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Cholangiocarcinoma (CCA) is the second most common hepatobiliary cancer, and its incidence has 
increased significantly in recent years. CCA has poor prognosis owing to the limited diagnosis and 
treatment options. The tumor immune microenvironment (TIME), which comprises immune cells, cytokines, 
and chemokines, plays a significant role in cancer progression, the evasion of immune surveillance, 
and therapeutic responses. Immunotherapeutic strategies targeting the TIME offer the potential for the 
recognition and eradication of CCA. This review discusses the cellular and molecular components of the 
TIME in CCA and immunotherapeutic strategies targeting it.
Key words:  Cholangiocarcinoma; Tumor Immune Microenvironment; Tumor-Associated Macrophages; 
Tumor-Infiltrating Lymphocytes; Adoptive T-cell Transfer; Immune Checkpoint Inhibitors; Immunotherapy
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Abstract

Cholangiocarcinoma (CCA), a malignant tumor 
originating from the biliary duct, has poor prognosis 
because of limited diagnostic and treatment options [1, 

2]. Current treatment options for CCA include surgery, 
chemotherapy, and radiotherapy. However, delayed 
diagnosis, high recurrence rates, and a lack of effective 
systemic therapies compromise the prognosis [3]. 
The tumor immune microenvironment (TIME) is a 
multifaceted system comprising immune cells, cytokines, 
and chemokines that actively interact with neoplastic 
cells. These intricate interactions critically affect cancer 
progression, the evasion of immune surveillance, and 
responses to therapeutic interventions [4]. By modulating 
host immunity to recognize and eradicate malignant 
cells, immunotherapy targeting the TIME is a potential 

therapeutic strategy against several cancers, including 
CCA [5].

Cellular and molecular components  
of TIME in CCA

Tumor-associated macrophages (TAMs)  
and their roles in promoting tumor growth  
and metastasis

TAMs are abundant in the CCA tumor 
microenvironment and contribute to tumor progression, 
angiogenesis, and metastasis by secreting growth factors, 
cytokines, and chemokines. These key TIME components 
contribute to disease progression [6]. They also suppress T 
cells and promote the expansion of immunosuppressive 
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cells, such as regulatory T cells (Tregs) and myeloid-
derived suppressor cells (MDSCs) [7]. TAMs are 
characterized by their remarkable ability to adjust and 
transform, allowing them to perform pro-tumoral or 
anti-tumoral actions, as influenced by stimuli within 
their immediate environment [8]. Their high plasticity 
renders them important for promoting or suppressing 
tumor growth. In CCA, TAMs promote tumor growth 
and metastasis through various mechanisms [6, 9].

First, they promote CCA progression through the 
expression of immune checkpoint molecules, such as 
signal regulatory protein alpha (SIRPα) and programmed 
cell death protein 1 (PD1). Elevated SIRPα and PD1 
expression in TAMs is associated with poor prognosis in 
patients with intrahepatic CCA, suggesting a potential 
role for these immune checkpoint molecules in immune 
evasion and tumor progression [9].

Second, TAMs secrete various cytokines and 
chemokines that promote tumor cell proliferation, 
angiogenesis, and tissue remodeling [8]. Physiologically, 
TAMs overexpress matrix metalloproteinase 1 (MMP1), 
a protein-digesting enzyme that participates in the 
breakdown of extracellular matrices and facilitates 
tumor infiltration into surrounding tissues [10]. TAMs 
can also suppress anti-tumor immune responses by 
interacting with other immune cells, such as MDSCs 
and Tregs, within the TIME [8]. This immunosuppressive 
environment enables tumor cells to escape immune 
surveillance and promote tumor growth and metastasis. 
Thus, given the significance of TAMs in the promotion 
of CCA development, therapies targeting them are being 
considered as potential therapeutic options for this 
malignancy [6, 9].

Tumor-infiltrating lymphocytes (TILs)  
and their roles in tumor immunity

TILs, including CD4+ helper T cells, CD8+ cytotoxic 
T cells, Tregs, B cells, and natural killer (NK) cells, are 
essential components of CCA TIME. They infiltrate 
tumor tissues and play pivotal roles in tumor immunity [2, 

11, 12]. Their presence within the TIME influences cancer 
progression, immune surveillance, and therapeutic 
responses [4, 13]. CD4+ helper T cells and CD8+ cytotoxic 
T cells are key players in anti-tumor immune responses 
as they can recognize and bind tumor antigens to induce 
tumor cell killing. Patients with CCA tend to exhibit 
better treatment outcomes when their tumors are 
infiltrated by a high density of TILs, particularly CD8+ 

T cells [11, 12]. The LEL subtype of Epstein-Barr virus-
associated intrahepatic cholangiocarcinoma is linked with 
good survival outcomes, possibly due to the activation 
of tumor-infiltrating B and CD8+ T cells [14]. However, 
immunosuppressive factors in the TIME can suppress the 
activity of these T cells, resulting in immune evasion and 

tumor progression [2].
Tregs are a subset of TILs that suppress anti-tumor 

immune responses by inhibiting effector T cell functions, 
leading to a pro-tumorigenic environment [12]. Tregs are 
strongly associated with poor prognosis in all types of 
CCA [15]. Owing to their potentially important role in 
tumor progression, especially in lymph node metastasis, 
the FoxP3+/CD8+ ratio is considered an important 
marker of the immune environment in intrahepatic 
cholangiocarcinoma (ICC) [16, 17].

B cells and NK cells also contribute to tumor immune 
responses. B cells produce tumor-specific antibodies and 
serve as antigen-presenting cells, whereas NK cells are 
innate immune cells that kill tumor cells without prior 
sensitization. However, their roles in CCA have not been 
fully elucidated [2].

Overall, TILs play crucial roles in shaping anti-
tumor immune responses, and their presence within 
the TIME is vital. The elucidation of their complex 
interplay and function will aid the development of novel 
immunotherapeutic strategies for the treatment of this 
disease. By investigating the multifaceted roles of TILs 
in CCA, valuable insights that can ultimately lead to 
improved treatment outcomes using immunotherapy 
may be gained [2, 11].

MDSCs and their immunosuppressive effects
MDSCs accumulate in the TIME of CCA and contribute 

to immunosuppression by inhibiting the activation and 
functioning of effector T cells, promoting tumor growth 
and immune evasion [4]. MDSCs are a heterogeneous 
population of immature myeloid cells that expand in 
response to tumor-derived factors. They suppress immune 
responses by inhibiting the functions of T cells, NK cells, 
and dendritic cells, thereby promoting tumor progression 
and metastasis. The gut microbiome regulates hepatocytes 
to form an immunosuppressive environment through the 
accumulation of CXCR2+ polymorphonuclear MDSCs to 
promote CCA [18]. Although the significance of MDSCs 
in CCA are yet to be conclusively determined, they can 
be regulated by cancer-associated fibroblasts to enhance 
cancer stemness [19].

Immune checkpoint molecules and their roles 
in immune evasion

Immune checkpoint molecules play a crucial role in 
regulating the immune system and maintaining self-
tolerance. However, these molecules can be exploited 
by cancer cells, including CCA cells, to evade immune 
surveillance and promote tumor progression. In CCA, 
immune checkpoints such as programmed death-1 (PD-
1), programmed death ligand-1 (PD-L1), and cytotoxic 
T-lymphocyte-associated protein 4 (CTLA-4) play 
significant roles in immune evasion [20].
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184aa can be used as an auxiliary treatment for clinical 
interventions targeting IL-6/STAT3 signaling in ICC [28].

Immunotherapeutic strategies 
targeting the TIME in CCA

Modulation of TAMs to enhance anti-tumor 
immune responses

Targeting TAMs is a promising strategy for 
enhancing anti-tumor immune responses in CCA. 
Inhibiting TAM recruitment or polarization towards 
the immunosuppressive phenotype or promoting their 
reprogramming towards a pro-inflammatory, anti-tumor 
phenotype might improve the efficacy of immunotherapy 
in CCA [7]. One approach to modulate TAMs is to block 
the colony-stimulating factor 1 receptor (CSF1R), which 
is involved in TAM recruitment and survival. The 
inhibition of CSF1R reduces TAM infiltration in various 
tumor models, leading to suppressed tumor growth and 
enhanced anti-tumor immune responses [29, 30]. However, 
the efficacy of CSF1R blockade could depend on the 
tumor model and the timing of treatment [31].

Combination therapies targeting TAMs and other 
immune cells have shown promising outcomes for 
CCA. Loeuillard et al. reported that targeting TAMs 
and granulocytic-MDSCs improved the efficacy of PD-1 
blockade in CCA, leading to enhanced tumor control and 
improved survival outcomes [32]. This demonstrates the 
potential of combining TAM-targeting strategies with 
other immunotherapies, such as immune checkpoint 
inhibitors, to achieve better therapeutic outcomes in 
CCA. In summary, the modulation of TAMs is a potential 
approach for enhancing anti-tumor immune responses 
in CCA. Further studies and clinical trials are needed 
to optimize TAM-targeting strategies and explore their 
potential when combined with other immunotherapies.

Adoptive T-cell transfer and its potential  
for targeting TILs

Adoptive T cell transfer (ACT) is a promising 
immunotherapeutic strategy for CCA that involves the 
isolation, expansion, and reinfusion of tumor-specific 
T cells into patients to enhance anti-tumor immune 
responses. The use of chimeric antigen receptor (CAR) 
T cells is a novel cellular therapeutic approach in 
which autologous T cells are harvested from a patient 
and genetically modified to express CARs. CAR-T cell 
therapy is thus a type of adoptive T-cell transfer with 
great potential for CCA treatment [33, 34].

Anti-mucin 1 (MUC1) CAR T cells have been 
developed for adoptive T cell therapy for CCA. They have 
been shown to exert cytotoxic effects against MUC1-
expressing CCA cells in vitro [35]. The anti-MUC1 CAR T 
cells expressing a PD-1-CD28 switch receptor exhibited 

PD-1 is a receptor on activated T cell surfaces, whereas 
PD-L1 is a ligand on tumor and antigen-presenting 
cells. Interactions between PD-1 and PD-L1 suppress 
T cell activation and proliferation, thereby dampening 
anti-tumor immune responses [20]. In extrahepatic CCA, 
PD-L1, TILs, and human leukocyte antigen have shown 
potential for immunotherapy [21].

CTLA-4, an immune checkpoint molecule, is expressed 
on T cells and competes with the co-stimulatory molecule 
CD28 to bind B7 ligands (CD80 and CD86) on antigen-
presenting cells. This competition results in the inhibition 
of T cell activation and the suppression of immune 
responses against cancer cells [22]. Thus, targeting immune 
checkpoint molecules is a promising therapeutic strategy 
for CCA. Immune checkpoint inhibitors (ICIs) such as 
anti-PD-1, anti-PD-L1, and anti-CTLA-4 antibodies have 
shown great potential in preclinical studies and clinical 
trials, providing a rationale for further investigation of 
their use for patients with CCA [22–24].

Cytokines and chemokines in the TIME  
and their effects on tumor progression  
and immune responses

Cytokines and chemokines, including transforming 
growth factor-beta (TGF-β), interleukin-6 (IL-6), and 
chemokine (C-C motif) ligand 2 (CCL2), play vital roles 
in shaping the TIME in CCA. They regulate immune 
cell recruitment, infiltration, and activation, thereby 
influencing tumor progression and the overall immune 
response. Chemokine (C-C motif) ligand 20 (CCL20), 
a crucial player in CCA cell migration, promotes 
tumor progression [25]. Similarly, CXCL12 expression in 
intrahepatic CCA is associated with metastasis and a poor 
prognosis [26]. These chemokines attract immune cells to 
tumor sites and modulate immune responses.

Cytokines, such as interleukins and interferons, 
also play essential roles in the TIME. They promote or 
suppress tumor growth and modulate immune responses 
against cancer cells. Pro-inflammatory cytokines 
stimulate immune cell activation and enhance anti-
tumor responses, whereas anti-inflammatory cytokines 
suppress immune cell functions and promote tumor 
immune evasion. According to Guo et al., the absence 
of AT-rich interactive domain 1A (ARID1A) within the 
SWItch/sucrose nonfermentable (SWI/SNF) complex 
impairs TGF-β signaling activation in biliary epithelial 
cells. These alterations lead to the development of CCA, 
originating from biliary cells [27]. Elucidating the roles 
of specific cytokines and chemokines in the TIME in 
CCA will aid the development of immunotherapeutic 
strategies to improve patient outcomes. Li et al. showed 
that the cGGNBP2-184aa protein, produced by the IL-
6-induced cGGNBP2 gene, promotes ICC progression 
through a positive feedback loop. Therefore, cGGNBP2-
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and induce immune activation against CCA cells. Studies 
and clinical trials should be performed to assess the safety, 
efficacy, and optimal combination of tumor antigens for 
personalized mRNA vaccines in patients with CCA.

ICIs target immune checkpoints in CCA
ICIs are promising immunotherapeutic agents for 

CCA that target immune checkpoints to enhance anti-
tumor immune responses. Immune checkpoints such as 
PD-1, PD-L1, and CTLA-4 play critical roles in tumor 
cell immune evasion [20]. ICIs block these checkpoints, 
enabling the immune system to effectively recognize and 
attack tumor cells [23].

Nivolumab, an anti-PD-1 antibody, is a potential 
treatment option for biliary tract cancers, including CCA 
[23]. A single-center study found that both pembrolizumab 
and nivolumab exert effective anticancer effects when 
combined with lenvatinib [46]. Durvalumab, an anti-
PD-L1 antibody, is also a potential therapeutic option for 
CCA [24]. TOPAZ-1, the first phase 3 trial, which involved 
685 patients with inoperable, locally advanced, recurrent, 
or metastatic biliary tract cancer who were randomized 
to receive durvalumab or a placebo, showed the benefits 
of immunotherapy for improved overall survival, in 
combination with chemotherapy, creating a new standard 
of care [47]. Clinical and molecular analyses of advanced 
biliary tract cancers treated with immune checkpoint 
blockade have shown that elevated PD-L1 expression, 
TILs, and microsatellite instability are potential markers 
of the response to ICIs [21, 48]. Ipilimumab, an anti-CTLA-4 
antibody, binds to the CTLA-4 antigen, resulting in 
anti-tumor immune responses. This allows the body to 
attack cancerous cells, and it is less likely to harm healthy 
tissues. A phase 2 clinical trial found that a combination 
of nivolumab and ipilimumab could improve therapeutic 
outcomes in patients with advanced biliary tract cancers 
[49]. However, the addition of nivolumab to chemotherapy 
or ipilimumab did not improve the 6-month progression 
free survival (PFS) [50].

Various clinical trials have investigated the efficacy 
and safety of combining ICIs with other targeted 
therapies or chemotherapies for CCA treatment [22, 51]. 
The combination of MEK inhibitors and ICIs has shown 
promising activity against various solid tumors, especially 
in the presence of KRAS or p53 mutations [52, 53]. These 
combination therapies enhance the anti-tumor effects of 
ICIs and improve patient outcomes [51]. In summary, ICIs 
that target immune checkpoints are potential therapeutic 
strategies for CCA. Clinical trials should be performed to 
determine the optimal patient population, combination 
therapies, and biomarkers for predicting responses to 
these treatments.

enhanced cytotoxicity against CCA cells, overcoming the 
immunosuppressive effects of PD-1 signaling [36].

Another promising target for CAR T cell therapy 
in CCA is CD133, a cancer stem cell marker. Fourth-
generation CAR T cells targeting CD133 exhibit anti-
tumor effects against CCA cells in vitro and in vivo [37]. 
Further, T cells secreting αCD133-αCD3 bispecific T cell 
engager (BiTE) have anti-tumor activities against CCA, 
with the potential to redirect T cells to target CD133-
positive tumor cells [38].

To overcome the challenge of instability of T 
lymphocyte cytotoxicity on combining gemcitabine 
with cytotoxic T lymphocytes, Methi et al. developed a 
recombinant PD-L1xCD3 BiTE, and the results showed 
that the combination of gemcitabine and PD-L1xCD3 
BiTE could promote T lymphocyte cytotoxicity against 
CCA cells in vitro, suggesting potential synergistic 
effects between chemotherapy and immunotherapy 
[39]. However, CAR T immunotherapy targeting human 
epidermal growth factor receptor 2 (HER2) in patients 
with advanced CCA only led to disease stabilization in 
four of nine patients [40].

Tumor vaccines induce immune activation 
through tumor antigens

Tumor vaccines are designed to stimulate immune 
responses against tumor-specific antigens, thereby 
promoting tumor-specific T cell activation and 
expansion. Messenger RNA (mRNA) vaccines have 
gained significant attention because of their potential 
for precise and personalized cancer immunotherapy [41]. 
These vaccines deliver mRNA encoding tumor-associated 
antigens, which are then translated into proteins by host 
cells. These antigens are then presented to the immune 
system, activating immune responses against the tumor 
cells expressing them [42].

In CCA, studies have aimed to identify tumor antigens 
and immune subtypes suitable for mRNA vaccine 
development. Huang et al. identified 13 CCA-specific 
antigens and three immune subtypes that can be targeted 
by personalized mRNA vaccines [43]. Tang et al. proposed 
a precise pipeline for mRNA vaccine development for 
CCA, including tumor antigen identification, the design 
of mRNA constructs, and assessments of vaccine efficacy 
in preclinical models [41].

Studies on bile duct cancer vaccines have also included 
DNA and protein vaccines [44, 45], with one study noting 
that protein vaccines could downregulate PD-L1 gene 
expression and suppress CCA carcinogenesis, relative to 
the effects of DNA vaccines [45]. Although CCA vaccines 
are in the early developmental stages, studies highlight 
the potential of mRNA vaccines to target tumor antigens 
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Bifunctional fusion proteins inhibit TGF-β  
and enhance anti-PD-L1 outcomes

Bifunctional fusion proteins that target TGF-β and 
PD-L1 have been developed to enhance the efficacy of 
anti-PD-L1 treatment [54]. High expression is associated 
with CCA invasion and metastasis [55]. By inhibiting TGF-
β1-mediated mesenchymalization, these fusion proteins 
can modulate the immunosuppressive effects of TGF-β 
in the TIME while enhancing anti-tumor immune 
responses through PD-L1 blockade [56]. Inhibiting TGF-β 
has the ability to rejuvenate exhausted cytotoxic T 
cells, augmenting the efficacy of anti-PD-L1 treatment 
[57]. Bintrafusp alfa (M7824) is an innovative and 
unique protein consisting of a human anti-PD-L1 IgG1 
monoclonal antibody and two extracellular domains of 
TGF-β receptor II. It is considered the first bifunctional 
fusion protein in its class. Preclinical studies have shown 
promising results [54, 56] and long-term follow-up safety 
and efficacy data for bintrafusp alfa in patients with 
pretreated CCA have been reported [58]. Currently, two 
newly developed drugs, SHR-1701 and YM101 [59, 60], 
have been designed to target PD-L1 and TGF-β in cancer 
treatment. Clinical studies have reported that SHR-1701 
has a favorable therapeutic effect on solid tumors, such 
as CCA [61]. In contrast, YM101 is used in conjunction 
with other drugs to reduce immune exclusion in tumors 
and enhance their therapeutic effects against cancer 

[62]. While similar drugs, such as JS201, GS-19, PM8001, 
and NRT6003, are still in the preclinical research stage, 
further studies and clinical trials should be performed 
to assess the potential of bifunctional fusion proteins for 
CCA treatment [4].

Conclusions and perspectives

Immunotherapy targeting the TIME is a promising 
therapeutic approach for CCA treatment. The cellular 
and molecular components of the TIME, such as TAMs, 
TILs, MDSCs, Tregs, immune checkpoint molecules, 
and cytokines/chemokines, play critical roles in tumor 
progression, immune evasion, and therapeutic responses. 
Various immunotherapeutic strategies, including the 
modulation of TAMs, ACT, tumor vaccines, ICIs, and 
bifunctional fusion proteins, have shown great potential 
for CCA therapy in preclinical studies and clinical trials.

However, overall response rates to immunotherapies 
remain modest, and some patients experience immune-
related adverse events. Studies should aim to optimize 
treatment regimens, identify predictive biomarkers of 
treatment responses, and develop rational combination 
therapies that enhance the efficacy of immunotherapy 
while minimizing toxicity. In addition, an elucidation 
of the complex interactions among tumor cells, immune 
cells, and the TIME is essential for the development of 

novel therapeutic strategies and personalized treatment 
approaches for patients with CCA [4, 5, 63].

In conclusion, studies on immunotherapy targeting 
the TIME in CCA have provided valuable insights and 
promising therapeutic strategies that can potentially 
improve the outcomes of patients with CCA. As the 
understanding of the TIME and its components continues 
to grow, we anticipate the development of more effective 
and personalized immunotherapeutic approaches. 
Researchers and clinicians should continue to collaborate 
in designing and executing well-conducted preclinical 
studies and clinical trials, with the goal of improving the 
prognosis and quality of life of patients with CCA [4, 5, 63].
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Radiation-induced heart disease (RIHD) is a potentially fatal clinical complication of chest radiotherapy 
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Abstract

Despite the increased overall survival rate in patients 
receiving radiation therapy, its side effects and sequelae 
have become major obstacles to the patients’ quality of 
life in long-term survival, and radiation-induced heart 
disease (RIHD) is one of these vital detrimental factors 

[1]. When patients receive chest radiotherapy (RT), the 
heart is almost inevitably exposed to radiation, thus 
causing serious health complications that lead to RIHD 

[2]. In recent decades, RT techniques have been developed 
in a way that reduces such complications. However, 
these methods do not prevent exposure to cardiac 
radiation [3]. It may take decades for patients to manifest 
obvious RIHD symptoms after exposure to radiation 

[4]. Cardiomyopathy, pericarditis, coronary artery 
atherosclerosis, valvular disease, and conduction defects 
are common clinical presentations of RIHD [5]. The damage 
to the cardiovascular system caused by radiation is widely 
recognized and proved by numerous epidemiological, 
clinical, and preclinical studies [6, 7]. Nonetheless, owing 
to the complexity of the cardiovascular system and post-
radiation effects, the mechanisms underlying RIHD still 
remain unknown. 

MicroRNAs (miRNAs) are highly conserved non-
coding single-stranded small molecular RNAs that 
mediate post-transcriptional gene silencing by binding 

to the 3’ untranslated region (UTR) of target genes [8]. 
miRNAs are closely involved in regulating general cellular 
processes, such as cell proliferation and differentiation, 
which makes them highly associated with disease onset 

[9]. A recent study showed differential expression levels 
of miRNAs in different pathological conditions, including 
RIHD [10]. 

miRNA-21 is a widely studied miRNA that is expressed 
in the majority of human cells, including macrophages, 
monocytes, myocardial cells, and dendritic cells [11]. 
The studies of miRNA-21 are mainly involved with 
its epigenetics function in oncology and cardiology. 
The expression of miRNA-21 is maintained through 
transcription and post-transcriptional regulation [12]. 
Non-transcriptional upregulation of miRNA-21 has also 
been proposed as a supplement [13, 14]. Radiation leads to 
increased miRNA-21 expression levels. Kwon et al. [15] 
found increased miRNA-21 levels in irradiated sites in 
mice. Similar findings in the serum of patients with breast 
cancer who underwent RT were reported by Halimi et 
al [16], suggesting that serum miRNA-21 may be utilized 
as a biomarker to identify patients exposed to ionizing 
radiation. Additionally, fibrosis may result from the 
persistent overexpression of miRNA-21 [17]. According to 
Lin et al [18], miRNA-21 upregulates SIRT1 and is involved 
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with the process of fibrosis via TGF- β1 pathway. 
In the pathogenesis of RIHD, the role of miRNA-21 

remains unknown. Previous scientific studies have 
reported the involvement of miRNA-21 in the pathology 
of cardiovascular disease and cancer; however, few 
have focused on the effects of irradiation on the cardiac 
system and the mechanisms involving miRNA-21 in such 
processes. Herein, we summarize the basic biology and 
mechanisms underlying miRNA-21 involvement in RIHD 
and the cardiovascular system and discuss its potential as 
a biomarker and future therapeutic target.

Biogenesis of miRNA-21

miRNA-21 is one of the first miRNAs to be discovered, 
and the human miRNA-21 gene is located in the intergenic 
region on the 3’ UTR end of transmembrane protein 49 
(TMEM 49), which is also known as protein with human 
vacuolar membrane 1 (VMP1), on chromosome 17q23.2 

[19]. The miRNA-21 gene has a total of 3433 nucleotides, 
and there are two transcription sites within the locus: 
one major transcription site approximately 3.5 kb in 
size and one minor transcription site approximately 4.3 
kb in size. In the nucleus, these transcription sites are 
initiated by RNA Polymerase II (RNAP II) to synthesize 
pri-miRNA-21 [20]. After transcription, pri-miRNA-21 is 
processed by Drosha endonuclease (an RNase III) and 
dgcr8 (a dsRNA-binding protein) into pre-miRNA-21 72 
bases in size ( precursor miRNA-21), which is transported 
from the nucleus to the cytoplasm by exportin 5 [21]. The 
pre-miRNA-21 structure’s last loop is cut by cytoplasmic 
Dicer (an RNase III endonuclease), and the nucleotide 
sequence is processed into a mature single-stranded 
nucleotide sequence, miRNA-21, with a length of 22 
nucleotides. Mature miRNA-21 is associated with the 
RNA-induced silencing complex (RISC), a cytoplasmic 
protein complex [22]. The domain at the 5’ end of miRNAs 
in this miRNA-RISC complex targets the 3’ UTR of the 
target mRNAs. RISC promotes protein downregulation 
by inhibiting or degrading mRNA after binding to their 
UTR in a complementary base-pairing manner [23].

In combination with RNAP II, the miRNA-21 gene 
in the nucleus is transcribed into pri-miRNA, which is 
the most primitive form of miRNA-21. Pri-miRNA-21 is 
further processed by Drosha (an RNase III endonuclease) 
and DGCR8 (a dsRNA-binding protein) to become pre-
miRNA-21, which is the miRNA precursor, approximately 
70–90 bases in size. This precursor is transferred from the 
nucleus to the cytoplasm through exportin 5 (Exportin 5). 
The circular structure of pre-miRNA-21 is removed after 
digestion with the Dicer (an RNAse III endonuclease) in 
the cytoplasm to form mature miRNA (miRNA/miRNA 
duplex) in a double-stranded structure. After processing 
by Dicer, transactivation response RNA binding protein 

(TRBP), and protein kinase RNA activator (PACT), 
these miRNA duplexes unwind into single strands, and 
some of these miRNAs may become circulating miRNAs 
after secretion. However, miRNAs that remain in the 
cell participate in the formation of the RISC, which can 
combine with mRNA or target genes to play a regulatory 
role in translation (Fig.1).

miRNA-21 in the cardiovascular system

miRNA-21 primarily contributes to cardiovascular 
disease by controlling the expression of its downstream 
target genes. Target genes that have been extensively 
studied include programmed cell death protein 4 (PDCD4) 

[24], sprouty1 (SPRY1), sprouty2 [25] and phosphatase and 
tensin homolog deleted from chromosome 10 (PTEN) [26]. 
In addition, some target genes have also been considered 
as specific binding sites of miRNA-21 in recent decades, 
including peroxisome proliferator-activated receptor 
alpha (PPAR-α) [27], factor related apoptosis ligand [28], 
a-kinase anchoring protein 8 (Akap8), BRCA1 associated 
RING domain 1 (Bard1) [29], Jagged 1 [30], and hypoxia 
inducible factor-1 alpha (HIF-1α) [31]. 

In the cardiovascular environment, the role of 
miRNA-21 in the PTEN pathway is of primary 
concern, and most studies have focused on apoptosis of 
cardiomyocytes in this pathway. miRNA-21, through the 
inhibition of the PTEN pathway, protects the heart from 
apoptosis [32]. One study demonstrated that miRNA-21 
is involved in regulating pathological symptoms and 
cardiomyocyte apoptosis in hypertensive rats through 
the PTEN/PI3K/Akt/mTOR signaling pathway [33]. 
Furthermore, miRNA-21 is a central regulator of cardiac 
fibrosis [34]. Previous in vivo and in vitro experiments have 
focused on miRNA-21 inhibition to regulate the PTEN 
pathway, which shows a protective effect of miRNA-21 
against pathological injury and aging. Bei Y et al. showed 
that inhibiting miRNA-21 had the same protective 
effect against d-galactose-induced cardiac alterations 
and doxorubicin-induced cardiomyocyte senescence by 
targeting PTEN [35]. In an in vitro model of myocardial 
I/R injury, Huang J et al. demonstrated that miRNA-21 
mediates the protective effects of kaempferol against 
hypoxia/reoxygenation-induced H9c2 cell injury by 
promoting the Notch/PTEN/Akt signaling pathway [36]. 

Similarly, miRNA-21 inhibits the pro-apoptotic effect 
of PDCD4, showing the protective effects of miRNA-21 
in heart cardiomyopathy. Xiao J et al. indicated that 
exosomal miRNA-21 prevents cardiomyocyte apoptosis 
by targeting PDCD4 [37]. Overexpression of miRNA-21 
inhibits PDCD4, suppresses activator protein-1 (AP-
1) inhibition by PDCD4, and leads to the upregulation 
of AP-1. AP-1, being a transcription factor, is able to 
directly promote miRNA-21 expression, thus forming a 
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activated receptors in the nuclear hormone receptor 
family, of which PPARα isoforms are highly expressed 
in the heart and are one of the key receptors involved 
in regulating fatty acid metabolism. Chuppa S et al. used 
next-generation mRNA sequencing to identify novel 
molecular mediators in a 5/6 nephrectomy rat model 
of chronic kidney disease, and the results revealed that 
miRNA-21-5p suppression altered gene expression in 
PPARα regulated pathways in the left ventricle, which 
identified PPARα as a potential therapeutic target for 
CKD-related cardiac dysfunction [27]. 

The rat cardiomyocytes study by Shen H et al. 
identified that miRNA-21 significantly enhanced 
hypoxia/reoxygenation-induced apoptosis, indicating that 
miRNA-21 is directly targeted to the 3’ UTR of Akap8 and 
Bard1 mRNA. miRNA-21 exerts protective effects against 
H/R-induced apoptosis and reactive oxygen species 
(ROS) production in cardiomyocytes via this mechanism 

[29]. Zhou XL et al. found that miRNA-21 targeted the 3’ 
UTR end of Jagged1 and promoted the transformation 
of rat cardiac fibroblasts to myofibroblasts. TGF-β1 also 
induced miRNA-21 expression and inhibited Jagged1 

positive feedback loop in this pathway [38] Recent scientific 
reports on mice also confirmed that the suppression of 
miRNA-21 prevents hypertrophic stimulation-induced 
cardiac remodeling by regulating PDCD4, AP-1, and 
TGF-β1 signaling pathway [39].

However, in the Smad7/Smad2/3 pathway, miRNA-21 
has an inhibitory effect on Smad7, thereby increasing 
collagen deposition, inducing the TGF-β1 pathway, and 
leading to α-smooth muscle actin and filamentous actin 
polymerization, which in turn promotes the development 
of myocardial fibrosis [40]. Similar pro-fibrotic effects of 
miRNA-21 have been reported in the spry/ERK/mTOR 
pathway [41]. Li X et al. found that miRNA-21 knockout 
DM mice had reduced cardiac hypertrophy and cardiac 
dysfunction compared to wild-type diabetes mellitus 
(DM) mice and concluded that miRNA-21 overexpression 
reduced autophagy by inhibiting the spry1/ERK/mTOR 
pathway and aggravated fibrosis in miRNA-21 knockout 
DM mice [42]. 

Some relatively novel miRNA-21 specific binding sites 
have also been reported in recent research. Peroxisome 
proliferators-activated receptors (PPARs) are ligand 

Fig. 1  miRNA-21 biogenesis of miRNA-21.
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which showed that miRNA-21 was upregulated in the 
left ventricle of rats following mediastinal irradiation 
with 10 Gy [52].

According to a study by Slezak J et al., the expression 
of microRNA-21 in rat hearts increased approximately 
10-fold after 6 weeks of 25 Gy mediastinal irradiation, 
indicating a compensatory/protective impact in the 
myocardium 6 weeks after radiation [45]. Similar findings 
were reported by Viczenczova C et al. [50], where an 
increase in miRNA-21 expression was closely associated 
with an increase in Cx43 expression in the irradiated 
rat heart. In addition, under diverse oxidative stress 
situations, the expression of miRNA-21 increased in 
human fibroblasts [53].

Kwon OS et al. discovered that radiation raised the 
expression of miRNA-21 in a mouse model [15]. Similar 
findings were reported in the serum of irradiated patients 
by Halimi M et al. [16], indicating that human miRNA-21 is 
a possible biomarker for radiation exposure. Experimental 
data from rats showed that 8 Gy of total body irradiation 
led to cardiac fibrosis, which was related to miRNA-21 
upregulation. The hearts of rats in the control group 
showed reduced collagen and fibrosis [54].

Many studies reported the upregulation of miRNA-21 
expression after cardiac irradiation, where the key 
pathway regulated by miRNA-21 is tightly related to 
the cardiac pathogenesis, such as in cardiac fibrosis. 
However, because miRNA-21 is widely present in human 
cells and miRNA expression is regulated by a complicated 
mechanism, consistent results from studies with various 
samples from different individuals are still missing. 
Other studies were not limited to using miRNA-21 as a 
single biomarker but attempted to find a combination 
of miRNAs that can be used as specific biomarkers 
for cardiovascular disease [55, 56]. To obtain consistent 
outcomes, several significant clinical investigations are 
needed, and the potential of miRNA-21 as a biomarker 
for the early detection of heart disease and RIHD remains 
controversial.

Mechanism
Radiation exposure affects cardiac capillary 

endothelial cells, causing proliferation, damage, swelling, 
and degeneration of endothelial cells and a significant 
decrease in the number of capillaries [57]. Radiation-
induced endothelial cell injury is the primary cause of 
myocardial injury following radiation exposure [58]. This 
kind of reduction causes chronic hypoxia that is also a 
cause of fibrosis via stabilizing hypoxia-inducible factor 
1α (HIF-1α) [59], which was reported as one of the targets 
of miRNA-21 [31]. HIF-1α can directly or indirectly 
facilitate fibrosis by stimulating various pro-fibrotic 
mediators in the cardiovascular system, such as TGF-β, 
endothelin-1, connective tissue growth factor, as well 

expression. While by targeting Jagged1, miRNA-21 in turn 
influenced TGF-β1 on the transformation of rat cardiac 
fibroblasts into myofibroblasts and resulted in cardiac 
fibrosis [43]. Cao, W et al. concluded that tumor suppressor 
cell adhesion molecule 1 (CADM1) is regulated by 
miRNA-21, which promotes cardiac fibrotic remodeling 
and fibroblast proliferation by targeting CADM1 [44].

miRNA-21 and RIHD 

Radiation damage to the heart mainly manifests as the 
production of free radicals, leading to the development of 
inflammatory processes [45]. Radiation exposure also leads 
to significant changes in the expression of many proteins, 
including prostaglandins, prostacyclins, thromboxanes 
and leukotriene [46]. These inflammatory factors 
contribute widely to vasodilation, vasoconstriction, 
increased microvascular permeability, and thrombosis in 
patients with RIHD. Irradiation can damage the capillary 
endothelium, resulting in decreased myocardial perfusion 
and ischemia [47]. 

About 150–200 miRNAs are expressed in cardiac 
myocytes [23], many of which are dynamically regulated in 
response to cardiovascular toxicity following irradiation. 
miRNAs participate in the pathological processes of 
radiation-induced myocardial fibrosis, including DNA 
damage, oxidative stress, inflammation, endothelial 
dysfunction, hypertrophy, and fibrosis [48]. 

Kura B et al. indicated that miRNA-21 is widely involved 
in the pathological processes of RIHD, including oxidative 
stress, fibrosis, hypertrophy, ischemia, preconditioning, 
and inflammation [49]. After chest irradiation, miRNA-21 
was upregulated in cardiomyocytes, where it acted as a 
regulator of growth factors secretion in cardiac fibroblasts, 
their survival, and the ERK/MAPK pathway, eventually 
leading to myocardial hypertrophy and myocardial 
fibrosis [50]. PDCD4 is also considered a potential target 
of miRNA-21, along with other cardiac protective 
mediators related to miRNA-21, such as AP-1, heat shock 
protein-70, endothelial nitric oxide synthase, and heat 
shock transcription factor-1 [51].

Prognosis 
Ionizing radiation stimulates miRNA-21 expression in 

various mammalian cell types, including cardiomyocytes, 
fibroblasts and macrophages [45]. This significant 
upregulation in cardiomyocytes after irradiation indicates 
that miRNA-21 has the potential to become a predictive 
tool for RIHD. 

After administering a single dose of 25 Gy radiation 
to the mediastinum, Kura B. et al. [48] discovered that 
myocardial miRNA-1 was downregulated, whereas 
miRNA-21 was upregulated after 6 weeks. These findings 
were supported by further research published in 2019, 
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as vascular endothelial growth factor (VEGF) [60]. In a 
guinea pig experiment, the expression of miRNA-21 
was confirmed to be positively correlated with VEGF 
and HIF-1 [61]. Similar conclusions have been reached in 
patients with neoplasms [62]. According to Mace, T.A. et 
al., hypoxia in pancreatic cancer cells induces miRNA-21 
via the overexpression of HIF-1α [63], which showed that 
miRNA-21 has an anti-apoptotic effect in HIF-induced 
hypoxia environment. In vitro, RT-PCR results showed 
that miRNA-21 can target PTEN, activate the AKT and 
ERK1/2 signal transduction pathways, and increase the 
expression of HIF-1 and VEGF. HIF- 1α is the primary 
downstream target of miRNA-21, which controls 
angiogenesis [64].

Monocyte migration to the intima is also a result of 
radiation damage. Radiation damage with a dose ≥ 2 
Gy in endothelial cells can stimulate the expression of 
inflammatory factors, such as vascular cell adhesion 
molecule-1, intercellular adhesion molecule-1, and 
E-selectin. These factors increase the invasiveness of 
monocytes in tissues [65]. Monocytes gradually transform 
into activated macrophages and secrete a large amount 
of TGF-β during the process of recruitment to the 
intima, inducing smooth muscle cells to differentiate 
into myofibroblasts and produce a large amount of type 
IV collagen [66]. The profibrotic effect of miRNA-21 in 
cardiac fibroblasts is inextricably linked to TGF-β, which 
induces the process of epithelial-mesenchymal transition 

[67, 68]. Cardiovascular fibroblasts treated with miRNA-21 
mimics can produce and secrete a large amount of TGF-β1, 
and in a similar way, cardiac fibroblasts transfected with 
TGF-β1 enhance miRNA-21 expression [69]. Additionally, 
by suppressing Smad7 expression, miRNA-21 lessens the 
Smad7 pathway’s inhibitory influence on TGF-β1, which 
greatly contributes to the development of cardiac fibrosis 

[40].
As another major pathological mechanism of RIHD, 

irradiation induces the superoxide overproduction 
and cardiomyocyte apoptosis of intracellular ROS in 
cardiomyocytes [70]. Pro-oxidant enzymes, particularly 
NADPH oxidases, are heavily controlled by a variety 
of growth factors and cytokines, including TGF-β, and 
irradiation can also result in an aberrant increase in 
these enzymes [71]. ROS can encourage the initiation and 
continuation of the pro-fibrotic process through TGF-β1. 
ROS acts as an intracellular second messenger that can 
also regulate the nuclear factor-κB (NF-κB) pathway to 
mediate epigenetic regulation of fibroblasts and induce 
fibroblast to myofibroblast differentiation [72, 73]. By 
specifically targeting the PDCD4 gene, miRNA-21 shields 
cardiomyocytes from myocardial infarction and injury 
caused by ROS [74, 75]. In cardiac myocytes overexpressed 
with ROS, miRNA-21 can directly target PDCD4, 
which also proves that NF-κB can promote cell death by 

regulating the excessive production of miRNA-21 [76]. 
Bax, a member of the Bcl-2 family, is also a target of 

miRNA-21 via various apoptotic pathways [77]. Exposure 
to radiation increases Bax expression and activation, 
which causes it to move and insert into the outer 
mitochondrial membrane [78, 79]. This regulation accelerates 
the opening of mitochondrial voltage-dependent anion 
channels, thereby increasing mitochondrial membrane 
permeability, and finally, swelling of the mitochondrial 
membrane leads to apoptosis [80]. Overexpression of 
miRNA-21 downregulates PTEN, which activates the 
PI3K/Akt pathway and subsequently inhibits the pro-
apoptotic function [81], promoting the survival and 
proliferation of myocardial cells through anti-apoptotic 
effects. 

By activating the ERK/MAP kinase pathway, radiation 
also inhibits PPAR-α to lower energy production 
from fatty acids [82]. When 8 or 16 Gy of single dose 
cardiac radiation were administered to C57BL/6 mice, 
the activated phospho-ERK phosphorylated PPAR-α, 
which resulted in a protein conformational change and 
subsequent inactivation of PPAR-α complex. This process 
leads to abnormal myocardial lipid metabolism and 
mitochondrial function damage that triggers the process 
of cell apoptosis [83]. Inhibiting the expression of miRNA-
21-5p could upregulate the gene expression in the 
PPAR-α pathway [27], and PPAR-α downregulation could 
weaken the impact of miRNA-21-5p gene knockdown, 
including cell growth and infiltration[84].

miRNA-21 plays a dual role in RIHD. miRNA-21 
inhibits the PPAR-α pathway to achieve an anti-apoptotic 
effect, reflecting the protective role of miRNA-21 against 
radiation, which can promote the inhibition of ERK/
MARK pathway and PPAR-α, leading to cell apoptosis 
through the mitochondrial pathway. miRNA-21 also 
affects the Bcl-2/Bax/caspase-3 signaling pathway by 
targeting PTEN and regulating apoptosis. Similarly, 
miRNA-21 inhibits the expression of PDCD4 to protect 
myocardial cells from apoptosis. ROS produced during 
RT mediates the NF-κB pathway to directly promote 
the overexpression of miRNA-21, which antagonizes 
ROS-induced apoptosis. In addition, PDCD4 inhibits the 
upregulation of AP-1, and AP-1 can, in turn, directly 
promote the expression of miRNA-21, forming a positive 
feedback loop between miRNA-21 and AP-1. In contrast, 
miRNA-21 enables promotion of myocardial fibrosis 
mainly by regulating the Smad7/Smad2/3 pathway. 
Radiation can stimulate various types of cardiac cells 
to produce inflammatory factors, such as TGF-β1, 
VCAM, ICAM and E-selection, which enhance the 
expression of the smad2/3 pathway and further promote 
myocardial fibrosis. RIHD, peroxisome proliferator-
activated receptor alpha(PPAR-α), Extracellular signal-
regulated kinase (ERK) mitogen-activated protein 
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kinase (MARK), B-cell lymphoma 2 (Bcl-2), bcl-2-
like protein 4 (Bax), Phosphatase and tensin homolog 
deleted from chromosome 10 (PTEN), Programmed 
Cell Death 4 (PDCD4), Reactive oxygen species (ROS), 
Nuclear factor kappa-B (NF-κB), Activator protein-1 
(AP-1), SMAD Family Member2/3/4/7 (Smad2/3/4/7), 
Transforming growth factor-β1 (TGF-β1)), Vascular 
cell adhesion molecule (VCAM), and Intercellular cell 
adhesion molecule (ICAM). This Figure was created using 
Biorender.com (Fig.2).

Therapy
In recent years, miRNA-based drugs have become 

popular owing to their high biological stability and 
advantage of being potential biomarkers [85]. There 
are currently three types of miRNA-based drugs [86]: 
AntagomiRs, which bind to the target miRNAs to 
specifically inhibit their function, resulting in reduced 
activation of RISC and upregulation of genes and 
production of proteins [87, 88]; synthetic miRNA mimics is 
an approach for gene silencing [89]. This kind of generated 
artificial double-stranded miRNA-like RNA fragments 

can target mRNA and activate RISC, which leads to their 
suppression and the reduction of overexpressed miRNAs 
in disease conditions [90]. Another lesser known approach 
involves miRNA sponges, masks, and erasers [91]. miRNA 
sponges are competitive inhibitors of miRNA target 
genes, which can engulf miRNAs-of-interest inside the 
cell, similar to water absorption by a sponge, leading 
to blocking of the activity of miRNAs [92, 93]. Erasers are 
oligonucleotides complementary to specific miRNAs that 
inhibit their function [94]. miRNA-masks are antisense 
chains that are completely complementary to the binding 
sites of miRNA and target mRNA; hence, they can form 
a complex with the target mRNA and act as a target 
protector to conceal the binding sites, thus interfering 
with the binding of the corresponding miRNA and target 
mRNA [95]. Lu YJ et al. proposed multi-target anti-miRNA 
antisense nucleotide inhibitors [96]. 

miRNA-21 is considered a potential therapeutic 
target for cardiomyopathy. One study demonstrated that 
miRNA-21 is a mediator involved in the pathogenesis 
of cardiac fibrosis, and using locked nucleic acid (LNA) 
anti-miRNA-21 can cause miRNA-21 inhibition, leading 

Fig. 2  The molecular mechanisms of miRNA-21 in RIHD.
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to a reduction in collagen expression and alleviation of 
cardiac fibrosis [67]. Certain drug studies have focused 
on inducing or inhibiting the expression of miRNA-21 
at the transcriptional level. By using melatonin (MET) 
entrapped poly nanoparticles (MET/PLGANPS), Wang 
S et al. proved the therapeutic effect of MET/PLgANPS 
in RT, and MET/PLGANPS may inhibit the miRNA-21/
TGF- β1/Smad3 pathway to reduce the injury after 
radiation [97]. Kura B et al. showed that Enbrel and tadalafil 
changed miRNA expression values of irradiated rats to 
those of non-irradiated controls, thus contributing to 
the alleviation of radiation-induced toxicity [48]. Another 
study indicated that molecular hydrogen is a potential 
therapeutic agent that decreases myocardial miRNA-21 
levels after irradiation by affecting the intracellular ROS 
levels [52]. Promotors such as AP-1, STAT3, Ras, ERK1/2, 
and EGFR can effectively induce miRNA-21 expression 

[98–101]. In contrast, some transcriptional suppressors, such 
as NFI, C/EBP, Gfi1, and estrogen receptors, have also 
been reported to repress miRNA-21 transcription [102, 103].

However, the main drawback of using miRNAs for 
diagnosis or therapy is that they target and affect the 
expression of multiple genes. Therefore, their targeting 
may also have an impact on other pathways in the 
organism [104]. MiRNA-21 is not necessarily a cell type-
specific miRNA and hence is problematic for targeted 
therapy, and application of the miRNA-21 expression 
pattern in cardiomyopathies for repression or restoration 
is challenging [105].

Conclusion and perspective

The etiology and mechanism of occurrence after 
RIHD are not fully defined. Besides cardiomyocytes, 
some other cardiac cells also participate in the occurrence 
and development of this type of cardiomyopathy, such 
as endothelial cells, smooth muscle cells, fibroblasts, 
and immune cells [106]. Similarly, noncardiomyocytes 
play important roles in cardiomyocyte apoptosis, cardiac 
fibroblast activation, and immune cell infiltration [107]. 
Expression profiles of miRNAs may differ in cells of 
diverse origins [108, 109]. miRNA-21 has different expression 
characteristics and functions in various cardiac cell s 

[110]. Though miRNA-21 plays an important role in 
radiation-induced cardiac injury, the regulatory details 
of miRNA-21 in the processes of biogenesis, secretion, 
and degradation remain unclear. The use of miRNA-21 
as an independent biomarker for diagnosis or prognosis 
persists to be challenging. Further research is required 
to determine the pathogenesis and mechanism of action 
of miRNA-21 in RIHD. With miRNA-21, there are still 
many other kinds of miRNAs that have been reported 
in the field of RIHD, such as miRNA-1 and -15b [52], 
miRNA-22, miRNA-24, miRNA-29, miRNA-133 [111], 

miRNA-208, miRNA-29, miRNA-199b, miRNA-221, 
miRNA-222, and the miRNA-15 family [49]. miRNA-15b 
is a regulator of cardiac hypertrophy and fibrosis as it 
inhibits the TGF-β Signal pathway after irradiation [112]. 
The miRNA-29 family targets mRNAs of various types of 
elastin, fibrin, and collagen (including type I and type III 
collagen) involved in fibrosis, which is a key pathological 
change related to RIHD in irradiated rats [45]. Cardiac 
specific miRNA-208 has been proved to be crucial to 
cardiac hypertrophy, fibrosis, and the expression of 
β-myosin heavy chain [113].

In conclusion, miRNA-21 is a critical miRNA that 
is involved in RIHD. Specific miRNA-21 studies have 
revealed the cellular and molecular mechanisms of RIHD, 
and its potential therapeutic role is still promising based 
on further animal experiments and clinical trials.
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The aim of our study was to evaluate the clinical efficacy of mFOLFOX-HAIC combined with donafenib and 
sintilimab conversion therapy followed by surgical resection of large hepatocellular carcinoma with portal 
vein tumor thrombus (PVTT). The clinical data of two patients with large hepatocellular carcinoma who were 
admitted to the Second Affiliated Hospital of Kunming Medical University were retrospectively collected. 
Both patients received mFOLFOX-HAIC combined with donafenib and sintilimab conversion therapy, 
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a 14.5 × 11.1 cm tumor with a tumor thrombus in the right portal vein. The other patient had a 12.1 × 8.3 
cm tumor with portal and hepatic vein tumor thrombi. Both patients had CNLC stage IIIa prior to conversion 
therapy, which was reduced to stage Ib after conversion therapy. Subsequently, the patient underwent open 
and laparoscopic right hemihepatectomies. Short-term high-intensity conversion therapy with mFOLFOX-
HAIC combined with donafenib and sintilimab is a feasible and effective treatment for patients with large 
hepatocellular carcinoma with PVTT.
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Abstract

Hepatocellular carcinoma (HCC) is the third most 
common malignant tumor worldwide and the second 
leading cause of death from malignant tumors in 
China, seriously threatening human life and health [1, 

2]. Radical surgery is the primary treatment option for 
patients with CNLC stage Ia, Ib, and IIa who meet the 
physical and tumor condition criteria and have good 
liver reserve function, with the goal of achieving long-
term survival [3, 4]. However, the majority of HCC cases 

(approximately 80%) occur in developing countries, and 
unfortunately, most of these patients have tumors in 
the middle and late stages, which means they may have 
lost the opportunity for radical surgery [5]. The prognosis 
of these patients is extremely poor, with a median 
survival time of only approximately two years, and 
these patients can only receive non-surgical treatments, 
such as local and systemic treatments. However, the 
clinical effects of single treatment methods are poor. 
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Therefore, a multidisciplinary team approach and a 
combination of various methods have been explored for 
the comprehensive treatment of advanced HCC [6]. 

In recent years, transcatheter arterial 
chemoembolization (TACE), hepatic artery infusion 
chemotherapy (HAIC), and other interventional measures, 
combined with targeted therapy and immunotherapy, 
have achieved encouraging results in terms of tumor 
shrinkage, control, and elimination of tumor thrombi, and 
tumor downstaging. Simultaneously, with these methods, 
a higher objective response rate (ORR) is obtained during 
clinical treatment, and the median survival time of 
patients is significantly prolonged [7]. Here, two patients 
with large HCC with portal vein tumor thrombosis (PVTT) 
admitted to the Second Affiliated Hospital of Kunming 
Medical University were treated with mFOLFOX-
HAIC combined with donafenib and sintilimab targeted 
therapies, as well as with immunotherapy. This combined 
treatment successfully down-staged the tumor, enabling 
the patients to undergo right hepatectomy with favorable 
therapeutic effects. The data is presented below, along 
with a review of related literature.

Patients and methods

Patient 1
Table 1 presents the data of the patient. A 57-year-

old man was admitted to the hospital due to a liver mass 
detected by physical examination two days earlier. The 
patient had undergone open appendectomy for acute 
appendicitis 25 years previously and had a long history 
of chronic hepatitis B. Contrast-enhanced computerized 
tomography (CT) examination showed a 14.5×11.1-cm 
liver tumor in the right lobe and a tumor thrombus in 

the right branch of the portal vein (Fig. 1a). Other data 
included positive hepatitis B surface antigen, AFP 2.17 
ng/mL, Eastern Cooperative Oncology Group (ECOG) 
score 0, Child–Pugh grade A, Barcelona Clinic Liver 
Cancer (BCLC) stage A, and CNLC stage IIIa.

Patient 2
Table 1 presents the data of the patient. A 62-year-old 

man was admitted due to upper abdominal pain for three 
days. Their 10-year history of hypertension was well 
controlled with nifedipine and irbesartan. Their 5-year 
history of diabetes was well controlled with acarbose. 
The patient had undergone open cholecystectomy for 
gallstones with cholecystitis 20 years prior. Contrast-
enhanced CT showed a tumor in the right lobe of the liver 
measuring approximately 12.1 × 8.3 cm in size. The portal 
and hepatic veins adjacent to the tumor were invaded, 
and a tumor thrombus was identified (Fig. 2a). Other data 
included AFP 285.04 ng/mL, ECOG score 0, Child–Pugh 
grade A, BCLC stage A, and CNLC stage IIIa.

Treatment
After examining the patients’ liver and renal functions, 

blood cell analysis results, and coagulation function 
data, these two cases were treated with mFOLFOX-
HAIC (oxaliplatin, 85 mg/m2 intra-arterial infusion; 
formyltetrahydrofolate, 400 mg/m2 intra-arterial infusion; 
fluorouracil, 400 mg/m2 intravenous injection, and 2400 
mg/m2 continuous intravenous drip) every 21 days. 
Donafenib tosilate tablets were administered orally at a 
dose of 200 mg twice a day. Sintilimab was administered 
intravenously at a dose of 200 mg with 100 mL of normal 
saline for the same 21-day treatment cycle. Contrast-
enhanced CT data were reviewed every three cycles, 
and the patients’ liver function, liver reserve, general 
condition, and tumor condition were comprehensively 
evaluated. Surgical treatment was performed if the 
patient’s tumor shrank, the portal vein tumor thrombus 
disappeared, and the tumor was down-staged to meet the 
surgical conditions. Otherwise, the conversion therapy 
was continued. 

Results

Patient 1
Table 1 presents the data of the patient. Contrast-

enhanced CT showed that the tumor in the right lobe of 
the liver had shrunk to 11.1 × 8.4 cm, with multiple areas 
of necrosis within the tumor and no tumor thrombus 
in the portal vein, inferior vena cava, or hepatic artery 
(Fig. 1b). Other data included AFP 2.85 ng/mL, INR 
1.14, PT 13.0 s, PLT 219 × 109/L, TBIL 14.2 μmol/L, no 
cirrhosis, body mass index (BMI): 24.39 kg/m2, ICG 15 
min retention test 4.7%, ECOG Score 0, Child–Pugh 

Table  1  Clinical data of the patients

Indicators Patient 1 Patient 2
Age (years) 57 62
Sex Male Male
Chronic hepatitis B Yes No
AFP (ng/mL) 2.17 285.04
ECOG score 0 0
ChildPugh A A
Before conversion therapy
  Tumor size (cm) 14.5 × 11.1 12.1 × 8.3
  Portal vein tumor thrombus Yes Yes
  Hepatic vein tumor thrombus No Yes
  CNLC stage IIIa IIIa
After conversion therapy
Tumor size (cm) 11.1 × 8.4 7.1 × 4.5
  Portal vein tumor thrombus No No
  Hepatic vein tumor thrombus No No
  CNLC stage Ib Ib
  ICG-R15 (%) 4.7 5.3
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was diagnosed as hepatocellular carcinoma, and no cancer 
was found in the resection margin (Fig. 2d). 

Discussion

Although the liver is supplied with blood by both 
the hepatic artery and portal vein, the blood supply to 
HCC tumor tissues primarily originates from the hepatic 
artery, while the portal vein is mainly involved in the 
blood supply to the tumor capsule and its surrounding 
area. This theory [8] has been the basis for the continuous 
development and improvement of transcatheter arterial 
embolization. In 1983, Yamada [9] first reported 120 
cases of unresectable HCC treated with hepatic tumor 
arterial embolization combined with drug injection, 
which caused ischemia and hypoxia of the tumor tissue, 
produced cytotoxic effects, and induced tumor cell 
necrosis. This is called TACE, and the 1-year, 2-year, and 
3-year survival rates for this treatment are 44%, 29%, 
and 15%, respectively. Since then, TACE has gradually 
become the standard treatment for medium-stage HCC 
(BCLC stage B) worldwide [10-15]. The Chinese guidelines 
for the diagnosis and treatment of HCC published in 2022 
[3] suggest that all HCC patients with clinical stages from 
IB to IIIB should be included in the treatment indication 
range of TACE. As a palliative treatment, TACE has 
certain limitations, including a low complete necrosis rate 
and a high postoperative recurrence rate for HCC with 

grade A, BCLC stage A and CNLC stage Ib. An open right 
hemihepatectomy was successfully performed.

The postoperative pathological results revealed that 
the liver specimen had a 11.4 × 9.0 cm tumor with 
hemorrhage and massive necrosis (Fig. 1c). Pathological 
diagnosis: (right liver) hepatocellular carcinoma, grade 
II–III, trabecular type and mass type; significant necrosis 
after embolization (95%); and hepatic resection margins 
without tumor involvement (Fig. 1d).

Patient 2
Table 1 presents the data of the patient. Contrast-

enhanced CT showed that the tumor in the right lobe of 
the liver had shrunk to 7.1×4.5 cm, with multiple areas 
of necrosis within the tumor and no tumor thrombus in 
the portal vein, inferior vena cava, or hepatic artery (Fig. 
2b). Other data included AFP 76.26 ng/mL, INR 1.01, PT 
13.1 s, PLT 125 × 109/L, TBIL 12.0 μmol/L, ICG 15-min 
retention test 5.3%, ECOG Score 0, Child–Pugh grade 
A, BCLC stage A and CNLC stage Ib. Laparoscopic right 
hemihepatectomy was successfully performed.

The postoperative pathological results showed a tumor 
in the liver specimen measuring 7.0 × 4.5 × 4.0 cm, with a 
soft texture and gray-brown cut surface, accompanied by 
significant necrosis (Fig. 2c). Pathological diagnosis: the 
right liver tumor tissue showed significant infarction and 
necrosis, and only cell remnants were observed; however, 
based on the immunohistochemical labeling results, it 

Fig. 1  Patient 1. (a) Preoperative computerized tomography (CT) showed a very large tumor in the right lobe of the liver, with invasion of the right 
branch of the portal vein and tumor thrombus formation; (b) After conversion therapy, the tumor was significantly reduced, and the portal vein tumor 
thrombus disappeared; (c) Surgically resected tumor specimen with a large amount of necrotic material inside the tumor; (d) Postoperative pathology 
(immunohistochemistry) showed hepatocellular carcinoma

Fig. 2  Patient 2. (a) Preoperative computerized tomography (CT) showed a very large tumor in the right lobe of the liver, with invasion of the right 
branch of the portal vein and the inferior vena cava with tumor thrombus formation; (b) After conversion therapy, the tumor was significantly reduced, 
and the portal vein and inferior vena cava tumor thrombus disappeared; (c) Surgically resected tumor specimens; (d) Postoperative pathological results 
showed hepatocellular carcinoma
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ORR was higher with FOLFOX-HAIC than with TACE 
[73 (46%) vs. 28 (18%); P < 0.001], and longer median 
progression-free survival rates were also observed in the 
treatment group [9.6 months (95% CI: 7.4–11.9) vs. 5.4 
months (95% CI: 3.8–7.0), P < 0.001]. In addition, the rate 
of serious adverse events was higher in the TACE group 
than in the FOLFOX-HAIC group (30% vs. 19%, P = 0.03). 
Therefore, compared with systemic chemotherapy, HAIC 
improves the local drug concentration and tumor uptake 
rate of drugs and minimizes chemotherapy toxicity [22].

Sorafenib, a tyrosine kinase inhibitor, was approved 
in 2007 as the first-line targeted therapy for unresectable 
HCC and showed an overall survival of 10.7 months. 
Since then, this drug has gradually been approved by the 
drug regulatory authorities of many countries and regions 
worldwide and has been recommended by HCC clinical 
treatment guidelines and expert consensus proceedings. 
Sorafenib has revolutionized the field of targeted therapy 
for advanced HCC, establishing its position as the first-
line treatment for this condition [4, 23]. However, recent 
studies have highlighted the emergence of new, promising 
options for HCC treatment. For instance, lenvatinib 
has been found to achieve an overall survival (OS) of 
13.6 months in the treatment of HCC, demonstrating 
the effectiveness of targeted therapy in managing 
advanced HCC [24]. Additionally, donafenib, a new multi-
target, multi-kinase inhibitor, represents the latest 
class of small-molecule targeted drugs with therapeutic 
potential for HCC. This drug inhibits the RAF/MEK/
ERK pathway and the tyrosine kinase activity of VEGFR/
PDGFR in tumor cells. As a new deuterated derivative of 
sorafenib and lenvatinib, it has the advantages of reduced 
metabolism by hepatic drug enzymes, increased plasma 
exposure, and a longer half-life [25]. Moreover, it has better 
pharmacokinetic characteristics and stronger anti-tumor 
activity [26]. Finally, data from the ZGDH3 study [27] showed 
that patients with advanced HCC had significantly longer 

a large tumor burden. Additionally, owing to the strong 
heterogeneity of advanced HCC, its long-term efficacy is 
not ideal [16]. Therefore, there is an urgent need to develop 
improved treatment strategies for patients with advanced 
HCC.

There is no doubt that with the exploration of HCC 
treatment methods, TACE has also been continuously 
improved, and a variety of new treatment methods have 
been developed. As an example, conventional TACE 
(cTACE) is based on the use of an iodized oil drug emulsion 
assisted by gelatin sponge particles, microspheres, 
polyvinyl alcohol, or other solid particles for embolization 
to achieve tumor ischemic necrosis and cytotoxicity. 
Moreover, in recent years, drug-eluting bead-TACE (DEB-
TACE), which uses pre-loaded chemotherapeutic drugs 
for continuous and slow release of chemotherapeutics in 
local tumors, has been developed. Through this method, 
a high local concentration of chemotherapeutic drugs can 
be maintained in the tumor, and the peak concentration 
of blood drugs entering the peripheral circulation can 
be reduced [10]. Notably, several studies have shown that 
DEB-TACE has better clinical efficacy than c-TACE 

[17, 18]. The technique was subsequently developed into 
transarterial radioembolization (TARE) using yttrium-90 
microspheres. This method delivers high doses of β-rays 
at close range to kill tumor cells [19, 20]. However, the 
clinical efficacy of this technique remains unsatisfactory.

In recent years, an old technique called HAIC, which 
was proposed and performed by Japanese doctors in 1995, 
has received renewed attention [21]. Some studies have 
reported that HAIC is more effective in patients with 
advanced HCC who are suitable for TACE [7]. A phase 
III randomized controlled trial involving 315 patients [5] 

showed a median overall survival of 23.1 months (95% CI: 
18.5–27.7) in the FOLFOX-HAIC group compared to 16.1 
months in the control group (95% CI: 14.3–17.9) (hazard 
ratio 0.58; 95% CI: 0.45–0.75; P < 0.001). In addition, the 

Table  2  Results of studies related to local treatment, targeted therapy and immunotherapy for HCC

Study Study type Year Treatment Number of 
patients ORR PFS DFS OS

[17] retrospective cohort study 2021 DEB-TACE or cTACE 71 60.0% vs 
29.7%

3.3 vs 2.1 
months 

NR 7.8 vs 5.7 months

[20] RCT phase II 2022 90-Y TARE or DEB-TACE 72 NR NR NR 30.2 vs 15.6 months
[7] RCT phase III 2022 FOLFOX-HAIC or routine follow-up 315 NR NR 20.3 vs 10 

months
(3 years OS)80.4% vs 

74.9%
[5] RCT phase III 2022 FOLFOX-HAIC or TACE 315 NR 9.6 vs 5.4 

months
NR 23.1 vs 16.1 months

[27] RCT phase II-III 2021 Donafenib or Dorafenib 668 NR 3.7 vs 3.6 
months

NR 12.1 vs 10.3 months

[29] Clinical trial 2017 Nivolumab 262 20% NR NR NR
[31] retrospective cohort study 2022 pembrolizumab-lenvatinib-TACE or 

lenvatinib-TACE
142 NR 9.2 vs 5.5 

months
NR 18.1 vs 14.1 months

NR: not reported
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OS with donafinib than with sorafenib (12.1 months vs. 
10.3 months, respectively; HR = 0.831. 95%CI: 0.699–
0.988, P = 0.0363) [27, 28].

Based on tumor immunology research, the activation 
of T cells can upregulate the expression of programmed 
death receptor 1 (PD-1). However, the binding of PD-1 to 
PD-ligand 1 (PD-L1) on the surface of tumor cells inhibits 
the effect of effector T cells. Consequently, immune 
tolerance is induced, which promotes tumorigenesis. 
Based on this theory, PD-1/PD-L1 monoclonal antibody 
drugs have attracted considerable attention in tumor 
immunotherapy. The first PD-1/PD-L1 monoclonal 
antibody, pembrolizumab, was approved for marketing in 
the United States in 2014. Since then, 10 different drugs 
have been approved for the immunotherapy of various 
tumors worldwide. For instance, sintilimab, a PD-1/
PD-L1 monoclonal antibody produced in China, was 
approved for marketing in 2018, which is of landmark 
significance in the “Chinese innovation era” of anti-
tumor immunotherapy. This also brings new hope for 
the treatment of HCC. Furthermore, the CheckMate-040 
study [29] showed that the PD-1 checkpoint inhibitor 
nivolumab showed good tolerance and safety in patients 
with advanced HCC. 

The ORR of sintilimab combined with bevacizumab for 
the treatment of advanced HCC is 20% [30], and it should 
be noted that the effect of single-agent immunotherapy is 
poor. Nevertheless, the combination of immunotherapy 
and targeted therapy has shown good therapeutic 
effects [15, 30]. Although targeted therapy combined with 
immunotherapy has achieved certain clinical treatment 
effects, the overall ORR is not optimistic. On the other 
hand, TACE/HAIC is an important treatment method 
for patients with unresectable middle- and advanced-
stage HCC. However, TACE/HAIC alone cannot 
completely eliminate tumor activity and often results 
in tumor progression and distant metastasis. Therefore, 
for unresectable advanced HCC, TACE/HAIC-based 
local treatment combined with targeted treatments and 
immunotherapy may demonstrate a “1+1 > 2” therapeutic 
effect [31]. Furthermore, numerous studies have 
demonstrated the superior efficacy of this combination 
therapy, with overall response rates (ORR) exceeding 
60% in patients with advanced HCC, particularly in those 
with PVTT [32]. 

Since Hermann reported in the 1970s [33] that giant 
hepatoblastomas shrank after chemoradiotherapy and 
were successfully surgically resected, many studies 
have explored translational therapies for HCC [34]. In 
the Second Affiliated Hospital of Kunming Medical 
University, two patients with CNLC stage IIIb HCC 
achieved satisfactory therapeutic effects in terms of tumor 
shrinkage and tumor thrombus elimination through two 
cycles of mFOLFOX-HAIC combined targeted therapy 

and immunotherapy; following this treatment, the tumor 
descending stage (CNLC stage Ib) was achieved, and 
radical surgery was finally performed. Studies from many 
medical centers worldwide have also shown the excellent 
performance of HAIC combined with targeted therapy 
and immunotherapy for the treatment of HCC [31, 32, 35]. 
This combination therapy has been particularly effective 
in treating HCC patients with PVTT, who are classified as 
having CNLC stage IIIa, and for whom surgical resection 
is not the first choice. Therefore, this treatment approach 
can be considered as an alternative option for these 
patients. 

Surgical operations often need to be combined with 
vascular thrombectomy, which is difficult to perform and 
can easily cause vascular embolism, massive bleeding, 
and even sudden death during and after surgery. During 
surgery, the risk of recurrence and metastasis is also 
high. However, through high-intensity conversion 
therapy using various methods and drugs, tumor 
shrinkage, tumor thrombus control or disappearance, 
and tumor downstaging can be achieved in a short time. 
Simultaneously, it can reduce the risk of surgery and 
increase the success rate of surgical resection to achieve 
longer survival times in patients. However, continuous 
follow-up is necessary to understand the prognosis of 
patients and ensure the timely implementation of relevant 
treatments. More data on patients who received such 
treatment will be collected to continuously understand 
the conversion therapy of patients with HCC with PVTT 
and explore better clinical treatment options. 

In conclusion, in patients with large HCC complicated 
by PVTT, aggressive and high-intensity mFOLFOX-
HAIC combined with donafenib and sintilimab can 
achieve tumor shrinkage, tumor thrombus control or 
disappearance, and tumor downstaging, reduce the risk 
of surgery, and increase the chance of surgical resection 
in a short time. However, these preliminary findings 
need to be further verified in large-sample randomized 
controlled trials and prospective clinical studies.
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Objective  The aim of the study was to investigate the correlation between the hemoglobin-to-red cell 
distribution width ratio (HRR) and all-cause mortality in patients with malignant tumors and sepsis.
Methods  All patients who met the inclusion criteria of the Medical Information Mart for Intensive Care 
(MIMIC)-IV were selected and divided into four groups according to the quartile range of HRR distribution. 
Kaplan-Meier (K-M) analysis was used to plot the 28-day survival curve, and the log-rank test was used 
to compare the prognosis in each HRR group. A Cox proportional hazards regression model was used to 
evaluate the prognosis of HRR as both a continuous and categorical variable, and a restricted cubic spline 
was used to study the effect of HRR, as a continuous variable, on the mortality in patients with malignant 
tumors and sepsis. Interaction and subgroup analyses were performed to evaluate the consistency of 
correlations.
Results  A total of 3926 patients were included in the study, including 934 patients in the HRR ≤ 4.97 
group, 988 patients in the 4.97 < HRR ≤ 6.26 group, 1005 patients in the 6.26 < HRR ≤ 7.84 group, and 
999 patients in the HRR ≥ 7.84 group. According to the K-M analysis, the 28-day survival rate was the 
lowest in the HRR ≤ 4.97 group (59.53%), and there were significant differences in survival rates among 
different HRR levels (P < 0.001). The Cox proportional hazards regression model found that after adjusting 
for various potential confounding factors, HRR was negatively correlated with 28-day and 365-day mortality, 
and the risk of death in the HRR ≥ 7.84 group was significantly lower than that in the HRR ≤ 4.97 group 
(P = 0.030 and P = 0.008, respectively). The restricted cubic spline plot revealed a linear and negative 
relationship between the HRR and the 28-day and 365-day mortality rates. Subgroup analysis revealed an 
interaction between HRR, blood urea nitrogen, and SAPS II scores (P = 0.010 and P = 0.048, respectively).
Conclusion  Low HRR is an independent risk factor for all-cause mortality in patients with malignant 
tumors and sepsis and could be used as a prognostic indicator for these patients.
Key words:  Hemoglobin-to-red cell distribution width ratio (HRR); malignant tumors; sepsis; prognosis; 
the Medical Information Mart for Intensive Care (MIMIC)-IV
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Abstract

Over the past 30 years, substantial progress has been 
made in the prevention, diagnosis, and treatment of 
various types of malignant tumors, leading to improved 
survival rates in patients with malignancy [1, 2]. However, 
significant improvements in the care of patients with 

malignant tumors are often accompanied by an increased 
risk of life-threatening complications such as severe 
infections caused by surgery or immunotherapy, which 
have become major non-malignant causes of death [3–5]. 
Moreover, the specific involvement of malignant tumors 
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may directly alter the host defense against pathogens, 
leading to severe infections [6]. Sepsis is one of the leading 
causes of patients with cancer being admitted to the 
intensive care unit (ICU) [7]. It has been reported that the 
risk of sepsis is ten times higher in patients with cancer 
than in hospitalized non-cancer patients [8]. Moreover, the 
in-hospital mortality rate of patients with malignancy and 
sepsis exceeds 25%, which is significantly higher than 
that of non-malignant patients with sepsis [9, 10], especially 
in younger patients with malignancy [11, 12]. The treatment 
of critically ill patients with malignant tumors and sepsis 
is extremely challenging; thus, it is necessary to identify 
simple and sensitive clinical variables to predict the risk 
of death in these patients and provide a theoretical basis 
for personalized treatment.

Hemoglobin (Hb) and red blood cell distribution 
width (RDW) are markers derived from red blood cells 
and also are routine indicators in the complete blood 
cell count, which can reflect the nutritional, oxidative 
stress, and inflammatory status of the body [13–16]. As Hb 
and RDW are mutually influenced by each other, recent 
studies from various fields suggest that the ratio of Hb to 
RDW [Hb/RDW ratio (HRR)] could be used as a novel 
parameter to investigate its relationship with these 
diseases [17–19]. In particular, the predictive value of the 
HRR for the prognosis in patients with malignancy has 
been widely recognized [20–23]. Recent studies have shown 
that a decrease in HRR is also an independent predictor 
of an increased risk of all-cause mortality associated 
with sepsis, atrial fibrillation, and sepsis-related 
encephalopathy [24, 25]. Both malignant tumors and sepsis 
share many pathological and physiological features and 
are caused by the dysregulated host immune response to 
the initial injury, such as the transformation of malignant 
tumor cells and invasion of pathogens into the tissue, 
suggesting the possible existence of mutual effects [8, 26]. 
However, to date, no studies have been published on the 
use of a combined HRR index to evaluate the prognosis in 
patients with malignant tumors and sepsis.

This retrospective study aimed to investigate the 
correlation between HRR at admission and the prognosis 
in patients with malignancy and sepsis. A low HRR at ICU 
admission was shown to be associated with an increased 
mortality risk. In patients with malignant tumors and 
sepsis, the HRR could serve as a valuable indicator for 
predicting prognosis.

Methods

Data source
All relevant data in this study were obtained from the 

the Medical Information Mart for Intensive Care (MIMIC) 
(MIMIC-IV version 2.0) database [27]. The MIMIC-IV 
version 2.0 was updated on June 22, 2022, with additional 

death records after patient discharge, which can better 
facilitate the study of long-term prognosis in critically 
ill patients. The researchers accessed and extracted the 
data from the database after completing relevant training 
courses provided by the National Institutes of Health 
(NIH) in the United States and obtaining certification 
(Certification Number: 36743986).

Study population and diagnostic criteria
The study population included patients who met 

MIMIC-IV database criteria. The inclusion criteria were 
as follows: (1) patients with malignant tumors complicated 
by sepsis, with malignant tumors determined based 
on ICD-9 (140-208) or ICD-10 (C00-C96) codes; and 
(2) diagnosis of sepsis made according to the Sepsis-3.0 
definition published jointly by the Society of Critical Care 
Medicine (SCCM) and the European Society of Intensive 
Care Medicine (ESICM) in 2016, which requires the 
presence of a new infection and a new organ dysfunction 
(SOFA score > 2) [28]. In this study, patients with a record 
of antibiotic use and a SOFA score > 2 were considered 
to have sepsis. The exclusion criteria were as follows: (1) 
age < 18 years, (2) ICU stay < 1 d, and (3) lack of HRR 
records within 24-hours of ICU admission. The HRR was 
calculated as follows: HRR = Hb (g/L) / RDW (%). Only 
the data from the first admission of patients with multiple 
admissions were included in the analysis.

Outcome variables
The main outcome variable was 28-day mortality, 

and the secondary outcome variables included ICU stay, 
hospital stay, ICU mortality, hospital mortality, and 365-
day mortality.

Data extraction
All data were extracted using structured query language 

(SQL), including demographic data (age, sex, weight), 
laboratory test results (renal function, coagulation 
function, electrolytes), comorbidities [hypertension, 
diabetes, chronic obstructive pulmonary diseases (COPD), 
chronic heart failure], severity scores (SAPS II, SOFA), 
and prognosis (ICU mortality, hospital mortality, 28-day 
mortality, and 365-day mortality). Laboratory test results 
with > 5% missing values were excluded, and missing 
values were imputed with the mean or median.

Statistical analysis
All data were analyzed using STATA 16.0. Continuous 

variables were expressed as mean ± standard deviation (χ 
± s) or median (interquartile range) [M (IQR)] based on 
their distribution and analyzed using one-way ANOVA or 
Kruskal-Wallis tests. Categorical variables were expressed 
as percentages and analyzed using the chi-square test. 
This study plotted the 28-day K-M curve of patients 
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934), 4.97 < HRR ≤ 6.26 group (n = 988), 6.26 < HRR ≤ 7.84 
group (n = 1005), and HRR ≥ 7.84 group (n = 999). The 
general characteristics, laboratory test results, vital signs, 
comorbidities, disease severity scores, and prognoses 
of the four groups are shown in Table 1. There were 
more male patients in the high-HRR group. In terms of 
laboratory indicators, as HRR increased, Hb, white blood 
cell (WBC) count, and platelet (PLT) count increased, 
whereas RDW decreased. Blood urea nitrogen (BUN) 
and creatinine levels were higher and prothrombin time 
(PT), activated partial thromboplastin time (APTT), and 
international normalized ratio (INR) were longer in the 
low HRR group. Serum potassium and calcium levels were 
lower in the low-HRR group. Additionally, patients in 
the low HRR group were more likely to have underlying 
comorbidities, such as hypertension and diabetes; had 
higher CCI, SOFA, and SAPS II scores; and had a higher 
continuous renal replacement therapy (CRRT) proportion 
during hospitalization (P < 0.05). However, there was 
no statistical difference among the four groups in terms 
of age, serum sodium and chloride levels, vital signs at 
admission, or invasive mechanical ventilation proportion.

Prognosis in different HRR groups
In this study, the K-M curve of 28-day mortality was 

plotted to investigate the prognostic differences among 
the different HRR groups. The results showed that 
patients in the different HRR groups had significantly 
different prognoses. The group with HRR ≤ 4.97 had 
the lowest 28-day survival rate of 59.53% (556/934), and 
the survival rate gradually increased with increasing 
HRR. The survival rates of 4.97 < HRR ≤ 6.26 group, 
6.26 < HRR ≤ 7.84 group, and HRR ≥ 7.84 group were 
63.46% (627/988), 68.65% (690/1005), and 79.18% 
(791/999), respectively. The log-rank test indicated that 
the differences among the four groups were statistically 
significant (P < 0.001; Fig. 2).

The primary outcomes of this study are summarized 
in Table 2. There were no significant differences in the 
length of ICU stay between the groups. The low HRR 
group had a longer hospital stay and higher ICU, in-
hospital, 28-day, and 365-day mortality rates. Moreover, 
the mortality rates decreased gradually with increasing 
HRR, and the differences among the four groups were 
statistically significant (P < 0.05).

The relationship between HRR and mortality  
in patients with malignant tumors and sepsis 

A Cox proportional hazards regression model was used 
to determine the relationship between HRR level and 
28-day and 365-day mortality in patients with malignant 
tumors and sepsis. Model I was not adjusted for any 
parameters; Model II was adjusted for sex and age only; 
and Model III was adjusted for potential confounding 

with malignant tumors and sepsis at different HRR levels 
and performed a log-rank test. Cox proportional hazards 
regression models were used to determine the adjusted 
hazard ratios (HRs) and 95% confidence interval (CI) for 
28-day and 365-day mortality, with HRR as a continuous 
and categorical variable, and a restricted cubic spline 
was used to evaluate the effect of HRR as a continuous 
variable on mortality in patients with malignancy and 
sepsis. Subgroup analyses were performed to eliminate 
the confounding factors. A P-value < 0.05 was considered 
statistically significant.

Results 

Baseline characteristics of different HRR 
groups

Following a stepwise screening process, 3926 patients 
were included in the analysis after excluding those with 
duplicate hospitalizations, non-sepsis, non-malignant 
tumors, and ICU length of stay of less than 24 hours. The 
screening process is illustrated in Fig. 1. Based on the 
quartile distribution of HRR at ICU admission, patients 
were divided into four groups: HRR ≤ 4.97 group (n = 

Fig. 1  Flow chart
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Model III. As a categorical variable, it was also found that 
compared with the HRR ≤ 4.97 group, the HRR ≥ 7.84 
group had a significantly reduced risk of death [HR (95% 
CI): 0.6 (0.4–1.0)], and the difference was statistically 
significant (P = 0.030). The 365-day mortality rates were 
also similar (Table 3).

factors such as age, weight, sex, Hb, PLT, WBC, creatinine, 
INR, PT, anion gap, bicarbonate, SAPS II, and SOFA. 
The results showed that higher HRR was associated with 
a lower risk of death [HR (95% CI): 0.7 (0.6–0.8), P < 
0.001], and the difference was statistically significant (P < 
0.001) after adjusting for potential confounding factors in 

Table  1  Demographic characteristics of study population in each group

Variables HRR ≤ 4.97
(n = 934)

4.97 < HRR ≤ 6.26
(n = 988)

6.26 < HRR ≤ 7.84
(n = 1005)

HRR ≥ 7.84
(n = 999) H/F/χ2-value P-value

Demographic 
Age (year) 68.2 ± 13.1 69.4 ± 13.2 70.0 ± 12.5 68.1 ± 13.5 6.812 0.078
Male [n (%)] 538 (57.6) 563 (57.0) 611 (60.8) 680 (68.1) 32.198 < 0.001
Weight (kg) 77.8 ± 22.1 78.4 ± 21.7 78.2 ± 20.4 81.3 ± 21.8 7.612 0.055

Laboratory indexes
Hb (g/dL) 7.7 ± 1.2 9.3 ± 1.1 10.6 ± 1.1 12.9 ± 1.5 121.164 < 0.001
WBC (× 1012/L) 9.8 (5.1–16.9) 11.0 (6.4–17.0) 10.9 (7.1–16.1) 11.9 (8.2–16.2) 29.423 < 0.001
PLT (× 109/L) 141 (62–245) 187 (107–296) 201 (129–305) 207 (150–275) 159.580 < 0.001
RDW (%) 19.2 ± 2.9 16.8 ± 2.1 15.3 ± 1.6 13.9 ± 1.2 865.188 < 0.001
Creatine (mg/dL) 1.2 (0.8–2.0) 1.1 (0.7–1.8) 1.0 (0.7–1.6) 1.0 (0.7–1.3) 46.398 < 0.001
BUN (mg/dL) 28 (18–46) 24 (16–41) 22 (15–35) 19 (14–27) 152.044 < 0.001
PT (S) 15.7 (13.6–18.7) 14.9 (13.3–17.8) 14.3 (12.8–16.8) 13.4 (12.1–15.2) 237.138 < 0.001
APTT (S) 31.5 (27.8–39.0) 31.3 (27.4–37.7) 30.6 (26.7–37.2) 29.6 (26.1–34.2) 56.197 < 0.001
INR 1.4 (1.2–1.7) 1.3 (1.2–1.6) 1.3 (1.1–1.5) 1.2 (1.1–1.4) 238.756 < 0.001
Serum potassium (mmol/L) 4.3 ± 0.9 4.3 ± 0.9 4.3 ± 0.8 4.3 ± 0.9 10.234 0.017
Serum sodium (mmol/L) 137.3 ± 5.7 137.1 ± 5.6 137.3 ± 5.7 137.6 ± 6.0 5.012 0.171
Serum chlorine (mmol/L) 102.8 ± 6.9 102.3 ± 7.0 102.3 ± 6.8 101.8 ± 6.8 0.833 0.841
Serum calcium (mg/dL) 8.1 ± 1.0 8.3 ± 1.1 8.4 ± 1.0 8.6 ± 0.9 32.410 < 0.001
Glucose (mg/dL) 125.0 (103.0–162.0) 127.0 (103.0–164.0) 130.5 (105.0–167.0) 135.0 (111.0–168.0) 28.440 < 0.001
Serum anion gap (mmol/L) 16.2 ± 5.0 15.7 ± 4.9 15.5 ± 4.4 16.1 ± 4.7 16.765 < 0.001
Bicarbonate (μmol/L) 22 (18–25) 23 (19–26) 23 (20–26) 23 (21–26) 75.878 < 0.001

Vital signs
HR (BPM) 97.9 ± 21.0 97.1 ± 21.9 94.7 ± 20.9 93.1 ± 21.8 3.613 0.306
RR (BPM) 21.6 ± 6.9 21.1 ± 6.6 20.3 ± 6.7 20.2 ± 6.6 2.450 0.484
T (°C) 36.8 ± 0.8 36.8 ± 0.8 36.8 ± 0.9 36.8 ± 0.9 2.518 0.472
MBP (mmHg) 76 (66–87) 78 (67–90) 80 (70–91) 84 (73–97) 12.798 0.005
SpO2 (%) 98 (95–100) 98 (95–100) 98 (94–100) 97 (95–100) 0.604 0.896

Complication 
COPD [n (%)] 74 (7.9) 58 (5.9) 79 (7.9) 43 (4.3) 14.801 0.002
Chronic heart failure [n (%)] 86 (9.2) 75 (7.6) 69 (6.9) 48 (4.8) 14.749 0.002
Diabetes [n (%)] 283 (30.3) 291 (29.5) 274 (27.3) 238 (23.8) 12.267 0.007
Hypertension [n (%)] 336 (36.0) 375 (38.0) 421 (41.9) 445 (44.5) 18.050 < 0.001
HIV [n (%)] 15 (1.6) 15 (1.5) 15 (1.5) 20 (2.0) 1.029 0.794
CCI 9 (7–11) 9 (7–11) 9 (7–11) 8 (6–10) 88.791 < 0.001

Severity score
SAPS II 47 (39–57) 45 (37–56) 44 (35–54) 41 (32–50) 114.215 < 0.001
SOFA 7 (5–10) 6 (4–9) 6 (4–8) 5 (3–7) 148.832 < 0.001

Organ support [n (%)]
CRRT 66 (7.1) 42 (4.3) 44 (4.4) 26 (2.6) 22.687 < 0.001
mechanical ventilation 349 (37.4) 423 (42.8) 455 (45.3) 483 (48.4) 25.316 < 0.001
vasoactive agent 468 (50.1) 460 (46.6) 493 (49.1) 394 (39.4) 27.448 < 0.001

Note: WBC: white blood cell; PLT: platelet; BUN: blood urea nitrogen; PT: prothrombin time; APTT: activated partial thromboplastin time; INR: international 
normalized ratio; HR: heart rate; RR: respiratory rate; MBP: mean blood pressure; COPD: chronic obstructive pulmonary diseases; CCI: chronic disease 
index; CRRT: continuous renal replacement therapy
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Relationship between HRR as a continuous 
variable and the mortality of patients with 
malignant tumors and sepsis 

This study investigated the relationship between HRR 
as a continuous variable and mortality in patients with 
malignant tumors and sepsis using restricted cubic splines. 
The results showed that HRR had a linear and negative 
correlation with 28-day and 365-day mortality in patients 
with malignant tumors and sepsis. Specifically, a higher 
HRR was associated with lower mortality risk in these 

patients (Fig. 3).

Subgroup analysis
To further investigate the relationship between HRR 

and mortality in patients with malignant tumors and 
sepsis, a subgroup analysis was conducted. The results 
showed that there was an interaction between HRR and 
BUN, as well as the SAPS II score (P = 0.010, and P = 
0.048; Fig. 4).

Fig. 2  Kaplan-Meier survival curves of 28-day mortality classified into 
four groups according to HRR level

Table  2  Comparison of outcomes among different HRR groups

Variables HRR ≤ 4.97
(n = 934)

4.97 < HRR ≤ 6.26
(n = 988)

6.26 < HRR ≤ 7.84
(n = 1005)

HRR ≥ 7.84
(n = 999) Statistical value P-value

ICU los (d) 3.0 (1.9–5.8) 3.1 (1.8–5.7) 3.0 (1.9–5.4) 3.1 (1.8–6.3) 1.551 0.670
Hospital los (d) 10.12 (5.8–20.0) 9.7 (5.7–17.1) 9.3 (5.6–15.9 ) 9.1 (5.8–14.9) 13.953 0.003
ICU-mortality [n (%)] 209 (22.4) 194 (19.6) 168 (16.7) 122 (12.2) 37.962 < 0.001
In hospital-mortality [n (%)] 329 (35.2) 308 (31.2) 253 (25.1) 171 (17.1) 91.940 < 0.001
28 d-mortality [n (%)] 378 (40.5) 361 (36.5) 315 (31.3) 208 (20.8) 97.458 < 0.001
365 d-mortality [n (%)] 697 (74.6) 677 (68.5) 587 (58.4) 448 (44.8) 209.314 < 0.001

Fig. 3  Restricted cubic splines of the relationship between HRR and 
mortality in malignancy-associated sepsis patients. (a) HRR and 28-day 
mortality; (b) HRR and 365-day mortality

Table  3  Correlation analysis of HRR and its grouping with mortality in patients with malignant tumor and sepsis in different Cox regression models
Model-I Modle-II Modle-III

HR (95% CI) P value HR (95% CI) P value HR (95% CI) P value
28 d-mortality

HRR 0.9 (0.8–0.9) < 0.001 0.9 (0.8–0.9) < 0.001 0.7 (0.6–0.8) < 0.001
HRR ≤ 4.97 1 1 1
4.97 < HRR ≤ 6.26 0.9 (0.8–1.0) 0.093 0.9 (0.8–1.0) 0.066 1.1 (0.9–1.3) 0.585
6.26 < HRR ≤ 7.84 0.7 (0.6–0.9) < 0.001 0.7 (0.6–0.8) < 0.001 0.9 (0.7–1.3) 0.714
HRR ≥ 7.84 0.5 (0.4–0.5) < 0.001 0.5 (0.4–0.5) < 0.001 0.6 (0.4–1.0) 0.030

365 d-mortality
HRR 0.9 (0.8–0.9) < 0.001 0.9 (0.8-0.9) < 0.001 0.7 (0.6–0.8) < 0.001
HRR ≤ 4.97 1 1 1
4.97 < HRR ≤ 6.26 0.9 (0.8–1.0) 0.004 0.8 (0.8–0.9) 0.002 1.1 (0.9–1.2) 0.472
6.26 < HRR ≤ 7.84 0.7 (0.6–0.7) < 0.001 0.7 (0.6–0.7) < 0.001 0.9 (0.7–1.1) 0.280
HRR ≥ 7.84 0.4 (0.4–0.5) < 0.001 0.4 (0.4–0.5) < 0.001 0.7 (0.5–0.9) 0.008

Note: Model I: no other parameter adjustments were made; Model II: adjusted for gender and age; Model III: adjusted for age, gender, hemoglobin, 
platelets, white blood cells, creatinine, blood urea nitrogen, prothrombin time, international normalized ratio, activated partial thromboplastin time, anion 
gap, bicarbonate, potassium, sodium, hypertension, chronic obstructive pulmonary disease, diabetes mellitus, chronic heart failure, chronic respiratory 
failure, SAPS II, SOFA, and initial vital signs at admission
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Fig. 4  Subgroup analysis
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Discussion

A total of 3926 patients from the MIMIC-IV database 
were included in this study. The results showed that 
among patients with malignant tumors and sepsis, the 28-
day mortality rate was 33.01% (1262/3926) and the 365-
day mortality rate was as high as 61.36% (2409/3926), 
consistent with other studies [29, 30]. The HRR at ICU 
admission is related to the prognosis in patients with 
malignant tumors and sepsis. As HRR levels increase, 
the length of hospital stay, 28-day mortality, and 365-
day mortality of patients with malignant tumors and 
sepsis decrease. Multivariate Cox proportional hazards 
regression analysis showed that after adjusting for potential 
confounding factors, a lower HRR was an independent 
risk factor for 28-day mortality and 365-mortality (P < 
0.05). As a categorical variable, it indicated that compared 
to patients with lower HRR levels (HRR ≤ 4.97 group), 
those with higher HRR levels (HRR ≥ 7.84 group) had a 
significantly lower risk of mortality.

The HRR has emerged as a novel comprehensive 
biomarker for predicting overall and disease-free survival 
in patients with malignant tumors [20]. A low HRR is closely 
associated with a poor prognosis in small cell lung cancer 
[31], and a similar result has been reported in studies on 
non-small cell lung cancer [32]. As a simple, easy-to-obtain, 
and reproducible hematological parameter, HRR can also 
be used for the prognosis in patients with lung large-cell 
neuroendocrine carcinoma [33]. Additionally, HRR levels 
have shown good predictive value for survival among 
patients with gastric cancer treated with neoadjuvant 

[23]. Su et al found that HRR levels were associated with 
disease progression and poor prognosis in upper tract 
urothelial carcinoma [21], and the combination of HRR and 
platelet-lymphocyte ratio could predict the prognosis in 
patients with liver metastases from gastric cancer. Recent 
studies have found that the HRR has excellent predictive 
value for the prognosis in patients with sepsis [34]. A study 
using the MIMIC-IV database found that a low HRR 
was associated with increased all-cause mortality among 
patients with sepsis. Another MIMIC database study found 
that low HRR levels were associated with poor prognosis 
in patients with sepsis-associated encephalopathy [25]. This 
study confirmed that a low HRR at ICU admission was 
associated with an increased risk of mortality. The HRR 
can be used to assess the severity and prognosis in patients 
with malignant tumors and sepsis.

The HRR is a valuable indicator, obtained by calculating 
the Hb/RDW ratio, that can effectively predict the 
prognosis in patients with malignant tumors and sepsis. 
Low Hb levels are usually associated with malnutrition 
and decreased immune response. Low hematocrit and 
anemia are independent risk factors for poor prognosis in 

sepsis [35, 36]. RDW is an essential parameter of complete 
blood count, representing the variability in red blood 
cell counts, and has been widely studied in patients with 
sepsis. A series of studies have confirmed that elevated 
RDW is closely related to the poor prognosis of sepsis 

[37–40]. However, while the HRR can be used to predict 
the prognosis in patients with malignant tumors and 
sepsis, it is not simply a combination of Hb and RDW, 
as these two factors may influence each other in the 
following ways: first, malnutrition usually results in low 
levels of Hb in patients with malignant tumors, and the 
body undergoes an inflammatory response and oxidative 
stress after suffering from sepsis. As a result, both the 
number of red blood cells and the Hb level decrease [41, 

42]. The reduction in Hb shortens the lifespan of red blood 
cells, releases a large number of immature red blood cells 
into the circulation, and leads to an increase in RDW. 
Second, cytokine production induced by oxidative stress 
in patients with sepsis can reduce erythrocyte survival 
time and increase RDW [43]. In summary, the HRR reflects 
changes in both Hb and RDW simultaneously and can 
provide more predictive information than a single 
indicator.

In this study, an interaction between HRR and blood 
urea nitrogen was observed. A low HRR was closely 
associated with a higher risk of mortality in patients with 
BUN levels > 22 mg/dL. This is consistent with a study 
by Huang et al, which found that in patients with septic 
encephalopathy who had a history of dialysis, a low HRR 
was strongly associated with a high mortality risk [25]. This 
study also found an interaction between the HRR and 
SAPS II scores.

This study has several limitations. First, as it was a 
retrospective study, unavoidable bias may have affected 
the authenticity of the research results. Second, owing to 
the lack of data in public databases, some information, 
such as blood gas analysis, was missing. Third, only 
a single HRR level at ICU admission was selected to 
evaluate its relationship with the prognosis in patients 
with malignant tumors and sepsis. Since the impact 
of dynamic changes on the outcome was unable to be 
assessed, dynamic monitoring during hospitalization may 
be more valuable for prognostic prediction in patients 
with malignant tumors and sepsis.

Conclusion 
In summary, early clinical diagnosis and appropriate 

interventions are crucial. The HRR is an effective 
predictor of prognosis in patients with malignant tumors 
and sepsis. Thus, a decrease in HRR could indicate a poor 
prognosis in patients with malignant tumors and sepsis. 
These results should be validated in prospective clinical 
studies.
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Objective  Prostate cancer (PCa) is one of the most common malignancies among elderly males. 
However, effective prognostic biomarkers are currently lacking. Bioinformatic analysis was used to identify 
patients at high risk of biochemical recurrence (BCR). 
Methods  In our study, RNA sequencing and clinical data were downloaded from The Cancer Genome 
Atlas (TCGA) dataset to serve as the training and internal validation sets. The GSE84042 dataset was used 
as the external validation set. Batch effects were removed and normalized for the two datasets using “sva” 
package. Univariate Cox, least absolute shrinkage and selection operator (LASSO) Cox, and multivariate 
Cox regression analyses were successively performed to identify the redox-related gene (RRG) signature. 
After performing univariate Cox, LASSO Cox, and multivariate Cox regression analyses, a signature 
consisting of seven RRGs was established to predict BCR of patients with PCa, which included TP53, ADH5, 
SRRT, SLC24A2, COL1A1, CSF3R, and TEX19. Kaplan-Meier and receiver operating characteristic curve 
analyses showed good performance for the prognostic signature in the training and validation datasets. 
Results  Univariate and multivariate Cox analyses showed that the RRG signature was an independent 
prognostic factor for BCR of patients with PCa. Thereafter, the nomogram results revealed that it was able 
to predict BCR of patients with PCa with high efficiency. 
Conclusion  This study identified an independent prognostic signature and established a nomogram to 
predict BCR in PCa. This signature can be used to identify patients with PCa with a high risk of BCR, and 
personalized treatment can be applied.
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Abstract

Prostate cancer (PCa) is one of the most commonly 
diagnosed urogenital cancers in the elderly (age > 65 
years) [1] and has the second highest male cancer-related 
mortality rate in the United States, accounting for 
approximately 20% of newly diagnosed cases in 2019 
[2]. With advances in diagnosis and therapy, the clinical 
survival of patients with PCa has significantly increased. 
However, 20%–30% of patients experience biochemical 
recurrence (BCR) without clinical or radiographic 
metastases [3]. Without secondary treatment, the interval 

time from BCR to clinical progression is approximately 
5–8 years, and 32%–45% of patients die of PCa within 15 
years [4]. Therefore, a prognostic signature that can predict 
BCR-free survival is of tremendous clinical value.

Redox (reduction and oxidation) reactions are a series 
of reactions that transfer electrons between molecules. 
Redox reactions occur extensively throughout the 
body in response to both endogenous and exogenous 
stimuli. Redox reactions have important physiological 
functions such as transcriptional regulation, direct 
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oxidative modification, regulation of redox-sensitive 
interacting proteins, regulation of redox-sensitive 
modifying proteins, and regulation of protein turnover 
[5]. The homeostasis of redox reactions refers to a 
delicate balance between the generation and removal 
of reactive oxygen species (ROS). Reactive oxidizing 
molecules are strongly oxidizing molecules that include 
free radicals. The excessive accumulation of these 
molecules is called “oxidative stress,” which can destroy 
proteins, DNA and lipid macromolecules, and lead to 
DNA damage, signal transduction abnormalities and 
remodeling of the extracellular matrix [6]. Studies have 
shown that the imbalance of redox reactions is closely 
related to the development of many diseases, such as 
cancer, cardiovascular diseases, diabetes mellitus, and 
neurodegenerative diseases [7–9]. The accumulation of 
ROS has been linked to the occurrence and progression 
of various malignancies such as bladder, breast, liver, 
lung, ovarian, and prostate cancers [10–12]. The possible 
mechanisms of oxidative stress-induced cancers include 
the induction of genomic instability, abnormal epigenetic 
modifications, uncontrolled proliferation of initiated 
cells, and failure of apoptosis [10]. However, no studies 
have explored the association between redox-related 
genes (RRGs) and PCa prognosis.

In this study, The Cancer Genome Atlas (TCGA) and 
Gene Expression Omnibus (GEO) databases were used to 
analyze the association between RRGs and the prognosis 
of patients with PCa. Potential biomarkers were identified 
to improve the clinical outcome of patients with PCa.

Materials and methods

Data acquisition and processing
The RRGs were searched using the Genecard database 

(https://www.genecards.org/), NCBI gene function 
module (https://www.ncbi.nlm.nih.gov/gene/), OMIM 
database (https://www.oncomine.org/resource/), and 
GSEA-MsigDB (https://www.gsea-msigdb.org/gsea/
msigdb) with the keyword “redox,” and 4087 genes 
were obtained. We downloaded the transcriptomic data 
and associated clinical information for 499 PCa tumors 
from TCGA (https://portal.gdc.cancer.gov/), which 
contained 499 tumors and 52 surrounding normal tissues. 
Background correction and normalization of the RNA-
seq data were performed using fragments per kilobase 
million (FPKM) [13]. The patients in TCGA cohort were 
randomly split into training and internal validation 
cohorts. Normalized mRNA expression data of the 
GSE84042 dataset with 73 PCa samples were downloaded 
from the GEO database, and clinicopathological data were 
obtained from the supplementary material of the original 
literature [14]. The GSE84042 dataset was used as the 
external validation cohort. Genes with expression values 

of 0 in more than half of the samples were deleted. The 
batch effect was eliminated by using the “sva” package in 
R (Version 4.1.0).

Construction and validation of RRG prognostic 
signature

To identify prognosis-related RRGs, we used data from 
TCGA cohort to perform univariate Cox proportional 
regression to evaluate the correlation between RRGs 
and BCR-free survival. The RRGs with P value < 
0.00001 were selected, and then the better prognostic 
RRGs were screened by the least absolute shrinkage and 
selection operator (LASSO) regression analysis using 
the “glmnet” package. Finally, a prognostic signature 
was constructed using a multivariate Cox regression 
analysis. In order to reveal the biological functions of 
the selected RRGs, Gene Ontology (GO) and Kyoto Gene 
and Genome Encyclopedia (KEGG) enrichment analysis 
were performed by R packages “ggplot2” with P-value 
of < 0.05. The GO enrichment results are described in 
terms of three aspects: biological process (BP), cellular 
component (CP), and molecular function (MF). The 
following formula was used to compute the risk score of 
each patient: risk score = (exp Gene1 × coef Gene1) + (exp 
Gene2 × coef Gene2) +…+ (exp GeneN × coef GeneN). 
Here, exp represents the expression value of the selected 
genes, and coef represents the computed multivariate Cox 
regression coefficients.

The median risk score of the training cohort was 
used as the cut-off value for the training and validation 
cohorts. Patients were separated into high- and low-risk 
subgroups based on the cutoff values. The prognostic 
capacity of the gene signature was assessed using Kaplan-
Meier curve analysis (using the “survival” package) and 
area under the receiver operating characteristic (ROC) 
curve (AUC) analysis (using the “timeROC” package). In 
addition, the internal validation dataset and GSE84042 
cohort were employed as validation sets to verify the 
stability and correctness of the signature. The risk score 
for each patient in the validation set was calculated using 
the formula described above. Kaplan-Meier and ROC 
curve analyses were also performed on the validation 
set. The prognostic signature results were used to 
perform a principal component analysis (PCA). Statistical 
significance was set at P < 0.05.

Clinical relevance of RRG signature
Clinicopathological parameters including age at 

diagnosis, pathologic T stage (pT), Gleason grade score 
(GGS), and preoperative prostate-specific antigen (PSA) 
levels were used to stratify patients with PCa. Using the 
Kaplan-Meier “survival” package, Kaplan-Meier curve 
analysis was performed to evaluate the prognostic value 
of the signature in different subgroups. In addition, 
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to be significantly related to BCR-free survival (P < 
0.00001). Next, LASSO Cox regression and multivariate 
Cox regression analyses were performed, and seven genes 
were identified: TP53, ADH5, SRRT, SLC24A2, COL1A1, 
CSF3R, and TEX19. The results are shown in Fig. 2 and 3. 
The results of GO and KEGG showed RRGs were mainly 
involved in cellular response to environmental stimulus, 
cellular response to abiotic stimulus and production of 
miRNAs involved in gene silencing by miRNA. Molecular 
functions of the differentially expressed RRGs were 
enriched for protease binding. KEGG analysis showed 
that these RRGs mainly enriched in the pathways of 
PI3K-Akt signaling pathway. The results were showed in 
Fig. 4. The risk score of each patient was calculated as 
follows: Risk score = (–0.3239 × TP53 exp) + (–0.6248 × 
ADH5 exp) + (1.4499 × SRRT exp) + (0.9269 × SLC24A2 
exp) + (0.3841 × COL1A1 exp) + (1.5398 × CSF3R exp) + 
(1.5942 × TEX19 exp). 

Patients were separated into high- and low-risk 
subgroups based on the cutoff values. Kaplan-Meier 
curve analysis of the TCGA training cohort revealed that 
patients in the high-risk group had a worse prognosis 
than those in the low-risk group (P < 0.001; Fig. 5a). The 
AUC under the ROC curve of different time points were 
calculated using the ROC curve. The AUC values for the 
first year were 0.837, 0.754 for the second year, 0.837 for 
the third year, 0.820 for the fourth year, and 0.846 for 
the fifth year, indicating that this model can accurately 
predict the BCR-free survival prognosis of patients with 
PCa (Fig. 5d). The TCGA validation cohort and GSE84042 

we analyzed the differences in the signature-based 
risk score distribution between subgroups stratified by 
clinicopathological parameters. Statistical significance 
was set at P < 0.05.

Construction and validation of a nomogram
To identify independent prognostic indicators for 

PCa related to BCR-free survival, we used univariate 
and multivariate Cox analyses based on the prognostic 
gene signature and clinicopathological data such as age 
at diagnosis and pT, GGS, and PSA values. Then, using 
the “rms” package, we created a nomogram combining 
clinicopathological data and the gene signature to produce 
a quantitative strategy to predict the prognosis of patients 
with PCa. Finally, Kaplan-Meier survival analysis, AUC 
under the ROC curve analysis, and the C-index were 
performed to assess the accuracy and stability of the 
nomogram. The performances of the nomogram and 
clinical models were compared using decision curve 
analysis (DCA). Statistical significance was set at P < 0.05.

Results

Construction and validation of RRG prognostic 
signature

A flowchart of the process used in this study is shown 
in Fig. 1. In TCGA dataset, 429 patients with BCR-free 
survival status and time were collected to construct 
the RRGs signature. After performing univariate Cox 
proportional regression analysis, 19 RRGs were found 

Fig. 1  Flowchart of the procedures performed in the study. TCGA: The Cancer Genome Atlas; PCa: prostate cancer; LASSO: the least absolute 
shrinkage and selection operator; ROC: receiver operating characteristic; RRGs: redox-related genes; BCR: biochemical recurrence
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and PSA levels were 0.803, 0.482, 0.682, 0.720, and 0.654, 
respectively (Fig. 7). This showed that the RRGs signature 
was a better model for predicting BCR of patients with 
PCa.

Clinical relevance of RRG signature
We used the Kaplan-Meier survival analysis of 

different clinicopathological stratifications to investigate 
the relationship between RRG-related prognostic 
signature and clinicopathological characteristics. Except 
for individuals with PSA > 4, the results showed that all 
high-risk groups had worse BCR-free survival outcomes 

cohort were used as validation sets to test the performance 
of the RRG signature. The results of the Kaplan-Meier 
survival analysis revealed that patients in the high-risk 
group had a worse BCR-free survival prognosis than 
those in the low-risk group (P = 0.015 in the TCGA 
validation cohort, Fig. 5b; P = 0.022 in the GSE84042 
dataset, Fig. 5c). The AUC values of the 1st, 2nd, 3rd, 4th 
and 5th years were 0.762, 0.786, 0.849, 0.665, and 0.662, 
respectively, in the TCGA validation cohort (Fig. 5e) and 
0.806, 0.742, 0.684, 0.713, and 0.722, respectively, in the 
GSE84042 dataset (Fig. 5f). The risk score curve, survival 
status, and gene expression heat maps of each patient in 
the TCGA training cohort, TCGA validation cohort, and 
GSE84042 dataset are shown in Fig. 5g–5o. Subsequently, 
the PCA results demonstrated that the RRGs signature 
could effectively distinguish patients with PCa with 
different BCR risks in the training and validation cohorts 
(Fig. 6). In addition, we used ROC analysis to compare 
the clinical performance of the prognostic signature and 
clinical parameters, including age, pT, GGS, and PSA. The 
AUC values of the prognostic signature, age, pT, GGS, 

Fig. 2  Selection of prognostic RRGs by LASSO regression. (a) LASSO coefficient profiles of the prognostic RRGs. (b) Parameter selection in the 
LASSO model. RRGs: redox-related genes; LASSO: least absolute shrinkage and selection operator

Fig. 3  Identification of prognostic RRGs by multivariate Cox regression 
analysis. RRGs: redox-related genes; * P < 0.05, ** P < 0.001

Fig. 4  GO and KEGG enrichment analysis. GO: Gene Ontology; KEGG: 
Kyoto Gene and Genome Encyclopedia; BP: biological process; CP: 
cellular component; MF: molecular function
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Fig. 5  Evaluation of the prognostic performance of the seven-RRG signature in the TCGA training cohort, TCGA internal validation cohort and 
GSE84042 external validation cohort. (a–c): Kaplan-Meier curve analysis in the high-risk and low-risk subgroups of the TCGA training cohort, TCGA 
internal validation cohort and GSE84042 external validation cohort. (d–f): The time-dependent ROC for 1st-, 2nd-, 3rd-, 4th- and 5th-year BCR 
predictions based on the RRG signature in the TCGA training cohort, TCGA internal validation cohort and GSE84042 external validation cohort. (g–o) 
The distribution of survival status, risk scores and expression of prognostic RRGs in the TCGA training cohort, TCGA internal validation cohort and 
GSE84042 external validation cohort
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than the low-risk groups (Fig. 8a–8h). We conclude 
that the RRGs-related prognostic signature could 
predict the prognosis of patients with PCa of different 
clinicopathological stratifications.

In addition, risk scores were compared based on 
clinicopathological status. The results showed that high 
pathological T stage, PSA value, and Gleason score were 
all linked to considerably higher RRG signature risk 
scores. The distribution of risk scores in the subgroups 
divided by age was not statistically different (P = 0.17, 
Fig. 9).

Identification of independent prognostic 
parameters

Univariate and multivariate Cox regression models 
were used to investigate the predictive value of different 
clinicopathological characteristics and RRG signature 
(Fig. 10). In the TCGA cohort, the Gleason score, 
pathological T stage, PSA value, and RRGs signature were 

significantly correlated with BCR-free survival. However, 
multiple regression analysis revealed that Gleason 
score, pathological T stage, and RRG signature were 
independent prognostic factors associated with BCR-
free survival. In the GSE84042 cohort, the pathological T 
stage and the RRG signature were significantly correlated 
with BCR-free survival. After performing multivariate 
Cox regression analysis, these factors were identified as 
independent prognostic factors.

Construction and validation of a nomogram
We established a nomogram as a quantitative approach 

for predicting the prognosis of patients with PCa. In the 
TCGA cohort, the clinical parameters, age, and PSA were 
excluded from the nomogram because of their insignificant 
prognostic value. Gleason score, pathological T stage, 
and RRG signature were used to construct a nomogram 
(Fig. 11a). In both the TCGA and GSE84042 cohorts, the 
median risk score of the TCGA cohort was chosen as the 
cutoff value. The TCGA cohort was separated into high- 
and low-risk groups, and the high-risk group had a worse 
BCR-free survival outcome (P < 0.001; Fig. 11b). Patients 
in the GSE84042 cohort were similarly divided into two 
groups based on the same cut-off value, and the results 
revealed that those in the high-risk group had a worse 
prognosis (P < 0.001; Fig. 11c). Thereafter, we validated 
the clinical usefulness and availability of the nomogram 
using TCGA and GSE84042 cohorts. The AUCs for the 
first, second, third, fourth, and fifth years were 0.816, 
0.775, 0.818, 0.806, and 0.850, respectively (Fig. 11d), 
and the C-index was 0.837 in the TCGA cohort (95% CI: 
0.774–0.0.899, P < 0.0001). The AUCs were 0.919, 0.732, 
0.776, 0.770 and 0.775 (Fig. 11e), and the C index was 
0.808 in the GSE84042 cohort (95% CI: 0.728–0.888, 
P < 0.0001). The DCA curves demonstrated that the 
nomogram model was more effective than the clinical 
model in predicting BCR-free survival in patients with 
PCa (Fig. 11f and 11g).

Fig. 6  The AUCs under ROC for comparing the diagnostic value among 
RRG signature, age, PSA, pT and GGS. AUC: area under ROC curve; 
ROC: receiver operating characteristic; RRG: redox-related gene; PSA: 
prostate specific antigen; pT: pathological T stage; GGS: Gleason grade 
score

Fig. 7  (a) The results of PCA  in the TCGA training cohort; (b) The results of PCA in the TCGA internal validation cohort; (c) The results of PCA  in the 
GSE84042 external validation cohort. PCA: principal component analysis. TCGA: The Cancer Genome Atlas
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Discussion

In our study, we used the TCGA and GEO databases 
to retrieve transcriptome and clinicopathological data. 
Prognostic RRGs were identified by univariate, LASSO, 
and multivariate Cox regression analyses. Next, an RRGs 
signature was created to predict the BCR-free survival 
prognosis of patients with PCa. These genes included 
TP53, ADH5, SRRT, SLC24A2, COL1A1, CSF3R, and 
TEX19. The tumor suppressor gene TP53 plays an 
important role in genomic integrity, cell cycle arrest, and 
other vital signaling pathways [15]. The wild-type TP53 
gene is lost in more than 50% of human cancers, and TP53 
mutations affect half of all metastatic PCa cases [16]. TP53 
status has been shown to predict the clinical prognosis 
of castration-resistant prostate cancer and can be used 
as a biomarker for poor hormonal therapy responses [17]. 
ADH5, also known as S-nitrosoglutathione reductase 

(GSNOR), is a cellular denitrosylase that catalyzes 
the breakdown of SNOs to balance the intracellular 
thiol redox state [18, 19]. Studies have demonstrated that 
dysregulation of ADH5 contributes to diseases such as 
asthma and breast cancer [18]. SRRT, also known as Ars2, 
plays a key role in sodium arsenite resistance [20]. It has 
been revealed that SRRT participates in the proliferation 
and migration of glioblastoma [21]. SLC24A2 is a member 
of the solute carrier (SLC) family and is responsible for 
transporting compounds across biological molecules into 
cells [22]. SLC family members have been demonstrated to 
play roles in the carcinogenesis and prognosis of various 
cancers [23]. COL1A1 participates in the encoding of type 
I collagen and belongs to the collagen family, which 
contributes to intercellular adhesion, cell differentiation 
and components of the extracellular matrix [24]. 
Gene dysfunction plays a critical role in the tumor 
development, metastasis, and prognosis of breast, lung, 

Fig. 8  Kaplan-Meier curve analysis of patients with PCa stratified by different clinicopathological stratifications. (a) Age ≤ 65 years; (b) Age > 65 
years; (c) GGS ≤ 7; (d) GGS > 7; (e) pT: T2; (f) pT: T3–T4; (g) PSA value ≤ 4; (h): PSA value > 4. PCa: prostate cancer; GGS: Gleason grade score; pT: 
pathological T stage; PSA: prostate specific antigen
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and hepatocellular cancers [24–26]. CSF3R is the colony-
stimulating factor 3 receptor, and the encoded protein 
regulates the growth and differentiation of granulocytes 

[27]. A long-term survey revealed that patients with CSF3R 
mutations developed acute myeloid leukemia [28]. TEX19 is 
an orphan gene expressed in adult testes, undifferentiated 
embryonic stem cells, and primordial germ cells [29]. 

TEX19 has an impact on cancer cell proliferation and the 
initiation and prognosis of tumors [30].

We performed Kaplan-Meier and ROC curve analyses 
in the training and testing cohorts based on the RRGs 
signature, and the findings showed that the signature 
had an excellent prognostic ability to identify patients 
with a high risk for BCR. The patients were classified 

Fig. 9  The differential distribution of RRG signature risk scores between subgroups stratified by different clinical parameters and survival status. (a) 
Age; (b) GGS; (c) PSA; (d) pT. RRG: redox-related gene; GGS: Gleason grade score; PSA: prostate specific antigen; pT: Pathological T stage

Fig. 10  Evaluation of independent prognostic factors based on clinicopathological parameters and the RRG signature in the TCGA and GSE84042 
cohorts. (a) Univariate Cox regression analysis and (b) multivariate Cox regression analysis for evaluating independent prognostic factors in the 
TCGA cohort. (c) Univariate Cox regression analysis and (d) multivariate Cox regression analysis for evaluating independent prognostic factors in 
the GSE84042 cohort. RRGs: redox-related genes; TCGA: The Cancer Genome Atlas; PSA: prostate specific antigen; pT: pathological T stage; GGS: 
Gleason grade score
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Fig. 11  The construction and validation of a nomogram. (a) Nomogram for predicting the 1st-, 3rd- and 5th-year BCR-free survival of patients with PCa 
in the TCGA cohort. (b and c) Kaplan-Meier curve analysis of the nomogram between high-risk and low-risk subgroups stratified by the cut-off value for 
the risk scores based on the nomogram model in the TCGA cohort and GSE84042 cohort, respectively. (d and e) The time-dependent ROC for 1st-, 
2nd-, 3rd-, 4th- and 5th-year BCR predictions based on the nomogram model in the TCGA cohort and GSE84042 cohort, respectively. (f and g) The DCA 
curve of the nomogram in the TCGA cohort and GSE84042 cohort, respectively. *: P < 0.05, **: P < 0.001, ***: P < 0.0001; BCR: biochemical recurrence; 
PCa: prostate cancer; TCGA: The Cancer Genome Atlas; ROC: receiver operating characteristic; DCA: decision curve analysis
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based on several clinical characteristics to investigate the 
relationship between the RRGs signature and clinical 
variables. We discovered that the RRGs signature could 
predict the prognosis of patients with PCa, except for 
those with PSA > 4 and that the signature was highly 
linked with clinical prognosis. It is possible that there 
were too few patients with PSA levels of > 4.

Additionally, a nomogram was developed to expand 
the clinical applications of the RRGs signature by 
combining clinical parameters. To verify the accuracy of 
the model in predicting PCa patient prognosis, Kaplan-
Meier survival and ROC curve analyses were applied to 
TCGA and GSE84042 cohorts, and the results suggested 
that the model had good performance and efficiency in 
predicting prognosis.

Gene signatures based on different gene sets have been 
constructed to predict the prognosis of PCa. The Genomic 
Prostate Score (GPS) was based on 12 genes involved in 
PCa aggressiveness and 5 reference genes [31]. This score 
can evaluate the aggressiveness of PCa and help physicians 
to select the best therapy for patients [32]. Furthermore, 
GPS has significant predictive value for PCa recurrence 

[33]. The Prolaris Score is another polygenic genomic assay 
containing 31 genes involved in cell cycle progression that 
was established and confirmed to independently predict 
the BCR of PCa [34]. The Decipher genomic classifier is a 
gene profile comprising 22 genes created at the mRNA 
level to predict early metastasis and disease-specific 
mortality following radical prostatectomy [35].

In summary, our study provides new insights for the 
development of a novel signature based on RRGs to 
predict the clinical prognosis of patients with PCa. It 
has good predictive ability and clinical value and could 
help clinicians screen patients with a high probability of 
BCR and choose better treatment. However, our study 
has some limitations. First, the majority of patients in 
the training and validation cohorts were from North 
America; thus, caution should be taken when using 
the model for other nations. Secondly, the model was 
constructed and validated based on online data and 
should be validated using a prospective clinical cohort. 
However, the regulatory mechanisms underlying these 
prognostic RRGs require further investigation.

Conclusion
We established a novel RRGs prognostic prediction 

model using bioinformatic methods. This RRGs signature 
is an independent prognostic factor for assessing BCR 
survival in patients with PCa and could serve as a method 
for individualized risk stratification of patients with PCa. 
A nomogram was constructed to predict BCR survival, 
which would be useful for selecting personalized 
treatment.
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Objective  The aim of this study was to conduct a security assessment of intraoperative intraperitoneal 
chemotherapy using lobaplatin for advanced colorectal cancer.
Methods  From February 2015 to February 2016, 143 patients with colorectal cancer who underwent 
surgery in our department were selected prospectively. All patients were randomly screened and enrolled 
into the intraperitoneal chemotherapy (IPC) (74 cases) and control (69 cases) groups, depending on the 
distribution of cases in the random table. In the trial group, patients were administered 40 mg lobaplatin 
by intraperitoneal implantation intraoperatively, together with intravenous chemotherapy post-operatively 
using a typical FOLFOX strategy with oxaliplatin, fluorouracil, and leucovorin. In the control group, only 
FOLFOX was administered. Bowel function recovery time, adverse reactions and complications, and pre- 
and post-chemotherapy laboratory examinations were compared. In addition, a 5-year-long follow-up was 
performed.
Results  Recovery times of bowel function were 73.5 ± 9.7 h and 74.8 ± 10.3 h respectively, and the 
difference was not significant (P > 0.05). Wound fat liquefaction was observed in five cases in both groups 
(6.8% vs. 7.2%, P > 0.05). The outcomes of nausea and vomiting (57 cases, 77.0% vs. 50 cases, 72.5%), 
constipation (43 cases, 58.1% vs. 36 cases, 52.2%), and diarrhea (5 cases, 6.8% vs. 5 cases, 7.2%) were not 
statistically significant (all P > 0.05). Indices of white blood cell count, blood platelet count, and hepatorenal 
function were not significantly different (all P>0.05) neither post-operatively nor post-chemotherapy. The 
5-year survival rate was not significantly different between the groups (58.1% vs. 56.5%, P > 0.05).
Conclusion  Intraoperative chemotherapy with lobaplatin for advanced colorectal cancer is safe and 
tolerable.
Key words:  intraoperative intraperitoneal chemotherapy; lobaplatin; colorectal cancer
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Abstract

Chemotherapy can be divided into systemic and loco-
regional therapies, based on the method of administration. 
Intraperitoneal chemotherapy (IPC) is a local application 
that has received increasing attention at home and abroad 
for advanced gastrointestinal malignancies [1-3]. The 
theoretical rationale of IPC was first described in 1978, 
which demonstrated that intraperitoneal administration 
of chemotherapeutic drugs for ovarian cancer led to 
a higher drug concentration and longer half-life in 
the peritoneal cavity than intravenous administration 

[4]. Intraperitoneal chemotherapy presents an exciting 
consequence in the field of gynecological oncology as 
it promotes both progression-free survival and overall 
survival in advanced ovarian malignant tumors [5]. Due 
to this delightful condition, the National Comprehensive 
Cancer Network (NCCN) guidelines now recommend 
IPC for patients with stage III epithelial ovarian cancer 
after optimal debulking surgery [6]. Intraperitoneal 
administration of antitumor drugs is also performed 
in gastrointestinal oncology, and IPC for gastric and 
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rectal cancers has been researched in full swing [7, 8]. IPC 
can expose free tumor cells or residual tumor tissue to 
therapeutic drugs directly and immediately, which would 
not only enhance the anti-cancer efficiency but also relieve 
the systemic adverse reactions due to the peritoneum-
plasma barrier [9]. Currently, a few drugs commonly 
used in IPC primarily include cyclophosphamide, 
platinum, mitomycin, and fluorouracil sustained-
release preparations [10] for abdominal malignant tumors. 
Lobaplatin is one of the third-generation platinum 
drugs, which is used in gynecologic and thoracic 
tumors by serous-cavity injection in lung cancers and 
oophoromas, but few investigations have been conducted 
on gastrointestinal carcinomas. The efficacy of this 
treatment is not known. Hence, security assessment data 
are limited. This study was mainly aimed at observing the 
safety of intraoperative IPC with lobaplatin in advanced 
colorectal cancer, and the 5-year survival rate was also 
observed to speculate whether this strategy plays a role in 
improving survival time. 

Materials and methods

Patients
A total of 143 colorectal cancer patients (Table 1) 

undergoing surgical operations were enrolled in this 
study between February 2015 and February 2016 in the 
Department of Gastrointestinal Surgery, the Affiliated 
Hospital, Southwest Medical University. After signing 
informed consent, they were randomly allocated into an 
experimental group of 74 patients and a control group of 
69 patients, according to the case distribution random ta-

Group A Group B P value
No. of patients 74 69
Gender
  Male 42 (56.8) 40 (58.0) > 0.05  Female 32 (43.2) 29 (42.0)
Age (years) 59.4 ± 10.8 56.9 ± 10.2 > 0.05
Site
  Colon 31 (41.9) 28 (40.6) > 0.05  Rectum 43 (58.1) 41 (59.4)
Stage
  III 68 (91.9) 64 (92.8) > 0.05  IV 6 (8.1) 5 (7.2)
Time (min) 136.8 ± 14.7 134.5 ± 15.8 > 0.05
Operation   
  selection
  Radically 67 (90.5) 63 (91.3) > 0.05  Palliatively 7 (9.5) 6 (8.7)

ble. This study was approved by the Ethics Committee 
of our hospital. Tumor stage classification was performed 
according to the 8th edition of the AJCC Cancer Staging 
Manual [11]. The inclusion criteria were as follows:

(1) The patients had not undergone abdominal surgery 
before, and did not have diabetes, hyperthyroidism, 
hypothyroidism, post-operative hypokalemia, or any 
other diseases that could affect gastrointestinal function. 

(2) Tumors affected or penetrated the serous membrane 
layer and could undergo radical or palliative resection.

(3) Blood indicators met the basic requirement for 
chemotherapy: white blood cell count (WBC) > 3.0 × 109/L, 
blood platelet count (PLT) > 100 × 109/L, hemoglobin (Hb) 
> 100 g/L, and indices of hepato-renal function, such as 
alanine aminotransferase (ALT), aspartate transaminase 
(AST), and creatinine (Cr.) were normal.

(4) The age range was from 55 to 80 years.

Protocol treatment
All the patients underwent surgical resection. The 

operations were performed by the same set of surgeons 
who possessed the necessary qualifications and ample 
experience. Various methods were carried out according 
to the practical situation during the operation, such as left, 
right-half, and transverse colon resection, low anterior 
resection (LAR, Dixon), abdominoperineal resection 
(APR, Miles) for rectal cancers, as well as Hartmann and 
colostomy. 

In the IPC group, 40 mg lobaplatin (Hainan Changan 
International Pharmaceutical Co., Ltd.) was mixed with 
20 mL 5% glucose at room temperature. The mixed 
solution was then extensively infused into the washed 
cavity in the IPC group. In the control group, the same 
quantity of room-temperature 5% glucose, with no other 
composition, was infused into the peritoneal cavity. In 
both groups, the drainage tube was fixed at the proper 
site of the abdominal wall and kept off for 4 to 6 h after 
the operation. As soon as the operated patient exhausted, 
defecated, and could have some liquid diet, he or she 
would receive systemic chemotherapy using the FOLFOX 
scheme with oxaliplatin (Jinghua Pharmaceutical Group 
Co., Ltd.), fluorouracil, and leucovorin ( Jiangsu Hengrui 
Medicine Co., Ltd.), according to the NNCN guidelines 
for colorectal cancer [12].

Observation indices
Immediately after the operation, daily observations 

were conducted including temperature monitoring, 
bowel sound auscultation, exhaust and defecation 
inquiry, and observation of drainage condition. Early in 
the morning before and after intravenous chemotherapy, 
hematological indices, including ALT, AST, and Cr, were 
retested hollowly.

Table  1  The general materials of this 143 patients, [n (%)]

Group A means intraperitoneal chemotherapy group, Group B means
the control group
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were controlled and cured by squeezing the incisions, 
taking out sutures, enlarging the incisions, debriding 
necrotic tissues, draining liquid, and finally placing 
a secondary suture. Fortunately, no IP or systemic 
infections occurred. Some patients in the two groups 
experienced abdominal distension, nausea, and vomiting 
(three cases vs. two cases), and the symptoms disappeared 
after removal of the nasogastric tube one to three days 
after surgery. Five patients (three cases vs. two cases) 
who were not exhausting and defecating five days after 
surgery in the two groups were considered to have bowel 
obstruction. One patient in the therapy group underwent 
exploratory laparotomy because of the invalidation of 
expectant treatments, which ultimately proved to be an 
adhesive intestinal obstruction. However, the rest were 
cured via non-surgical treatments and recuperated three 
to four days after treatment. 

Side effects and adverse reactions (Table 3)
During intravenous chemotherapy in the IPC 

and control groups, there was occurrence of nausea 
and vomiting (57 cases, 77.0% vs. 50 cases, 72.5%), 
constipation (43 cases, 58.1% vs. 36 cases, 52.2%), and 
diarrhea (5 cases, 6.8% vs. 5 cases, 7.2%), and there was 
no statistical significance (all P > 0.05). All of these side 
effects vanished after chemotherapy or were cured by 

Statistical analysis
All data were analyzed using the professional statistical 

software SPSS 20.0. If the data were not normally 
distributed, we used the median (quarterback spacing) [M 
(P25, P75)] for description and using rank and inspection, 
we used an inspection level of α= 0.05. If the data was 
normally distributed, we used the mean ± standard 
deviation (χ ± s) to represent the parametric test using the 
t-test and Fisher’s exact probability method.

Results

Bowel function recovery time
The recovery times of bowel function in the IPC 

and control group were 73.5 ± 9.7 h and 74.8 ± 10.3 h, 
respectively, with no significant difference (P > 0.05). 
The drainage volume was not significantly different until 
the tubes were pulled out (160 ± 20 mL vs. 150 ± 30 mL, 
P > 0.05). Tubes were pulled out after bowel function 
recovery and patients defecated without fistula, and the 
time to abandon the tubes were 96 ± 12 h post-operatively.

Complications of surgery plus IPC (Table 2)
Each group had six cases of incisional fat liquefaction 

(6.8% vs. 7.2%, P > 0.05), some of which developed into 
infection (three cases vs. two cases). These complications 

Table  2  Postoperative complications, [n (%)] 

Group Patients (n) Nausea and 
vomiting Constipation Diarrhea

Poor wound healing 
Bowel obstruction Anastomotic fistula

Fat liquefaction Infection
Group A 74 57 (77.0) 43 (58.1) 5 (6.8) 5 (6.8) 3 (4.1) 3 (4.1) 0
Group B 69 50 (72.5) 36 (52.2) 5 (7.2) 5 (7.2) 2 (4.3) 2 (2.9) 0
Group A means intraperitoneal chemotherapy group, Group B means the control group 

Table  3  Haematological indexes before and after IPC and IV chemotherapy

Group n WBC (× 109/L) PLT (× 109/L) AST (U/L) ALT (U/L) GR (μmol/L)
Preoperative

Group A 74 6.56 (4.7–8.3) 137 (118–183) 22.4 (9.7–29.5) 15.8 (9.3–19.4) 67.1 ± 10.6
Group B 69 6.9 (5.4–7.9) 140 (120–197) 20.2 (11.8–28.4) 16.2 (11.3–21.7) 66.6 ± 9.8
P value > 0.05 > 0.05 > 0.05 > 0.05 > 0.05

Postoperativea

Group A 74 9.3 (8.1–12.9) 135 (128–207)b 27.8 (12.8–33.1)b 31.1 (14.3–38.5)b 50.5 ± 12.4
Group B 69 9.6 (6.7–13.8) 152 (130–217)b 26.2 (13.4–33.6)b 28.2 (15.4–36.2)b 54.9 ± 14.6
P value > 0.05 > 0.05 > 0.05 > 0.05 > 0.05

Post-chemotherapy
Group A 74 5.1 (4.2–6.7) 114 (100–167)b 33.7 (19.7–49.8)b 37.8 (23.2–45.2)b 86.2 ± 10.6b

Group B 69 5.3 (3.8–6.1) 115 (104–171)b 35.6 (22.6–51.1)b 38.2 (24.5–52.1)b 91.4 ± 9.4b

P value > 0.05 > 0.05 > 0.05 > 0.05 > 0.05
Group A means intraperitoneal chemotherapy group, Group B means the control group; a These data were recorded just the day before intravenous 
chemotherapy, that was also pre-chemotherapy; b Compared with preoperative data in each group internally P value < 0.05
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chemotherapy and rinsed repeatedly with distilled water.
IPC is a highly selective regional chemotherapy 

compared with systemic chemotherapy, which has the 
following advantages: [19–23] (1) It can improve the local 
drug concentration remarkably and enhance the lethal 
effect on residual microscopic lesions and cells directly. (2) 
It can strengthen local anti-cancer effects, since IP drugs 
are difficult to transit through the peritoneum-plasma 
barrier, which can also slow down the rapid entry of drugs 
through the peritoneum and portal system. (3) Drugs are 
mostly absorbed into the liver via the portal vein system, 
but only a small part diverts into the systemic circulation, 
thereby relieving systemic toxicity and reaching the 
maximum tolerance dose of chemotherapeutic drugs. (4) 
Drugs can be absorbed through the lymphatic system, 
which plays a positive role in microscopic metastases 
remaining in this system. Because of these specific 
characteristics, IPC has been studied as a third approach 
to prevent the relapse and metastasis of gastrointestinal 
malignancies.

Effective drugs used for IPC must have low peritoneal 
permeability and irritation, strong penetrating power 
into tumoral tissue, fast plasma ablation rate, high water 
solubility, and heavy molecular mass. Lobaplatin (D-
19466) is a diastereomeric mixture of platinum complexes 
containing a stable 1, 2-bis (aminomethyl) cyclobutane 
ligand with lactic acid as the leaving group. Lobaplatin 
influences the expression of the c-myc gene, which is 
involved in oncogenesis, apoptosis, and proliferation. 
Lobaplatin is a third-generation platinum with a heavy 
molecular mass and better peritoneal permeability 
and irritation. Compared with cisplatin, lobaplatin is 
considered less toxic, more soluble, and stable in water 

[24–26]. It possesses the requisite factors to be a useful IP 
anticancer drug. In January 2003, lobaplatin was licensed 
to Hainan Tianwang International Pharmaceutical in 
China [27] and approved for use in clinical anti-tumor 
therapy for lung cancer, breast cancer, and chronic 
myelogenous leukemia by the China State Food and 
Drug Administration (CFDA). Before being approved 
clinically, lobaplatin was investigated in a series of phase 
I and II trials overseas [27–29]. The trials demonstrated that 
lobaplatin was a dose-dependent drug, and it was safer 

symptomatic treatment. In each group, when compared 
with pre-operative levels, the post-operative levels 
of ALT, AST, Cr, WBC, and PLT were significantly 
increased, and the difference was statistically significant 
(P < 0.05). However, the difference between the two 
groups was insignificant (P > 0.05).

Follow-up results (Table 4)
A few patients missed follow-up and died every year 

since the second year post-operatively during the 5-year 
follow-up period. The 1-, 3-, and 5-year survival rates 
were similar, but the differences were not significant (all 
P > 0.05). 

Discussion

The most common reason why intestinal tumors plant, 
metastasize, and recur after operation is that malignant 
cells fall into the abdominal cavity and microscopic 
cancer remains in the cavity [13, 14]. Cancer cells can drop 
into the abdominal cavity when they invade the serosa 
of the intestinal tract as the adhesive force among the 
cells weakens. In addition, they can also come from 
micrometastases in the lymphatic or blood circulation 
system. Exfoliation and spreading of tumor cells can be 
intraperitoneal and transperitoneal and tend to follow the 
circulatory path of the peritoneal fluid. These behaviors 
lead to peritoneal carcinomatosis (PC) or peritoneal 
metastasis (PM), which is detected synchronously during 
primary resection in approximately 5% of patients and 
develops metachronously in 4%–19% of patients with 
colorectal cancer [15–17]. The reported incidence of PC 
at autopsy in patients who died from CRC ranges from 
40% to 80% [15]. In peritoneal carcinomatosis from non-
gynecologic malignancies, including gastric, colorectal, 
and pancreatic cancer, the median survival time is 
less than six months [18]. In China, most patients with 
colorectal cancer are confirmed to be at an advanced 
stage, which means that there might be many more free 
cancer cells and micrometastases existing and/or retained 
in the abdominal cavity. It is impossible to clear all the 
tumor cells, even by accepted radical resection. However, 
most of the cells can be eliminated by perioperative 

Table  4  5-year follow-up data

Time post-
operatively 
(years)

Group A Group B Anastomotic 
fistulaRecurrence/

Metastasis (n)
Loss of

follow-up (n) Death (n) SR (%) Recurrence/
Metastasis (n)

Loss of
follow-up (n) Death (n) SR (%)

1 0 0 0 100 0 0 0 100 > 0.05
2 3 2 4 94.6 2 2 5 92.8 > 0.05
3 14 3 7 85.1 12 3 6 84.1 > 0.05
4 7 2 9 73.0 9 3 9 71.0 > 0.05
5 10 6 11 58.1 8 5 10 56.5 > 0.05



97Oncol Transl Med, April 2023, Vol. 9, No. 2

to administer 5 days of continuous IV push or 72 h of 
continuous pumping every four weeks with doses ranging 
from 30 to 60 mg/m2. The recommended dose was 50mg/
m2, and the maximum tolerated dose was 60 mg/m2. These 
studies also revealed that the most common complication 
was thrombocytopenia, while nausea, vomiting, appetite 
loss, and leukocytopenia were less frequent. 

An increasing number of tumors have been treated 
with lobaplatin since it was permitted in China, and 
abdominal cancers, such as gynecological cancers 
and gastrointestinal cancers, have been treated with 
lobaplatin. As for gastrointestinal tumors, lobaplatin is 
effective and has less side effects [27–33]. The reason why we 
chose lobaplatin as the research object was that this drug 
was much more stable and was verified to be effective, 
with fewer side effects for treating colorectal cancer in 
many trials both in vitro and in vivo [27-33].

This research was a randomized control study. The 
patients who were included strictly agreed with the 
formulated inclusion criteria, and they were randomly 
divided into treatment and control groups. The general 
clinical data had no statistical difference, so they could 
be comparable. The major observation items, which were 
also the probable complications that might be caused 
by IPC and systemic chemotherapy, included post-
operative bowel function recovery complications such 
as abdominal distention, nausea, vomiting, anastomotic 
fistula, infection of incision, and systemic toxic reactions, 
(e.g., abnormalities in liver and kidney function, white 
blood cell count, and platelet count). The main purpose 
was to investigate whether patients could tolerate the 
toxic and side effects and whether any increase in 
adverse reactions would occur when IPC using lobaplatin 
was used at a prescribed dosage. By comparison, we 
found no statistical differences between the two groups 
with respect to intestinal function recovery time, post-
operative complications, and toxic reactions of other 
systems. This suggests that IP lobaplatin does not cause 
any serious complications in patients with advanced 
CRC. Changes in hematologic indices in the investigation 
were considered to be caused by systemic chemotherapy.

These findings suggest that the technique using 
lobaplatin for IPC causes no serious toxic reactions and 
side effects and will not affect the normal recovery 
and systemic chemotherapy process post-operatively. 
However, this study did not compare the differences 
in various surgical procedures, especially radical and 
palliative resections. Although the follow-up data were 
recorded, there were unexpected absent cases. Therefore, 
the data may not be completely accurate. A better follow-
up management mechanism and data-collection system 
are required. Because of the small sample size and the 
limited study items, larger multi-center randomized 
controlled clinical trials should be carried out to explore 

the optimal concentration and dose of lobaplatin on 
treating gastrointestinal malignant tumors that will 
be necessary to cause a significant change. In addition, 
survival time must be considered as an endpoint to 
determine the efficacy of the process.

Conclusion 
Although it cannot improve survival time, 

intraoperative IPC with lobaplatin for elective surgeries is 
safe and tolerant, and when combined with intravenous 
chemotherapy, it does not increase the incidence of 
hepato-renal function damage or induce bone marrow 
suppression or other side effects.
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