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Abstract 

Ovarian cancer (OC) remains one of the most lethal gynecological malignancies, primarily due to its often late-stage 

diagnosis and the development of resistance to conventional therapies. In recent years, significant advancements in 

immunotherapy have highlighted the potential of dendritic cell (DC) vaccines as a novel therapeutic approach. This 

review aims to thoroughly evaluate the current landscape and the future potential of DC vaccinations for OC therapy. 

Recent Studies have provided evidence that DC vaccines can generate specific T-cell responses, thereby enhancing the 

immunogenicity of ovarian tumors. Furthermore, combining DC vaccines with other therapeutic modalities, such as 

checkpoint inhibitors and chemotherapy, has shown considerable promise in overcoming the immune evasion 

mechanisms employed by tumors. However, several challenges remain, including optimizing antigen selection, 

improving DC maturation and migration, and countering tumor-induced immunosuppression. Continued research is 

essential for fully unlocking the potential of DC vaccines in improving outcomes for ovarian cancer patients. 
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Graphical abstract 

Introduction 

Ovarian Cancer (OC), a malignant tumor that develops 

in the ovaries, is often referred to as the "silent killer" 

due to its subtle symptoms and late diagnosis. It ranks 

as the seventh leading cause of cancer-related deaths in 

women and is the deadliest among gynecologic cancers 

(1, 2). Among female patients, ovarian cancer makes 

up 4% of all malignancies and 25% of cancers affecting 

the female reproductive system. It leads to 5% of 

female deaths and more than 50% of deaths caused by 

cancer of the female genital tract. The main types of 

ovarian carcinomas are serous (40%), mucinous (10%), 

endometrioid carcinoma (20%), undifferentiated 

carcinoma (10%), and clear cell tumors  (3). 

Several elements contribute to the prognosis of a 

tumor, including tumor margin, vascular invasion, 

tumor grade and stage, expression of oncogenes, and 

the presence of estrogen and progesterone receptors (3, 

4). Immune cells within the tumor, such as Dendritic 

Cell (DCs), may also serve as a prognostic factor. DCs 

are a rare immune cell population found in tumors and 

lymphoid organs, but they play a central role in 

initiating antigen-specific immunity and tolerance. 

Manipulating DCs has the potential to effectively 

induce anti-tumor immunity (5). DCs play a crucial 

role in the immune system by enhancing immunity or 

inducing tolerance. This is achieved through the 

presentation of antigens to T cells, and the delivery of 

immunomodulatory signals via direct cell-to-cell 

interactions and the secretion of cytokines (6). 

 The functions of DCs are influenced by their capacity 

to sense and respond to environmental stimuli, which 

are detected through various receptors located on the 

cell surface and within the cell for cytokines, pathogen-

associated molecular patterns (PAMPs), and damage-

associated molecular patterns (DAMPs). Recent 

research underscores the unique functions of DC 

subsets in antitumor immune responses, offering 

important insights for therapy and making them a 

promising tool in vaccine development, especially for 

diseases like cancer, infectious diseases, and 

autoimmune disorders (7, 8). To initiate and maintain 

protective anti-tumor immunity, optimal DC function 

is necessary. However, aggressive cancers can 

effectively evade immune control by impairing normal 

DC functions (9). The understanding of DC subsets and 

their functions has predominantly been shaped by 

research in mice; however, there is an increasing 

interest in exploring the biology of human DCs (10,11). 

This article will delve into the primary functions of 

DCs in cancer immunology and examine the potential 

858 



A. Abolghasemi Fard, et al.                                                              Journal of Current Oncology and Medical Sciences 

 

therapeutic strategies involving the targeting of DCs in 

vaccines for patients with OC. Despite all these 

therapeutic advances, approximately 80–85% of the 

advanced-stage patients still relapse, indicating the 

urgent need for novel therapies against OC . 

1 .Ovarian Carcinoma 

Among women, OC ranks seventh in terms of global 

cancer diagnosis, following breast, colorectal, lung, 

endometrial, thyroid, and non-Hodgkin's lymphoma 

(12). Approximately 239,000 new cases and 152,000 

deaths are reported annually (13). Eastern and Central 

Europe record the highest rates, with 11.4 per 100,000 

and 6.0 per 100,000, respectively (6, 13). As a 

worldwide concern, late diagnosis and the absence of 

an effective screening strategy contribute to the 

complexity of the issue. Moreover, newly diagnosed 

cancer is commonly managed through cytoreductive 

surgery and platinum-based chemotherapy (14).   

Three main cell types - epithelial cells, stromal cells, 

and germ cells - are responsible for the formation of 

ovarian tumors, whether they are benign or malignant. 

In developed nations, more than 90% of malignant 

tumors are classified as sex cord-stromal tumors. While 

most epidemiologic research, including this review, 

emphasizes epithelial OC (15). For instance, granulosa 

ovarian tumors are derived from epithelial cells. 

Around 5% to 6% of tumors are cell tumors, like 

thecomas, whereas germ cell tumors, such as teratomas 

and dysgerminomas, make up approximately 2% to 3% 

(13, 16). OC is classified into five distinct histological 

subtypes, each with identifiable risk factors, cells of 

origin, molecular compositions, clinical features, and 

treatments. These subtypes include high-grade serous 

(HGSOC; 70%), endometrioid (ENOC; 10%), clear 

cell (CCOC; 10%), mucinous (MOC; 3%), and low-

grade serous (LGSOC; <5%) (15) (Figure 1)  . 

Among these subtypes, high-grade serous carcinoma is 

the most commonly diagnosed. In contrast, HGSC 

shares similarities with high-grade endometrioid 

carcinoma. Among the less frequent histologies, small-

cell carcinoma is distinguished by its highly aggressive 

behavior, often seen in younger women who are 

diagnosed around the age of 25. The tissue origin of 

this type of cancer remains uncertain. Additionally, 

carcinosarcoma, another type of aggressive cancer, is 

also recognized in certain cases (14, 17). The exact 

cellular origin and pathogenesis of OC are still unclear. 

It is interesting to note that a significant proportion of 

tumors seem to arise from different gynecological 

tissues, primarily affecting the ovary. Studies on 

morphology and genetics have shown that the fallopian 

tube epithelium is the origin of both high- and low-

grade serous neoplasms. Furthermore, endometriotic 

cysts are connected to CCOC and ENOC, while MOC 

is thought to come from transitional cell nests at the 

tubal-mesothelial junction. HGSOC and LGSOC are 

believed to stem from the tubal epithelium, albeit 

through separate pathways (18).
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Figure 1. Two-pathway concept of ovarian cancer development (1).

The presence of serous tubal intraepithelial 

carcinomas, or tubal lesions in the fimbriated end of the 

fallopian tube, show similarities in morphology and 

TP53 signatures to tumors. This suggests that the 

progression of cancer may begin at these tube lesions 

and advance rapidly into the ovary (2-4,18). LGSOC 

tumors are identified across a range that signifies a 

clear progression from benign serous cystadenoma to 

borderline serous tumors and finally low-grade 

carcinoma. The glands of epithelial inclusion, believed 

to have derived from the cystadenoma, are situated in 

the ovary but display traits similar to those of the 

fallopian tube, indicating they may have developed 

from transplanted tubal epithelium (5,16,18). Current 

epidemiological studies on OC are delving deeper into 

the investigation of etiologic factors based on 

histopathologic and molecular subtypes, utilizing the 

approach of "molecular pathological epidemiology." 

The evidence from these studies shows that several risk 

factors have distinct correlations with the primary 

histotypes (7, 18). 

2. Hereditary and Genetic of Ovarian Cancer 

Hereditary OC syndromes appear to be genotypically 

and phenotypically heterogeneous diseases 

characterized by variable clinical courses (18,19,20). 

The role of genetic factors in the pathogenesis of OC is 

well documented. Hereditary OC accounts for at least 

5–15% of ovarian carcinomas (18,19). OC risk is 

influenced by a range of distinct hereditary genetic 

anomalies (3,21); for example, mutations in the 

BRCA1 and BRCA2 genes, which are linked to breast 

cancer, contribute to approximately 90% of OC cases 

in individuals with a family history of hereditary 

breast-ovarian cancer. Individuals with BRCA1 

mutations have a lifetime risk of OC of approximately 

40–50%, while those with BRCA2 mutations have a 

risk of 20–30% (21). Furthermore, alterations in the 

BRCA genes elevate the susceptibility to various types 

of cancer, which include breast cancer, specifically 

BRCA1 and BRCA2 mutations; pancreatic cancer 

linked to BRCA2 mutations; prostate cancer associated 

with BRCA2 mutations; melanoma also connected to 

BRCA2 mutations; and potentially serous endometrial 

cancer related to BRCA1 mutations (7,21). Studies 

have shown that the presence of deleterious mutations 

in BRCA1/2 and other genes involved in repairing 
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double-strand DNA breaks is significantly correlated 

with an increased susceptibility to HGSOC, although 

these mutations can manifest in other subtypes of 

tumors as well  (21, 22). 

 Apart from BRCA1 and BRCA2, there are other 

genetic mutations in genes involved in DNA repair that 

can raise the chances of developing OC, including 

genes within the Fanconi anemia-BRCA pathway like 

RAD51C, RAD51D, BRIP1, BARD1, and PALB2 

(22,23). The presence of inherited mutations in other 

genes involved in DNA repair, namely CHEK2, 

MRE11A, RAD50, ATM, and TP53, may also 

contribute to an increased likelihood of OC 

development  (7, 22, 23). 

Other inherited disorders, such as Lynch syndrome, are 

also responsible for an additional 10–15% of hereditary 

ovarian carcinomas (18,20). The syndrome is 

characterized by the inheritance of a germline mutation 

predominantly caused by mutations in four mismatch 

repair genes (MLH1, MSH2, MSH6, and PMS2), 

representing 65–85% of cases (23,24). Studies have 

provided evidence that individuals with Lynch 

syndrome are more likely to develop endometrioid and 

clear-cell carcinomas in comparison to the expected 

occurrence in cases of sporadic OC (7, 25). Despite the 

involvement of both the BRCA and DNA mismatch 

repair pathways in DNA repair, the specific reasons 

behind the occurrence of cancers in particular organs 

associated with these inherited mutated genes remain 

understudied (26). 

3. Dendritic cells Subsets and Functions in OC 

The prognosis of OC is dependent on a variety of 

factors, including tumor margin, vascular invasion, 

tumor grade and stage, oncogene expression, and 

estrogen and progesterone receptor status (9,26). 

Additionally, the presence of immune cells within the 

tumor, such as DCs, can serve as an additional 

prognostic factor (10,27). Considered the most 

effective antigen-presenting cells, DCs serve as a 

bridge between the immune system of the host and 

tumor cells, reflecting their intricate interaction 

(11,12,27), and despite their limited presence in the 

body, these cells play a crucial role in triggering 

antigen-specific immunity and tolerance, making them 

the predominant cell type (8). 

 DCs are developed from CD34+ hematopoietic stem 

cells situated in the bone marrow. Following this, they 

undergo differentiation into diverse subtypes in the 

peripheral blood and nonlymphoid organs and tissues, 

ultimately reaching maturation in the lymphoid organs 

(13-15). Immature dendritic cells show lower levels of 

toll-like receptors (TLRs), major histocompatibility 

complex (MHC) molecules, costimulatory molecules, 

and adhesion molecules. Consequently, these cells are 

found in peripheral tissues and have restricted antigen-

presenting functions (7, 9, 21).   

TLRs are recognized as the key receptors involved in 

the detection of PAMPs and DAMPs (15,28). Through 

the activation of DCs, PAMPs stimulate the innate 

immune response, which serves as a crucial defense 

against infectious diseases. In the context of tumors, 

DCs are activated in response to DAMPs released by 

tumor cells via TLR signaling (12,16,26). Immature 

DCs respond to chemokine ligands CCL19 and CCL21 

by migrating towards the lymph nodes. The maturation 

of these DCs involves the up-regulation of chemokine 

receptors CCR7 and CCR8, which enhance their 

migration (17). While situated in the lymph nodes, they 

undergo a progressive change into a mature state, 

marked by an elevated expression of MHC I molecules, 

MHC II molecules, costimulatory molecules, and 

adhesion molecules (17,18,28). There are three main 

subsets into which DCs can be divided: conventional or 

classical DCs (cDCs, also called myeloid DCs), 

monocyte-derived DCs (moDCs), and plasmacytoid 

DCs (pDCs) (8,12,14). cDCs can be further classified 

as cDC1, cDC2, and migratory DCs (migDCs) 

(12,13,29) (Figure 2). 
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Figure 2. Dendritic cell and monocyte origin and development (29). 

3.1 cDC1 

cDC1 serves as the primary DC subtype responsible for 

regulating cancer immunotherapy responses by 

activating CD8+ T cells via the antigen cross-

presentation mechanism (9, 13). They are of utmost 

importance in facilitating the early activation of CD4+ 

T cells against tumor-derived antigens via MHC-II, and 

their role in delivering CD4+ T cell assistance to CD8+ 

T cells cannot be underestimated (18.29). However, the 

absence of CDC1s during viral infections disrupts the 

proper differentiation of memory CD8+ T cells, 

resulting in unfavorable outcomes (12, 19). cDC1s are 

also potent in their production of interleukin-12 (IL-12) 

and have the capability to induce NK and CD8+ T-cell 

cytotoxicity as well as the generation of interferon-

gamma (IFNγ) (19). IFNγ contributes to a positive 

feedback loop that increases cDC1-mediated IL-12 

production, ultimately bolstering antigen cross-

presentation  (20). 

3.2 .cDC2 

Classically, cDC2 releases IL-10, IL-12, IL-23, and 

TNF-b to promote the development of CD4+ helper T 

cells (9, 13), particularly T helper type 2 (Th2) (18,28) 

and T helper 17 (Th17) cells (20, 21). These cells are 

distinct from cDC1s and are unable to functionally fill 

in for cDC1 deficiencies (12). Studies have indicated 

that cDC2s can increase the activation of existing 

CD8+ T cells during anti-CD40 therapy (22). The 

understanding of cDC2 functions is obstructed by three 

fundamental hindrances. First, the absence of a 

definitive marker specific to cDC2 poses a challenge in 

elucidating the contribution of cDC2s to tissue immune 

responses in vivo through conditional depletion 

models. Second, a resemblance can be seen in the 

present cDC2 markers and phenotypic characteristics 

with alternative myeloid compartments such as moDCs 

and macrophages, which poses challenges in isolating 

the specific contribution of cDC2s in functional 

inferences compared to other myeloid cells (23,30). 

Third, the cDC2 compartment is known for its 

heterogeneity, housing diverse sub-populations. This 

suggests that each subset within this compartment may 

possess unique functionalities (10, 24, 25). Various 

immune contexts have led to the identification and 

categorization of cDC2 sub-populations, with some 

overlap in their characteristics. To gain a better 

understanding, further investigation is necessary. This 

is especially important for DC vaccines, as targeting 

the most potent cDC2 subpopulation could potentially 

improve patient outcomes compared to targeting the 

entire cDC2 compartment, which may contain some 

anti-inflammatory sub-populations (23, 29, 30). 

3.3. migDC 
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Migratory DCs, also known as migDCs, DC3, 

mregDC, or LAMP3+ DCs, are a unique type of fully 

developed cells that can be found in both cDC1s and 

cDC2s when they detect or absorb antigens (25, 26). 

MigDCs are dendritic cells found in non-lymphoid 

tissues that travel to the tdLN through the lymphatic 

system instead of the bloodstream. In inflammation, 

migDCs loaded with antigen move to T-cell regions in 

LNs to activate CD4+ and CD8+ T cells. They 

upregulate MHC-II and costimulatory molecules and 

secrete inflammatory cytokines to enhance T-cell 

responses (27, 28). 

4. Dendritic Cell Dysfunction in The Tumor 

Microenvironment 

Within OC lesions, there is a notable presence of DC 

infiltration; nevertheless, the infiltrated DCs exhibit a 

decreased efficacy in antigen presentation owing to DC 

tolerance. This tolerance is distinguished by the 

reduced expression of costimulatory molecules on the 

DC cell surface, leading to a compromised antigen-

presenting capability. DCs can assist tumor cells under 

specific conditions (27, 30). In the absence of tumors, 

hematopoietic precursors differentiate into progenitors 

that further specialize into immature DCs. Immature 

DCs mature and specialize in antigen presentation after 

meeting an antigen or "danger signal." Nonetheless, 

differentiation of DCs is commonly disrupted in the 

tumor microenvironment, resulting in a buildup of 

defective and immature DCs. In mouse melanoma, 

tumor-infiltrating DCs contained both myeloid and 

plasmacytoid DC populations (31). Most of these DCs 

appeared immature, but about a third expressed a 

mature phenotype (32).   

DC dysfunction can be impacted by immune 

checkpoint signaling. When PD-1 on T cells interacts 

with PD-L1 on tumor cells, it can lead to the death of T 

cells. PD-1 inhibitors could enhance the antitumor 

effect of DCs in OC (33). Through the release of TGF-

b and PGE2 into the microenvironment, OC cells can 

stimulate the upregulation of PD-L1 in DCs, which 

strengthens their ability to suppress the immune 

response of T cells (33,34). Immunosuppressive cells 

and specific DCs have a direct interaction that affects 

the body's ability to combat tumors. In ovarian 

carcinoma, the interaction between pDCs and 

regulatory T cells (Treg cells) is facilitated by the 

expression of the ICOS ligand, leading to tumor 

progression (34). Additionally, insulin-like growth 

factor (IGF) influences dendritic cells (DCs) in ovarian 

cancer, impacting cell proliferation, protein synthesis, 

and growth through the activation of the RAS-ERK and 

PI3K-AKT pathways. In the presence of IGF, DCs fail 

to mature and secrete higher levels of IL-10 and TNF-

a, considered immunosuppressive factors in the OC 

microenvironment (35, 36). The insulin-like growth 

factor type I receptor (IGF1R) is prominent in OC. This 

receptor has a negative correlation with the 

differentiation of DCs into cDCs. By utilizing IGF1R 

inhibitors, the DC-mediated antitumor effect can be 

rebuilt. This suggests that the IGF axis may be 

responsible for inducing dysfunction in DCs (36,37). 

To conclude, immunosuppressive signals contribute to 

DC dysfunction in OC. By infusing functional DCs into 

the body, they can engage with T cells in lymph nodes 

rather than the tumor microenvironment, potentially 

restoring their ability to present tumor antigens and 

induce antitumor effects  (38, 39). 

5. DCs Vaccine in OC 

Cancer vaccines are divided into various groups based 

on how they deliver the chosen TAAs. These groups 

include cell-based vaccines, peptide/protein vaccines, 

and genetic vaccines (Table 1)  (31, 35). 

5.1 cell-based vaccines 

Cell-based vaccines can use DCs to help connect innate 

and adaptive immunity (40). The goal is to trigger 

cytotoxic T lymphocytes to target and destroy cancer 

cells using tumor antigens (41,42). DCs are essential 

for immunosurveillance, which underscores the 

immune system's vital role in recognizing and 

removing pathogens and cancer cells. However, the 

slow progression of malignancy during its initial 

phases can result in occasional failures of 

immunosurveillance (39). In the early stages, tumors 

can occasionally inhibit an immune response or fail to 

produce the essential signals for immune system 

activation. Cell-based vaccination aims to fix this 

problem by reversing the immune system's lack of 

knowledge about cancer cells  (43). 

 Adjuvant DC vaccines have proven to be effective in 

the long run for people with melanoma, glioblastoma, 

prostate cancer, and renal cell carcinoma. However, it 
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is important to note that these improvements have only 

been demonstrated in a small number of patients (44, 

45). DC vaccination is considered safe and typically 

causes fewer side effects than chemotherapy and ICBs 

(39). Choosing the appropriate DC subtypes is a key 

factor in successful vaccination. The chosen subtypes 

of autologous DC used in vaccine production display 

different levels of antigen-presenting potential, 

potentially influencing the effectiveness of DC 

vaccines. In the study of DC vaccines for tumors, 

scientists select particular DC subtypes from peripheral 

blood cells using apheresis. These subtypes, such as 

MoDCs, cDCs, and Langerhans cell-type DCs, are 

assessed in preclinical and clinical studies (36, 45). 

Various DC subtypes are being targeted to improve 

immune responses against tumors in vaccines that 

target DC within and outside the body, and these may 

vary depending on the cancer types (46,47). To 

manufacture vaccines that target DCs in the body, there 

is no need for apheresis to gather autologous DCs. 

Instead, specific antigens that target receptors on DCs 

are injected directly into the body. For example, the 

vaccine CDX-1401 is formulated to target DEC205+ 

cDC1s in multiple tumors, such as OC. This vaccine 

includes the DEC205 antibody fused with NY-ESO-1 

and a TLR agonist (48, 49). The development of 

vaccines that target DCs externally involves the use of 

peripheral blood cells obtained through apheresis   (50). 

 MoDCs are the preferred subtype for this purpose due 

to the limited number of DCs in peripheral blood cells 

for vaccine production. On the other hand, a larger 

number of DCs can be generated from monocytes when 

cultured in vitro compared to other sources (45). When 

it comes to vaccinations, cDCs are more potent than 

MoDCs in inducing long-lasting and broad immune 

responses. Furthermore, cDCs can enhance the efficacy 

of immune checkpoint inhibitors (51). The presence of 

cDC1, cDC2, and pDC in OC has been previously 

noted. The ratio of cDC and pDC varies in peripheral 

blood, ascites, and tumor sites. Among DC subsets, 

pDC is most frequently found in ascites (40) and tumor 

sites (10), while cDC is more abundant than pDC in the 

peripheral blood (35). This indicates that peripheral 

blood could be a valuable resource for the production 

of DCs (52). Due to the limited number of cDCs 

available for vaccine manufacturing, MoDCs are 

commonly used in clinical studies on DC vaccines (27). 

After isolation from peripheral blood using apheresis, 

mononuclear cells are cultured in vitro with GM-CSF 

and IL-4 for a specific duration. The evaluation of 

markers on DCs, including CD11c+, HLA-DR+, HLA-

ABC+, CD40+, CD80+, CD83+, CD86+, and CCR7+, 

is performed to monitor the cellular composition of the 

DC vaccine (53). However, these markers are not 

effective in distinguishing MoDCs from other DC 

subtypes, resulting in the DC vaccine being a 

combination of DCs and a small proportion of other 

peripheral blood cells (11, 27) (Figure 3). 

5.2 Peptide/Protein-Based Vaccines 

Autologous cancer vaccines, such as DCs or whole 

tumor cells, are limited by the need for patient samples 

and the complex process of making personalized 

vaccines. Recombinant vaccines have an advantage in 

this respect. Peptide- or protein-based vaccines 

typically utilize specific TAAs and are given with an 

adjuvant or immune modulator to enhance uptake by 

DCs (3,53). Many different peptides have been 

experimented within OC to find out if they can target 

HER-2/neu. HER-2/neu is a member of the 

HER/EGFR/ERBB family, and if it's amplified in 

breast cancer, it makes the cancer more aggressive. 

That's why it's an important target for around 20%–

30% of patients (54). The presence of HER-2/neu 

overexpression or amplification has been detected in 

OC cases (19), suggesting it as a potential target for 

cancer vaccination. Nevertheless, studies using HER-

2/neu peptides have not shown any immune response 

(14, 36), and there is no clinical data available (31). The 

most efficient outcomes in OC treatment through 

peptide-based vaccines have been achieved by 

employing a personalized peptide vaccine (PPV). This 

method consists of mixing four peptides (selected from 

a set of 31) that have been tested for immune response 

in every patient and then injecting them subcutaneously 

in Montanide ISA51VG (19, 31, 35). The study 

revealed that platinum-sensitive patients had a median 

survival time of 39.2 months, while platinum-resistant 

patients had 16.2 months. Standard of care patients had 

18–30 months (platinum-sensitive) and 8–12 months 

(platinum-resistant). Notably, PPV not only enhanced 

immune responses to specific peptides but also 

extended to other peptides, resulting in longer survival 

(50). The findings indicated that selecting and 

administering vaccine antigens based on the patient's 
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pre-existing immunity before vaccination could extend 

overall survival in advanced OC patients (55).

 

Figure 3. An overview of dendritic cell vaccination strategies used in ovarian carcinoma. Ag, antigen; HOCl, hypochlorous acid; 

IV, intravenous; IN, intranodal; SC, subcutaneous; ID, intradermal; IC, intracutaneous. 

5.3 Genetic Vaccine 

The use of genetic vaccines, whether they are DNA, 

RNA, or virus-based, can activate the expression of 

chosen TAAs within somatic cells like keratinocytes, 

myocytes, or DCs that infiltrate muscle or skin at the 

vaccination site. This can result in either cross-priming 

or direct antigen presentation to infiltrating T-cells. 

Genetic vaccines make it easy to deliver multiple 

antigens in one immunization, activate different 

branches of immunity, and have a more cost-effective 

and standardized manufacturing process (30). Two 

viral vaccines have been tested for OC: One team is 

concentrating on the "cancer-testis" antigen NY-ESO-

1, which has been integrated into vaccinia (rV) as the 

initial vaccine and fowlpox (rF) as the follow-up 

vaccine. The second genetic vaccine tested for ovarian 

cancer, PANVAC-C + PANVAC-V, is a Poxviral 

vaccine. It involves engineering CEA-MUC1-

TRICOM (B7.1, ICAM-1, LFA-3) into vaccinia 

(PANVAC-V) as the prime and fowlpox (PANVAC-

C) as the booster vaccination (37, 38).  A Phase I 

clinical trial with 25 patients with CEA- or MUC1-

expressing metastatic cancers, including three with OC, 

showed limited clinical activity. Ongoing studies are 

investigating different genetic vaccines for treatment 

(56,57,58). 
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Table 1. Published results from therapeutic vaccines tested in ovarian cancer from 2000 to 2024. 

 

Class 

 

 

 

Name 

 

 

Description 

 

 

Clinical        

Development   

Phase 

 

 

No. of Pts 

(OvCa 

Pts) 

 

 

Clinical Result 

 

Ref 

DCs 

 

 

APCEDEN 

 

DCs loaded with whole-

tumor lysate 

 

Phase II 

 

38 pts (9 

OvCa pts) 

 

No CR observed; 

ORR was 28.9% 

(11/38) and irRC 

was 42.1%  

(35) 

DCVax-L 

 

DCs loaded with 

autologous oxidized tumor 

lysate, combined with 

bevacizumab and 

metronomic Cy 

Pilot 

 

6 OvCa pts 

 

4/6 pts (66%) 

achieved clinical 

benefit (including 2 

PR and 2 SD) 

 

(37) 

OCDC 

 

DCs loaded with 

autologous oxidized tumor 

lysate 

Pilot 

 

5 OvCa pts 

 

2/5 pts (40%) 

demonstrated PFS2 

> PFS1 

(30) 

DC-MFP 

 

DCs loaded with 

mannan-MUC1 fusion 

protein (MFP) 

 

Phase I 

 

 

9 pts 

(2 OvCa 

pts) 

 

2/9 pts (22%) in 

progression at 

entry 

were stable after 

therapy, 

for at least 3 years 

(33) 

DC-wtl 

 

DCs loaded with crude 

whole tumor lysate 

 

Phase I 

 

8 pts 

(6 OvCa 

pts) 

 

Data suggested 

a positive 

correlation 

with disease 

stabilization 

(33) 

Lapuleucel-T, 

Neuvenge, APC 

8024 

 

DCs loaded with BA7072, 

a fusion protein 

HER-2/neu linked to 

GM-CSF 

 

Phase I; 

HER-2+ tumors 

 

18 pts 

(4 OvCa 

pts) 

2/18 pts (11%) had 

SD 

lasting > 48 weeks 

(24) 

HER-2/neu; 

MUC1 

peptides 

 

DCs loaded with synthetic 

peptides derived from 

HER-2/neu or MUC1 

peptides 

 

Phase I; 

HER-2+ or 

MUC1+ tumors 

 

10 pts 

(3 OvCa 

pts), 

HLA-

A*02+ 

 

No data 

 
(24) 

hTERT; 

HER-2/neu; 

PADRE peptides 

 

DCs loaded with synthetic 

peptides derived from 

hTERT; HER-2/neu; 

PADRE 

 

Phase I/II 

 

14 OvCa 

pts, 

HLA-

A*02+ 

 

3 years-OS was 

90%; 

3 years-PFS was 

80% 

(with Cy) 

 

(24) 

WT-1; MUC1; 

CA125 

 

DCs loaded with 

syntheticpeptides derived 

from 

WT-1; MUC1; CA125 

 

Phase II 

 

56 OvCa 

pts 

 

DCR and ORR 

were 29% 

and 3.6%, 

respectively 

 

(35) 

Peptides/ 

proteins 

 

Mixture of 

peptides 

(comparison) 

 

Predesigned peptides vs. 

PPV (personalized peptide 

vaccine); admixed with 

Montanide ISA-51 

Pilot 

 

14 pts 

(5 OvCa 

pts), 

HLA-

A*02+ or 

HLA-

A*24+ 

No clinical 

response 

with predesigned; 

3/5 

cervical cancer pts 

(60%) 

showed objective 

(41) 
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 tumor 

regression 

Mixture of 

different peptides 

 

OvCa-associated peptides 

plus a helper peptide from 

tetanus toxoid protein, 

admixed with Montanide 

ISA-51 and GM-CSF 

 

Phase I 

 

9 OvCa 

pts, 

HLA-

A*01+, 

-A*02+ or 

A*03+ 

One participant 

remained disease-

free at 

19 months after 

active 

treatment 

(41) 

Mixture 

OvCa-associated 

peptides 

 

OvCa-associated peptides 

admixed with Montanide 

ISA-51 and GM-CSF 

 

Pilot 

15 pts 

(8 OvCa 

pts); 

HLA-

A*02+ 

 

With median 

follow-up 

of 492 days, 4 

OvCa pts 

had relapsed and 3 

died 

(expected relapse 

rate 

18–22 mo in 75% 

of pts) 

(42) 

HER-2/neu 

 

Epitope p369–377, 

admixed with GM-CSF 

 

Phase I; 

HER-2/neu++ 

Tu 

6 pts 

(2 OvCa 

pts), 

HLA-

A*02+ 

No data 

 
(42) 

HER-2/neu-ICD 

 

ICD protein, aas 676–

1255, 

His-tagged 

 

Phase I; 

HER-2/neu++ 

Tu 

 

 

29 pts 

(1 OvCa 

pt) 

No data 

 
(45) 

NY-ESO-1 

 

Epitope p157–170, 

admixed with Montanide 

ISA-51 

 

Phase I 

18 OvCa 

pts, 

HLA-

DPB1 

*0401+ or 

*0402+ 

Median PFS of 

19.0 mo 

(vs. 16–18 weeks 

in pts 

receiving 2nd line 

chemo) 

(46) 

NY-ESO-1 OLP 

 

NY-ESO-1 overlapping 

long peptides, +/´ 

Montanide and Poly-ICLC 

 

Phase I 

 

28 OvCa 

pts 

(HLA 

indep) 

 

Pts NY-ESO-1+ 

receiving 

OLP + Montanide 

+ 

Poly-ICLC showed 

delayed time to 

recurrence 

(57) 

NY-ESO-1 protein 

 

NY-ESO-1 protein + 

Montanide + CM-CSF 

+/´ decitabine 

 

Phase I 

 

12 OvCa 

pts 

 

5/10 (50%) pts had 

SD 

(median duration 

6.3 mo), and 1/10 

(10%)had PR 

(duration 5.8 mo) 

(57) 

P53 

 

Wt p53: 264–272 peptide 

admixed with GM-CSF 

and Montanide ISA-51, 

either SC (Arm A) or 

loaded into DCs (Arm B) 

 

Phase II; 

p53++ Tu; 

 

 

21 OvCa 

pts, 

HLA-

A*02:01+ 

 

No significant 

difference 

between arms in 

median 

OS (40.8 mo vs. 

29.6 mo, 

p = 0.26), nor in 

PFS 

(4.2 mo vs. 8.7 mo, 

p = 0.94) 

(68) 

P53-SLP 

 

Ten synthetic peptides 

25–30 aa long overlapping 

peptides (aas 70–248 in 

Phase II 

 

18 OvCa 

pts 

2/18 (11%) of pts 

with 

SD, not clearly 

(35) 
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wt-p53) admixed in 

Montanide ISA-51 

 

(HLA 

indep) 

 

attributable to 

vaccination 

Flt3-L 

 

Truncated glycoprotein 

Flt3-L (Fms-like tyr 

kinase-3-ligand, which 

increases DCs and 

monocytes), either i.p. 

or s.c. 

Pilot 

 

15 pts 

(9 OvCa 

pts) 

 

No objective 

responses 

were observed 

 

(35) 

 
PPV 

 

Personalized peptide 

vaccine: mixture of 4 

peptides (from a panel of 

31) previously tested for 

immunity in each pt, 

admixed in Montanide 

ISA51VG 

Phase II 

42 OvCa 

pts 

(HLA-dep) 

 

Median survival 

time 

(MST) was 39.2 

mo in 

platinum-sensitive 

pts, 

vs. 16.2 mo in 

platinum-resistant 

(58) 

Whole 

tumor 

cells 

 

Fang vaccine, 

Vigil™ Ovarian, 

Gemogenovatucel-

T 

 

Autologous tumor cells 

eletroporated with FANG 

vector, a plasmid encoding 

GM-CSF and a bi-shRNA 

targeting furin convertase, 

thereby downregulating 

TGF-b1 and b2 

Phase I 

 

27 pts 

(5 OvCa 

pts) 

 

23/26 pts (88%) 

showed 

SD at month 2 or 

later 

 

(32) 

Genetic 

vaccines 

 

PANVAC-C + 

PANVAC-V 

 

 

Poxviral vaccine: 

CEA-MUC1-TRICOM 

(B7.1, ICAM-1, LFA-3) 

engineered into vaccinia 

(PANVAC-V) as prime 

and 

fowlpox (PANVAC-C) as 

booster vaccination 

Pilot; 

CEA+ or 

MUC1+ 

Tu 

 

25 pts 

(3 OvCa 

pts) 

 

1 OvCa pt (1/25: 

4%) 

had durable (18 

mo) 

clinical response 

 

(39) 

rV-NY-ESO-1 + 

rF-NY-ESO-1 

 

NY-ESO-1 engineered into 

vaccinia (rV) as prime and 

fowlpox (rF) as booster 

vaccination 

Phase I; 

NY-ESO-1+ Tu 

 

36 pts 

(1 OvCa 

pt) 

 

7/9 pts with stage 

II/IV MEL 

survived 

17–63+ mo 

 

(39) 

Abbreviations: aas, aminoacids; CR, complete response; DCR, disease control rate (SD + PR + CR); irRC, immune-related 

response criteria; mo, months; MST, median survival time; ORR, objective response rate (PR + CR); OS, overall survival; PD, 

progressive disease; PFS, progression free survival; PR, partial response; Pt(s), patient(s); SD, stable disease; TTP, time to 

progression.

6. DCs in the cancer therapy 

DCs have the potential to influence the efficacy of 

cancer therapies currently employed in clinical 

practice. This review delves into the impact that DCs 

can have on the response to such treatments (7). 

6.1 Chemotherapy and DCs 

Traditionally, chemotherapeutic treatments such 

asbortezomib, doxorubicin, epirubicin, idarubicin, and 

Mitoxantrone and oxaliplatin have long been thought 

to provide anti-cancer benefits by either directly killing 

cancer cells or causing a permanent cessation of the cell 

cycle, and these responses depend on DCs (16,59). It 

was believed that chemotherapy could target rapidly 

dividing cells, including immune cells, and cause 

immunosuppression. Many chemotherapy drugs used 

in clinics are not immunogenic or have 

immunosuppressive side effects. They can directly 

inhibit or kill effector cells or indirectly cause energy 

or immune paralysis. As a result, the immune system's 

role in anticancer therapy has been largely ignored 

(18). It is now commonly believed that certain 

chemotherapy drugs and anticancer medications can 

trigger the body's immune system to fight tumors  (19, 

60). 

868 



A. Abolghasemi Fard, et al.                                                              Journal of Current Oncology and Medical Sciences 

 

One way they do this is by making tumor cells more 

visible to the immune system, which leads to an 

immune response against the tumor. This has been 

shown in experiments with mice that have a healthy 

immune system. Additionally, immunogenic cell death 

(ICD) may be induced by specific physical methods 

like UV-C irradiation, hypericin-based photodynamic 

therapy, and high hydrostatic pressure, while certain 

oncolytic viruses possess the intrinsic capacity to 

initiate ICD. These were among the chemotherapeutic 

drugs used in clinical practice: anthracyclines 

(doxorubicin, epirubicin, and idarubicin), 

mitoxantrone, oxaliplatin, CTX, and bleomycin (BLM) 

(29, 60). The efficacy of these stimulants in triggering 

an immune response against tumors relies on the 

development of adaptive stress reactions that facilitate 

the synchronized release of endogenous danger signals 

from apoptotic cells. These signaling molecules, 

referred to as DAMPs, interact with various receptors 

found on dendritic cells to activate the adaptive branch 

of the immune system (61). Multiple DAMPs have 

been identified as characteristic elements of ICD, 

specifically the initial presentation of the endoplasmic 

reticulum (ER) chaperone calreticulin (CRT) and heat-

shock proteins (HSPs) HSP70 and HSP90; the 

spontaneous release of molecules like high mobility 

group box 1 (HMGB1); and the excretion of adenosine 

triphosphate (ATP) (10, 31, 62). In addition, some 

chemotherapy drugs can induce tumor cells to produce 

type I interferons (IFNs). Although type I IFNs are not 

DAMPs specifically, they have strong immune-

boosting effects and are crucial for chemotherapy-

induced cell death to be recognized as immunogenic. 

To conclude, the activation of the immune system is 

supported by DAMPs, as demonstrated in many in vitro 

tumor cell line models and in vivo mouse immunization 

experiments. Recent reports also suggest that 

monitoring DAMPs in cancer patients may have 

prognostic or predictive value (30, 32). 

6.2 Radiation therapy and DCs 

Highly proliferating cells are the preferred targets of 

radiation treatment. While this therapy's primary 

function is to directly kill cancer cells, this explanation 

falls short of explaining the therapy's overall effect on 

tumor growth. Radiation therapy's anti-tumor efficacy 

also involves local bystander effects, such as the 

release of DAMPs and cytotoxic mediators, the 

alteration of the immunological TME, and the in situ 

generation of reactive oxygen species (63, 64). 

Additionally, radiation therapy can generate distant 

effects, referred to as out-of-field or abscopal effects, 

that are correlated with the promotion of systemic 

immune responses against cancer, facilitated by the 

induction of immunogenic cell death and the activation 

of CD8+ T cells by cDC1 Following radiation therapy, 

cancer cells release cytosolic DNA that acts as a 

DAMP, signaling through cGAS-STING to stimulate 

type I interferon production by DCs, thus aiding in 

antitumor immunity (55). However, high radiation 

doses prompt the expression of DNase TREX1, which 

breaks down cytosolic DNA, limiting interferon 

production and the immunostimulatory impact on 

cDC1s (54). 

6.3 Small-molecule inhibitors and DCs 

Small-molecule inhibitors have been developed to 

target important oncogenic signaling pathways such as 

STAT3 and mitogen-activated protein β-catenin 

signaling (26). These pathways are associated with 

decreased cDC1 tumor infiltration and a lack of 

response to immune checkpoint blockade therapy. 

Nevertheless, the transfer of preactivated in vitro-

generated cDC1-like cells with poly(I:C)5 was 

effective in reversing this non-responsiveness (8). 

Moreover, the combination of vaccination with 

naturally existing cDC1s loaded with immunogenic 

cell death-derived whole tumor antigen and anti-PD1 

treatment reveals a synergistic outcome. The synergy 

between TLR-induced activation of DCs and ICB can 

be heightened by FLT3L-induced expansion of DC 

populations. Recent discoveries suggest that cDC1 is 

vital for cross-priming, as evidenced by WDFY4-

deficient mice being incapable of rejecting 

immunogenic tumors due to a defect in a vesicular 

transport pathway necessary for cross-presentation (18, 

32). Enhancing the function of DCs may result in 

improved and expanded responsiveness to ICB 

regimens. Both cGAS and STING are crucial for 

intrinsic antitumor immunity and effective responses to 

anti-PDL1, with DCs playing a key role in mediating 

these responses. (33). The activation of type I 

interferons to stimulate cDC1s can potentially improve 

the response to anti-PDL1 treatment, indicating a 

potential requirement for the activation of tumor DCs 

to support effector T cell activity triggered by ICB. 
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Enhancing the production of chemokines like CXCL9 

and CXCL10 by DCs, possibly through epigenetic 

modifications, may also enhance the efficacy of ICB 

therapy (32, 34). 

7. Safety of Dendritic Cell Vaccines 

The safety of DC vaccines has generated significant 

interest due to their potential to modify immune cell, 

cytokine, and chemokine levels in the body. 

Thankfully, most OC patients involved in clinical 

studies have responded well to DC vaccines. Most 

reported side effects are grade 1 or 2 and include 

common symptoms like local skin reactions, fatigue, 

pain, flu-like symptoms, muscle aches, fever, nausea, 

and vomiting (32). Numerous studies have reported 

serious toxicity associated with DC vaccines, 

especially when used in combination with other 

treatments. During the phase II trial of a p53 peptide 

cancer vaccine and DC vaccine, every one of the 21 

patients encountered a localized skin response. Among 

the participants who were administered a combination 

DC vaccine containing p53 peptide, a minimum of 3 

patients documented lymphopenia and fatigue (32). 

Additional toxicities related to the grade III/IV vaccine 

consist of increased ALT and AST levels, fever, 

hypocalcemia, memory impairment, and rigors (53). It 

is important to highlight that notable toxicity was 

connected to the IL-2 treatment in the subgroup 

examination of this research. This was noted during a 

phase I clinical trial of the DC vaccine for the 

maintenance therapy of ovarian carcinoma (39, 40). 

Additionally, two patients suffered from hypertension. 

More evidence is necessary to determine if these 

toxicities are related to DC vaccines in OC patients 

undergoing chemotherapy. To conclude, DC vaccines 

are usually well tolerated, but combining them with 

chemotherapy or immunotherapy should be done 

carefully (Table 2) (23, 65,66). 

Table 2. Issues and challenges in cancer vaccine 

development (35). 

 

 

 

 

Issues  Challenges 

Personalised 

vaccination 

(e.g., patient 

tumour/ 

immune cells) 

 

A. Development of a robust and 

standardisable vaccination 

platform technology 

Poor/undetectable immune 

response                                                       

B. Generation of a strong 

immune response against tumour 

antigens without inducing 

unwanted auto-immune reactions 

Immune 

tolerance and 

tumour escape 

 

A. Counteract mechanisms of 

immune evasion by cancer 

B. Absence of efficacy 

biomarkers 

C. Establishment of immune 

surrogates of anti-tumour 

efficacy 

Immunotherapy 

as single 

agent 

 

A. Development of rational 

combination therapies 

B. Efficacy driven by tumour 

shrinkage endpoint 

C. Design clinical trials that 

incorporate new concepts of 

immune-related response criteria 

Self-limited 

immunity 
 

A. Maintenance of anti-tumor 

immune response over time 

 

8. Future of the DC Vaccines 

DC vaccines have exhibited promise in the realm of 

immunotherapy for ovarian carcinoma. However, there 

exists untapped potential that necessitates exploration 

through the use of new technologies, cohort studies, 

and biomarkers. Tumor immunosuppressive signals 

have been found to impair dendritic cells, leading to 

compromised immunological function and 

metabolism, thereby resulting in issues related to 

antigen presentation and tumor growth (40). The rise in 

popularity of personalized DC vaccines can be 

attributed to their effectiveness in activating T cell 

responses that target tumor antigens specific to 

individual patients, facilitated by next-generation 

sequencing and bioinformatics analysis. Nonetheless, 

challenges such as complex preparation techniques, 

limited tumor samples, and difficulties in selecting 

tumor antigens need to be addressed. While clinical 

experiments have validated the safety of DC vaccines, 
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their efficacy varies depending on the manufacturing 

technique and study strategy. The identification of an 

ideal biomarker is essential in this context (41). 

Conclusion 

Advances in cancer immunotherapy, notably for 

ovarian carcinoma, have demonstrated their 

significance in the battle against cancer. Cykine 

therapy, peptide vaccines, monoclonal antibodies, 

dendritic cell-based vaccines, adoptive T cell transfer, 

immune checkpoint inhibitors, and various 

nanoparticles are all being studied for ovarian cancer 

treatment. Combining these tactics with individual 

therapy can help boost the immunological response. 

However, there is still potential to enhance treatment 

options, such as by studying tumor biology, immune-

suppressive networks, and immunomodulatory 

techniques. Polymeric and lipid-based nanoparticles 

are being created to deliver antigens, immune 

stimulants, and immunoadjuvants in a sustained-

release manner. More research is needed to create 

accurate biomarkers and successful treatment 

combinations. 
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Abstract 

Introduction: Bloodstream infections (BSIs) in cancer patients are associated with high morbidity and mortality. While 

common pathogens are well-studied, the role of saprophytic bacteria in BSIs among this population is less understood. To 

investigate the prevalence and clinical significance of saprophytic pathogens causing BSIs in cancer patients at a tertiary 

care center. 

Materials and Methods: This retrospective study included all 200 consecutive adult cancer patients with suspected 

sepsis over four months. Blood cultures were processed on an automated BACTEC system. Subculture and identification 

were performed using standard microbiological techniques and the Vitek 2 system. Antimicrobial sensitivity was 

performed as per CLSI guidelines. 

Results: The blood culture positivity in these patients was 79% (158/200). Of the 158 positive blood cultures, 10.1% 

(16/158) were saprophytic pathogens. These included Enterococcus avium, Sphingomonas paucimobilis, Actinomyces 

meyeri, Kodamaea ohmeri, Elizabethkingia meningoseptica, Aeromonas hydrophila, Achromobacter xylosoxidans, 

Stenotrophomonas maltophilia, Pantoea dispersa, and Burkholderia pseudomallei. The overall 30-day mortality rate for 

patients with saprophytic pathogen BSIs was 20%. 

Conclusion: Saprophytic bacteria have gained recognition as possible human pathogens, especially in 

immunocompromised patients including cancer patients. Such high-risk patients should be put on empiric antibiotics to 

improve patient outcomes till the time clinical significance is established. 

Keywords: Bloodstream infection, Saprophytic organism, Cancer patients 
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Introduction 

Bloodstream infections (BSIs) remain a significant 

cause of morbidity and mortality in cancer patients, 

with mortality rates ranging from 18% to 42% (1-3). It 

has been known for decades that the fundamental cause 

of the life-threatening organ damage seen in sepsis is 

not the direct result of the invading organisms but 

rather the host response to infection(1,2). Additionally, 

patients who survive sepsis endure long-term physical, 

psychological, and cognitive impairment, known as 

post-sepsis syndrome (3,4). 

Blood culture remains the gold standard for diagnosing 

BSI. While common pathogens like Klebsiella 

pneumoniae and Escherichia coli are well-recognized 

in this setting, the role of saprophytic bacteria in 

causing BSIs among cancer patients is less 

understood(5-7). 

The immunocompromised state of cancer patients, 

coupled with frequent hospitalizations and invasive 

procedures, creates a unique environment where 

typically non-pathogenic organisms can cause severe 

infections(8-12). A recurring challenge in clinical 

practice is distinguishing true pathogens from 

colonizers and contaminants in blood cultures. This 

study aimed to investigate the prevalence and clinical 

significance of saprophytic pathogens causing BSIs in 

cancer patients in a large tertiary care center 

Material and methods 

This retrospective study was carried out over four 

months, from January to April 2023 at one of the large 

tertiary care referral center. A total of 200 consecutive 

patients (age ≥ 18 years) with a confirmed diagnosis of 

cancer presenting with signs and symptoms of 

bloodstream infection were included in the study. Non-

cancer patients or cancer patients with polymicrobial 

bloodstream infections or where the clinical 

significance of the isolate could not be determined were 

excluded from the study. 

As a routine hospital protocol, venous blood was taken 

aseptically from patients clinically suspected of having 

bloodstream infections. The blood was inoculated 

aseptically into the automated blood culture bottle and 

incubated using the BACTEC system. Once flagged 

positive, the blood culture bottles (PBC) were 

processed using standard microbiological techniques. 

Briefly, direct gram staining was done from PBC along 

with subculture on blood agar and MacConkey agar. 

The plates were incubated at 37°C, and the next day 

growth was observed. The colonies were identified by 

colony characteristics, gram stain, and biochemical 

reactions. Identification was confirmed by the Vitek 2 

system (Biomerieux, France). Antimicrobial 

susceptibility testing was carried out by the Vitex 2 

system as well as manually using the disk diffusion 

method and the antibiotics tested were chosen either 

from the CLSI guidelines or the available literature 

where CLSI guidelines was not available. 

Statistical Analysis: Descriptive statistics were used to 

summarize patient demographics and clinical 

characteristics. Categorical variables were presented as 

frequencies and percentages. Continuous variables 

were expressed as means and ranges. Fisher's exact test 

was used to compare mortality rates between groups. A 

p-value <0.05 was considered statistically significant. 

All analyses were performed using SPSS version 25.0 

(IBM Corp., Armonk, NY). 

Data Collection and Analysis: Clinical data including 

patient demographics, cancer type, presenting 

symptoms, and treatment outcomes were collected 

from medical records. The frequency of saprophytic 

pathogens was calculated as a percentage of total 

isolates. 

The data for this study were collected as part of routine 

clinical care and were fully anonymized. It is essential 

to highlight that all patient data were de-identified to 

maintain confidentiality. Personal identifiers were 

removed prior to data analysis, and no identifiable 

information was used in the study. This approach 

ensured compliance with patient privacy regulations 

and ethical standards. There was no ethical 

consideration regarding the study. 

Results 

Out of 200 patients, 60 (30%) were female and 140 

(70%) were male. The mean age was 52 years (range: 

18-75 years). The most common cancer types were 

colorectal (25%), lung (20%), and hematological 

malignancies (15%)  as shown in Figure 1. 
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Figure 1. Symptoms prevalence. 

A total of 158 organisms were isolated from 200 

patients, indicating a culture positivity rate of 79%. 

Common pathogens such as Klebsiella pneumoniae, 

Acinetobacter baumannii, Escherichia coli, 

Enterococcus spp, and Staphylococcus aureus 

accounted for 142 (89.9%) of isolates, while 16 

(10.1%) isolates were identified as saprophytic 

pathogens. This included Enterococcus avium, 

Sphingomonas paucimobilis, Actinomyces meyeri, 

Kodamaea ohmeri, Elizabethkingia meningoseptica, 

Aeromonas hydrophila, Achromobacter xylosoxidans, 

Stenotrophomonas maltophilia, Pantoea dispersa, 

Burkholderia pseudomallei as shown in table 1. 

The most common presenting symptoms were fever 

(100%), chills (75%), and fatigue (60%). Neutropenia 

was present in 40% of cases. The overall 30-day 

mortality rate for patients with saprophytic pathogen 

BSIs was 20%, compared to 18% for those with 

common pathogens (p=0.42, Fisher's exact test) 

(Figure 2). 

 

Figure 2. Mortality Rate. 

Table 1. Demographic and Clinical Characteristics of 

Patients with Saprophytic Pathogen BSIs. 

Pathogen 
Number of 

Cases 

Mortality 

Rate (%) 

Enterococcus avium 1 0 

Sphingomonas 

paucimobilis 
2 50 

Actinomyces meyeri 1 0 

Kodamaea ohmeri 1 100 

Elizabethkingia 

meningoseptica 
2 0 

Aeromonas hydrophila 2 0 

Achromobacter 

xylosoxidans 
2 0 

Stenotrophomonas 

maltophilia 
2 0 

Pantoea dispersa 1 0 

Burkholderia 

pseudomallei 
2 50 

 

Enterococcus avium (7-12) 

A 60-year-old male with metastatic colon cancer on 

chemotherapy presented with fever, lethargy, and 

unresponsiveness. Blood tests showed leukopenia and 

thrombocytopenia with elevated lactate levels. Blood 

cultures revealed Enterococcus avium, sensitive to 

ampicillin, vancomycin, and linezolid, but resistant to 

high-level gentamicin, ciprofloxacin, levofloxacin, and 

erythromycin. Vancomycin was administered, 

resulting in clinical improvement and resolution of 

fever over 7 days. Enterococcus avium is a rare 

pathogen in humans, often found in birds, and requires 

prompt diagnosis and treatment, especially in 

immunocompromised patients. 

Sphingomonas paucimobilis (13-17) 

Case 1: A 37-year-old male with metastatic pancreatic 

cancer had a fever and chills. Sphingomonas 

paucimobilis, sensitive to ciprofloxacin, ceftazidime, 

ceftriaxone, meropenem, and imipenem, was isolated 

from blood cultures. Treatment with ceftriaxone led to 

clinical improvement and sterile follow-up cultures. 
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Case 2: A 20-year-old male with meningioma 

presented with fever and headache. Blood culture grew 

Sphingomonas paucimobilis, sensitive to ceftazidime 

and ceftriaxone but resistant to ciprofloxacin, 

meropenem, and imipenem. The patient succumbed to 

septicemia despite ceftriaxone treatment. 

Actinomyces meyeri (18-19) 

A 46-year-old woman with cervical cancer on 

chemotherapy presented with fever and hypotension. 

Blood culture initially showed no growth but later 

identified Actinomyces meyeri. Sensitive to penicillin, 

ciprofloxacin, and amoxicillin-clavulanic acid, she was 

treated with penicillin but left the hospital against 

medical advice after 3 days of worsening condition. 

Actinomyces meyeri is a rare pathogen, typically part of 

polymicrobial infections, and is often underdiagnosed. 

Kodamaea ohmeri (20-22) 

A 28-year-old male with colorectal adenocarcinoma 

and traumatic pancreatic injury presented with 

abdominal distention, poor appetite, and weight loss. 

Kodamaea ohmeri, sensitive to amphotericin B, 

itraconazole, and voriconazole but resistant to 

fluconazole, was isolated. Despite voriconazole 

therapy, the patient’s condition deteriorated rapidly, 

leading to death. Kodamaea ohmeri is an emerging 

opportunistic pathogen with high mortality rates. 

Elizabethkingia meningoseptica (23-24) 

Case 1: A 58-year-old male with meningioma had a 

fever and weakness. Elizabethkingia meningoseptica, 

sensitive to ciprofloxacin, amikacin, and minocycline, 

was isolated. Ciprofloxacin treatment led to significant 

clinical improvement. 

Case 2: A 63-year-old male with metastatic lung cancer 

had respiratory symptoms and fever. Blood culture 

grew Elizabethkingia meningoseptica, sensitive to 

ciprofloxacin and resistant to gentamicin. 

Ciprofloxacin treatment resolved symptoms and 

follow-up cultures were negative. Elizabethkingia 

meningoseptica is an emerging nosocomial pathogen 

often associated with high mortality in cancer patients. 

Aeromonas hydrophila (25-26) 

Case 1: A 62-year-old male with chronic lymphoid 

leukemia presented with fever and dizziness. 

Aeromonas hydrophila, sensitive to multiple 

antibiotics, was treated with meropenem, leading to 

symptom resolution. 

Case 2: An HIV-positive patient with colorectal cancer 

and a recent leg injury presented with fever and 

elevated leukocytes. Aeromonas hydrophila, sensitive 

to multiple antibiotics including trimethoprim-

sulfamethoxazole, was treated successfully. 

Aeromonas hydrophila is increasingly recognized as a 

significant pathogen in immunocompromised patients. 

Achromobacter xylosoxidans (27-28) 

Case 1: A 64-year-old male with colon cancer and a 58-

year-old female with pancreatic cancer, both with type 

2 diabetes, presented with fever and chills. 

Achromobacter xylosoxidans, sensitive to 

ciprofloxacin, was isolated. Both patients responded 

well to ciprofloxacin treatment. Achromobacter 

xylosoxidans can cause significant infections, 

particularly in immunocompromised individuals. 

Stenotrophomonas maltophilia (29-30) 

Case 1: A 67-year-old male with sigmoid 

adenocarcinoma had persistent fever and cough. 

Stenotrophomonas maltophilia, treated with 

trimethoprim-sulfamethoxazole and levofloxacin, 

showed clinical improvement. 

Case 2: A 60-year-old male with glioblastoma 

presented with fever and altered mental status. 

Stenotrophomonas maltophilia was treated with 

trimethoprim-sulfamethoxazole and ceftazidime with 

gradual improvement. Stenotrophomonas maltophilia 

is challenging to diagnose and manage but responds 

well to trimethoprim-sulfamethoxazole. 

Pantoea dispersa (31) 

A 35-year-old chronic alcoholic with liver cirrhosis 

presented with abdominal pain, fever, and vomiting. 

Pantoea dispersa, sensitive to minocycline, was treated 

effectively, leading to the resolution of symptoms. 

Pantoea dispersa, while less virulent, can cause 

significant infections in immunocompromised 

individuals. 

Burkholderia pseudomallei (32-34) 

Case 1: A 57-year-old male with colon cancer 

improved significantly with imipenem therapy after 

isolation of Burkholderia pseudomallei. 
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Case 2: A 43-year-old female with pulmonary 

tuberculosis and ovarian cancer succumbed to septic 

shock despite aggressive treatment. Burkholderia 

pseudomallei, endemic to tropical regions, poses a high 

mortality risk and highlights the need for early 

detection and preventive measures. 

This study shows that saprophytic pathogens account 

for a notable proportion of bloodstream infections in 

cancer patients, emphasizing the need for accurate 

identification and targeted treatment, particularly for 

high-mortality organisms like Kodamaea ohmeri and 

Burkholderia pseudomallei. 

Discussion 

Our study reveals that saprophytic pathogens account 

for a significant proportion (10.1%) of bloodstream 

infections (BSIs) in cancer patients, highlighting the 

importance of considering these organisms in the 

differential diagnosis of BSIs, especially in 

immunocompromised hosts. This finding is consistent 

with recent literature that has increasingly recognized 

the role of opportunistic pathogens in causing severe 

infections in vulnerable populations (1,2). 

The prevalence of saprophytic pathogens in our study 

(10.1%) is slightly higher than that reported by Rega et 

al (6), who found a 7.5% prevalence of unusual 

bacterial isolates in BSIs among Ethiopian cancer 

patients (3). This difference might be attributed to 

variations in geographical location, patient population, 

or improvements in diagnostic techniques. Our 

findings underscore the need for clinicians to maintain 

a high index of suspicion for atypical pathogens in 

cancer patients presenting with signs of BSI. 

Of particular note was the isolation of Kodamaea 

ohmeri and Burkholderia pseudomallei, both 

associated with high mortality rates. K. ohmeri, once 

considered a benign organism, has emerged as an 

opportunistic pathogen capable of causing invasive 

infections in immunocompromised individuals (4). 

Similarly, B. pseudomallei, the causative agent of 

melioidosis, is increasingly recognized as a significant 

threat to immunocompromised patients, particularly in 

endemic regions (5). These findings align with recent 

global surveillance data that highlight the growing 

importance of emerging pathogens in healthcare-

associated infections (6). 

Our statistical analysis revealed no significant 

difference in 30-day mortality rates between patients 

with saprophytic pathogen BSIs and those with 

common pathogens (20% vs. 18%, p=0.42). This 

finding is intriguing and contrasts with some previous 

studies that have reported higher mortality rates 

associated with unusual pathogens (7,8).  

The successful treatment of some cases with targeted 

antimicrobial therapy in our study demonstrates the 

importance of prompt and accurate identification of 

these pathogens. This observation is supported by 

recent literature emphasizing the critical role of rapid 

diagnostics and appropriate antimicrobial stewardship 

in managing BSIs, particularly those caused by unusual 

pathogens (9,10) 

Our study also highlights the challenges in 

distinguishing true pathogens from colonizers or 

contaminants, particularly in the case of saprophytic 

organisms. This dilemma is well-recognized in clinical 

microbiology and emphasizes the need for careful 

interpretation of blood culture results in the context of 

the patient's clinical presentation (13,14). The 

implementation of clinical decision support systems 

and machine learning algorithms shows promise in 

aiding clinicians in this complex decision-making 

process (15). 

The high rate of neutropenia (40%) observed in our 

cohort of cancer patients with BSIs is consistent with 

previous studies and underscores the vulnerability of 

this population to opportunistic infections (16,17). 

Recent research has focused on strategies to prevent 

and manage infections in neutropenic cancer patients, 

including the use of prophylactic antimicrobials and 

immunomodulatory agents (18,19). Our findings 

support the need for tailored approaches to infection 

prevention and management in this high-risk group. 

While our study provides valuable insights into the 

prevalence and clinical significance of saprophytic 

pathogens in cancer-associated BSIs, it has several 

limitations. As a single-center study with a relatively 

small sample size, particularly for saprophytic 

pathogen infections, the statistical power of our 

comparisons is limited. This may have prevented us 

from detecting significant differences in outcomes 

between groups. Additionally, the short duration of the 
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study precluded analysis of seasonal variations in 

pathogen distribution and potential confounding 

factors that may influence patient outcomes. These 

limitations highlight the need for larger, multi-center 

studies with longer follow-up periods to more 

comprehensively characterize the epidemiology and 

clinical impact of saprophytic pathogen BSIs in cancer 

patients. 

Despite these limitations, our study contributes to the 

growing body of evidence highlighting the importance 

of saprophytic pathogens in BSIs among cancer 

patients. The findings underscore the need for 

heightened awareness among clinicians, improved 

diagnostic strategies, and tailored antimicrobial 

approaches for managing these infections. Future 

research should focus on developing rapid diagnostic 

tools specifically targeted at identifying unusual 

pathogens, as well as exploring novel therapeutic 

strategies for managing infections caused by these 

emerging organisms. 

Conclusion 

Our study demonstrates that saprophytic pathogens 

account for a significant proportion (10.1%) of BSIs in 

cancer patients, with no statistically significant 

difference in mortality rates compared to common 

pathogens(1-6,25). These findings underscore the 

importance of considering these organisms in the 

differential diagnosis of BSIs, especially in 

immunocompromised hosts. Further large-scale, 

multicenter studies are needed to better understand the 

epidemiology and clinical impact of saprophytic 

pathogen BSIs in cancer patients. 

In the present study, the patients were started on early 

empiric therapy and almost 75% of the patients 

responded to the treatment. The response to treatment 

in the present study reiterates that the presence of 

saprophytic bacteria from cases of BSI should not be 

ignored in cancer patients. It would be worthwhile to 

start the patient on early empiric treatment till the time 

a repeat blood culture is sent for confirmation of the 

clinical significance of these isolates. Raising 

awareness among healthcare providers about the 

potential for such infections is crucial to ensure timely 

diagnosis and intervention.  
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Abstract 

Introduction: Esophageal varices (EVs) carry a significant risk of rupture and subsequent life-threatening bleeding. 

While previous research has investigated the effectiveness of the platelet count to spleen diameter ratio (PC/SD) as a 

non-invasive predictor of EVs in various populations, this study specifically focuses on the Iranian population to assess 

the applicability and effectiveness of this parameter in this region. 

Materials and Methods: Upper gastrointestinal endoscopy was performed on 147 cirrhotic patients to screen for EVs. 

Biochemical tests and ultrasonography were done to measure spleen diameter (SD) and calculate the PC/SD ratio. ROC 

analysis was done to determine the predictive performance of the parameters. 

Results: Among the patients, 73% had EVs. The analysis showed the following: platelet count (PC) had an AUC of 

0.695 with 78.7% sensitivity and 56.4% specificity; SD had an AUC of 0.750 with 49.1% sensitivity and 89.7% 

specificity; and the PC/SD ratio had an AUC of 0.734 with 60.2% sensitivity and 79.5% specificity. The PC/SD ratio 

exhibited a high positive predictive value of 93% but a low negative predictive value of 41.9%. Optimal cutoff values 

were determined as follows: PC≤ 100,000, SD< 163, and PC/SD ratio≤ 523. 

Conclusion: By identifying high-risk patients who may benefit from targeted endoscopic screening, this non-invasive 

method could contribute to improving overall patient care and reducing the need for invasive procedures. However, due 

to suboptimal performance results, it is crucial to use this approach with caution, as endoscopic screening remains the 

standard practice for the diagnosis and management of esophageal varices. 

Keywords: Platelet count, Spleen diameter, Platelet count/spleen diameter ratio, Hepatic cirrhosis, Esophageal varices 
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Introduction 

Portal hypertension, a consequence of chronic liver 

disease and cirrhosis, represents a significant clinical 

challenge, with the development of esophageal varices 

(EV) being one of its most serious complications (1, 2). 

EVs are abnormally dilated veins in the lower portion 

of the esophagus, and their rupture can lead to life-

threatening variceal bleeding, a primary factor 

contributing to morbidity and death in cirrhotic patients 

(3, 4). 

Epidemiological studies have reported that the 

prevalence of EVs in cirrhotic patients can range from 

60% to 80%, depending on the underlying etiology and 

severity of the liver disease. Furthermore, among 

patients with established EVs, the annual risk of 

experiencing a first episode of bleeding is estimated to 

be 10% to 15%, with a mortality rate as high as 20% 

associated with this event (5).  

The gold standard for diagnosing EVs is upper 

endoscopy, which enables direct inspection and 

grading of the varices (6). However, this invasive 

procedure requires specialized equipment and skilled 

personnel, potentially limiting its accessibility and 

cost-effectiveness, especially in resource-constrained 

healthcare settings (5, 7).  

In order to address these issues, scientists have looked 

into the use of non-invasive techniques to determine 

high-risk cirrhotic patients who would most benefit 

from targeted endoscopic screening. One such 

approach is the Platelet Count/Spleen Diameter 

(PC/SD) ratio, which has been proposed as a reliable 

predictor of the presence and severity of EVs (7-10). 

This simple, cost-effective, and easily obtainable 

parameter has the potential to optimize resource 

allocation and improve access to necessary care for 

cirrhotic patients. 

However, it is important to note that the performance 

of predictive models, such as the PC/SD ratio, may 

vary across different populations due to factors like 

underlying disease etiology, genetic differences, and 

environmental influences (10). Therefore, it is crucial 

to assess the clinical utility of these non-invasive 

diagnostic tools in particular populations, such as the 

Iranian population in this study, to ensure their validity 

and clinical utility. 

In light of the aforementioned situation, the current 

investigation was carried out to explore the correlation 

between platelet count (PC), spleen diameter (SD), and 

their ratio (PC/SD) in cirrhotic patients within the 

Iranian population. By focusing on this unique group, 

we seek to determine how effectively the PC/SD ratio 

functions in different healthcare settings and 

geographic regions. Our goal is to establish a non-

invasive, cost-effective tool that can enhance early 

detection and improve patient management strategies 

in local healthcare environments. 

Methods 

Study Design and Population 

This analytical cross-sectional study was conducted at 

Razi Hospital, a tertiary care center in the north of Iran, 

Rasht city. The study population comprised cirrhotic 

patients referred to the gastroenterology department at 

the study site between September 15, 2023, and March 

15, 2024. A combination of clinical, laboratory, and 

imaging results led to the diagnosis of cirrhosis in the 

patients and all adult individuals with a confirmed 

diagnosis of cirrhosis, regardless of the underlying 

etiology, were included. However, patients diagnosed 

with acute liver failure, those requiring urgent liver 

transplantation, pregnant women, and individuals 

unable or unwilling to comply with study procedures 

were excluded from this study. 

Data Collection 

A thorough clinical evaluation that included a physical 

examination, a medical history, and laboratory testing 

was performed on each recruited individual. The age, 

sex, and marital status of the participants were 

documented. As part of the study protocol, the PC was 

measured for each participant and reported in the unit 

of × 10^9/L. All participants underwent abdominal 

ultrasonography, performed by an expert radiologist. 

The bipolar diameter of the spleen was precisely 

measured and recorded in millimeters (mm). Also, an 

experienced gastroenterologist performed upper 

endoscopy. The presence of EVs was meticulously 

assessed and documented. The ratio of PC to SD was 

computed by dividing the PC (× 10^9/L) by the SD 

(mm) measured during the abdominal ultrasonography.  

 

884 



SK. Hosseini-Ghaziani, et al.                                                              Journal of Current Oncology and Medical Sciences 

 

Statistical Analysis 

When applicable, the mean ± standard deviation or 

median (interquartile range) were used to express 

continuous variables. Frequencies and percentages 

were used to display the categorical variables. To 

assess the normality of the key variables (PC, SD, and 

PC/SD ratio), the Kolmogorov-Smirnov test was used. 

This informed the choice of appropriate statistical tests 

for the subsequent analyses. The Mann-Whitney test, a 

non-parametric method, was used to compare the 

values of PC, SD, and their ratio between participants 

with and without EVs. This test was chosen due to the 

non-normal distribution of the variables. The 

diagnostic efficacy of PC, SD, and PC/SD ratio in 

predicting the presence of EVs was evaluated with the 

use of receiver operating characteristic (ROC) curve 

analysis. Youden's J index was used to identify the 

ideal cut-off values, and the resulting sensitivity, 

specificity, positive predictive value (PPV), and 

negative predictive value (NPV) were computed. The 

data analyses were conducted using SPSS version 16, 

MedCalc Version 19.5.3, and GraphPad Prism version 

8.0.1 software. The significance level was set at 0.05. 

Results 

The study included a total of 147 patients diagnosed 

with cirrhosis. The mean age of participants was 56.18 

± 11.98 years, with 16 patients (10.9%) being older 

than 70 years. The majority of the study population was 

male (61.9%) and married (77.6%). The average 

duration of the disease among the participants was 3.31 

± 1.93 years, and 43 patients (29.3%) had a disease 

duration of more than four years (Table 1). 

The most frequent underlying causes for cirrhosis were 

non-alcoholic steatohepatitis (NASH) (23.8%), 

hepatitis C virus (HCV) (19.7%), and alcohol-related 

(17.0%) liver disease. Based on the Child-Pugh 

classification, 31 patients (21.1%) were categorized as 

Class A, 81 (55.1%) as Class B, and 35 (23.8%) as 

Class C. EVs were discovered in 108 (73.5%) of the 

147 patients during endoscopic screening. 

Interestingly, the study found that the average duration 

of cirrhosis was significantly longer in patients with 

EVs compared to those without (p<0.001). While the 

group with EVs had a larger percentage of women 

(65.7%) than the group without EVs (51.3%), the 

difference in percentages between the two groups was 

not statistically significant (p=0.111) (Table 2). 

Table 1. Demographic and clinical characteristics of patients 

with cirrhosis presenting to the Razi Hospital of Rasht in 

2023. 

Variable 
Total 

(n=147) 

with 

EVs 

(n=108) 

without 

EVs 

(n=39) 

P 

value 

Age (year)     

50  ≥ 
48 

(32.7) 
   

50-70 
83 

(56.5) 
   

70 < 
16 

(10.9) 
   

Mean (SD) 
56.18 

(11.98) 

56.62 

(11.65) 

54.95 

(12.93) 
0.457 

Sex     

Male 
91 

(61.9) 

37 

(34.3) 

19 

(48.7) 
0.111 

Female 
56 

(38.1) 

71 

(65.7) 

20 

(51.3) 
 

Marital 

Status 
    

Single 
33 

(22.4) 

19 

(17.6) 

14 

(35.9) 
0.019 

Married 
114 

(77.6) 

89 

(82.4) 

25 

(64.1) 
 

Duration of 

disease 

(year) 

    

2  ≥ 
59 

(40.1) 
   

3-4 
45 

(30.6) 
   

4 < 
43 

(29.3) 
   

Mean (SD) 

3.31 

(1.93) 

 

3.64 

(1.91) 

2.38 

(1.68) 
0.001 < 
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Table 2. Comparison of platelet count (PC), spleen diameter (SD), and platelet count to spleen diameter (PC/SD) ratio between 

individuals with and without esophageal varices in patients with cirrhosis. 

Variable 
Total 

(N=147) 

Individuals without EVs 

(N=39) 

Individuals with EVs 

(N=108) 
P value 

)3(n/mmPC  
85000 (69000-

105000) 
105000 (83000 - 113000) 81000 (65250 - 96000) 0.001 < 

SD (mm) 160 (150-175) 155 (130 - 160) 162 (155 - 180) 0.001 < 

PC/SD ratio 533.7 (418.2-687.5) 652 (550 - 942) 484 (389 - 625) 0.001 < 

To evaluate these parameters' ability to predict the 

diagnosis of EVs, ROC analysis was performed. The 

area under the ROC curve (AUROC) for PC was 0.695 

(95% CI: 0.603-0.787), for SD 0.750 (95% CI: 0.663-

0.837), and the PC/SD ratio 0.734 (95% CI: 0.646-

0.822) (Figure 1).
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Figure 1. The predictive power of platelet count (PLT), spleen diameter (SD), and the ratio of platelet count to spleen diameter 

(PLT/SD Ratio) in the diagnosis of esophageal varices using the area under the curve (ROC).  

AUC: Area Under Curve. CI: Confidence Interval 
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The following is the determination of the ideal cut-off 

values: PC > 100,000 (sensitivity 78.7%, specificity 

56.4%), SD < 163 mm (sensitivity 49.1%, specificity 

89.7%), and PC/SD ratio ≥ 523 (sensitivity 60.2%, 

specificity 79.5%). 

Patients with a PC/SD ratio below the cut-off value of 

523, a PC below the cut-off of 100,000, and an SD 

above the cut-off of 163 mm were more likely to have 

EVs. The PPV of these cut-off values were 89%, 

83.3%, and 93%, respectively (Table 3). 

Table 3. The best cut-off points of platelet count, 

spleen diameter, and platelet count to spleen diameter 

ratio in the diagnosis of esophageal varices. 

 

Discussion 

The present investigation aimed to evaluate the 

prevalence of EVs among cirrhotic patients and assess 

the utility of PC, SD, and the PC/SD ratio in predicting 

the presence of EVs. The study found that 108 (73.5%) 

of the 147 participants had EVs. According to the study 

results, cirrhotic individuals with EVs had considerably 

smaller PC, greater SD, and lower PC/SD ratios than 

those without EVs. Furthermore, the diagnostic utility 

of these parameters in predicting EVs was assessed 

using ROC analysis. 

The prevalence of EVs in this study was consistent with 

those from other areas, such as southern India (77.7%), 

Mexico (80.2%), and China (74.7%) (10-12). 

However, lower prevalence rates were reported in 

studies conducted in Tanzania (39.5%) and South 

Carolina (51%) (13, 14). This variation in the 

occurrence of EVs across different patient populations 

could be attributed, in part, to differences in the 

underlying causes of liver cirrhosis. For instance, 

patients with biliary cirrhosis exhibited a lower 

prevalence of EVs (26.0%), while those with hepatitis 

B-related liver cirrhosis had a considerably higher rate 

(74.7%) (12, 15). 

The results of the present investigation suggest that SD 

may represent a more reliable individual non-invasive 

marker for the prediction of EVs compared to PC or the 

PC/SD ratio in the study population, as evidenced by 

the AUROC values reported herein. These findings 

contrast with the conclusions of certain prior studies, 

which have proposed the PC/SD ratio as a more 

accurate non-invasive marker relative to PC or SD 

individually (8, 9). 

The predictive power of the PC/SD ratio in the current 

study was satisfactory but not optimal. However, a 

number of previous investigations have documented 

higher discriminative ability of this marker (5, 16-18). 

Specifically, Giannini et al., who first introduced the 

PC/SD ratio as a promising non-invasive tool, reported 

an AUROC of 0.86 in predicting the presence of EVs 

(17). Similarly, Patil et al. observed an AUROC of 0.84 

for the PC/SD ratio, a value exceeding that obtained in 

the present investigation (18). 

The differences in the diagnostic utility of these non-

invasive markers for predicting EVs across studies can 

be attributed to several factors. Firstly, the study 

populations may have varied in terms of the underlying 

etiologies of cirrhosis, disease severity, and the 

prevalence of EVs. Secondly, the cut-off values used 

for PC, SD, and PC/SD ratio varied across studies, 

which can affect the sensitivity and specificity of these 

 

 
PC (n/mm3) SD (mm) 

PC/SD 

ratio 

Area under 

curve 
0.695 0.750 0.734 

Best cutoff 

point 
≤ 100000 < 163 ≤ 523 

Sensitivity 78.7 49.1 60.2 

specificity 56.4 89.7 79.5 

Positive 

predictive 

value 

83.3 93.0 89.0 

Negative 

predictive 

value 

48.9 38.9 41.9 

Positive 

likelihood 

value 

1.81 4.78 2.93 

Negative 

likelihood 

value 

0.38 0.57 0.50 
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parameters in predicting the presence of EVs. 

Furthermore, the discrepancies observed in the 

diagnostic performance of these non-invasive 

parameters may be partially attributed to the influence 

small sample size of this study. 

Despite the mixed findings, the present study 

demonstrated that the PC/SD ratio had a high PPV of 

93%, indicating that patients with a ratio below the cut-

off are highly likely to have EVs. However, the 

relatively low NPV of 41.9% suggests that a ratio 

above the cut-off may not accurately exclude the 

presence of EVs. 

This emphasizes the potential utility of the PC/SD ratio 

as a screening tool for identifying high-risk patients. By 

employing this method, healthcare providers can 

effectively stratify patients according to their risk 

levels, facilitating a more focused approach to 

endoscopic screening and monitoring. This 

prioritization is crucial, as it enables clinicians to 

concentrate their resources and efforts on individuals 

who are most likely to benefit from early intervention. 

The ability of a non-invasive predictor to accurately 

identify high-risk patients can help prevent serious 

complications, such as variceal hemorrhage, which is 

vital in managing conditions like cirrhosis. Early 

intervention not only enhances patient outcomes by 

averting adverse events but also improves the overall 

quality of care provided. 

Moreover, this targeted approach contributes to the 

efficient allocation of healthcare resources. By 

ensuring that high-risk individuals receive timely care, 

healthcare systems can minimize unnecessary 

procedures for patients at lower risk, thereby 

alleviating the burden on medical facilities and 

personnel. This efficiency is particularly important in 

environments where healthcare resources are 

constrained, as it allows for better management of 

patient loads and enhances the overall effectiveness of 

the healthcare system. 

It is imperative to acknowledge that although the 

PC/SD ratio exhibits potential as a non-invasive marker 

for predicting EVs and can assist in prioritizing patients 

for endoscopy, it is crucial to emphasize that it cannot 

replace traditional endoscopic procedures. Although 

previous studies have reported a high predictive ability 

for this marker (5, 16-18), our findings did not achieve 

that level of performance, indicating that its 

effectiveness was not optimal in this context. 

Therefore, the use of the PC/SD ratio should be 

approached with caution until sufficient evidence 

supports their efficacy.  

The most reliable method for identifying EVs and 

determining their severity is still endoscopy, as it 

allows for direct visualization and grading of the 

varices (19). 

In addition to the PC/SD ratio, other non-invasive 

indicators have been explored for the prediction of EVs 

in cirrhotic patients, such as various serum biomarkers 

(20-22). The combination of these biomarkers with the 

PC/SD ratio may further improve the diagnostic 

accuracy in predicting the presence of EVs, and this 

should be investigated in future studies. 

The current research has certain limitations. Firstly, the 

fact that the study was limited to a single tertiary care 

facility may limit the applicability of the findings in 

other contexts. Secondly, the cross-sectional design of 

the study precluded the assessment of the long-term 

predictive value of the PC/SD ratio in identifying the 

development or progression of EVs. Prospective 

longitudinal studies would be valuable in evaluating 

the utility of the PC/SD ratio for monitoring the risk of 

EVs over time. 

Conclusion 

In conclusion, the present study suggests that PC, SD, 

and PC/SD ratio can be considered as beneficial non-

invasive markers for predicting the presence of EVs in 

patients with hepatic cirrhosis. These parameters may 

help identify individuals who should prioritize 

undergoing upper gastrointestinal endoscopy for EV 

screening. However, comprehensive endoscopic 

examination should remain the standard approach for 

the identification and treatment of EVs in cirrhotic 

patients.  
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Abstract 

Introduction: Osteochondroma is a benign tumor of bone. Malignant transformation of Osteochondroma is the most 

devastating complication one can encounter. Osteochondroma can transform into any malignancy like Osteosarcoma, 

Chondrosarcoma and Ewing sarcoma. Malignant transformation is more common in patients with multiple exostosis. 

Recognition of this malignant transformation is needed to predict the patient's outcome. 

Case presentation:  A 26-year-old male patient came with complaints of a mass in the left knee region for the past 7 

years. X-ray of the knee showed multiple pedunculated exostosis on either side of the distal end of the femur, tibia and 

fibula. Histopathological examination revealed a bony lesion with a cartilaginous cap of increased thickness and 

cellularity. The cartilaginous cap possesses plump chondrocytes showing binucleation-forming nodules with mild atypia. 

The cartilaginous cap undergoes endochondral ossification, suggesting the possibility of a secondary peripheral atypical 

cartilaginous tumor from osteochondroma of the tibia. 

Discussion: Chondrosarcoma is a heterogeneous type of primary bone cartilaginous malignancy with variable clinical 

outcomes. Malignant transformation of osteochondroma in the appendicular skeleton was named atypical cartilaginous 

tumor; in the axial skeleton, it is named Grade 1 Chondrosarcoma. 

Conclusion: Differentiation between osteochondroma and its malignant transformation can be possible if made in a 

multidisciplinary setting such as clinical history, radiological findings along with histology to confirm the diagnosis. 

Keywords: Osteochondroma, Chondrosarcoma, Bone tumour 
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Introduction 

Osteochondroma the most common benign tumour of 

bone accounts for about 35% of benign bone tumours 

affecting 3% of the population (1-3). Osteochondroma 

arises from the metaphysis of bones most commonly in 

the second to third decade of life. Commonly affected 

bones are long bones of the leg, scapula and pelvis (4). 

Osteochondroma usually presents as a painless, 

asymptomatic mass and is usually found as an 

incidental finding. Osteochondroma are benign 

cartilage forming tumor derived from aberrant cartilage 

of the perichondral ring that may present either as 

solitary osteochondroma or multiple hereditary 

exostosis leading to syndromic manifestation of the 

lesion (5,6). 

Osteochondromas are mostly treated by surgical 

excision of the lesion either partially or completely. 

The most common complication of osteochondroma is 

its malignant transformation. Osteochondroma can 

transform into osteosarcoma, chondrosarcoma and 

Ewing sarcoma (7,8). Malignant transformation of 

osteochondroma into chondrosarcoma is considered as 

drastic complication of osteochondroma accounting for 

about less than 1% of the cases (9). 3-5% of patients 

with multiple osteochondromas undergo malignant 

transformation (10). Here we present a case of a young 

male with multiple exostosis presenting with malignant 

transformation. 

Case presentation 

A 26-year-old male patient came with complaints of 

pain in the left knee for the past 7 years. The patient 

took medications for 3-4 years as analgesics, but after 

4yrs since patient was suffering from more pain and 

swelling over the knee joint, he took X-ray, X-ray 

showed mass in the left knee region. History of pain 

during rest and walking. The swelling was insidious in 

onset, progressive in nature, not mobile, hard in 

consistency, fixed to the underlying bone. No history 

of any previous surgery or chemo or radiotherapy. 

The patient had undergone radiological examination 

and X-ray knee showed multiple pedunculated 

exostosis noted on either side of distal end of femur, 

Proximal end of tibia and fibula  (Figure 1). 

 

Figure 1. Xray image of the patient showing lobulated mass 

over tibia and fibula. 

Reconstructed 3D imaging showed multiple sessile and 

pedunculated exostosis noted in multiple visualized 

bones, largest measuring 6.2 x 6.2 x 6.6cm. 

Pedunculated metaphyseal exostosis away from joint 

space in the medial aspect of proximal tibia with 

calcification of chondroid matrix, suggesting the 

possibility of Osteochondroma with sarcomatous 

transformation. (Figure 2). There is no significant 

family history of any bone lesions. 

 

Figure 2. Reconstructed 3D image of the patient showing 

multiple pedunculated mass over the tibia and fibula. 

Excision of a single pedunculated mass from the lateral 

aspect of tibia was received which showed a single 

bony tissue with a cartilaginous cap totally measuring 
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6 x 3.5 x 4 cm. Cut surface shows bone tissue 

measuring 3.5 x 2.5cm with irregular nodular cartilage 

cap of varying thickness measuring 2.5cm at its 

thickest portion permeating into the bony stalk (Figure 

3). 

 

Figure 3. Bony stalk with cartilaginous cap of varying 

thickness and permeation into the bone. 

Histopathological examination revealed a  bony lesion 

with cartilaginous cap of increased thickness and 

cellularity. Cartilaginous cap increased cellularity 

possess plump chondrocytes showing binucleation 

forming nodules with mild nuclear enlargement, 

irregularity and atypia. Cartilaginous cap undergoes 

endochondral ossification as in a case of 

osteochondroma, suggesting the possibility of 

Secondary peripheral atypical cartilaginous tumor from 

osteochondroma of tibia (Figure 4,5). 

 

Figure 4. Histopathological image showing cartilage 

undergoing endochondral osssification (H&E stain, 10X). 

 

Figure 5. Histopathological image showing nodules of 

chondrocytes exhibiting mild atypia (H&E stain, 40X). 

Discussion 

Hereditary multiple osteochondromas (HMO),  an 

autosomal dominant disorder involves two or more 

exostoses in the axial or appendicular skeleton. It is 

diagnosed by presence of two or more 

osteochondromas, detected radiographically  in the 

metaphyseal ends of the long bones (11). 

Chondrosarcoma is a heterogeneous type of primary 

bone cartilaginous malignancy with variable clinical 

outcomes (12). These are locally aggressive, hyaline 

cartilage-producing neoplasm arising within the 

cartilaginous cap of a pre-existing osteochondroma, 

tumours in the appendicular skeleton can be called as 

peripheral atypical cartilaginous tumor and tumours of 

the axial skeleton (including the pelvis, scapula, and 

skull base) can be called peripheral chondrosarcoma 

Grade 1 (13). 

The incidence of chondrosarcoma varies between 

various bones with Ileum (19%), followed by the 

scapula (15%), pubic bone (10%), ribs (10%), tibia 

(12%) and femur (11%) (13). 

Patients with multiple osteochondromas carrying 

germline mutations in EXT1 or EXT2  are at increased 

risk of developing ACT/CS1 within the cartilaginous 

cap of osteochondromas. Malignancy risk in case of 

multiple osteochondromas is as high as about 5% when 

compared to solitary osteochondromas which is about 

1% (14). 

Functional loss of genes EXT1 and EXT2 encoding 

glucosyltransferases which is involved in the synthesis 

of heparan sulfate causes Hereditary multiple exostosis 
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(HME). HME genetic transmission occurs in 

autosomal dominant pattern or loss of heterozygosity 

or haploinsuffiency or through mutations in post- 

transcriptional regualtory pathways.  

Even isolated mutations of EXT1 and EXT2 gene cause 

pathology affecting the patient's growth. Malignant 

transformation is usually rare accounting for about 2 to 

4% in patients affected by HME. A well-differentiated 

carcinoma is usually diagnosed, but very rarely 

osteosarcomas and dedifferentiated chondrosarcomas 

from bone could arise (15). 

Differentiation between osteochondroma and its 

malignant transformation can be possible if made in a 

multidisciplinary setting such as clinical history, 

radiological findings along histology to confirm the 

diagnosis (14). 

Treatment of Multiple exostosis is surgical removal, 

especially in symptomatic cases irritating adjacent 

structures. Though the treatment strategies are limited, 

precise diagnosis is essential for management. In 

Future, molecular analysis of EXT1 and EXT2 genes is 

essential for understanding the disease at molecular and 

cellular level and reveals new treatment options or 

therapeutic targets in both Hereditary multiple 

exostosis and chondrosarcoma (15). 

Chemotherapy and radiation are not indicated for 

chondrosarcoma since they are resistant to both. Grade 

I chondrosarcoma with minimal rate of metastasis in 

the extremities are treated by intralesional curettage, 

high speed burring and adjuvant treatment with internal 

fixation and packing using phenol or ethanol or liquid 

nitrogen. Lesions in pelvis or axial skeleton needs wide 

local excision (15). 

The 5-year and 10-year local recurrence rates for 

secondary peripheral chondrosarcoma are 15.9% and 

17.5% respectively. The 5-year and 10-year mortality 

rates are 1.6% and 4.8% respectively. Local 

recurrences are possible due to incomplete excision in 

inaccessible locations (14). 

Conclusion 

This case report deals with the most common bone 

tumour osteochondroma undergoing malignnat 

transformation which emphasize the fact that multiple 

disciplinary evaluation, as well as careful gross 

examination, helps us to make the proper diagnosis at 

the appropriate time which helps in improving the 

prognosis and outcome of the patient.  

We hope that this case report raises awareness among 

clinicians and pathologists to this possible 

transformation of osteochondroma to chondrosarcoma, 

and that thorough investigation drives further 

development in the diagnosis and safe treatment for 

improving patient outcomes.  
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Abstract 

Introduction: Hepatitis B virus (HBV) infection is a significant health challenge globally, especially in sub-Saharan Africa. 

Co-infections with HIV and HCV worsen HBV-related liver diseases, complicating clinical management. Alpha-fetoprotein 

(AFP) is a key biomarker for monitoring liver disease progression and detecting hepatocellular carcinoma (HCC). This study 

evaluates AFP levels in HBsAg and HBeAg seropositive patients with and without HIV and HCV co-infections over one 

year in Warri, Delta State, Nigeria. This study aimed to understand the impact of HIV and HCV co-infections on liver disease 

prognosis in HBV patients by evaluating AFP levels and liver function over one year. 

Materials and Methods: This longitudinal cohort study included 200 HBsAg and HBeAg seropositive patients aged 18-65 

years, divided into three groups: HBV monoinfection (n=80), HBV/HIV co-infection (n=60), and HBV/HCV co-infection 

(n=60). Participants were followed for one year with quarterly blood sample collections for AFP measurement using ELISA, 

liver function tests (ALT, AST, ALP, bilirubin), and viral load assessments. Sociodemographic data were also collected.  

Results: AFP levels were significantly higher in the HBV/HCV co-infection group (36.2 ± 12.4 ng/mL) compared to the 

HBV monoinfection (12.5 ± 4.3 ng/mL) and HBV/HIV co-infection groups (18.7 ± 6.8 ng/mL) (p<0.001). Elevated liver 

function tests, particularly ALT and AST, were more prevalent in the HBV/HCV co-infection group. AFP levels positively 

correlated with ALT (r=0.52, p<0.01) and AST (r=0.47, p<0.01) in the HBV/HCV co-infection group. 

Conclusion: The higher AFP levels in HBV/HCV co-infected patients indicate an increased risk of liver disease progression 

and HCC. The positive correlations between AFP and liver enzymes suggest ongoing liver damage and regeneration in this 

group. These findings underscore the importance of routine AFP and liver function tests in the early detection and treatment 

of liver disease among HBV patients, particularly those with HCV co-infection, to enhance clinical outcomes. 

Keywords: Alpha-fetoprotein (AFP), Hepatitis B virus (HBV), Hepatitis C virus (HCV), Liver function tests, Hepatocellular 

carcinoma, Co-infection 
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Introduction 

Hepatitis B virus (HBV) infection continues to be a 

significant global health challenge, particularly in sub-

Saharan Africa, where the prevalence remains high (1, 

2). Complicating the clinical landscape, co-infections 

with human immunodeficiency virus (HIV) and 

hepatitis C virus (HCV) are common, exacerbating the 

progression of liver diseases associated with HBV. Co-

infections pose additional challenges in clinical 

management and prognosis, necessitating more in-

depth studies to understand their interactions and 

effects on liver health (1, 2). 

Alpha-fetoprotein (AFP) serves as a crucial biomarker 

in monitoring liver disease progression and detecting 

hepatocellular carcinoma (HCC). Elevated AFP levels 

are often associated with liver inflammation, 

regeneration, and malignancy (3). Despite its 

widespread use, the dynamics of AFP levels in HBV 

patients with concurrent HIV and HCV infections 

remain inadequately explored(4). This study focuses on 

evaluating AFP levels in HBsAg and HBeAg 

seropositive patients, both with and without HIV and 

HCV co-infections, over one year in Warri, Delta State, 

Nigeria. The findings aim to provide insights into the 

impact of these viral interactions on liver disease 

prognosis and AFP variability (3–6). 

In-depth knowledge of the implications of anti-HBe in 

HBV infection is crucial for comprehensive disease 

management. The presence of hepatitis B e-antigen 

(HBeAg) in the blood typically indicates active viral 

replication and high infectivity (7). Conversely, the 

appearance of antibodies against HBeAg (anti-HBe) 

usually suggests a transition to a lower replicative state 

of the virus, which is often associated with a more 

favorable prognosis (8–11). However, this 

seroconversion does not necessarily mean that the virus 

has been cleared from the liver. It signifies that the 

immune system has responded to the virus in a way that 

reduces its replication (7–11). 

Liver disease in HBV patients, particularly in those 

with co-infections, poses a complex challenge for 

clinical management (12–14). Co-infection with HIV 

and HCV can alter the natural course of HBV infection, 

leading to more severe liver damage and an increased 

risk of HCC. HIV co-infection, for instance, can 

accelerate the progression of liver fibrosis and increase 

the likelihood of cirrhosis and liver-related mortality. 

Similarly, HCV co-infection can result in more 

aggressive liver disease and complicate treatment 

outcomes. Therefore, scientific knowledge on how 

these co-infections influence AFP levels and liver 

disease progression is vital for improving patient 

outcomes (12–14). 

The primary objective of this study is to assess the 

levels of AFP in HBsAg and HBeAg seropositive 

patients, with and without HIV and HCV co-infections, 

over one year. This evaluation will help elucidate the 

influence of co-infections on liver disease progression 

and the potential development of HCC. By examining 

AFP levels longitudinally, this research aims to 

highlight any significant fluctuations that could be 

indicative of disease progression or response to therapy 

(15-17). 

Materials and methods 

Study Design and Population 

This longitudinal cohort study was conducted over one 

year, involving 200 HBsAg and HBeAg seropositive 

patients aged 18-65 years, recruited from healthcare 

facilities in Warri, Delta State, Nigeria.  

Sample Size Determination  

The sample size was calculated using the formula:  

n = Z² * P(1-P) / d² 

Where: 

n = required sample size 

Z = 1.96 (for 95% confidence level) 

P = 0.109 (10.9% prevalence) (18) 

d = 0.05 (5% precision) 

n = (1.96)² * 0.109(1-0.109) / (0.05)² 

n = 3.8416 * 0.109 * 0.891 / 0.0025 

n = 149.82 

Rounding up to the nearest whole number: 150 
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To account for potential non-response or dropout, 15% 

proportion was added to the minimum sample size 

obtained 

150 + (150 * 0.15) = 172.5 

Accordingly, a minimum sample size of 173 subjects 

was appropriate for the study to achieve a 95% 

confidence level with 5% precision. However, to 

improve diversity in study participation and to ensure 

greater precision, 200 subjects were recruited for the 

study (19). 

The study population was categorized into three 

groups: 

1. HBV monoinfection without HBeAb 

expression (n=80) 

2. HBV/HIV co-infection without HBeAb 

expression (n=60) 

3. HBV/HCV co-infection without HBeAb 

expression (n=60) 

 

Inclusion and Exclusion Criteria 

Participants were included if they were seropositive for 

HBsAg and HBeAg and had no expression of HBeAb. 

Exclusion criteria included prior liver disease, HCC, or 

other significant co-morbidities. 

Ethical Considerations 

This study obtained Ethical Approval from the Delta 

State Ministry of Health Research and Ethics Review 

Committee. We adhered to ethical principles, 

including: 

i. Informed Consent: Each participant received a 

written informed consent form alongside the 

questionnaire, ensuring their consent to participate. 

ii. Data Confidentiality: Findings from the study were 

kept confidential and shared only among co-

investigators. 

iii. Beneficence: The results of the findings were 

provided to the managing clinical team without any 

charge. 

iv. Voluntariness: Both cases and controls had the 

option to decline participation in the study when 

approached. 

Data Collection 

Blood samples were collected quarterly for one year. 

Alpha-fetoprotein (AFP) levels were measured using 

enzyme-linked immunosorbent assay (ELISA). 

Additional tests included liver function tests (ALT, 

AST, ALP, and bilirubin) and viral load assessments. 

Sociodemographic data, including age, gender, 

occupation, and lifestyle factors, were collected using 

structured questionnaires. 

 

Principles of Assays for Laboratory Analysis 

Alpha-fetoprotein (AFP) Measurement 

AFP levels were determined using a commercial 

Enzyme-Linked Immunosorbent Assay (ELISA) kit 

(Bio-Rad kit). The principle of ELISA involves the 

following steps: 

1. Antigen-Antibody Binding: The AFP in the 

patient’s sample binds to the specific 

antibodies coated on the wells of the ELISA 

plate. 

2. Washing: Unbound substances are removed 

through washing. 

3. Enzyme-Linked Secondary Antibody: An 

enzyme-linked secondary antibody specific to 

AFP is added, which binds to the AFP already 

captured by the primary antibody. 

4. Substrate Addition: A substrate is added that 

the enzyme converts to a detectable signal, 

typically a color change. 

5. Detection: The intensity of the color is 

measured using a spectrophotometer and is 

proportional to the AFP concentration in the 

sample. 

Liver Function Tests 

Liver function tests (LFTs) including ALT, AST, ALP, 

and bilirubin levels were measured using automated 
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biochemical analyzers (Biobase BS-230). The 

principles of these tests are as follows: 

1. Alanine Aminotransferase (ALT) and 

Aspartate Aminotransferase (AST): 

o Enzyme Activity Measurement: 

ALT and AST catalyze the transfer of 

amino groups from alanine and 

aspartate to alpha-ketoglutarate, 

respectively. The reaction produces 

pyruvate and oxaloacetate, which are 

then converted to a detectable product. 

o Spectrophotometry: The change in 

absorbance is measured, reflecting 

enzyme activity. 

2. Alkaline Phosphatase (ALP): 

o Enzyme Activity Measurement: 

ALP catalyzes the hydrolysis of 

phosphate esters, releasing inorganic 

phosphate. 

o Spectrophotometry: The release of 

phosphate is measured, indicating 

enzyme activity. 

3. Bilirubin: 

o Direct and Total Bilirubin 

Measurement: Bilirubin reacts with 

diazo reagent to form azobilirubin, 

which is measured 

spectrophotometrically. 

o Indirect Bilirubin Calculation: 

Indirect bilirubin is calculated by 

subtracting direct bilirubin from total 

bilirubin. 

HBsAg, HBeAg, Anti-HBe, Anti-HCV, and HIVp24 

detection 

These markers were measured using ELISA kits (Bio-

Rad kit), and the principles are similar to the AFP 

ELISA described above: 

1. Antigen/Antibody Binding: The specific 

antigen or antibody in the patient's sample 

binds to the corresponding antibody or antigen 

coated on the ELISA plate. 

2. Washing: Unbound components are washed 

away. 

3. Enzyme-Linked Secondary Antibody: An 

enzyme-linked secondary antibody specific to 

the target antigen or antibody is added, binding 

to the antigen-antibody complex. 

4. Substrate Addition: A substrate is added that 

is converted by the enzyme into a detectable 

signal. 

5. Detection: The resulting color change is 

measured, which is proportional to the 

concentration of the target antigen or antibody 

in the sample. 

Quality Control Measures 

ELISA Assay: The ApDia ELISA semi-autoanalyzer 

was used to AFP, HBsAg, HBeAg, Anti-HBe, Anti-

HCV, and HIVp24 detection levels in plasma samples. 

Quality control measures were implemented to ensure 

the accuracy and reliability of the assay results. 

External positive and negative controls, provided by 

the manufacturer, were tested concurrently with each 

batch of plasma samples. These controls were essential 

for verifying the proper functioning of the test kits and 

ensuring that each assay run was valid. Additionally, 

calibration curves were generated using standard 

solutions, and the consistency of these curves was 

monitored across different assay batches. 

Liver Function Tests: Liver function tests were 

conducted by spectrophotometric method using 

Biobase autoanalyzer (BS-230), which was calibrated 

regularly to maintain precision. The tests included 

measurements of ALT, AST, ALP, and bilirubin levels. 

Quality control was a critical component of the testing 

process, with both internal and external controls 

employed. The external controls, provided by the 

manufacturer, were tested alongside the plasma 

samples to verify the accuracy of the test kits and the 

reliability of the results. These controls were run with 

every batch to confirm the proper performance of the 

analyzer. 

Quality Control Measures   

To ensure the robustness of the data, stringent quality 

control measures were implemented throughout the 
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study. External positive and negative controls were run 

concurrently with each assay to verify the correct 

functioning of the analytical instruments and test kits. 

Additionally, calibration and internal control 

procedures were rigorously followed to minimize inter- 

and intra-assay variability. 

Data Cleaning   

Before proceeding with data analysis, all collected data 

underwent a thorough cleaning process. This step 

involved checking for any inconsistencies, outliers, or 

missing values that could affect the accuracy of the 

final results.  

Statistical Analysis 

The cleaned data were then analyzed using SPSS 

version 25. AFP levels were compared between groups 

using one-way ANOVA, followed by post hoc Tukey 

tests for pairwise comparisons. Pearson's correlation 

coefficient assessed correlations between AFP levels 

and clinical parameters. Temporal variations in AFP 

levels were analyzed using repeated measures 

ANOVA. A p-value <0.05 was considered statistically 

significant. 

Results 

The mean age of the participants was 42 ± 10 years, 

with a male-to-female ratio of 1.2:1. No significant 

differences were observed in age, gender, or 

socioeconomic status between the groups (Table 1). 

Table 1. Sociodemographic Characteristics of Study Participants. 

Characteristic 
HBV 

Monoinfection (n=80) 

HBV/HIV 

Co-infection 

(n=60) 

HBV/HCV 

Co-infection 

(n=60) 

p-value 

Age (years) 42.3 ± 9.8 41.7 ± 10.2 42.8 ± 9.5 0.87 

Gender (M/F) 44/36 32/28 33/27 0.72 

Socioeconomic 

Status (Low/Medium/High) 
34/30/16 25/23/12 28/22/10 0.81 

AFP Levels and Liver Function Tests 

AFP levels were significantly higher in the HBV/HCV 

co-infection group (36.2 ± 12.4 ng/mL) compared to 

the HBV monoinfection (12.5 ± 4.3 ng/mL) and 

HBV/HIV co-infection groups (18.7 ± 6.8 ng/mL) 

(p<0.001) (Table 2). Elevated liver function tests, 

particularly ALT and AST, were also more prevalent in 

the HBV/HCV co-infection group. 

Table 2. AFP Levels and Liver Function Tests in Study Groups. 

Parameter 
HBV Monoinfection 

(n=80) 

HBV/HIV Co-infection 

(n=60) 

HBV/HCV Co-infection 

(n=60) 

p-

value 

AFP (ng/mL) 12.5 ± 4.3 18.7 ± 6.8 36.2 ± 12.4 <0.001 

ALT (U/L) 32.4 ± 10.2 45.7 ± 15.3 62.8 ± 20.1 <0.001 

AST (U/L) 28.3 ± 9.5 40.2 ± 12.8 59.4 ± 18.6 <0.001 

ALP (U/L) 110.7 ± 32.1 122.6 ± 38.4 135.2 ± 41.7 0.02 

Bilirubin 

(mg/dL) 
1.1 ± 0.3 1.4 ± 0.4 1.8 ± 0.6 <0.001 

Correlation Analysis 

AFP levels positively correlated with ALT (r=0.52, 

p<0.01) and AST (r=0.47, p<0.01) in the HBV/HCV 

co-infection group. No significant correlations were 

observed in the HBV monoinfection or HBV/HIV co-

infection groups (Figure 1).  

Figure 2 shows Alpha-Fetoprotein (AFP) levels 

measured over four quarters, (Q1 to Q4) for two groups 

of patients: those with both Hepatitis B and C 

(HBV/HCV co-infection) and those with only Hepatitis 

B (HBV monoinfection). 
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Figure 1. Correlation Analysis Between AFP and Liver Function Tests. 

 

Figure 2. Quarterly Variations of Alpha Fetoprotein Levels in HBV/HCV Co-infection and HBV Monoinfection Groups among 

Subjects in Warri.  
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Discussion 

This study evaluated Alpha-Fetoprotein (AFP) levels in 

HBsAg and HBeAg seropositive patients with and 

without HIV and HCV co-infections in Warri, Delta 

State, Nigeria, over one year. Our findings indicate that 

AFP levels are significantly higher in patients with 

HBV/HCV co-infection compared to those with HBV 

monoinfection or HBV/HIV co-infection. These 

elevated AFP levels in the HBV/HCV group suggest a 

heightened risk of liver disease progression and 

potential hepatocellular carcinoma (HCC) 

development. This observation aligns with previous 

studies that identified HCV co-infection as a factor that 

exacerbates liver disease in HBV patients (20-23). 

The elevated AFP levels observed in HBV/HCV co-

infected patients compared to those with HBV 

monoinfection or HBV/HIV co-infection underscore 

the additive or synergistic hepatocellular damage 

inflicted by HCV. HCV is known for its direct 

cytopathic effects and its ability to exacerbate liver 

inflammation, leading to more significant liver injury 

and, consequently, higher AFP levels. This is 

consistent with previous studies highlighting the 

exacerbation of liver disease in the presence of HCV, 

which may explain the pronounced increase in AFP 

levels observed in our study (24-27). 

In contrast, the relatively modest increase in AFP levels 

among HBV/HIV co-infected patients suggests a 

different interaction between HIV and HBV in the 

liver. Although HIV is associated with chronic immune 

activation and inflammation, its direct impact on 

hepatocytes may be less pronounced compared to 

HCV. The immunosuppressive nature of HIV may also 

modulate the inflammatory response in a manner that 

does not significantly elevate AFP levels, despite the 

ongoing liver damage (28-31). 

It is also possible that the antiretroviral therapy (ART) 

used in HIV-infected individuals plays a role in 

mitigating liver injury and, by extension, AFP 

production. ART has been shown to reduce HIV viral 

load and associated immune activation, potentially 

attenuating the extent of liver damage and AFP 

elevation in HBV/HIV co-infected individuals (23). 

However, the hepatotoxic potential of certain ART 

drugs cannot be ignored, and further research is needed 

to disentangle these complex interactions (24). 

Another factor to consider is the differential immune 

response elicited by HCV and HIV in co-infected 

patients. HCV's ability to induce a more robust and 

sustained inflammatory response in the liver, as 

opposed to the more systemic immune dysregulation 

seen in HIV infection, might explain the observed 

differences in AFP levels. HCV's propensity to cause 

chronic liver inflammation and fibrosis may lead to 

increased AFP production as a marker of ongoing liver 

regeneration and damage (32-38). 

Moreover, the role of AFP as a biomarker in these co-

infection settings is multifaceted. While elevated AFP 

is a well-known marker for hepatocellular carcinoma 

(HCC), its utility in monitoring chronic liver disease 

progression, especially in co-infected patients, remains 

an area of active investigation (39-41). The correlation 

between AFP levels and liver function tests (LFTs) 

observed in this study further supports its potential role 

in tracking liver disease severity, particularly in 

HBV/HCV co-infection (26, 27). 

However, the study also highlights the limitations of 

AFP as a sole biomarker, particularly in distinguishing 

between benign and malignant liver conditions in co-

infected individuals. The modest correlations between 

AFP and LFTs in the HBV/HIV co-infected group 

suggest that AFP alone may not be sufficient to fully 

capture the complexity of liver disease in these patients 

(28, 29). This finding aligns with existing literature, 

which advocates for the use of a combination of 

biomarkers and imaging techniques for a more 

comprehensive assessment of liver health in co-

infected individuals (30). 

Our study emphasizes the need for a nuanced 

understanding of AFP dynamics in HBV co-infection 

contexts. The differential impact of HIV and HCV on 

AFP levels reflects the underlying pathophysiological 

differences in how these viruses interact with HBV and 

affect liver health. Future research should focus on 

elucidating the specific mechanisms through which 

HIV and HCV modulate AFP production and exploring 

the potential of AFP in combination with other 

biomarkers for improved clinical management of co-

infected patients (42-44). 
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Limitation 

This study has several limitations that should be 

considered. Firstly, the study population was limited to 

patients from Warri, Delta State, Nigeria, which may 

affect the generalizability of the findings to other 

regions with different demographics or healthcare 

settings. Additionally, the study's reliance on quarterly 

blood sample collections may have missed fluctuations 

in AFP levels occurring between these intervals. The 

exclusion of individuals with pre-existing liver disease 

or HCC may also limit the applicability of the results 

to patients with more advanced liver conditions. Lastly, 

the study did not account for potential variations in 

treatment regimens or adherence among participants, 

which could influence AFP levels and liver function 

outcomes 

Conclusion 

The study demonstrates that AFP levels are 

significantly higher in HBV patients with HCV co-

infection compared to those with HBV monoinfection 

or HBV/HIV co-infection. This elevation in AFP 

suggests an increased risk of liver disease progression 

and potential hepatocellular carcinoma (HCC) in the 

HBV/HCV co-infection group. The observed positive 

correlations between AFP levels and liver enzymes 

(ALT and AST) in the HBV/HCV group further 

indicate ongoing liver damage and regeneration. These 

findings highlight the need for vigilant monitoring and 

management of HBV patients with HCV co-infection 

to address the heightened risk of liver complications. 

 Recommendations 

1. Enhanced Monitoring: Routine AFP and liver 

function tests should be integrated into the care 

plans for HBV patients, particularly those with 

HCV co-infection, to facilitate early detection 

of liver disease progression and HCC. 

2. Differentiated Management Strategies: Tailor 

treatment strategies based on co-infection 

status, with a focus on more aggressive 

monitoring for HBV/HCV co-infected 

patients. For HBV/HIV co-infected patients, 

emphasize maintaining immune function and 

monitoring liver health through regular 

assessments. 

3. Public Health Initiatives: Strengthen public 

health programs to enhance awareness about 

the risks of co-infections and promote 

preventive measures, such as vaccination 

against HBV and harm reduction strategies to 

prevent HCV transmission. Implementing 

comprehensive screening programs can aid in 

early identification and intervention, 

improving patient outcomes. 

Further Research: Future studies should explore the 

impact of various treatment regimens and adherence on 

AFP levels and liver disease progression. Expanding 

research to diverse populations and healthcare settings 

will help to validate and generalize the findings. 
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Abstract 

Introduction: Ecthyma gangrenosum (EG) is a cutaneous infection characterized by gangrenous ulcers with 

erythematous borders seen in immunocompromised as well as immunocompetent individuals. Although Pseudomonas 

aeruginosa is the commonest pathogen isolated, several other bacteria and fungi contribute to the pathogenesis of EG. 

Identification of the microorganism is very essential to initiate early empirical antimicrobial therapy. 

Case presentation: We present a case report of a 13-year-old boy with multiple recurrent ulcerative lesions in both lower 

extremities for the past 1 year. His blood parameters showed signs of inflammation but was negative for aerobic blood 

culture, suggesting absence of underlying bacteraemia. There were no features of immunosuppression. On examination 

of pus sample, Methicillin Sensitive Staphylococcus aureus and Streptococcus pyogenes were isolated from the 

ulcerative lesions. Amoxicillin- Clavulanate and Doxycycline was advised for 2 weeks along with surgical debridement 

of the lesion followed by aseptic dressing. Patient showed complete resolution after 2 weeks.   

Discussion: Staphylococcus aureus and Streptococcus pyogenes were the causative agents in this case, suggesting a 

polymicrobial association of EG besides Pseudomonas aeruginosa. Underlying bacteraemia or any other 

immunodeficiency is usually seen in a case of EG, however there are cases reported where cutaneous manifestations 

show predominance. 

Conclusion: A prompt diagnosis of EG is essential because there are instances when it has proven to be fatal. Ruling out 

any immunodeficiency disorders and underlying bacteraemia is of vital importance.  Administration of proper antibiotic 

coverage (gram positive or gram negative) along with debridement and regular dressing can help in limiting the spread 

of infections and thus improving patient outcomes. 

Keywords: Ecthyma, Staphylococcus aureus, Streptococcus pyogenes 
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Introduction 

Ecthyma gangrenosum (EG) is a cutaneous infection 

that causes crusted lesions beneath which ulcers 

develop. It has deeper dermal infiltration, leading to 

severe manifestations as compared to impetigo but both 

conditions have similar bacterial causative agents.  EG 

occurs most commonly in immunocompromised 

individuals, however, healthy immunocompetent 

people are not always excluded. Common risk factors 

include neutropenia, leukemia, multiple myeloma, type 

2 diabetes, malnutrition, and significant burn injury (1). 

Gangrenous ulcers with erythematous borders 

generally characterize lesions. Primarily affecting the 

axillary and anogenital regions it can also involve the 

arms, legs, trunk, and face. The characteristic 

macroscopic appearance is caused by perivascular 

invasion and ischemic necrosis of the associated skin 

(1). 

Pseudomonas aeruginosa is the most common bacteria 

found in EG. P. aeruginosa infection is rare in healthy 

children, but could occur in patients with croup 

syndrome and sepsis. In fact, EG may be the first sign 

of a Pseudomonas infection or might even develop in 

the later course. It usually appears before the results of 

the blood culture and help clinicians to choose 

appropriate antibiotics. Methicillin-resistant 

Staphylococcus aureus (MRSA), Streptococcus 

pyogenes, Citrobacter freundii, Escherichia 

coli, Aeromonas hydrophila, Serratia 

marcescens, Aspergillus spp., Mucor spp., 

and Candida spp. are among the many other causes of 

EG (2).  

This report suggests that besides Pseudomonas 

aeruginosa, EG due to coinfection with other 

microorganisms, such as Staphylococcus aureus and 

Streptococcus pyogenes even though rare, can prove to 

be a significant finding, especially in the absence of 

bacteraemia or any other immunocompromised status. 

Hence, prompt diagnosis with early initiation of 

appropriate antibiotics can prevent further 

complications and fatalities. 

Case presentation 

We present the case of a 13-year-old boy with 

complaints of multiple recurrent ulcerative lesions in 

both lower extremities for the past 1 year. The lesions 

were itchy and slightly painful. Throughout the past 

year, on application of topical ointments, there was 

temporary remission of lesions which later flared up. 

There was no history of any insect bite.  Local 

examination revealed that the lesions were in varied 

stages of development. Some exhibited pustules, while 

others had punched-out ulcers with thick, brown-black 

crusts and surrounding erythema (Figure 1). His 

physical examination revealed mild anaemia but no 

local lymphadenopathy.  

 

Figure 1. Multiple punched-out ulcerative lesions with thick, 

brown-black crusts and surrounding erythema over lower 

extremities.   

His blood parameters revealed mildly raised WBC 

count of 13000/μL (reference value: 4000–11,000/μL), 

ESR 55 mm/hr (reference value: 0-15 mm/hr), CRP 

150 mg/dl (reference value: ≤0.8 mg/dL), and 

procalcitonin 6.25 ng/ml (reference value: ≤0.10 

ng/mL). (All reference values were taken from 

American Board of Internal Medicine Laboratory Test 

Reference Ranges  ̶ July 2023). All serological 

parameters were negative. Aerobic Blood culture was 

negative after 5 days of incubation in BD BACTECTM 

FX40. 

Skin biopsy was taken as well as pus collected from 

underneath the crusts. Gram stain of the pus revealed 

plenty of pus cells with gram-positive cocci in chains 

as well as in clusters. Ziehl-Neelsen staining with 20% 
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H2SO4 was negative for acid fast bacilli. Two cultures 

were done on Blood agar, one incubated aerobically at 

37˚ C, and the other incubated in the presence of 10% 

CO2. After overnight incubation, Staphylococcus 

aureus and Streptococcus pyogenes were isolated. 

Antibiotic susceptibility testing was performed by 

Modified Kirby Bauer Disc Diffusion method on 

Mueller Hilton agar for Staphylococcus aureus and 

Mueller Hilton agar with 5% Sheep blood for 

Streptococcus pyogenes as per CLSI 2023 guidelines. 

Zone diameters were measured (3). Staphylococcus 

aureus was Penicillin and Clindamycin resistant, 

intermediate susceptible to Ciprofloxacin and 

susceptible to Linezolid, Erythromycin, Cefoxitin, 

Doxycycline and Cotrimoxazole. Streptococcus 

pyogenes was resistant to Clindamycin but susceptible 

to penicillin, erythromycin, and linezolid.  Skin biopsy 

revealed inflammatory cell infiltration, vascular 

proliferation, extensive keratinocyte necrosis along 

with cocci in clusters and in chains.  However, no 

bacilli, amastigote forms (Leishman Donovan bodies) 

or fungal hyphae were found.  

The patient underwent debridement of the ecthyma 

crusts along with a 14 day oral course of Amoxycillin-

Clavulanate (625 mg thrice daily) and Doxycycline 

(100 mg twice daily). On follow-up examination of the 

patient after 2 weeks, no new lesions were seen and 

there was resolution of the debrided ulcers. The patient 

was advised to maintain strict hygiene of the affected 

sites and his parents were counselled to ensure proper 

nutrition of the child. 

Discussion 

Few differential diagnoses of EG includes other causes 

of necrotic wounds such as, cutaneous anthrax, 

cutaneous aspergillosis, cutaneous leishmaniasis, 

Mycobacterium marinum infection and pyoderma 

gangrenosum (4). However, absence of bacilli, 

amastigote forms of Leishmaniasis or septate hyphae 

fungal in the pus sample as well as skin biopsy 

eliminates the first three differentials. Acid fast stain 

was negative for Mycobacterial infections and absence 

of any relevant underlying conditions, such as 

inflammatory bowel disease excludes pyoderma 

gangrenosum. EG is also often confused with Ecthyma 

contagiosum which is characterized by solitary 

pustular lesions on hands and results from the direct 

contact of damaged skin with animals infected by a 

virus of Parapoxvirus genus: Orf virus (5). 

The diagnosis of EG is not excluded even if blood 

culture yields a negative result. Pus, tissue, and exudate 

cultures could be used for identifying the organism 

causing the lesion. When both cultures show negative 

results, histopathological examination and KOH mount 

should be performed.  

EG is usually due to Pseudomonas aeruginosa 

bacteraemia in patients with impaired immune systems. 

However, patients without any underlying 

immunodeficiencies may also suffer from this clinical 

situation and even without any features of bacteraemia 

(6,7,8). This is highlighted in our case where EG 

occurred in an immunocompetent patient without 

bacteraemia and with causative organisms besides 

Pseudomonas aeruginosa as Coinfection with 

Methicillin Sensitive Staphylococcus aureus (MSSA) 

and Streptococcus pyogenes was seen in this case. 

Ecthyma gangrenosum secondary to MSSA was also 

seen in a case reported by Ivanaviciene J et al. (9).  

Here, the Staphylococcus aureus strain was resistant to 

penicillin, whereas the beta-haemolytic Streptococcus 

pyogenes was susceptible. Oral combination 

antimicrobial therapy with Beta lactam-beta lactamase 

inhibitor (BL-BLI) and a broad-spectrum antibiotic 

was required to manage this condition. Kudo Nagata Y 

et al. reported cases of EG with MRSA strains, which 

could be fatal, especially in patients with 

haematological malignancies due to concurrent 

bacteraemia. Although such a case is relatively 

uncommon, tissue cultures with an initial gram stain is 

essential for selecting appropriate empirical 

antimicrobials, including the coverage of S. aureus 

(10). Ulpiano Trillig, A et al. also reported two cases of 

coinfection by group A Streptococcus 

spp. and Staphylococcus aureus admitted to the 

hospital. The first patient had no risk factors nor any 

immunodeficiency, but the second case was a homeless 

man with drug and alcohol abuse and advanced HIV 

infection (11). A study in Japan showed that 

staphylococcal infection was responsible for 60% of 

cases of EG, while the remaining cases were attributed 

to Streptococcal and P. aeruginosa infections, in 

descending order of prevalence (12). 
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There are even two postulated mechanisms identified 

in the literature that describe the pathogenesis of EG. 

In the first form, bacteria from a primary infection 

originating in the genitourinary, respiratory, or 

gastrointestinal tract travel hematogenously, 

disseminating through the vasculature to the skin, or in 

the second scenario a cutaneous abnormality emerges 

and microbial infiltration takes place at the precise 

location of the abnormality (13). Lesions usually 

recover after surgical debridement of the ulcers with a 

complete course of antibiotics. Maintenance of proper 

hygiene is also required to prevent recurrence. 

Conclusion 

Ecthyma gangrenosum is a serious and sometimes fatal 

skin condition that initially manifests as a 

maculopapular rash, followed by a haemorrhagic bulla, 

necrotic ulceration, and surrounding erythema. The 

perivascular bacterial invasion of cutaneous blood 

vessels resulting in ischemic skin necrosis is the main 

pathology behind EG. A clinical diagnosis is often 

established by punched-out ulcers with thick, brown-

black crusts.  Lesions might be one or more, and, as 

seen in our case, they can be in different phases of 

development. There are several bacterial agents 

responsible for this condition and thus it might 

sometimes be polymicrobial. Proper antibiotic therapy 

along with hygiene maintenance is essential to treat this 

skin condition.  
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