome Hedgehog pathway SMO inhibitors [213]

Tumors arising in patients with tuberous sclerosis mTOR pathway mTOR inhibitors [214,
215] 

Renal cell carcinomas associated with von Hippel-Lindau syndrome Up-regulation of HIF-2α due to VHL 
gene inactivation

HIF-2α inhibitors [216]

HIF-2α: Hypoxia inducible factor-2α; PARPi: Poly (ADP-ribose) polymerase inhibitors; CMMRD: Constitutional mismatch repair deficiency syndrome; 
MEK: Mitogen-activated protein kinase; SMO: Smoothened; mTOR: Mechanistic target of rapamycin; VHL: von Hippel-Lindau.

necessarily associated with platinum or PARPi sensitivity[21,196-198].
Microsatellite-unstable cancers, including tumors arising due to Lynch syndrome, are characterized 

by an excessive number of somatic mutations, and, consequently, high tumor antigenicity. These 
malignancies can be managed by the administration of so-called immune checkpoint inhibitors, the 
drugs which antagonize immune suppressor molecules and restore proper antitumor immunity[199]. 
Clinical studies on microsatellite-unstable cancers involved both patients with Lynch syndrome and 
subjects with sporadic carcinomas. Pembrolizumab has been approved for the treatment of MSI-H 
tumors irrespective of their organ localization[200]. Interestingly, a small study comparing hereditary vs 
sporadic microsatellite-unstable endometrial carcinomas revealed that tumors associated with a 
germline pathogenic allele have higher TMB and are more responsive to this drug[201]. The results of 
available clinical trials support the use of pembrolizumab or a combination of nivolumab and 
ipilimumab in the first-line therapy of metastatic MSI-H CRC[199-202]. There are instances of successful 
utilization of immune checkpoint inhibitors for the treatment of POLE/POLD1- and MUTYH-related 
malignancies[203,204]. Several case studies reported clinical benefit from immune therapy in patients 
with CMMRD-associated tumors[205,206].

Some hereditary cancers are associated with the upregulation of specific signaling pathways. A 
multikinase inhibitor vandetanib, which has activity towards RET and several other tyrosine kinases, 
has demonstrated significant clinical activity in patients with hereditary MTCs[207]. Clinical studies on 
selective RET inhibitors, selpercatinib and pralsetinib, included subjects with both hereditary and 
sporadic RET-driven thyroid tumors, and demonstrated remarkable benefit from these drugs[136,208,
209].

Tumors arising in patients with neurofibromatosis type 1 are characterized by inactivation of NF1 
gene, which is a negative regulator of RAS/RAF/MEK pathway. Consequently, these malignancies are 
potentially sensitive to MEK inhibition[210,211]. MEK inhibitor selumetinib has been evaluated in 25 
children with recurrent, refractory, or progressive pediatric low-grade NF1-related gliomas, which 
failed at least one prior therapy. Objective response was documented in 10 (40%) cases, and 24 (96%) 
patients experienced no progression of the disease within 2 years[210]. Another study included children 
with NF1-associated symptomatic inoperable plexiform neurofibromas. Objective responses were 
observed in 37/50 (70%) patients, with 28 instances of response lasting more than 1 year[211]. 
Activating mutations in RAS/RAF/MEK pathway are also characteristic for hypermutated cancers 
arising in CMMRD patients. Pronounced efficacy of selumetinib or trametinib has been demonstrated in 
several patients with heavily pretreated CMMRD-related brain tumors[212].

Gorlin syndrome related BCCs can be managed by down-regulation of G-protein coupled receptor 
smoothened (SMO), which is involved in the activation of the Hedgehog pathway. Vismodegib, a 
selective SMO inhibitor, has been evaluated in placebo-controlled trial involving 46 patients, who had at 
least ten tumors each. All subjects receiving this drug experienced the decrease of existing tumor 
burden. Furthermore, the use of vismodegib slowed the emergence of new cancer lesions in patients 
with Gorlin syndrome[213].

Cancers associated with tuberous sclerosis are responsive to mTOR targeted drugs. Clinical efficacy 
of everolimus has been repeatedly demonstrated in angiomyolipomas and subependymal giant cell 
astrocytomas associated with this syndorme[214,215]. There are promising results of the treatment of 
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VHL syndrome related tumors by hypoxia-inducible factor-2α inhibitor belzutifan[216]. FH-deficient 
RCCs often respond to the combination of anti-vascular endothelial growth factor therapy and mTOR 
antagonists or to multitargeted tyrosine kinase inhibitors[217,218].

Drug vulnerabilities detected in hereditary cancer often have clinical relevance to their sporadic 
phenocopies. For example, platinum/PARPi sensitivity was initially described in BRCA1/2-driven 
carcinomas, but subsequent research revealed that tumors with BRCA1/2-like (BRCAness) properties, 
e.g., a specific pattern of chromosomal instability, are also sensitive to these compounds[219,220].

CONCLUSION
Increasing involvement of healthy people in whole exome or multigene sequencing will certainly 
identify a huge number of subjects, who have a potentially severe disease according to a genetic test, but 
continue to remain unaffected until the elderly age. We are already witnessing that virtually all updated 
penetrance estimates are significantly lower than the ones observed by earlier studies, and, vice versa, 
the population frequency of some presumably “fatal” germline PVs is manifold higher than the 
observed incidence of corresponding genetic diseases[4-6,8,9]. The distinction between genetic health 
and disease is likely to be reconsidered in the near future.

Earlier cancer genetic studies produced rather straightforward gene-disease interactions, where all 
relevant genes and associated diseases could be easily presented in a table-like format. Systematic large-
scale investigations carried out in the last decade revealed substantial promiscuity in genotype-
phenotype interactions, thus complicating the clinical diagnosis of HCSs and interpretation of genetic 
findings[4,17,103,108,119,149,161,162,221]. The unbiased cataloging of patient data may help to account 
for the diversity of HCS manifestations.

Most of the known non-cancer genetic diseases are recessive, while most of the already identified 
cancer predisposition syndromes are dominant. This difference is unlikely to be related to genuine 
biological reasons, but is rather attributed to difficulties in the genetic studies of common cancer types. 
Virtually all “classic” genetic pathologies are orphan maladies (e.g., cystic fibrosis or phenylketonuria), 
so the appearance of even 2-3 patients with a unique phenotype in the same family/pedigree, or in the 
same neighborhood, is immediately recognizable by practicing physicians or clinical investigators. 
However, if we consider a recessive mechanism for say, conventional breast, lung, or colorectal 
carcinomas, i.e., the situation when both parents are asymptomatic heterozygous carriers of a recessive 
tumor-predisposing allele, and the disease is manifested only in subjects with biallelic gene 
involvement, there is little if any chance to distinguish these subjects from sporadic phenocopies[222]. 
Indeed, already known recessive tumor-predisposing syndromes include mainly rare diseases with very 
characteristic phenotypic manifestation, e.g., some hereditary polyposis syndromes[84]. Systematic 
germline sequencing of cancer patients and the analysis of accumulated “big data” may eventually 
identify some examples of recessive predisposition to common cancer types. Focus on large commun-
ities with pronounced founder effect may facilitate the research in this direction.

The critical mass of advances in clinical genetics, including studies on HCSs, has been achieved due 
to efforts of scientists working mainly in North America, Western Europe, Japan, and several other parts 
of the world distinguished by the combination of an exceptionally high level of technological 
development and strong dedication to biomedical research. Consequently, current knowledge on 
pathogenic alleles and corresponding familial diseases mainly reflects the genetic background of 
Western European populations and some Eastern Asian communities. It is self-explanatory that each 
ethnic group has its own ancestors, who have a unique composition of pathogenic gene variants. 
Consequently, the distribution of genetic diseases is a subject of major interethnic variations, with a 
number of maladies observed only in selected populations. It is important to encourage ethnicity-
specific cataloging of pathogenic alleles and corresponding phenotypes in order to support proper 
practical implementation of gene-based tests. Furthermore, analysis of “novel” populations is likely to 
result in the discovery of new medically relevant genes and corresponding genetic diseases[36,223-226].

Most of cancer studies rely mainly on the identification of protein-truncating variants. The 
clarification of functional/pathogenic significance for missense mutations is complicated, and there is a 
need for robust bioinformatic and laboratory pipelines supporting the distinction between disease-
causing and neutral amino acid substitutions[227,228]. Current research is mainly focused on the coding 
regions of the genome; however other genetic loci, to be studied by whole genome cataloging, are also 
very likely to be a source of disease-predisposing variations[229].

Identification of cancer-predisposing genes is an example of triumph of translational medicine. The 
development of methods of non-surgical prevention of tumor progression in carriers of disease-
associated pathogenic alleles is an obvious priority for future studies in this field.
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Abstract
Globally, cancer cases and mortality have recently escalated and have attracted 
global concern. The clinical diagnosis and manifestation of cancer can result in 
significant mental health issues like depression and anxiety disorders. The 
tendency of people with cancer to suffer from psychological disorders such as 
anxiety and depression is usually high. A significant number of deaths related to 
cancer may likely not be from the killer disease but from psychological disorders 
associated with the illness. The utilization of music as a remedial approach to 
healing mental disorders cannot be overstated. Thus, identifying the impacts of 
music therapy in dealing with depression and anxiety disorders among people 
with cancer is relevant, as the majority of methods used in treating cancer have 
some side effects which may trigger psychological disorders in cancer patients. 
Ultimately, this study explored the significance of music therapy in treating 
depression and anxiety disorders among people with cancer. To achieve the aim 
of this study, the authors employed a narrative literature review to investigate the 
significance of music therapy in addressing depression and anxiety disorders 
among people with cancer. The type of literature review employed in this study is 
to provide an understanding of the selected research papers. The review found 
that music therapy significantly reduces depression and anxiety disorders among 
breast cancer, lung cancer, prostate cancer, and colorectal cancer patients. It is 
needful for healthcare providers to incorporate music therapy interventions while 
treating people with cancer. This will help reduce cancer deaths resulting from 
psychological disorders rather than the killer disease, cancer. However, the 
standardized procedures and evaluation criteria for applying music-based 
intervention strategies in oncology medicine still need to be further established 
and improved.
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Core Tip: People diagnosed with cancer and receiving treatment experience anxiety and depression, which 
may influence their healing process. Most cancer patients may die from depression, anxiety, and other 
psychological disorders. The mental health of cancer patients is important as their physical health. 
Therefore, addressing the psychological needs of people with cancer is necessary to improve their health 
status. In this review, we demonstrate music therapy as a significant treatment approach for reducing 
depression and anxiety disorders among patients with breast cancer, lung cancer, prostate cancer, and 
colorectal cancer.

Citation: Eseadi C, Ngwu MO. Significance of music therapy in treating depression and anxiety disorders among 
people with cancer. World J Clin Oncol 2023; 14(2): 69-80
URL: https://www.wjgnet.com/2218-4333/full/v14/i2/69.htm
DOI: https://dx.doi.org/10.5306/wjco.v14.i2.69

INTRODUCTION
A health condition known as cancer occurs when a small percentage of the cells in the body develop 
abnormally and disseminate to other bodily regions. Cancer can develop from any body part that 
accommodates trillions of cells[1]. The dissemination of cancerous cells to other parts of the body system 
is known as metastasizing, which mainly results in death from cancer. Whereas the 21st century has 
witnessed an improved performance of public nutrition, social behavior, and personal hygiene, as well 
as the methods adopted in preventing, controlling, and treating infectious diseases, which have all 
contributed to the current rise in the average lifespan of people, there is still an upsurge of cancer-
related cases and deaths[2]. Globally, cancer has had a remarkable impact on the physical and psycho-
logical well-being and finances of individuals, family relations, communities, and the healthcare sector. 
Most of the healthcare system in resource-limited areas is poorly equipped. Thus, many cancer patients 
in these locations lack access to prompt, effective detection and subsequent medical therapy. The 
availability of early detection, effective therapy, and post-treatment care in nations with robust health 
systems have improved the survival rates of many different malignancies[3,4]. However, cancer 
prevalence and its common occurrence in emerging economies have continued to vary globally. Thus, in 
1975, limited-resource areas accounted for over half (51%) of all cancer cases globally. By 2007, this 
number had risen to 55%, it has been predicted to rise to 61% by 2050[5,6]. Lung, breast, colorectal, and 
prostate cancers primarily associated with advanced economics have become a global concern. 
Diagnosing cancer induces mental stress, which may result in depression, fear, and anxiety[7,8].

Approximately 50% to 85% of cancer patients experiencing late-stage treatment report anxiety and 
depression[7]. Depression and anxiety negatively influence all aspects of cancer malignancy and its 
development, the efficacy of given therapy, and the patient's quality of life[9]. The practice of using 
music to aid recovery and improve the quality of life by medical and music experts is known as music 
therapy. Music therapy can have several advantages when used in conjunction with traditional cancer 
treatment[10]. Music therapy is referred to as the most widely used supportive and creative method of 
treating psychosocial-related impacts of cancer disease[11]. Music therapy is further defined as a 
systematic method of using music as a therapeutic means of rejuvenating, maintaining, and improving 
individuals' psychological and physical well-being[12]. Music therapy aims to reduce or eliminate 
psychological discomfort and improve the health status of individuals suffering from cancer-related 
health issues. Studies on people living with chronic cancer cases and those in palliative care have 
revealed that music therapy has drawn massive attention in research and medical treatment[13,14].

Further, the utilization of music as a remedial approach to healing mental disorders dates back to the 
olden days. Music is referred to as a healer as it aids in the reduction of anxiety and improves relaxation 
in patients suffering from chronic illness[15]. In the same vein, the realization of music as a contem-
porary psychotherapeutic approach in medical practice started after the second world war in the 20th 
century, which witnessed the introduction of courses and training sections and the establishment of 
national bodies around the globe[16]. The primary objective of this study is to examine depression and 
anxiety disorders’ reports in cancer patients, give a narrative review of related studies and assess the 
significance of music interventions or music therapy in addressing depression and anxiety disorders 
among people suffering from the most common types of cancer diseases such as cancer of the breast, 
lung, prostate, and colorectal cancer[17]. In other words, the study focuses on the need to address the 
mental health of cancer patients using music therapy. Furthermore, the study aimed to enhance 
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awareness among medical practitioners providing oncological support and care regarding the 
significance of music therapy in treating the psychiatric conditions that may emanate from cancer 
diagnosis.

METHODOLOGY
This study employed a narrative literature review of studies to ascertain the significance of music 
therapy in treating depression and anxiety disorders among people with cancer. Since the study is a 
narrative literature review, ethical approval and informed consent are not required. Through a literature 
search on electronic databases, the authors could access published reviews and research articles, which 
were analysed using narrative syntheses. A narrative literature review provides informative educational 
materials as it draws ideas from a variety of papers and transforms these ideas into a readable resource. 
Thus, a narrative review provides a broader perspective on the topic of discussion. The authors 
conducted an extensive literature search and were able to find papers on depression and anxiety 
disorders in relation to people with various cancer malignancies, music therapy in caring for patients 
with cancer, and the effects of music therapy in treating depression and other psychosocial disorders 
from varieties of electronic databases such as Google Scholar, Lens, DOAJ, Scilit, Reference Citation 
Analysis, Dimensions, Scopus, PubMed Central, and SciElo. Also, searches through the references of the 
articles retrieved for the study were conducted to access more resources, peer-reviewed papers, and 
authoritative texts. The literature search terms were limited to depression and anxiety disorders, music 
therapy, people with cancer or cancer patients, music intervention, colorectal cancer, breast cancer, lung 
cancer, prostate cancer, psychological disorders, and cancer treatment. This study included relevant 
qualitative and quantitative research and review papers published in English.

DISCUSSION
Depression and anxiety disorders among people with cancer 
Recently, cancer has been considered the primary cause of death, resulting in about a 10 million 
mortality rate in 2020, accounting for 1 in 6 deaths globally. The most prevalent cancer affecting the 
human race include breast cancer which accounts for 2.26 million cancer manifestations. This is 
followed by lung cancer with about 2.21 million recorded victims, colon and rectum with 1.93 million, 
and prostate with about 1.20 million cases. Lung cancer led to about 1.80 million deaths, while colorectal 
and breast cancer accounted for 916000 and 685000, respectively, in 2020[5]. Hence, the mortality rate 
from chronic diseases such as cancer has recently increased. The most significant psychological 
disorders affecting people with this chronic disease are depression and anxiety disorders. Depression is 
characterized by sadness, emptiness, or irritating moods, along with mental and physical abnormalities 
that negatively impact an individual's functioning, which may be attributed to environmental factors
[18]. Anxiety disorder is an emotional state associated with excessive fear of uncertainty, lack of concen-
tration, insomnia, and restlessness[19]. Globally, about 154 million people are affected by this disorder, 
and it is ranked as the most common cause of the severe impact of the disease. Depression is predicted 
to surpass all other causes by 2030[20]. According to estimates, the likelihood of early death will be 
higher for 40% to 60% of those with this condition than for the general population[21]. According to a 
research finding, about 75% of cancer patients are reported to develop depression and anxiety disorders. 
At the same time, 50% and 85% of cancer patients suffer acute depression and anxiety simultaneously[7,
22]. Depression and anxiety disorders are common psychiatric conditions that are often disregarded. 
These neglected psychiatric conditions are some of the impacts of cancer that affect the physical and 
mental well-being, adherence to therapy, the rate of surviving cancer, and cost of care among people 
with cancer[23].

Depression and anxiety disorders resulting from an individual being diagnosed with cancer at the 
initial stage is further exacerbated during therapeutic cancer management, which may have an 
unfavourable impact on the cancer patient. Studies revealed that a significant number of people living 
with cancer and receiving treatment have suffered from psychological distress, such as depression and 
anxiety disorders; between 15% and 54% of cancer patients experience these psychological conditions
[24-27]. There are perhaps some variables that may be attributed to having caused depression and 
anxiety among cancer patients. Some of the variables that may lead to depression and anxiety at the 
individual level include demographic variables like age, sex, location, gender, and religion. Also, social 
and economic barriers like the inability to secure paid employment, low-level educational attainment, 
and inadequate social support are contributing factors[27]. The interaction between two or more of these 
factors often results in some mental health conditions among people with cancer[26].

Cancer management has a significant financial burden on patients. Thus, a psychological disorder 
affecting people with cancer can be linked to structural-level indicators such as availability, access, and 
utilization of healthcare services for the treatment of cancer, as well as the provision of welfare packages 
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for people with cancer[28,29]. This is because of the potential financial consequences of cancer. Psycho-
logical factors such as distinctiveness of the severe mental illness have been identified as one of the 
variables. Studies have also revealed that people with a high tendency to mental illness occurrence and 
subsequently diagnosed with cancer constitute the more significant percentage of cancer deaths. This 
can also be due to the severity of the cancer disease, late clinical diagnosis, poor therapeutic procedures, 
and a substantial decline in good healthcare-seeking behavior[30,31]. Also, people with cancer tend to 
suffer from depression and anxiety disorders due to factors such as a lack of adequate coping skills and 
neuroticism[32]. Another risk associated with cancer patients is suicide. People with cancer have a high 
probability of committing suicide when compared to the general population. Individuals who had 
suicidal thoughts in the past are more vulnerable, especially in the first six months of being diagnosed 
with such malignancy[33,34]. Another factor worthy of mention is how people with cancer deal with a 
cancer diagnosis using psychological coping strategies. An individual diagnosed with cancer may be 
susceptible to grief which could, in turn, affect how well the individual accepts their condition, 
especially if the diagnosis was delayed and the cancer cells have developed to a large extent[35].

However, despair, helplessness, and uncertainty about survival and death may also have detrimental 
effects on the mental health of people diagnosed with cancer. In addition, the distress associated with 
receiving a positive cancer diagnosis can interfere with sleep, which reduces the ability to concentrate, 
thereby increasing the risk of depression and anxiety[36]. People living with cancer may suffer from 
feelings of guilt and shame which often results from the stigma associated with being mentally ill and 
having some cancers, such as lung cancer. Depression and anxiety may be triggered by this event[35]. 
For example, women who develop cervical cancer due to promiscuity may blame themselves for their 
health condition and tend to feel isolated if they remember the activity that led to the manifestation of 
cervical cancer.

Additionally, during cancer management, the development of depression and anxiety disorders can 
also be attributed to the following variables-type of cancer an individual is diagnosed with, the stage of 
cancer, and the future outcome of the malignancy. The inability to recognize depression and anxiety 
among individuals with cancer can also potentially impair their quality of life. The treatment of cancers 
using chemotherapy, corticosteroids, and immunotherapy can also cause depression and anxiety among 
people with cancers as it involves biochemical procedures which result in inflammatory cytokines. 
Further, most of the medication used during chemotherapeutic procedures causes nausea, affecting 
dopamine receptors' neurotransmitter process. This action gives rise to depressive feelings among 
people with cancer[37]. Research has demonstrated that steroid treatment and androgen deprivation 
therapy is associated with depression and an increased risk of anxiety disorders in patients with cancer
[38,39]. Among people with prostate cancer, depression may also be exacerbated by the clinical 
manifestations of some malignancies, such as leakage and erectile problems linked to prostate cancer
[40]. Research on the psychological condition of people with cancer and the stages or survival rate has 
recently become a significant and expanding clinical research focus. Research has shown that many 
variables, including the kind and stage of the cancer malignancy, contribute to the declining mental 
health of people with cancer. In comparison with the general population, cancer patients are more likely 
to suffer from anxiety and depression[26].

Treatment of depression and anxiety disorders among people with cancer using music therapy 
Music has psychological and physiological impacts and, as such, provides support in improving the 
mental and physical health of people with depression and anxiety disorders[21]. Musical stimuli are 
associated with the large production of endorphins and hormones secreted in the brain and nervous 
system. This hormone has many psychological functions. It activates enthusiasm, vital energy, 
excitement, and confidence in individuals. Therefore, the endorphins produced during musical display 
aid in lessening pain perception, stress, depression, and anxiety and increasing well-being[41]. 
Furthermore, music therapy (MT) is a significant contributor to the psychological well-being of cancer 
patients at all stages of their treatment[12].

Music therapy research indicates that people with cancer have benefitted from music expression and 
experience[42]. Music therapy is a simple, affordable, effective, and convenient method of treating 
depression and anxiety disorders[22,43]. As such, music therapy is highly recommended to be 
incorporated into healthcare services for people with cancer. The use of music therapy among cancer 
patients is helpful and supportive in ameliorating the depressive symptoms and anxiety exhibited by 
people with cancer[44].

Depression and anxiety disorders are often linked to non-compliance with proper treatment and poor 
cancer survival and health outcome among people with cancer. It is pertinent to note that cancer 
patients have an elevated risk of committing suicide[45,46]. Thus, adequate attention is required to 
address the resulting psychological disorders among cancer patients. Treating depression and anxiety 
disorders using music therapy involves qualified music therapists employing music as a supplementary 
or holistic therapeutic solution to help cancer patients cope with their sickness and reduce symptoms 
related to their condition or treatment procedures[47]. There is growing evidence that supports the use 
of MT in cancer patients. According to studies, music therapy aids in reducing anxiety levels in cancer 
patients undergoing major surgery[48,49]. Also, MT reduces depression, as revealed by studies[22,50]. 
Thus, cancer patients who undergo music therapy have been shown to benefit from its treatment of 
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depression and anxiety disorders.
The result of a meta-analysis on the effectiveness of music therapy for addressing psychological 

disorders among cancer patients shows that, compared to other conventional treatments, music therapy 
is more efficient in addressing depression and anxiety disorders[51]. The study found that music 
therapy can significantly improve the mental health of patients suffering from depression and anxiety 
disorders. Cancer patients are recommended to receive music therapy sessions for 1-2 mo to improve 
their quality of life[51]. Chen et al[52] stated that cancer treatment using music therapy reduces 
depressed mood, neuroticism, despair, and hopelessness. The therapeutic use of music therapy in 
managing depression and anxiety disorders and treatments carried out in surgery departments, and 
medical oncology should be encouraged among healthcare professionals[53]. Literature indicate that in 
addition to music interventions, it is also crucial for patients to receive social support, exercise, and 
relaxation interventions to minimize the mental health problems associated with a cancer diagnosis and 
the financial and emotional consequences of the disease[54-69].

Significance of music therapy in managing depression and anxiety disorders in people with various 
kinds of cancer
This section is dedicated to reviewing papers that examined the significant results of applying music 
therapy in treating mental health issue in patients with breast cancer, lung cancer, prostate cancer, and 
colorectal cancer (see also Table 1).

Breast cancer
Women are more likely to develop breast cancer than any other cancer malignancy. There are approx-
imately 685000 cancer deaths in women worldwide caused by this type of cancer[54], resulting in the 
largest share of all cancer deaths in women[3,54]. Globally, about 2261419 new breast cancer occurrences 
were recorded in 2020, constituting 12.5% of all cancer recorded in 2020[55]. Despite the medical 
advancement in cancer treatment and prevention, which has resulted in an increased survival rate, 
breast cancer has a long-term negative mental and physical impacts[56]. Breast cancer patients often 
express a worse quality of life, experience cancer-related tiredness, and struggle to manage their 
condition and therapeutic tasks[57-59].

Women diagnosed with breast cancer may experience severe psychological and physical trauma, 
including altered body views, sleeplessness, exhaustion, discomfort, sadness, and other distressful 
feelings[60]. Depression and anxiety disorders are regarded to be most prevalent at the acute stage of 
cancer therapy[61]. The decision of people with cancer to receive cancer treatment may be influenced by 
depressive symptoms, including feelings of helplessness. It is estimated that approximately half (50%) of 
all breast cancer patients suffer from depression or anxiety. There is a possibility of experiencing severe 
depression during conventional chemotherapy, particularly with taxane-based chemotherapies. This 
condition may last for as long as 18 mo following the conclusion of the chemotherapy treatment[62,63].

Improving the depression and anxiety conditions of women diagnosed with breast cancer involves 
many interventions ranging from muscle relaxation training, music therapy, exercise, and laughter 
therapy[64-67]. Research has shown that they might also have unforeseen consequences and adverse 
implications that could affect breast cancer patients' mental health conditions[68]. Also, the chemothera-
peutic session has been reported to be stressful and may negatively impact the mental state of breast 
cancer patients. Integrating music therapy and emotional expression could help reduce the negative 
psychological consequences of the treatment[69]. Music therapy is a distraction tool aimed at managing 
emotions and diverting an individual's attention from an unpleasant condition to a more pleasant and 
happy moment thereby reducing the risk of mental stress associated with an unpleasant or life-
threatening health condition like breast cancer. This distraction method involves the breast cancer 
patient listening to music regulated by the music therapist[70,71].

Additionally, adopting music therapy in the treatment of depression and anxiety disorders among 
female patients with breast cancer fosters the reduction of the psychiatric consequences of cancer during 
and after an oncology treatment session[72]. Kievisiene et al[73] stated that music therapy helps reduce 
adverse psychological effects resulting from the clinical manifestation and treatment of breast cancer. 
Similarly, music therapy intervention could assist people with breast cancer to ease the cardiotoxicity 
pain resulting from chemotherapy treatment consisting of anthracycline[74]. Thus, music therapy is 
efficient and recommended for the treatment of psychological disorders like depression and anxiety as 
well in people with breast cancer.

Lung cancer
Lung cancer is among the most prevalent type of cancer affecting people, with an estimated 1.8 million 
recorded cases as of 2012 and 2.21 million new cases, according to   recent reports[3,75]. Patients with 
severe lung cancer experience excruciating pain. About 75% and 80% of these patients reported that 
pain management is inefficient in reducing the painful consequence of lung cancer[76]. Lung cancer is 
majorly treated using a chemotherapeutic approach which also has side effects. About 25% of 50% of 
people with small cell lung cancer were reported to experience psychological distress after 
chemotherapy[77]. The physical pains and psychological trauma associated with post-surgery and 
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Table 1 Results on the significance of music therapy on people with the most common types of cancer

Ref. Objective of the study Research designs/Methods Findings/Results

Romito et al
[69]

To measure the effects of music therapy 
and emotional expression on the 
reduction of negative emotions in 
patients undergoing chemotherapy for 
breast cancer

62 breast cancer patients were randomly 
recruited into the experimental and 
control group

The combination of music therapy and emotional 
expression was identified to help reduce anger and 
depression that impacts the mental health of women 
with breast cancer

Zhou et al
[72]

To examine the effects of music therapy 
and muscle relaxation training on 
depression and anxiety, as well as the 
length of hospitalization

An intervention group of 170 patients was 
randomly selected and assigned to the 
study; a randomized controlled trial was 
conducted

Depression and anxiety level reduction using music 
therapy

Kievisiene 
et al[73]

To explore the available reports on the 
effects of music therapy and art therapy 
interventions among breast cancer 
patients

A systematic literature search was 
conducted in PubMed, EBSCO, and the 
Cochrane Central database. A total of 20 
randomized controlled trials were 
systematically reviewed

Music therapy is commonly used for anxiety 
reduction during and after oncological treatment 
sessions

Wang et al
[83]

To examine the effect on hemodynamics 
and analgesia of postoperative 
intravenous sufentanil combined with 
music therapy in patients with lung 
cancer in comparison to sufentanil alone

60 lung cancer patients were randomly 
distributed to a music therapy group and 
a control group

After lung cancer surgery, patients in the music 
therapy group were reported to have significantly 
low anxiety rate, heart rate, blood pressure etc. 
which would have resulted in a psychological 
disorder

Mou et al
[84]

To examine the effects of passive music 
therapy on patients with lung cancer 
during the initial peripherally implanted 
central catheter implantation operation 
on their anxiety levels and vital signs

304 lung cancer patients participated in 
the randomized controlled trial

Blood pressure, heart rate, and anxiety decreased 
significantly among lung cancer patients in the 
experimental group. The findings indicate that 
music therapy is beneficial for lung cancer patients 
when they are undergoing central catheter insertion

Tang et al
[86]

To determine if six-step music therapy is 
effective in reducing pain and anxiety in 
patients with lung cancer receiving 
platinum-based chemotherapy and 
whether it improves sleep

Two groups-music treatment and a 
control group-each consisting of 100 
patients with small cell lung cancer, were 
chosen at random

Patients with lung cancer who receive music therapy 
report less discomfort, less worry, and better sleep

Mishra et al
[93]

To explore how music therapy affects 
patients having a RALP after surgery

18 yr and older men (40 patients) 
undergoing RALP were randomly 
assigned to music and control group

Music facilitates the comfort and reduction of 
narcotic usage among prostate cancer patients

Yung et al
[94]

To ascertain how music therapy affects 
Chinese males having transurethral 
prostate resections in terms of pre-
operative anxiety

A quasi-experimental design involving 30 
patients with TURP

Music intervention is associated with a significant 
reduction in anxiety levels

Smolen et al
[99]

To investigate the impact of music 
therapy on physiological and self-
reported indicators of anxiety

32 adult patients scheduled for 
ambulatory colonoscopy were involved in 
the study

Patients who are having colonoscopies benefit from 
music therapy as it reduces the level of anxiety

Tanriverdi 
et al[100]

To determine how music therapy affects 
patients with early-stage colorectal 
cancer in terms of anxiety and 
chemotherapy-related nausea

A randomized controlled trial involving 
62 patients

Music therapy was identified to be associated with a 
decrease in anxiety levels

Li et al[101] To investigate the effects of music 
therapy on patients suffering from breast 
cancer in terms of their mental and 
physical state

25 to 65 years old female patients with 
breast cancer and receiving mastectomy 
were grouped into intervention and 
control groups

Music therapy was found to be useful and 
significant in improving the mental and physical 
health of women with breast cancer

Chirico et al
[102]

To access the efficacy of virtual reality 
and compare its effects with music 
therapy

30 breast cancer patients were recruited 
into VR and MT groups respectively and 
34 who were receiving standard 
chemotherapeutic care were assigned to a 
control group

Music intervention was discovered to be useful in 
addressing anxiety and facilitating the mental well-
being of breast cancer patients

RALP: Robotically assisted laparoscopic prostatectomy; TURP: Transurethral resection of the prostate.

chemotherapy often harm the physical and psychosocial well-being of the lung cancer patient. While it 
is pertinent to provide adequate pain relief therapy for patients with lung cancer after surgery[78,79], 
the analgesia known as opioids which are commonly used to provide relief, has adverse side effects[80].

Music therapy is employed as an alternative intervention in managing pains associated with lung 
cancer that could lead to psychological distress, such as depression and anxiety disorders[81,82]. The 
aim is to enhance the patient's quality of life, promote longevity, and maintain the patient's mental 
health. The combination of music therapy with other care given to lung cancer patients after surgery 
helps reduce blood pressure, stress, anxiety disorder, and other psychological problems associated with 
lung cancer pain and trauma[83] and improves the general well-being of people living with lung cancer. 
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Music therapy is highly suggested for lung cancer patients undergoing any invasive clinical surgery[84] 
as it aids in improving the psychological issues resulting from both preoperative and postoperative 
surgery interventions. Studies have revealed that music therapy efficiently reduces adverse physical 
and psychological effects associated with terminal illnesses like cancer[77,85,86]. Music therapy, 
according to Tang et al[86], helps treat anxiety among patients with lung cancer. It is an efficient form of 
cancer care support that can be employed as a therapeutic means of improving lung cancer patients' 
psychological well-being[86] during chemotherapy or other treatment procedures.

Prostate cancer 
Prostate cancer is the leading cause of death for men in 48 countries and the most common cancer 
affecting men in 112 countries[55]. Similarly, prostate cancer is among men's most prevalent diagnosed 
cancer in 2022, accounting for 27% of diagnosed cases[17]. Death resulting from this type of cancer 
malignancy accounts for 37.5 per 100000 and 11.3 per 100000 in higher and lower Human Development 
Index countries, respectively[87]. Prostate cancer is treated using radical prostatectomy[88]. Although 
the use of robotic-assisted laparoscopic prostatectomy has contributed to the reduction of postoperative 
pain among prostate cancer patients, there is a need for further advancement in managing pain and 
other psychological issues associated with prostate cancer[89]. During the perioperative stage, anxiety 
and pain are commonly associated with cancer patients. According to Kühlmann et al[90], about 75% of 
surgery patients experience anxiety, increasing postoperative pain. Prostate cancer patients often 
develop severe anxiety due to concern over the diagnosed cancer and its impact on their sexual life[91,
92]. Music therapy has been identified as a helpful approach in supporting prostate cancer patients and 
reducing anxiety[93]. Also, for prostate cancer patients undergoing transurethral resection of the 
prostate (that is, a surgical procedure aimed at treating an enlarged prostate-related urinary issues), 
music therapy intervention efficiently reduces preoperative anxiety during surgery[94]. Therefore, 
research evidence has revealed that music therapy can be used to treat psychological problems such as 
anxiety disorder and depression associated with prostate cancer diagnosis and should be introduced 
during preoperative and postoperative care.

Colorectal cancer
Men are highly susceptible to colorectal cancer, one of the leading causes of cancer death. In 2020, about 
1.9 million people had colorectal cancer, and 935000 deaths were predicted to occur. Thus, accounting 
for one-tenth of all cancer cases and mortalities[55]. Colorectal cancer ranks second for death and third 
for incidence in men and accounts for 29 per 100000 on the higher Human Development Index (that is, 
an indicator of a country's performance in three of the major aspects of human development, namely 
health, education, and standard of living)[87,95,96]. Music therapy is used in addressing the psycho-
logical problems of colorectal cancer patients. A review of related research shows that a colorectal 
cancer patient listening to preferred music while having a sigmoidoscopy significantly lowers anxiety 
and increases comfort during surgery[97,98]. When music therapy was used, according to Palakanis et al
[98], the patient's preferred music led to a decrease in the level of anxiety during sigmoidoscopy 
operations. Music therapy can potentially reduce anxiety and other indicators of psychological 
disorders among colorectal cancer patients undergoing colonoscopy[99]. Music therapy also reduces 
anxiety levels among patients with colorectal cancer during chemotherapy sessions[100]. Thus, music 
therapy intervention is efficient in supporting patients with colorectal cancer to adjust to psychological 
issues like depression and anxiety associated with a cancer diagnosis. Conversely, research on the effect-
iveness of using music as a kind of therapy to help people with colorectal cancer cope better with 
procedures like sigmoidoscopy or colonoscopy and to lessen their anxiety has been fragmentary.

RESEARCH IMPLICATIONS AND RECOMMENDATIONS
Music therapy improves the mental and physical state of people with cancer[101,102]. While cancer 
diagnosis and treatment procedures are linked to substantial financial costs[103], music therapy's cheap 
costs, absence of side effects, and significant benefits in reducing stress are crucial for the prevention 
and treatment of psychological issues caused by cancer and its diagnosis[104]. People with various 
kinds of cancer tend to suffer from psychological disorders like depression and anxiety, as stated earlier 
in this paper. Most cancer patients, as well as their families, music therapists, and medical experts feel 
optimistic about the remedies provided by music therapy[105]. Because the use of music therapy 
significantly lessens anxiety and depressive symptoms associated with cancer[106], it is vital for practi-
tioners to continue to examine the significance of music therapy in addressing these psychiatric 
disorders among patients with various types of cancer malignancy.

A large percentage of cancer mortality could be attributed to depression and anxiety disorders 
resulting from cancer diagnosis and treatment. However, accessing the psychological state of people 
with cancer before and after clinical diagnosis and treatment is essential to reducing cancer death. The 
findings of this review are essential to medical practice and policy concerning oncological disease and 
treatment procedures. It is, therefore, pertinent to investigate and address the psychological disorders 
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observed in people with cancer. Because music therapy has been found to be significant in treating 
depression and anxiety in people with cancer, music therapists should be among the medical team 
treating cancer patients.

Medical practitioners who provide medical care to people with cancer should endeavor to examine 
the psychological health of cancer patients under their care. Given the significance of music therapy in 
reducing anxiety levels and treating depression in people with breast cancer, lung cancer, prostate 
cancer and colorectal cancer, it is therefore pertinent for the oncologist collaborate with qualified music 
professionals in order  employ music therapy during the treatment of cancer patients. Music therapy 
should also be incorporated into medical, radiation, and surgical oncology curriculum. A further 
empirical study should be conducted to obtain more research on this issue.

CONCLUSION
Identifying the symptoms of mental illness in cancer patients is essential for managing their mental 
health. Cancer deaths may occur due to the inability to address the psychological disorders associated 
with cancer diagnosis among people with any of the most common cancer types. Music therapy has 
been identified to be significant in treating psychological issues like depression and anxiety that many 
cancer patients experience. It is needful for healthcare providers to incorporate music therapy 
interventions while treating people with cancer. This will help reduce cancer deaths resulting from 
psychological disorders rather than the killer disease, cancer. However, the standardized procedures 
and evaluation criteria for applying music-based intervention strategies in oncology medicine still need 
to be further established and improved.
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Abstract
Cold colorectal tumors are not likely to trigger a robust immune response and 
tend to suppress the immune response. There may be three reasons. First, the 
complex tumor microenvironment of cold colorectal cancer (CRC) leads to 
tolerance and clearance of immunotherapy. Second, the modification and 
concealment of tumor-specific targets in cold CRC cause immune escape and 
immune response interruption. Finally, the difference in number and function of 
immune cell subsets in patients with cold CRC makes them respond poorly to 
immunotherapy. Therefore, we can only overcome the challenges in immuno-
therapy of cold CRC through in-depth research and understanding the changes 
and mechanisms in the above three aspects of cold CRC.

Key Words: Cold colorectal cancer; Immunotherapy; Tumor microenvironment; Immune 
targets; Immune cells

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Advanced colorectal tumors are poorly treated, and immunotherapy has 
improved these patients’ outcomes. However, cold colorectal tumors are less likely to 
trigger a robust immune response and tend to suppress it. To address this phenomenon, 
we discuss the role of the tumor microenvironment, immune targets, and immune cells 
in the treatment of cold colorectal tumors.
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INTRODUCTION
Colorectal cancer (CRC) has the third highest incidence and fourth mortality (after lung cancer, hepatic 
carcinoma, and stomach cancer) worldwide, which also serves as a biological and genetic paradigm for 
dissecting the evolutionary paths of solid tumors[1]. The risk factors of CRC are advanced age, dietary 
habits, obesity, lack of physical activity, constipation, chronic enteritis, intestinal polyps, alcohol 
consumption, and smoking[2]. With the robust advancement of fundamental research and medical 
technology, the treatment options for CRC have gradually formed a personalized and comprehensive 
treatment schedule led by surgery (e.g., manual surgery, robotic surgery)[3]. Current treatment options 
include local endoscopic resection, radical surgical resection, local radiotherapy, systemic 
chemotherapy, palliative surgery, radiofrequency ablation of metastases, targeted therapy, and 
immunotherapy[4]. Of note, the survival benefit of patients with various tumors has increased 
significantly due to the rapid development of immunotherapy and the combined utilization with 
surgery, chemotherapy, radiotherapy, and targeted therapy. Generally, cancer immunotherapy can be 
divided into monoclonal antibodies, cytokines, immune checkpoint inhibitors (ICIs), tumor vaccines, 
and immune cells (e.g., natural killer cells, tumor-infiltrating cells, T lymphocytes)[5]. Despite the 
increase in overall survival of patients with advanced CRC, new challenges have continuously emerged 
in treating "cold" CRC due to the current strategies in triggering a robust immune response and 
suppressing cancer[6].

To manage this phenomenon, we discuss the role of the tumor microenvironment (TME), immune 
targets, and immune cells in treating colorectal tumors.

LITERATURE SEARCH AND REVIEW
For the purpose, we primarily searched the literature on CRC immunotherapy published in the last 5 
years through PubMed and Google Scholar databases. After importing them into the literature 
management software EndNote and de-duplicating them, we double-checked their titles, abstracts, and 
texts one-by-one to screen out the literature related to cold CRC treatment. The article was written 
according to a pre-planned framework, and the references were added by selecting the National Library 
of Medicine mode.

IMMUNOLOGICAL SIGNATURE-BASED CRC CLASSIFICATION
Accurate monomolecular typing is essential to screen CRC patients who may benefit from immuno-
therapy and whose TME needs reprogramming for beneficial immune-mediated responses[5]. Based on 
the degree of immune infiltration, tumors can be classified as "hot tumors" with high infiltration, 
"variable tumors" with rejection and immunosuppression, and "cold tumors" without infiltration[7]. 
Overall, the subsets of the aforementioned cancers have variations in pathological features, genetic 
mutations, immune cell composition, immune phenotypes, cytokines, clinical outcomes, and responses 
to immunotherapy[5]. CRC patients with a resistant "cold" phenotype are extremely challenging to treat 
with immunotherapy due to the low tumor mutation rate and lack of immune cell infiltration[5]. 
Approximately 80%-85% of CRC patients are considered to have "cold" tumors with microsatellite 
stability (MSS) or low microsatellite instability (MSI-L) (referred to as MSS/MSI-L CRC), which lack 
response to ICIs[8-10]. Immunosubtype classification can identify altered immune microenvironments 
in CRC patients. In addition, immune subtyping can guide personalized CRC immunotherapy and 
tumor prognosis[11-15].

RELATED STUDIES BASED ON THE TME
CRC is a highly heterogeneous disease, and mutant gene polymorphisms create a diversity of tumor 
subtypes and their corresponding TME. Sobral et al[16] demonstrated, in a study of genetic and 
microenvironmental intra-tumor heterogeneity affecting the evolution and metastatic development of 
CRC, that the diversity of CRC is caused by asynchronous forms of molecular alterations in which 
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mutations and chromosomal instability collectively contribute to the genetic and microenvironmental 
intra-tumor heterogeneity. Studies have shown that the greater the genetic mutation and TME 
differences, the lower the ability of tumors to metastasize. By contrast, advanced tumor gene mutations 
exploit tumor proliferation and metastasis. Wang et al[17] employed methionine enkephalin to inhibit 
colorectal carcinogenesis by reshaping the immune status of the TME. It has been shown that 
methionine enkephalin promotes antitumor immune responses, remodels the immune state of the 
tumor immune microenvironment in CRC, inhibits tumor development, and is a potential therapeutic 
agent for CRC, especially useful for improving the efficacy of immunotherapy. Chen et al[18] further 
proposed that metabolic changes in the TME were closely related to the development of CRC. In details, 
tumor cells secrete carriers beneficially utilized by surrounding cells in the TME to induce metabolic 
changes and cancer transformation. At the same time, tumor cells secrete pages that provide energy for 
their proliferation, metastasis, and drug resistance.

The tumor immune microenvironment is highly variable and extremely complex, and many 
immunosuppressive pathways have been identified in microsatellite-stabilized CRC[19]. Regorafenib, a 
tyrosine kinase inhibitor, is one of two drugs approved for treating MSS CRC[20]. The REGONIVO 
study showed a 36% response rate for regorafenib in metastatic MSS CRC[23]. Cabozantinib is another 
drug being investigated for the treatment of MSS CRC. Toll-like receptor (TLR) modulators are a new 
class of immunomodulatory drugs[24]. REVEAL is a phase 2 trial investigating TLR7/8 agonists in 
combination with nivolumab against tumors. Keynote-559 is a phase 1/2 trial investigating C-X-C motif 
chemokine ligand 12 (CXCL12) antagonists in combination with pembrolizumab for mCRC and 
metastatic pancreatic cancer. The chemokine CXCL12 promotes tumor proliferation, metastasis and 
angiogenesis by inducing signals, which can recruit B cells, plasma cells, and regulatory T cells to 
induce an immunosuppressive environment[25]. Investigators are devoted to developing multidiscip-
linary approaches to increase immune-mediated responses, improve the TME, and convert "cold" 
tumors into "hot" tumors to promote immunotherapy[15].

RELATED STUDIES BASED ON IMMUNE TARGETS
ICIs typically respond to CRCs with defective mismatch repair (dMMR) or high MSI (MSI-H). Approx-
imately 85% of CRCs do not respond to immunotherapy or eventually become resistant due to MMR 
resistance or MSS[10]. MMR/MSS CRCs typically have low tumor mutational load, low chemotherapy 
response rates, low tumor-infiltrating lymphocytes, and poor prognosis compared to dMMR/MSI 
CRCs. Ros et al[26] verified that inhibition of transforming growth factor beta (TGF-β) could play a vital 
role in the development and metastasis of CRC by enhancing T-cell action. He et al[27] used in situ-
forming albumin corpuscles to target liposomes and reshape the "cold" tumor immune microenvir-
onment through epigenetic-based therapy. It was found that in situ-forming albumin corpuscles further 
enhanced tumor-targeted delivery, and that targeted liposome treatment effectively inhibited the effects 
between tumor metabolism and immune evasion by inhibiting glycolysis and immune normalization. 
Janssen et al[28] explained the available evidence for the potential impact of RAS mutations on the 
microenvironment of CRC in a study of mutated RAS and TME as dual therapeutic targets in advanced 
CRC[29]. Takahashi et al[30] showed that the combination of stromal programmed death ligand 1 (PD-
L1)+ immune cells and nuclear β-catenin+ tumor budding might contribute to tumor progression in CRC 
and resistance to neoadjuvant chemotherapy in locally advanced rectal cancer. Dmitrieva-Posocco et al
[31] found that the ketogenic diet exhibited strong tumor suppressive effects. The ketone body β-
hydroxybutyric acid reduced colonic crypt cells proliferation and effectively inhibited intestinal tumor 
growth. It is suggested that oral or systemic interventions using a single metabolite could complement 
current CRC prevention and treatment strategies. High PD-L1 expression in tumors is a sign of poor 
prognosis, which also shows good responsiveness to ICIs and immunomodulatory drugs such as C-X-C 
motif chemokine receptor 4, poly (ADP-ribose) polymerase or TGF-β inhibitors in combination[6]. Li et 
al[32] investigated the relationship between genetic changes in CRC and intercellular transformation in 
cancer cell biology and TME. Key advances in the development of effective therapeutic approaches for 
this cancer were analyzed from immunological and single-cell perspectives[33]. Long-noncoding RNAs 
(lncRNAs) are important regulators of microRNA expression in CRC and might be promising 
biomarkers and potential therapeutic targets in CRC research. For example, Lv et al[34] provided 
insights into the pathogenesis, diagnosis, and development of therapeutic strategies for CRC by 
studying lncRNAs.

RELATED STUDIES BASED ON IMMUNE CELLS
The current therapeutic strategies have limited efficacy in CRC[35-38]. Approximately one-quarter of 
CRC patients are diagnosed with a combination of distant metastases[39-41], and of these, another one-
quarter recurs or metastasizes within 5 years. The 5-year survival rate for CRC patients with combined 
metastases is approximately 15%[42-44]. Therefore, there is an urgent need for new approaches to treat 
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Figure 1 Pattern of immunotherapy strategies for cold colorectal cancer.

CRC using immunotherapy[28,45]. The current cancer classification is based on the American Joint 
Committee on Cancer/Union for International Cancer Control - Tumor Node Metastasis (TNM) system, 
and the prediction of the effect of immunotherapy cannot be assessed[35]. Relevant evidence suggests 
that the prognosis of CRC patients correlates with the type, density, and function of immune cells 
within the tumor[46]. Galon et al[35] developed an immunohistochemical and digital pathology-based 
assay named Immunoscore, which quantified two tumor regions (core and invasive margin of the 
tumor) in two T-cell subsets (cluster of differentiation 3 [CD3] and [CD8]). Immunoscore is an immune 
function-based scoring system that is more valuable than the traditional TNM score in determining the 
predictive value of patients with CRC[47-50]. Relative studies have also demonstrated the predictive 
value of Immunoscore for the prognosis of patients with colon cancer[51-53], which is conducive to 
classify tumors and guide clinical decisions[54-58]. Tumor lysis virus is a novel antitumor agent that 
both lyses tumor cells and modulates the TME, which can convert "cold" tumors into "hot" tumors and 
thus allows ICIs to work. For example, Ren et al[36] recently investigated the status of tumor lysing 
viruses and ICIs for treating CRC. The feasibility of combining tumor lysis virus with ICIs for treating 
CRC will be discussed in terms of the mechanism of action of tumor lysis virus for tumor treatment.

FUTURE DIRECTIONS
For cold CRC, immunotherapy strategies focus on converting "cold" tumors to "hot" tumors through 
various approaches[6,59-62]. Various immunotherapies or chemotherapy can be used to modulate the 
patient’s immune status[63-66]. Regulation of the number and function of Escherichia coli in the patient's 
intestine can improve the role of the patient's immune microenvironment[67-69]. Therapies that enhance 
the operation and number of immune cells may also improve treatment outcomes[70-72]. Further 
functional and mechanistic studies of mutated genes could identify new targets for cold CRC therapy
[73-75].

CONCLUSION
In summary, the fundamental reasons for the challenge of immunotherapy for cold CRC are the low 
tumor mutational load and lack of immune cell infiltration. To conquer this phenomenon, we should 
conduct comprehensive research on the TME, immune targets and immune cells to warm up CRC 
(Figure 1). Meanwhile, we should also combine the aforementioned cancer immunotherapy with 
traditional tumor treatment remedies such as surgery, radiotherapy, and chemotherapy. Only person-
alized, comprehensive treatment plans for CRC, and a good prognosis for patients are the ultimate goals 
we pursue.
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Abstract
Soft tissue sarcoma (STS) accounts for 1% of all malignant neoplasms in adults. 
Their diagnosis and management constitute a challenging target. They originate 
from the mesenchyme, and 50 subtypes with various cytogenetic profiles 
concerning soft tissue and bones have been recognized. These tumors mainly 
affect middle-aged adults but may be present at any age. Half of the patients have 
metastatic disease at the time of diagnosis and require systemic therapy. Tumors 
above 3-5 cm in size must be suspected of potential malignancy. A thorough 
history, clinical examination and imaging that must precede biopsy are necessary. 
Modern imaging techniques include ultrasound, computed tomography (CT), 
new magnetic resonance imaging (MRI), and positron emission tomography/CT. 
MRI findings may distinguish low-grade from high-grade STS based on a 
diagnostic score (tumor heterogeneity, intratumoral and peritumoral enhan-
cement). A score ≥ 2 indicates a high-grade lesion, and a score ≤ 1 indicates a low-
grade lesion. For disease staging, abdominal imaging is recommended to detect 
early abdominal or retroperitoneal metastases. Liquid biopsy by detecting 
genomic material in serum is a novel diagnostic tool. A preoperative biopsy is 
necessary for diagnosis, prognosis and optimal planning of surgical intervention. 
Core needle biopsy is the most indicative and effective. Its correct performance 
influences surgical management. An unsuccessful biopsy means the dissem-
ination of cancer cells into healthy anatomical structures that ultimately affect 
resectability and survival. Complete therapeutic excision (R0) with an acceptable 
resection margin of 1 cm is the method of choice. However, near significant 
structures, i.e., vessels, nerves, an R2 resection (macroscopic margin involvement) 
preserving functionality but having a risk of local recurrence can be an acceptable 
choice, after informing the patient, to prevent an unavoidable amputation. For 
borderline resectability of the tumor, neoadjuvant chemo/radiotherapy has a 
place. Likewise, after surgical excision, adjuvant therapy is indicated, but 
chemotherapy in nonmetastatic disease is still debatable. The five-year survival 
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rate reaches up to 55%. Reresection is considered after positive or uncertain resection margins. 
Current strategies are based on novel chemotherapeutic agents, improved radiotherapy applic-
ations to limit local side effects and targeted biological therapy or immunotherapy, including 
vaccines. Young age is a risk factor for distant metastasis within 6 mo following primary tumor 
resection. Neoadjuvant radiotherapy lasting 5-6 wk and surgical resection are indicated for high-
grade STS (grade 2 or 3). Wide surgical excision alone may be acceptable for patients older than 70 
years. However, locally advanced disease requires a multidisciplinary task of decision-making for 
amputation or limb salvage.

Key Words: Soft tissue sarcoma; Soft tissue tumors; Sarcomas; Oncology; Preoperative biopsy; Surgical 
management

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: The diagnosis and treatment of soft tissue sarcoma are multidisciplinary tasks, and wide surgical 
resection is an absolute necessity. Modern imaging, especially magnetic resonance imaging, is valuable, 
and preoperative core needle biopsy is the most indicated and effective diagnostic tool. Its correct planning 
affects surgical management because the opposite means dissemination of cancer cells into healthy 
anatomical structures influencing resectability and survival. New therapeutic modalities, including 
chemoradiation, biological agents and immunotherapy, can improve the outcomes of the main surgical 
management. In any case, the management policy is personalized.
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INTRODUCTION
Soft tissue sarcomas (STSs) are rare tumors that originate from the mesenchyme (embryonic mesoderm) 
and affect children more often than adults[1]. They represent aggressive lesions accounting for approx-
imately 1% of all adult malignancies and 7% of pediatric neoplasms[2,3]. Their incidence is calculated to 
affect 4-5 individuals per 100000 per year in Europe[4]; annually in the United States, there have been 
approximately 10000 new cases of soft tissue and bone sarcomas[5]. Likewise, in 2019, approximately 
13000 new cases of ST and bone sarcomas were recognized in the United States with a main location 
(60%) in the limbs and trunk[6]. A French nationwide registry showed a continuing increase in 
incidence that is higher than reported and varies among different countries; however, the pathology 
evaluation should be made by sarcoma experts to avoid misdiagnosis which can occur in up to 30% of 
cases[7].

Limb STS has a rather better prognosis than retroperitoneal or pelvic STS. The most predominant 
pathologic type of STS is liposarcoma and leiomyosarcoma in adults and rhabdomyosarcoma in 
children[4]. Overall, 50 histopathologic subtypes with various cytogenetic profiles concerning soft tissue 
and bones have been recognized. The location in the vast majority concerns limbs, trunk, head and less 
often retro peritoneum and abdominal cavity[2]. These tumors mainly affect middle-aged adults but 
may be present at any age. Half of the patients have metastatic disease (first in the lungs and second in 
the liver) and intermediate-high grade STS at the time of diagnosis and require systemic therapy. The 5-
year overall survival is approximately 55%[7-9].

Tumors above 3-5 cm in size, fast growing, deeply located, solid, cumbersome, possibly accompanied 
by palpable lymph nodes and causing or not causing pain must be suspected of potential malignancy. 
Then, an imaging evaluation [ultrasound (US), computed tomography (CT), magnetic resonance 
imaging (MRI)] is required and must precede biopsy[10]. Preoperative biopsy (percutaneous core 
needle, preferably) is a crucial diagnostic tool since there has been progress in planning multimodality 
management, which ensures improved outcomes[6,11]. The Ki-67 proliferation index has been proposed 
as a prognostic biomarker that, in addition to survival prediction, may determine the indication for lung 
or liver metastasectomy in carefully selected patients, improving the treatment[12].

Surgical intervention constitutes the cornerstone of management aiming at therapeutic wide excision 
with adequate margins[2]. Recurrence occurs in up to 50% of cases after surgery, mainly in the lungs[6]. 
Any effort must be made for limb salvage to avoid amputation. Neoadjuvant or adjuvant radiotherapy 
or chemotherapy has contributed to current progress[2]. Likewise, immunotherapy is a promising novel 
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therapeutic option[1]. Young age is the only known risk factor for distant metastasis within 6 mo 
following curative resection[13]. Diabetes mellitus has a negative influence on the clinical outcome after 
therapeutic excision of STS[14].

Modern imaging, including positron emission tomography (PET)/CT and regular follow-up (every 3 
mo for the first 3 years, every 6 mo for the following 2 years and then once every year for the next 10 
years), nomograms and artificial intelligence for local recurrence or distant metastasis after surgery, 
have assisted further and improved the outcome[4,12].

In this narrative review, we highlight the current data on the diagnosis and treatment of STS, 
providing comprehensive, complete and modern knowledge to manage them.

DIAGNOSIS
A thorough history, clinical examination and imaging are necessary requirements. Modern imaging 
techniques include US, CT, new MRI, and PET/CT. Imaging findings of limb STS correlate with the 
histopathologic findings[15]. According to the United Kingdom guidelines for the management of STS, 
any soft tissue lump more than 5 cm in size and, most importantly, increasing rapidly in size or painful 
must be considered malignant until assessed otherwise on imaging. Therefore, immediate US is 
mandatory. If the lesion seems to be benign, then the investigation will be terminated. Otherwise, a CT 
will follow and then MRI if it is indicated. When positive for malignancy or equivocal imaging findings 
exist, a preoperative biopsy will always be performed to confirm the diagnosis of STS[8], as described in 
detail below.

However, MRI is currently the method of choice. It provides accurate location, architecture, and 
vascularization of the tumor and determines the relationships with neighboring vital anatomic 
structures to plan the operative strategy and the extent of resection[16]. MRI findings may also 
distinguish low-grade from high-grade STS based on a diagnostic score (tumor heterogeneity, intrat-
umoral and peritumoral enhancement). A score of 2 or 3 indicates a high-grade lesion, and a score of 0 
or 1 indicates a low-grade lesion[16] . MRI radiomics and machine learning may accurately predict the 
tumor grade[17]. MRI is useful not only because it can guide preoperative biopsy[6] but also because 
high-grade sarcomas need neoadjuvant chemoradiation therapy[16]. It is known that preoperative 
biopsy may underassess the real grade of the definite complete specimen pathology due to the hetero-
geneity of STS[17]. Additionally, novel multiparametric MRI has provided promising results for the 
selection of patients who need neoadjuvant radiotherapy[9]. Preoperative imaging assessment of 
margin infiltration degree is essential for STS prognosis. MRI using the radiomics mode is a novel 
promising tool[18]. In addition, MRI using a deep learning radiomics nomogram can accurately predict 
preoperative lung metastases[19].

Preoperative imaging, pathologic subtypes and molecular findings are crucial. Mutations in the 
tumor suppressor genes, i.e., the Rb1 gene (retinoblastoma 1) and TP53 gene (tumor protein 53) can exist
[12]. Liquid biopsy by detecting genomic material in serum is a novel diagnostic, prognostic and staging 
tool. Genetic material mainly from blood but also from other body fluids (cerebrospinal fluid, saliva, 
urine, or feces) may be useful for the discovery of circulating tumor cells, cell-free DNA, exosomes, or 
metabolites[2]. These biomarkers provide valuable information regarding the tumor genetic profile and 
the status of the disease to ensure optimal monitoring and to identify the mechanisms implicating 
treatment resistance. The preliminary results are promising despite the technical difficulties, and liquid 
biopsy could replace invasive tissue biopsy in the future[20]. The heterogeneity of sarcomas poses 
further prognostic limitations. Furthermore, circulating tumor noncoding RNAs are promising 
biomarkers. However, all the above research efforts are in the preclinical stage for sarcomas[21]. In 
addition, the genomic profile may determine the adjuvant treatment choices[22].

For disease staging, the following imaging is necessary: (1) CT chest to detect lung metastases, since 
they are the most common metastatic involvement; and (2) CT abdomen to detect early hepatic or pelvic 
metastasis, particularly for the lower limb location of the primary focus to detect retroperitoneal lymph 
node involvement[4,8]. Based on relevant indications, the following imaging is recommended: (1) 
Whole-body scintigraphy for possible bone metastases; (2) CT or preferably MRI brain for possible 
metastases; (3) Whole-body MRI may be useful for occult metastases[8]; and (4) Likewise, for this 
reason, 18F-Fluoro-2-deoxyglucose PET/CT is currently more often in use[3]. However, it is absolutely 
indicated before making decisions for amputation or after postoperative recurrence[8]. After 
neoadjuvant radiation therapy, approximately 20% of patients with limb and trunk STS require a 
change in the management strategy because of distant lung metastases. The followed scheme includes a 
total dose of 50 Gy in 25 sessions of 2 Gy within a period of five weeks and then surgical intervention 
after an elapse of approximately ten weeks. Therefore, chest CT is reasonable for restaging after such a 
long time of 15 wk[23].

Histopathologic diagnosis is based on morphological, immunohistochemical and molecular 
pathologic features[10]. It should be made according to the latest World Health Organization 
classication of soft tissue tumors. Liposarcoma, leiomyosarcoma, myxofibrosarcoma, pleomorphic 
undifferentiated sarcoma and synovial sarcoma constitute 75% of all STSs[15]. A second opinion of a 
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pathologist expert may be valuable. There are three malignancy grades based on differentiation, 
necrosis and mitotic rate according to the Federation of the French Cancer Centres histological grading 
criteria for STS[8,10]. These parameters are scored 1 to 3 for differentiation and mitotic index and 0 to 2 
for necrosis. A 3-grade system is obtained by summing the scores obtained for each of these 3 
parameters, as shown in Table 1[8]. The Ki-67 proliferation index grading system may be useful for the 
evaluation of the histological grade of STS[24]. The staging of STS is based on the Tumor-Node-
Metastasis classification system according to the American Joint Committee on Cancer 8th edition, as 
shown in Table 2[25].

PREOPERATIVE BIOPSY
Diagnosis and management of STS should be performed by experienced centers[26]. A preoperative 
biopsy is necessary to establish the diagnosis after the imaging evaluation. Imaging should be 
performed first to avoid any interference with the anatomical integrity of the region by the biopsy 
manipulations. The biopsy ensures diagnosis of histological type and staging, predicts the biological 
behavior of the tumor, indicates the need for preoperative (neoadjuvant) or even intraoperative 
radiation treatment, and neoadjuvant systemic chemotherapy, determines the best planning of the 
operative strategy and offers better patient information (reassuring) by weighing the risks and expect-
ations[8,10,11,27]. A preoperative frozen section for immediate diagnosis is not recommended. It has no 
practical value since the regular review of a core needle biopsy (CNB) will safely establish the diagnosis
[10].

The primary method of the first choice is CNB with needles of 14-18 gauges. Several needle samples 
(4-10) are required to increase the maximum chance of a correct diagnosis[6,8,10,28]. It was performed 
under imaging guidance (US, CT) and achieved adequate specimens for complete histopathologic 
evaluation along with immunohistochemical assays. Most cases are performed under local anesthesia, 
but sedation may be required in some cases. The complications (hemorrhage or infection) are minimal
[11]. A large series from Royal Marsden Hospital United Kingdom including 530 cases of CNB 
performed under local anesthesia showed that it was diagnostic in 93% of cases, needed to be repeated 
in 7% of cases, had a complication rate of 0.4%, had a diagnostic accuracy rate of 97.6% in distinguishing 
STS from benign lesions (sensitivity of 96.3%, specicity of 99.4%, positive predictive value of 99.5%, 
negative predictive value of 95.1%) and had a grade accuracy rate of 86.3%[29]. Adequate tissue samples 
must be obtained in different directions within the tumor through a single skin incision; to avoid rare 
needle tract recurrence, the selection of the biopsy site should be planned so that it is included in the 
subsequent resection, if required[29].

Preoperative CT-guided CNB is accurate and valuable for intraabdominal and retroperitoneal 
sarcomas[30]. A recent study from the United States based on the National Cancer Database including 
2620 patients who underwent surgery for nonmetastatic retroperitoneal sarcoma showed that 
preoperative biopsy (performed in 42.4% of cases) was proven useful with better outcomes and 
improved survival[31].

Fine needle aspiration does not provide tissue samples and offers cytologic rather than histologic 
information. Its utility is limited only to recurrence cases of an already known STS[11]. Open biopsy 
techniques include incisional biopsy by removing a small part of the tumor. It is associated with a 2% 
possibility of complications (inflammation, hematoma) but most importantly dissemination of 
malignant cells and delay in the treatment. Its rare indication is limited to failure of CNB. Excisional 
biopsy by whole tumor removal does not have any place in suspected STS but only in superficial small 
soft tissue tumors (less than 2 cm in size), which have minimal malignant potential. The basic principles 
of open biopsy are meticulous hemostasis and avoidance of drain placement[8,11].

MANAGEMENT
The management of abdominal STS at an experienced center with a multidisciplinary approach 
provides improved outcomes and better prognosis[32]. The initial referral, even based on suspicion, to 
such a center is of great importance to ensure the optimal chance in accurate diagnosis and proper 
management[22]. Surgery is the standard treatment and must be performed by an experienced surgeon. 
Wide excision with adequate margins at least 1 cm or even 2 cm, free of involvement, constitutes the 
operative target to achieve a residual zero (R0) resection[2,33-35]. However, vital neighboring 
anatomical structures may sometimes restrict the resection margin, and microscopic infiltration may be 
found within it (R1 resection). Further treatment is needed for positive resection margins to restrict 
recurrence[36]. It has been reported that high-grade tumors have a negative effect on overall survival, 
but resection margins do not. The 5-year overall survival was 71.1% for R0 resection and 70.2% for R1 
resection[37]. Lymph node metastases are rare in STS, and sentinel lymph node biopsy and lymphaden-
ectomy are limited and debatable[38]. Neoadjuvant radiotherapy and wide excision have been widely 
used but are associated with wound complications[39], reaching up to 39%[40]. This rate is limited to 
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Table 1 Federation of the French Cancer Centres histological grading criteria

Differentiation (score) Necrosis (score) Mitotic count (score)

Well (1) Absent (0) n < 101 (1)

Moderate (2) < 50% (1) n = 10–191 (2)

Poor (anaplastic) (3) ≥ 50% (2) n ≥ 201 (3)

1Number of mitoses per 10 high power fields.
After summing the three scores, grade 1 is defined as a total score of 2 or 3; grade 2 as a total score of 4 or 5; and grade 3 as a total score of 6 to 8.

Table 2 American Joint Committee on Cancer classification and staging for soft tissue sarcoma, 8th Edition

TNM classification Stage 

T1: Tumor ≤ 5 cm IA: T1; N0; M0; G1

T2: Tumor > 5 cm and ≤ 10 cm IB: T2, T3, T4; N0; M0; G1

T3: Tumor > 10 cm and ≤ 15 cm II: T1; N0; M0; G2/3

T4: Tumor > 15 cm IIIA: T2; N0; M0; G2/3

N0: No regional lymph node metastasis or unknown lymph node status IIIB: T3, T4; N0; M0; G2/3

N1: Regional lymph node metastasis IV: Any T; N1; M0; any G Any T; any N; M1; any G

M0: No distant metastasis

M1: Distant metastasis

G expresses the histological grading sum score. TNM: Tumor-Node-Metastasis.

half at experienced centers[40]. Neoadjuvant radiotherapy tends to replace adjuvant radiotherapy and is 
strongly recommended[41,42]. Concurrent neoadjuvant chemoradiation therapy increases the chance of 
R0 resection[43]. For high-grade deep tumors, T2 or more (stage II or III), wide excision and adjuvant 
radiation therapy (external beam 60-76 Gy) for local control is the indicated policy[2,10,44,45]. Limb 
sparing surgery combined with radiotherapy is the current preferable method for such tumors of limbs
[46]. It must precede preoperative traditional fractioned radiotherapy of 50-50.4 Gy with a daily dose of 
1.8-2 Gy over 5-6 wk[47-49]. Generally, a daily dose > 2.2 Gy is usually hypofractionated radiotherapy
[47]. Novel techniques for radiotherapy, including intensity-modulated radiation therapy, proton beam 
therapy, intraoperative electron radiotherapy and postoperative brachytherapy (via catheters in the 
surgical field), promise to decrease the side effects of standard radiotherapy while achieving better local 
control[2,8,10,50].

Chemotherapy with doxorubicin alone or in combination with ifosfamide is the basic scheme as a 
neo-adjuvant or adjuvant[2]. However, there have been conflicting aspects for adjuvant chemotherapy 
after R0 resection[51]. Tyrosine-kinase inhibitors (pazopanib, sunitinib, imatinib) have been indicated in 
some specific types[2]. In advanced metastatic cases, gemcitabine has been used in combination with 
docetaxel, vinorelbine, or dacarbazine, but with limited results[2]. Isolated hyperthermic limb perfusion 
(IHLP) with tumor necrosis factor-alpha and melphalan is another proposed option for limb STS[2,52]. 
A recent nationwide multicenter study from the Netherlands showed that in unresectable limb STS, 
preoperative IHLP or neoadjuvant radiotherapy avoided both amputations with acceptable oncological 
outcomes[53]. Wide surgical excision alone without neoadjuvant or adjuvant chemotherapy may be 
acceptable for patients over 70 years of age, providing comparable survival[54]. Frail very elderly 
patients (more than 80 years old) can tolerate an operative intervention for limb STS well[55,56].

Overall, unplanned excisions were 18.2% among 2187 primary operations for STS in the Netherlands 
Cancer Registry database[57]. It is known that unplanned surgical excision is related to an increased risk 
of local recurrence despite any adjuvant oncologic therapy[58]. For this reason, reresection is an option 
after positive or uncertain resection margins, but it is associated with increased morbidity and residual 
disease, which requires complete information for the patient[59]. However, a recent large study from 
Japan including 4483 operations (4128 planned excisions and 355 unplanned excisions) for limb STS 
showed that additional excision after unplanned excision was not associated with increased mortality 
and local recurrence compared to planned excision[60]. Furthermore, in the case of R1 or even R2 
resection, reresection in combination with perioperative radiotherapy must be considered[61]. Surgical 
resection of lung metastases has improved overall survival (49 mo median and 42% 5-year). However, 
R1 resection of the primary tumor and ≥ 2 metastases decrease it[62]. Pulmonary metastasectomy 
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improves the prognosis compared to conservative treatment[63].
The comprehensive assessment of recurrence risk has led to an increasing number of personalized 

management tools[64], including surgical operation, radiotherapy, novel promising targeted biological 
agents and immunotherapy (monoclonal antibodies, cellular therapies with modified T cells and natural 
killer cells, or vaccines)[1,2,12,65,66]. For retroperitoneal STS, aggressive surgical management has been 
recommended, since it showed satisfactory results for primary tumors but not for recurrence[67-70]. 
Likewise, for abdominal STS, surgery is the standard treatment[71]. Operative intervention and 
radiotherapy maximize local control[72]. For abdominal wall STS, extensive surgery is indicated for 
local control despite the rate but acceptability of incisional hernia[73]. For metastatic STS, systemic 
therapy and local control by surgical resection, usually or recently by stereotactic body radiation 
therapy, have been recommended[74]. MRI-guided radiotherapy is another recent alternative modality
[75]. For advanced retroperitoneal liposarcoma, the most common subtype of retroperitoneal STS, 
treatment based on targetable molecular pathways may be the future perspective[76].

A recent systematic review showed that patients with hepatic, abdominal or retroperitoneal 
metastasis undergoing metastasectomy have a survival benefit for a long period of time compared with 
those undergoing chemotherapy[4]. A multicenter retrospective cohort study from the United States 
using the National Cancer Database including 8953 cases showed that younger adult patients under 40 
years old had a notable proportion (14.3%) of limb STS and more challenging management. They 
received chemotherapy more often than radiotherapy vs older patients[77]. A study including 1124 
patients with distant metastases at diagnosis, stage IV STS, from the United States National Cancer 
Database showed that metastasectomy after resection of the primary site increased survival[78]. In any 
case, regardless of the subsequent kind of metastasis management, primary tumor resection is necessary 
to improve survival[79].

Visceral obesity is common in retroperitoneal and trunk sarcoma, and it has a negative effect on 
surgical results but not on oncologic outcomes[80]. A recent international multicenter study using 
clinical data as prognostic factors of 493 patients with STS found that increased modified Glasgow 
prognostic score (used in various malignancies and based on preoperative C-reactive protein and 
albumin levels to calculate a score from 0 to 2), tumor size, grade, neutrophil/lymphocyte ratio, and 
recurrence were associated with reduced survival[81]. Likewise, another study found a predictive effect 
on survival of retroperitoneal STS using body mass index, total protein serum levels and blood white 
cell count by performing prognostic models[82].

The 5-year survival for limb and trunk STS was found to be 71.6% in local recurrence-free patients, 
75.7% in metastasis-free and 84.7% in disease-specific[83]. The 3-year overall survival for head and neck 
STS was 68%, for disease specific 71% and recurrence free 61%. Higher tumor grade and tumor size 
greater than 5 cm were associated with reduced disease-specific survival[26].

CONCLUSION
Any suspected soft tissue lump above 5 cm in size must be investigated thoroughly, first by US and CT. 
For further detailed information, if needed, modern MRI prevails among the imaging modalities and 
constitutes the method of the first option. Preoperative CNB, always after imaging, is essential in 
confirming the diagnosis and determining the staging with prognosis and the optimal planning of the 
management policy. Liquid biopsy and genomic profiling will likely be useful in diagnosis, prognosis 
and treatment. A multidisciplinary approach is valuable and mandatory. Wide surgical excision with an 
acceptable healthy margin of 1 cm is the method of choice in management. In locally borderline tumors 
affecting limb vessels or nerves, modern neoadjuvant or adjuvant chemoradiation therapy may ensure 
limb savings by downstaging the tumor, thus avoiding amputation. Additionally, this therapy in the 
advanced metastatic stage improves surgical outcomes after mandatory primary tumor excision. Novel 
targeted biological agents and immunotherapy may contribute further. Detailed follow-up for a long 
time is recommended because of the outstanding possibility of recurrence, in which the chance of 
reresection or stereotactic radiotherapy exists. However, in any case, the management of STS should be 
personalized and performed by an expert team.

FOOTNOTES
Author contributions: Pavlidis TE designed research, contributed new analytic tools, analyzed data and review; 
Pavlidis ET performed research, analyzed data review and wrote the paper.

Conflict-of-interest statement: All the authors report no relevant conflicts of interest for this article.

Open-Access: This article is an open-access article that was selected by an in-house editor and fully peer-reviewed by 
external reviewers. It is distributed in accordance with the Creative Commons Attribution NonCommercial (CC BY-
NC 4.0) license, which permits others to distribute, remix, adapt, build upon this work non-commercially, and license 



Pavlidis ET et al. Soft tissue sarcoma

WJCO https://www.wjgnet.com 95 February 24, 2023 Volume 14 Issue 2

their derivative works on different terms, provided the original work is properly cited and the use is non-
commercial. See: https://creativecommons.org/Licenses/by-nc/4.0/

Country/Territory of origin: Greece

ORCID number: Efstathios T Pavlidis 0000-0002-7282-8101; Theodoros E Pavlidis 0000-0002-8141-1412.

S-Editor: Fan JR 
L-Editor: A 
P-Editor: Fan JR

REFERENCES
Ghosn M, El Rassy E, Kourie HR. Immunotherapies in sarcoma: Updates and future perspectives. World J Clin Oncol 
2017; 8: 145-150 [PMID: 28439495 DOI: 10.5306/wjco.v8.i2.145]

1     

Gómez J, Tsagozis P. Multidisciplinary treatment of soft tissue sarcomas: An update. World J Clin Oncol 2020; 11: 180-
189 [PMID: 32355640 DOI: 10.5306/wjco.v11.i4.180]

2     

Benz MR, Crompton JG, Harder D. PET/CT Variants and Pitfalls in Bone and Soft Tissue Sarcoma. Semin Nucl Med 2021; 
51: 584-592 [PMID: 34238508 DOI: 10.1053/j.semnuclmed.2021.06.009]

3     

Smolle MA, Leithner A, Bernhardt GA. Abdominal metastases of primary extremity soft tissue sarcoma: A systematic 
review. World J Clin Oncol 2020; 11: 74-82 [PMID: 32133276 DOI: 10.5306/wjco.v11.i2.74]

4     

Blank AT, Larson BM, Shaw S, Wakefield CJ, King T, Jones KB, Randall RL. National Comprehensive Cancer Network 
guidelines compliance of a sarcoma service: A retrospective review. World J Clin Oncol 2020; 11: 389-396 [PMID: 
32874952 DOI: 10.5306/wjco.v11.i6.389]

5     

Roland CL. Soft Tissue Tumors of the Extremity. Surg Clin North Am 2020; 100: 669-680 [PMID: 32402308 DOI: 
10.1016/j.suc.2020.02.015]

6     

de Pinieux G, Karanian M, Le Loarer F, Le Guellec S, Chabaud S, Terrier P, Bouvier C, Batistella M, Neuville A, Robin 
YM, Emile JF, Moreau A, Larousserie F, Leroux A, Stock N, Lae M, Collin F, Weinbreck N, Aubert S, Mishellany F, 
Charon-Barra C, Croce S, Doucet L, Quintin-Rouet I, Chateau MC, Bazille C, Valo I, Chetaille B, Ortonne N, Brouchet A, 
Rochaix P, Demuret A, Ghnassia JP, Mescam L, Macagno N, Birtwisle-Peyrottes I, Delfour C, Angot E, Pommepuy I, 
Ranchere D, Chemin-Airiau C, Jean-Denis M, Fayet Y, Courrèges JB, Mesli N, Berchoud J, Toulmonde M, Italiano A, Le 
Cesne A, Penel N, Ducimetiere F, Gouin F, Coindre JM, Blay JY; NetSarc/RePPS/ResSos and French Sarcoma Group- 
Groupe d’Etude des Tumeurs Osseuses (GSF-GETO) networks. Nationwide incidence of sarcomas and connective tissue 
tumors of intermediate malignancy over four years using an expert pathology review network. PLoS One 2021; 16: 
e0246958 [PMID: 33630918 DOI: 10.1371/journal.pone.0246958]

7     

Dangoor A, Seddon B, Gerrand C, Grimer R, Whelan J, Judson I. UK guidelines for the management of soft tissue 
sarcomas. Clin Sarcoma Res 2016; 6: 20 [PMID: 27891213 DOI: 10.1186/s13569-016-0060-4]

8     

Kershaw L, Forker L, Roberts D, Sanderson B, Shenjere P, Wylie J, Coyle C, Kochhar R, Manoharan P, Choudhury A. 
Feasibility of a multiparametric MRI protocol for imaging biomarkers associated with neoadjuvant radiotherapy for soft 
tissue sarcoma. BJR Open 2021; 3: 20200061 [PMID: 35707756 DOI: 10.1259/bjro.20200061]

9     

Casali PG, Blay JY; ESMO/CONTICANET/EUROBONET Consensus Panel of experts. Soft tissue sarcomas: ESMO 
Clinical Practice Guidelines for diagnosis, treatment and follow-up. Ann Oncol 2010; 21 Suppl 5: v198-v203 [PMID: 
20555081 DOI: 10.1093/annonc/mdq209]

10     

Tuttle R, Kane JM 3rd. Biopsy techniques for soft tissue and bowel sarcomas. J Surg Oncol 2015; 111: 504-512 [PMID: 
25663366 DOI: 10.1002/jso.23870]

11     

Brennan MF, Singer S. Five decades of sarcoma care at Memorial Sloan Kettering Cancer Center. J Surg Oncol 2022; 
126: 896-901 [PMID: 36087086 DOI: 10.1002/jso.27032]

12     

Tsuchie H, Emori M, Nagasawa H, Murahashi Y, Mizushima E, Shimizu J, Yamashita T, Miyakoshi N. Risk Factors of 
Early Distant Metastasis After Primary Tumor Treatment in Soft Tissue Sarcoma. In Vivo 2022; 36: 2260-2264 [PMID: 
36099122 DOI: 10.21873/invivo.12954]

13     

Stelzl A, Aziz F, Riedl JM, Posch F, Smolle MA, Stojakovic T, Terbuch A, Pichler M, Bergovec M, Leithner A, Liegl-
Atzwanger B, Stotz M, Gerger A, Sourij H, Szkandera J. Diabetes mellitus is independently associated with adverse clinical 
outcome in soft tissue sarcoma patients. Sci Rep 2020; 10: 12438 [PMID: 32709908 DOI: 10.1038/s41598-020-69237-y]

14     

Ramakrishnan K, Levy N, Goldbach A, Nagarathinam R, Ali S, Ling S, Jonnalagadda P. Imaging of soft tissue sarcomas 
of the extremities with radiologic-pathologic correlation. Curr Probl Diagn Radiol 2022; 51: 868-877 [PMID: 35654634 
DOI: 10.1067/j.cpradiol.2022.04.005]

15     

Boudabbous S, Hamard M, Saiji E, Gorican K, Poletti PA, Becker M, Neroladaki A. What morphological MRI features 
enable differentiation of low-grade from high-grade soft tissue sarcoma? BJR Open 2022; 4: 20210081 [PMID: 36105415 
DOI: 10.1259/bjro.20210081]

16     

Xu W, Hao D, Hou F, Zhang D, Wang H. Soft Tissue Sarcoma: Preoperative MRI-Based Radiomics and Machine Learning 
May Be Accurate Predictors of Histopathologic Grade. AJR Am J Roentgenol 2020; 215: 963-969 [PMID: 32755226 DOI: 
10.2214/AJR.19.22147]

17     

Lee S, Jung JY, Nam Y, Jung CK, Lee SY, Lee J, Shin SH, Chung YG. Diagnosis of Marginal Infiltration in Soft Tissue 
Sarcoma by Radiomics Approach Using T2-Weighted Dixon Sequence. J Magn Reson Imaging 2022 [PMID: 35808915 
DOI: 10.1002/jmri.28331]

18     

Liang HY, Yang SF, Zou HM, Hou F, Duan LS, Huang CC, Xu JX, Liu SL, Hao DP, Wang HX. Deep Learning 19     

https://creativecommons.org/Licenses/by-nc/4.0/
http://orcid.org/0000-0002-7282-8101
http://orcid.org/0000-0002-7282-8101
http://orcid.org/0000-0002-8141-1412
http://orcid.org/0000-0002-8141-1412
http://www.ncbi.nlm.nih.gov/pubmed/28439495
https://dx.doi.org/10.5306/wjco.v8.i2.145
http://www.ncbi.nlm.nih.gov/pubmed/32355640
https://dx.doi.org/10.5306/wjco.v11.i4.180
http://www.ncbi.nlm.nih.gov/pubmed/34238508
https://dx.doi.org/10.1053/j.semnuclmed.2021.06.009
http://www.ncbi.nlm.nih.gov/pubmed/32133276
https://dx.doi.org/10.5306/wjco.v11.i2.74
http://www.ncbi.nlm.nih.gov/pubmed/32874952
https://dx.doi.org/10.5306/wjco.v11.i6.389
http://www.ncbi.nlm.nih.gov/pubmed/32402308
https://dx.doi.org/10.1016/j.suc.2020.02.015
http://www.ncbi.nlm.nih.gov/pubmed/33630918
https://dx.doi.org/10.1371/journal.pone.0246958
http://www.ncbi.nlm.nih.gov/pubmed/27891213
https://dx.doi.org/10.1186/s13569-016-0060-4
http://www.ncbi.nlm.nih.gov/pubmed/35707756
https://dx.doi.org/10.1259/bjro.20200061
http://www.ncbi.nlm.nih.gov/pubmed/20555081
https://dx.doi.org/10.1093/annonc/mdq209
http://www.ncbi.nlm.nih.gov/pubmed/25663366
https://dx.doi.org/10.1002/jso.23870
http://www.ncbi.nlm.nih.gov/pubmed/36087086
https://dx.doi.org/10.1002/jso.27032
http://www.ncbi.nlm.nih.gov/pubmed/36099122
https://dx.doi.org/10.21873/invivo.12954
http://www.ncbi.nlm.nih.gov/pubmed/32709908
https://dx.doi.org/10.1038/s41598-020-69237-y
http://www.ncbi.nlm.nih.gov/pubmed/35654634
https://dx.doi.org/10.1067/j.cpradiol.2022.04.005
http://www.ncbi.nlm.nih.gov/pubmed/36105415
https://dx.doi.org/10.1259/bjro.20210081
http://www.ncbi.nlm.nih.gov/pubmed/32755226
https://dx.doi.org/10.2214/AJR.19.22147
http://www.ncbi.nlm.nih.gov/pubmed/35808915
https://dx.doi.org/10.1002/jmri.28331


Pavlidis ET et al. Soft tissue sarcoma

WJCO https://www.wjgnet.com 96 February 24, 2023 Volume 14 Issue 2

Radiomics Nomogram to Predict Lung Metastasis in Soft-Tissue Sarcoma: A Multi-Center Study. Front Oncol 2022; 12: 
897676 [PMID: 35814362 DOI: 10.3389/fonc.2022.897676]
van der Laan P, van Houdt WJ, van den Broek D, Steeghs N, van der Graaf WTA. Liquid Biopsies in Sarcoma Clinical 
Practice: Where Do We Stand? Biomedicines 2021; 9 [PMID: 34680432 DOI: 10.3390/biomedicines9101315]

20     

Wei J, Liu X, Li T, Xing P, Zhang C, Yang J. The new horizon of liquid biopsy in sarcoma: the potential utility of 
circulating tumor nucleic acids. J Cancer 2020; 11: 5293-5308 [PMID: 32742476 DOI: 10.7150/jca.42816]

21     

Kirchberg J, Blum SFU, Pablik J, Herold S, Hoffmann RT, Baretton G, Weitz J. [Preoperative diagnostics and typing of 
abdominal soft tissue sarcomas]. Chirurg 2022; 93: 5-15 [PMID: 34757436 DOI: 10.1007/s00104-021-01528-0]

22     

Acem I, Schultze BTA, Schoonbeek A, van Houdt WJ, van de Sande MAJ, Visser JJ, Grünhagen DJ, Verhoef C. The 
added value of chest imaging after neoadjuvant radiotherapy for soft tissue sarcoma of the extremities and trunk wall: A 
retrospective cohort study. Eur J Surg Oncol 2022; 48: 1543-1549 [PMID: 35393169 DOI: 10.1016/j.ejso.2022.03.231]

23     

Tanaka K, Hasegawa T, Nojima T, Oda Y, Mizusawa J, Fukuda H, Iwamoto Y. Prospective evaluation of Ki-67 system in 
histological grading of soft tissue sarcomas in the Japan Clinical Oncology Group Study JCOG0304. World J Surg Oncol 
2016; 14: 110 [PMID: 27091124 DOI: 10.1186/s12957-016-0869-6]

24     

Cates JMM. The AJCC 8th Edition Staging System for Soft Tissue Sarcoma of the Extremities or Trunk: A Cohort Study 
of the SEER Database. J Natl Compr Canc Netw 2018; 16: 144-152 [PMID: 29439175 DOI: 10.6004/jnccn.2017.7042]

25     

Roos JH, Mäkitie AA, Tarkkanen J, Ilmarinen TT. Pretreatment tumor sampling and prognostic factors in patients with 
soft-tissue sarcoma of the head and neck. Eur Arch Otorhinolaryngol 2022; 279: 3147-3155 [PMID: 34773167 DOI: 
10.1007/s00405-021-07162-0]

26     

MacGillis KJ, Heaberlin J, Mejia A. Clinical Decision Making for a Soft Tissue Hand Mass: When and How to Biopsy. J 
Hand Surg Am 2018; 43: 1123-1129 [PMID: 29908925 DOI: 10.1016/j.jhsa.2018.03.032]

27     

Young R, Snow H, Hendry S, Mitchell C, Slavin J, Schlicht S, Na L, Hofman MS, Gyorki DE. Correlation between 
percutaneous biopsy and final histopathology for retroperitoneal sarcoma: a single-centre study. ANZ J Surg 2020; 90: 497-
502 [PMID: 32064728 DOI: 10.1111/ans.15723]

28     

Strauss DC, Qureshi YA, Hayes AJ, Thway K, Fisher C, Thomas JM. The role of core needle biopsy in the diagnosis of 
suspected soft tissue tumours. J Surg Oncol 2010; 102: 523-529 [PMID: 20872955 DOI: 10.1002/jso.21600]

29     

Luca Alatzides G, Luisa Steinberg H, Schildhaus HU, Hamacher R, Kaths M, Grueneisen J, Treckmann J, Bauer S, 
Umutlu L, Schaarschmidt B. Is preoperative CT-guided biopsy a valuable tool in the diagnostic workup of patients with 
visceral and retroperitoneal sarcoma? Eur J Radiol 2022; 155: 110470 [PMID: 35985092 DOI: 
10.1016/j.ejrad.2022.110470]

30     

Straker RJ 3rd, Song Y, Shannon AB, Marcinak CT, Miura JT, Fraker DL, Karakousis GC. Preoperative Biopsy in 
Patients with Retroperitoneal Sarcoma: Usage and Outcomes in a National Cohort. Ann Surg Oncol 2021; 28: 6868-6879 
[PMID: 33591480 DOI: 10.1245/s10434-021-09691-8]

31     

Acem I, Smit MM, Verhoef C, van Houdt WJ, Haas RL, van der Hage JA, Grünhagen DJ, van de Sande MAJ. 
Management of Soft Tissue Sarcomas in Extremities: Variation in Treatment Recommendations and Surveillance 
According to Specialty and Continent. Ann Surg Oncol 2021; 28: 7923-7936 [PMID: 33970372 DOI: 
10.1245/s10434-021-09946-4]

32     

Patel A, Kane JM 3rd. Wide Resection of Extremity/Truncal Soft Tissue Sarcomas. Surg Clin North Am 2022; 102: 551-
565 [PMID: 35952687 DOI: 10.1016/j.suc.2022.05.002]

33     

Kheiran A, Eastley NC, Hanson JR, McCulloch TA, Allen PE, Ashford RU. The importance of the early appropriate 
management of foot and ankle soft tissue sarcomas - experiences of a regional sarcoma service. Foot (Edinb) 2022; 50: 
101866 [PMID: 35219135 DOI: 10.1016/j.foot.2021.101866]

34     

Gronchi A. Surgery in soft tissue sarcoma: the thin line between a surgical or more conservative approach. Future Oncol 
2021; 17: 3-6 [PMID: 34107729 DOI: 10.2217/fon-2021-0449]

35     

Matheron G, Ardakani A, Nasir A, Gikas P. Positive Margins Following Excision of Primary Bone & Soft Tissue 
Tumours in a Tertiary Centre and the Impact on Patient Outcomes. Cureus 2022; 14: e21235 [PMID: 35186531 DOI: 
10.7759/cureus.21235]

36     

Shafiq MB Sr, Rafi I, Shoaib A, Ali S, Iqbal F, Latif T, Mushtaq U. The Outcome of Extremity Soft Tissue Sarcomas in 
Terms of Resection Margins: A Study From a Cancer Dedicated Center. Cureus 2022; 14: e26086 [PMID: 35875266 DOI: 
10.7759/cureus.26086]

37     

Witt RG, Cope B, Erstad DJ, Chiang YJ, Nassif EF, Scally CP, Torres KE, Hunt KK, Feig BW, Roland CL, Keung EZ. 
Sentinel Lymph Node Biopsy and Formal Lymphadenectomy for Soft Tissue Sarcoma: A Single Center Experience of 86 
Consecutive Cases. Ann Surg Oncol 2022; 29: 7092-7100 [PMID: 35501583 DOI: 10.1245/s10434-022-11803-x]

38     

Kungwengwe G, Clancy R, Vass J, Slade R, Sandhar S, Dobbs TD, Bragg TWH. Preoperative versus Post-operative 
Radiotherapy for Extremity Soft tissue Sarcoma: a Systematic Review and Meta-analysis of Long-term Survival. J Plast 
Reconstr Aesthet Surg 2021; 74: 2443-2457 [PMID: 34266806 DOI: 10.1016/j.bjps.2021.05.043]

39     

Ellison C, King DM, Neilson JC, Wooldridge A, Charlson JA, Hackbarth DA, Johnstone C, Bedi M. Preoperative 
Radiation Performed at a Nonsarcoma Center May Lead to Increased Wound Complications Following Resection in 
Patients With Soft Tissue Sarcomas. Am J Clin Oncol 2021; 44: 619-623 [PMID: 34753886 DOI: 
10.1097/COC.0000000000000870]

40     

Van Meekeren M, Fiocco M, Ho VKY, Bovée JVMG, Gelderblom H, Haas RL. Patterns of Perioperative Treatment and 
Survival of Localized, Resected, Intermediate- or High-Grade Soft Tissue Sarcoma: A 2000-2017 Netherlands Cancer 
Registry Database Analysis. Sarcoma 2021; 2021: 9976122 [PMID: 34335076 DOI: 10.1155/2021/9976122]

41     

Salerno KE, Alektiar KM, Baldini EH, Bedi M, Bishop AJ, Bradfield L, Chung P, DeLaney TF, Folpe A, Kane JM, Li 
XA, Petersen I, Powell J, Stolten M, Thorpe S, Trent JC, Voermans M, Guadagnolo BA. Radiation Therapy for Treatment 
of Soft Tissue Sarcoma in Adults: Executive Summary of an ASTRO Clinical Practice Guideline. Pract Radiat Oncol 2021; 
11: 339-351 [PMID: 34326023 DOI: 10.1016/j.prro.2021.04.005]

42     

Attal J, Cabarrou B, Valentin T, Nesseler JP, Stoeckle E, Ducassou A, Filleron T, Le Guellec S, Boulet B, Vogin G, Ferron 
G, Moyal EC, Delannes M, Chevreau C. Evaluation of two modalities of perioperative treatment in the management 

43     

http://www.ncbi.nlm.nih.gov/pubmed/35814362
https://dx.doi.org/10.3389/fonc.2022.897676
http://www.ncbi.nlm.nih.gov/pubmed/34680432
https://dx.doi.org/10.3390/biomedicines9101315
http://www.ncbi.nlm.nih.gov/pubmed/32742476
https://dx.doi.org/10.7150/jca.42816
http://www.ncbi.nlm.nih.gov/pubmed/34757436
https://dx.doi.org/10.1007/s00104-021-01528-0
http://www.ncbi.nlm.nih.gov/pubmed/35393169
https://dx.doi.org/10.1016/j.ejso.2022.03.231
http://www.ncbi.nlm.nih.gov/pubmed/27091124
https://dx.doi.org/10.1186/s12957-016-0869-6
http://www.ncbi.nlm.nih.gov/pubmed/29439175
https://dx.doi.org/10.6004/jnccn.2017.7042
http://www.ncbi.nlm.nih.gov/pubmed/34773167
https://dx.doi.org/10.1007/s00405-021-07162-0
http://www.ncbi.nlm.nih.gov/pubmed/29908925
https://dx.doi.org/10.1016/j.jhsa.2018.03.032
http://www.ncbi.nlm.nih.gov/pubmed/32064728
https://dx.doi.org/10.1111/ans.15723
http://www.ncbi.nlm.nih.gov/pubmed/20872955
https://dx.doi.org/10.1002/jso.21600
http://www.ncbi.nlm.nih.gov/pubmed/35985092
https://dx.doi.org/10.1016/j.ejrad.2022.110470
http://www.ncbi.nlm.nih.gov/pubmed/33591480
https://dx.doi.org/10.1245/s10434-021-09691-8
http://www.ncbi.nlm.nih.gov/pubmed/33970372
https://dx.doi.org/10.1245/s10434-021-09946-4
http://www.ncbi.nlm.nih.gov/pubmed/35952687
https://dx.doi.org/10.1016/j.suc.2022.05.002
http://www.ncbi.nlm.nih.gov/pubmed/35219135
https://dx.doi.org/10.1016/j.foot.2021.101866
http://www.ncbi.nlm.nih.gov/pubmed/34107729
https://dx.doi.org/10.2217/fon-2021-0449
http://www.ncbi.nlm.nih.gov/pubmed/35186531
https://dx.doi.org/10.7759/cureus.21235
http://www.ncbi.nlm.nih.gov/pubmed/35875266
https://dx.doi.org/10.7759/cureus.26086
http://www.ncbi.nlm.nih.gov/pubmed/35501583
https://dx.doi.org/10.1245/s10434-022-11803-x
http://www.ncbi.nlm.nih.gov/pubmed/34266806
https://dx.doi.org/10.1016/j.bjps.2021.05.043
http://www.ncbi.nlm.nih.gov/pubmed/34753886
https://dx.doi.org/10.1097/COC.0000000000000870
http://www.ncbi.nlm.nih.gov/pubmed/34335076
https://dx.doi.org/10.1155/2021/9976122
http://www.ncbi.nlm.nih.gov/pubmed/34326023
https://dx.doi.org/10.1016/j.prro.2021.04.005


Pavlidis ET et al. Soft tissue sarcoma

WJCO https://www.wjgnet.com 97 February 24, 2023 Volume 14 Issue 2

of extremity and truncal soft tissue sarcomas: neoadjuvant concurrent chemoradiotherapy and sequential treatment. 
Strahlenther Onkol 2021; 197: 1051-1062 [PMID: 34673991 DOI: 10.1007/s00066-021-01847-5]
Lawrenz JM, Johnson SR, Zhu K, McKeon M, Moran CP, Vega J, Hajdu KS, Norris JP, Luo LY, Shinohara ET, Cates 
JMM, Rubin BP, Reith JD, Halpern JL, Mesko NW, Schwartz HS, Nystrom LM, Holt GE. Adjuvant Radiation after 
Primary Resection of Atypical Lipomatous Tumors of the Extremity Reduces Local Recurrence but Increases 
Complications: A Multicenter Evaluation. Sarcoma 2022; 2022: 2091677 [PMID: 36046749 DOI: 10.1155/2022/2091677]

44     

Levy A, Honoré C, Dumont S, Bourdais R, Cavalcanti A, Faron M, Ngo C, Haddag-Miliani L, Le Cesne A, Mir O, Le 
Péchoux C. [Preoperative versus postoperative radiotherapy in soft tissue sarcomas: State of the art and perspectives]. Bull 
Cancer 2021; 108: 868-876 [PMID: 34246458 DOI: 10.1016/j.bulcan.2021.03.012]

45     

Cammelli S, Cortesi A, Buwenge M, Zamagni A, Ferioli M, Ghigi G, Romeo A, Morganti AG. The role of radiotherapy in 
adult soft tissues sarcoma of the extremities. Eur J Orthop Surg Traumatol 2021; 31: 1583-1596 [PMID: 33954820 DOI: 
10.1007/s00590-021-02990-6]

46     

Roohani S, Ehret F, Kobus M, Flörcken A, Märdian S, Striefler JK, Rau D, Öllinger R, Jarosch A, Budach V, Kaul D. 
Preoperative hypofractionated radiotherapy for soft tissue sarcomas: a systematic review. Radiat Oncol 2022; 17: 159 
[PMID: 36104789 DOI: 10.1186/s13014-022-02072-9]

47     

Kaiser D, Schelm M, Gerber C, Brown ML, Müller DA. The effect of preoperative radiotherapy on surgical resectability, 
tumor volume and the necrosis rate of soft tissue sarcomas: A retrospective single-center analysis. Surg Oncol 2021; 39: 
101668 [PMID: 34653769 DOI: 10.1016/j.suronc.2021.101668]

48     

Dei Tos AP, Bonvalot S, Haas R. Evolution in the management of soft tissue sarcoma: classification, surgery and use of 
radiotherapy. Expert Rev Anticancer Ther 2020; 20: 3-13 [PMID: 32293209 DOI: 10.1080/14737140.2020.1753509]

49     

Laughlin BS, Golafshar MA, Ahmed S, Prince M, Anderson JD, Vern-Gross T, Seetharam M, Goulding K, Petersen I, 
DeWees T, Ashman JB. Early Experience Using Proton Beam Therapy for Extremity Soft Tissue Sarcoma: A Multicenter 
Study. Int J Part Ther 2022; 9: 1-11 [PMID: 35774491 DOI: 10.14338/IJPT-21-00037.1]

50     

Eraslan E, Ilhan Gulesen A, Yildiz F, Tufan G, Yalcintas Arslan U, Alkis N. The effect of adjuvant chemotherapy on the 
survival of patients with high-risk soft tissue sarcomas: Single center experience. J BUON 2021; 26: 2169-2175 [PMID: 
34761631]

51     

Lindner LH, Blay JY, Eggermont AMM, Issels RD. Perioperative chemotherapy and regional hyperthermia for high-risk 
adult-type soft tissue sarcomas. Eur J Cancer 2021; 147: 164-169 [PMID: 33684876 DOI: 10.1016/j.ejca.2021.02.002]

52     

van Praag VM, Fiocco M, Bleckman RF, van Houdt WJ, Haas RLM, Verhoef C, Grunhagen DJ, van Ginkel RJ, 
Bonenkamp JJ, van de Sande MAJ. The oncological outcomes of isolated limb perfusion and neo-adjuvant radiotherapy in 
soft tissue sarcoma patients - A nationwide multicenter study. Eur J Surg Oncol 2022 [PMID: 36085118 DOI: 
10.1016/j.ejso.2022.08.018]

53     

Aoki Y, Tome Y, Oshiro H, Katsuki R, Tamaki T, Wada N, Karube K, Nishida K. Wide excision alone for elderly patients 
aged > 70 years old with soft tissue sarcomas. Medicine (Baltimore) 2022; 101: e30127 [PMID: 36086737 DOI: 
10.1097/MD.0000000000030127]

54     

Sivarajah G, Davies E, Hurley A, Strauss DC, Smith MJF, Hayes AJ. Frailty in Very Elderly Patients is Not Associated 
with Adverse Surgical or Oncological Outcomes in Extremity Surgery for Soft Tissue Sarcoma. Ann Surg Oncol 2022; 29: 
3982-3990 [PMID: 35118523 DOI: 10.1245/s10434-021-11292-4]

55     

Hartley LJ, AlAqeel M, Kurisunkal VJ, Evans S. Outcomes of soft-tissue sarcoma in nonagenarians. Bone Joint J 2022; 
104-B: 177-182 [PMID: 34969278 DOI: 10.1302/0301-620X.104B1.BJJ-2021-0761.R1]

56     

Melis AS, Vos M, Schuurman MS, van Dalen T, van Houdt WJ, van der Hage JA, Schrage YM, Been LB, Bonenkamp JB, 
Bemelmans MHA, Grünhagen DJ, Verhoef C, Ho VKY; Dutch Sarcoma Group (DSG). Incidence of unplanned excisions 
of soft tissue sarcomas in the Netherlands: A population-based study. Eur J Surg Oncol 2022; 48: 994-1000 [PMID: 
34848102 DOI: 10.1016/j.ejso.2021.11.123]

57     

Grignol VP, Lopez-Aguiar AG. The Implications of an Unplanned Sarcoma Excision (the "Whoops" Operation). Surg Clin 
North Am 2022; 102: 529-538 [PMID: 35952685 DOI: 10.1016/j.suc.2022.04.002]

58     

Traweek RS, Martin AN, Rajkot NF, Guadagnolo BA, Bishop AJ, Lazar AJ, Keung EZ, Torres KE, Hunt KK, Feig BW, 
Roland CL, Scally CP. Re-excision After Unplanned Excision of Soft Tissue Sarcoma is Associated with High Morbidity 
and Limited Pathologic Identification of Residual Disease. Ann Surg Oncol 2023; 30: 480-489 [PMID: 36085392 DOI: 
10.1245/s10434-022-12359-6]

59     

Nakamura T, Kawai A, Hagi T, Asanuma K, Sudo A. A comparison of clinical outcomes between additional excision after 
unplanned and planned excisions in patients with soft-tissue sarcoma of the limb : a propensity matching cohort study. Bone 
Joint J 2021; 103-B: 1809-1814 [PMID: 34847719 DOI: 10.1302/0301-620X.103B12.BJJ-2021-0037.R1]

60     

Le Péchoux C, Llacer C, Sargos P, Moureau-Zabotto L, Ducassou A, Sunyach MP, Biston MC, Thariat J. Conformal 
radiotherapy in management of soft tissue sarcoma in adults. Cancer Radiother 2022; 26: 377-387 [PMID: 34961656 DOI: 
10.1016/j.canrad.2021.11.023]

61     

Lee RM, Ethun CG, Gamboa AC, Turgeon MK, Tran T, Poultsides G, Grignol V, Bedi M, Mogal H, Clarke CN, Tseng J, 
Roggin KK, Chouliaras K, Votanopoulos K, Krasnick BA, Fields RC, Oskouei SV, Monson DK, Reimer NB, Maithel SK, 
Pickens A, Cardona K. A novel preoperative risk score to guide patient selection for resection of soft tissue sarcoma lung 
metastases: An analysis from the United States Sarcoma Collaborative. J Surg Oncol 2021; 124: 1477-1484 [PMID: 
34374088 DOI: 10.1002/jso.26635]

62     

Gusho CA, Seder CW, Lopez-Hisijos N, Blank AT, Batus M. Pulmonary metastasectomy in bone and soft tissue sarcoma 
with metastasis to the lung. Interact Cardiovasc Thorac Surg 2021; 33: 879-884 [PMID: 34516633 DOI: 
10.1093/icvts/ivab178]

63     

Acem I, van de Sande MAJ. Prediction tools for the personalized management of soft-tissue sarcomas of the extremity. 
Bone Joint J 2022; 104-B: 1011-1016 [PMID: 36047022 DOI: 10.1302/0301-620X.104B9.BJJ-2022-0647]

64     

Banks LB, D'Angelo SP. The Role of Immunotherapy in the Management of Soft Tissue Sarcomas: Current Landscape and 
Future Outlook. J Natl Compr Canc Netw 2022; 20: 834-844 [PMID: 35830892 DOI: 10.6004/jnccn.2022.7027]

65     

Yuan J, Li X, Yu S. Molecular targeted therapy for advanced or metastatic soft tissue sarcoma. Cancer Control 2021; 28: 66     

http://www.ncbi.nlm.nih.gov/pubmed/34673991
https://dx.doi.org/10.1007/s00066-021-01847-5
http://www.ncbi.nlm.nih.gov/pubmed/36046749
https://dx.doi.org/10.1155/2022/2091677
http://www.ncbi.nlm.nih.gov/pubmed/34246458
https://dx.doi.org/10.1016/j.bulcan.2021.03.012
http://www.ncbi.nlm.nih.gov/pubmed/33954820
https://dx.doi.org/10.1007/s00590-021-02990-6
http://www.ncbi.nlm.nih.gov/pubmed/36104789
https://dx.doi.org/10.1186/s13014-022-02072-9
http://www.ncbi.nlm.nih.gov/pubmed/34653769
https://dx.doi.org/10.1016/j.suronc.2021.101668
http://www.ncbi.nlm.nih.gov/pubmed/32293209
https://dx.doi.org/10.1080/14737140.2020.1753509
http://www.ncbi.nlm.nih.gov/pubmed/35774491
https://dx.doi.org/10.14338/IJPT-21-00037.1
http://www.ncbi.nlm.nih.gov/pubmed/34761631
http://www.ncbi.nlm.nih.gov/pubmed/33684876
https://dx.doi.org/10.1016/j.ejca.2021.02.002
http://www.ncbi.nlm.nih.gov/pubmed/36085118
https://dx.doi.org/10.1016/j.ejso.2022.08.018
http://www.ncbi.nlm.nih.gov/pubmed/36086737
https://dx.doi.org/10.1097/MD.0000000000030127
http://www.ncbi.nlm.nih.gov/pubmed/35118523
https://dx.doi.org/10.1245/s10434-021-11292-4
http://www.ncbi.nlm.nih.gov/pubmed/34969278
https://dx.doi.org/10.1302/0301-620X.104B1.BJJ-2021-0761.R1
http://www.ncbi.nlm.nih.gov/pubmed/34848102
https://dx.doi.org/10.1016/j.ejso.2021.11.123
http://www.ncbi.nlm.nih.gov/pubmed/35952685
https://dx.doi.org/10.1016/j.suc.2022.04.002
http://www.ncbi.nlm.nih.gov/pubmed/36085392
https://dx.doi.org/10.1245/s10434-022-12359-6
http://www.ncbi.nlm.nih.gov/pubmed/34847719
https://dx.doi.org/10.1302/0301-620X.103B12.BJJ-2021-0037.R1
http://www.ncbi.nlm.nih.gov/pubmed/34961656
https://dx.doi.org/10.1016/j.canrad.2021.11.023
http://www.ncbi.nlm.nih.gov/pubmed/34374088
https://dx.doi.org/10.1002/jso.26635
http://www.ncbi.nlm.nih.gov/pubmed/34516633
https://dx.doi.org/10.1093/icvts/ivab178
http://www.ncbi.nlm.nih.gov/pubmed/36047022
https://dx.doi.org/10.1302/0301-620X.104B9.BJJ-2022-0647
http://www.ncbi.nlm.nih.gov/pubmed/35830892
https://dx.doi.org/10.6004/jnccn.2022.7027


Pavlidis ET et al. Soft tissue sarcoma

WJCO https://www.wjgnet.com 98 February 24, 2023 Volume 14 Issue 2

10732748211038424 [PMID: 34844463 DOI: 10.1177/10732748211038424]
Lv A, Li Y, Li ZW, Mao LL, Tian XY, Hao CY. Treatment algorithm and surgical outcome for primary and recurrent 
retroperitoneal sarcomas: A long-term single-center experience of 242 cases. J Surg Oncol 2022; 126: 1288-1298 [PMID: 
35943840 DOI: 10.1002/jso.27040]

67     

Siew CCH, Cardona K, van Houdt WJ. Management of recurrent retroperitoneal sarcomas. Eur J Surg Oncol 2022 [PMID: 
35810040 DOI: 10.1016/j.ejso.2022.06.008]

68     

Danieli M, Swallow CJ, Gronchi A. How to treat liposarcomas located in retroperitoneum. Eur J Surg Oncol 2022 [PMID: 
35623985 DOI: 10.1016/j.ejso.2022.04.020]

69     

Willis F, Schneider M. [Retroperitoneal soft tissue sarcoma: surgical management]. Chirurg 2022; 93: 16-26 [PMID: 
34596706 DOI: 10.1007/s00104-021-01506-6]

70     

Djafarrian R, Zingg T, Digklia A, Becce F, Özsahin EM, La Rosa S, Demartines N, Matter M. [Management of abdominal 
soft tissue sarcomas]. Rev Med Suisse 2021; 17: 1172-1176 [PMID: 34133095]

71     

Rust DJ, Kato T, Yoon SS. Treatment for local control of retroperitoneal and pelvis sarcomas: A review of the literature. 
Surg Oncol 2022; 43: 101814 [PMID: 35834940 DOI: 10.1016/j.suronc.2022.101814]

72     

Neuberg M, Mir O, Levy A, Sourrouille I, Dumont S, Haddag-Miliani L, Ngo C, Mihoubi F, Rimareix F, Le Péchoux C, 
Adam J, Honart JF, Ceribelli C, Le Cesne A, Leymarie N, Faron M, Honoré C. Surgical management of soft tissue tumors 
of the abdominal wall: A retrospective study in a high-volume sarcoma center. J Surg Oncol 2021; 124: 679-686 [PMID: 
34120344 DOI: 10.1002/jso.26566]

73     

Gutkin PM, von Eyben R, Chin A, Donaldson SS, Oh J, Jiang A, Ganjoo KN, Avedian RS, Bruzoni M, Steffner RJ, 
Moding EJ, Hiniker SM. Local Control Outcomes Using Stereotactic Body Radiation Therapy or Surgical Resection for 
Metastatic Sarcoma. Int J Radiat Oncol Biol Phys 2022; 114: 771-779 [PMID: 35643255 DOI: 
10.1016/j.ijrobp.2022.05.017]

74     

Blitzer GC, Yadav P, Morris ZS. The Role of MRI-Guided Radiotherapy for Soft Tissue Sarcomas. J Clin Med 2022; 11 
[PMID: 35207317 DOI: 10.3390/jcm11041042]

75     

Casadei L, de Faria FCC, Lopez-Aguiar A, Pollock RE, Grignol V. Targetable Pathways in the Treatment of 
Retroperitoneal Liposarcoma. Cancers (Basel) 2022; 14 [PMID: 35326514 DOI: 10.3390/cancers14061362]

76     

Seldon C, Shrivastava G, Al-Awady A, Asher D, Ramey S, Fernandez M, Dooley S, Kwon D, Zhao W, Goel N, Diwanji T, 
Subhawong T, Trent J, Yechieli R. Variation in Management of Extremity Soft-Tissue Sarcoma in Younger vs Older 
Adults. JAMA Netw Open 2021; 4: e2120951 [PMID: 34415314 DOI: 10.1001/jamanetworkopen.2021.20951]

77     

Abugideiri M, Janopaul-Naylor J, Switchenko J, Tian S, Read W, Press R, Oskouei S, Reimer N, Ferris M, Cassidy RJ, 
Behera M, Monson D, Landry J, Godette KD, Patel PR. Impact of Metastasectomy and Aggressive Local Therapy in Newly 
Diagnosed Metastatic Soft Tissue Sarcoma: An Analysis of the NCDB. Ann Surg Oncol 2022; 29: 649-659 [PMID: 
34272614 DOI: 10.1245/s10434-021-10466-4]

78     

Matsuoka M, Onodera T, Yokota I, Iwasaki K, Matsubara S, Hishimura R, Kondo E, Iwasaki N. Surgical resection of 
primary tumor in the extremities improves survival for metastatic soft-tissue sarcoma patients: a population-based study of 
the SEER database. Clin Transl Oncol 2021; 23: 2474-2481 [PMID: 34060011 DOI: 10.1007/s12094-021-02646-1]

79     

Boyle EA, Elliott JA, McIntyre TV, Barnes ME, Donlon NE, Umair M, Gillis AE, Ridgway PF. Body composition is 
associated with operative and oncologic outcomes in the management of retroperitoneal and trunk soft tissue sarcoma. Am J 
Surg 2022; 223: 729-737 [PMID: 34389158 DOI: 10.1016/j.amjsurg.2021.08.005]

80     

Spence S, Doonan J, Farhan-Alanie OM, Chan CD, Tong D, Cho HS, Sahu MA, Traub F, Gupta S; The MPGS Study 
Group. Does the modified Glasgow Prognostic Score aid in the management of patients undergoing surgery for a soft-tissue 
sarcoma? Bone Joint J 2022; 104-B: 168-176 [PMID: 34969280 DOI: 10.1302/0301-620X.104B1.BJJ-2021-0874.R1]

81     

Yao Y, Wang Z, Yong L, Yao Q, Tian X, Wang T, Yang Q, Hao C, Zhou T. Longitudinal and time-to-event modeling for 
prognostic implications of radical surgery in retroperitoneal sarcoma. CPT Pharmacometrics Syst Pharmacol 2022; 11: 
1170-1182 [PMID: 35758865 DOI: 10.1002/psp4.12835]

82     

Morii T, Anazawa U, Sato C, Iwata S, Nakagawa M, Endo M, Nakamura T, Ikuta K, Nishida Y, Nakayama R, Udaka T, 
Kawamoto T, Kito M, Sato K, Imanishi J, Akiyama T, Kobayashi H, Nagano A, Outani H, Toki S, Nishisho T, Sasa K, 
Suehara Y, Kawano H, Ueda T, Morioka H. Dedifferentiated liposarcoma in the extremity and trunk wall: A multi-
institutional study of 132 cases by the Japanese Musculoskeletal Oncology Group (JMOG). Eur J Surg Oncol 2022 [PMID: 
36088237 DOI: 10.1016/j.ejso.2022.08.024]

83     

http://www.ncbi.nlm.nih.gov/pubmed/34844463
https://dx.doi.org/10.1177/10732748211038424
http://www.ncbi.nlm.nih.gov/pubmed/35943840
https://dx.doi.org/10.1002/jso.27040
http://www.ncbi.nlm.nih.gov/pubmed/35810040
https://dx.doi.org/10.1016/j.ejso.2022.06.008
http://www.ncbi.nlm.nih.gov/pubmed/35623985
https://dx.doi.org/10.1016/j.ejso.2022.04.020
http://www.ncbi.nlm.nih.gov/pubmed/34596706
https://dx.doi.org/10.1007/s00104-021-01506-6
http://www.ncbi.nlm.nih.gov/pubmed/34133095
http://www.ncbi.nlm.nih.gov/pubmed/35834940
https://dx.doi.org/10.1016/j.suronc.2022.101814
http://www.ncbi.nlm.nih.gov/pubmed/34120344
https://dx.doi.org/10.1002/jso.26566
http://www.ncbi.nlm.nih.gov/pubmed/35643255
https://dx.doi.org/10.1016/j.ijrobp.2022.05.017
http://www.ncbi.nlm.nih.gov/pubmed/35207317
https://dx.doi.org/10.3390/jcm11041042
http://www.ncbi.nlm.nih.gov/pubmed/35326514
https://dx.doi.org/10.3390/cancers14061362
http://www.ncbi.nlm.nih.gov/pubmed/34415314
https://dx.doi.org/10.1001/jamanetworkopen.2021.20951
http://www.ncbi.nlm.nih.gov/pubmed/34272614
https://dx.doi.org/10.1245/s10434-021-10466-4
http://www.ncbi.nlm.nih.gov/pubmed/34060011
https://dx.doi.org/10.1007/s12094-021-02646-1
http://www.ncbi.nlm.nih.gov/pubmed/34389158
https://dx.doi.org/10.1016/j.amjsurg.2021.08.005
http://www.ncbi.nlm.nih.gov/pubmed/34969280
https://dx.doi.org/10.1302/0301-620X.104B1.BJJ-2021-0874.R1
http://www.ncbi.nlm.nih.gov/pubmed/35758865
https://dx.doi.org/10.1002/psp4.12835
http://www.ncbi.nlm.nih.gov/pubmed/36088237
https://dx.doi.org/10.1016/j.ejso.2022.08.024


Published by Baishideng Publishing Group Inc 

7041 Koll Center Parkway, Suite 160, Pleasanton, CA 94566, USA 

Telephone: +1-925-3991568 

E-mail: bpgoffice@wjgnet.com 

Help Desk: https://www.f6publishing.com/helpdesk 

https://www.wjgnet.com

© 2023 Baishideng Publishing Group Inc. All rights reserved.

mailto:bpgoffice@wjgnet.com
https://www.f6publishing.com/helpdesk
https://www.wjgnet.com

