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Background: Invasive candidiasis (ICs) is one of the common causes of death in patients with solid tumors. However, studies on the 
clinical characteristics of ICs with solid tumors are limited.
Methods: The purpose of this study was to retrospectively analyse the clinical characteristics, laboratory results and risk factor 
prediction of inpatients with ICs and solid tumors. We reviewed the clinical data and candida specimen information of hospitalized 
patients diagnosed with solid tumors combined with ICs at the First Hospital of China Medical University from January 2016 to 
December 2020. Multivariate logistic regression analysis was used to assess the prognostic factors associated with mortality in these 
patients.
Results: A total of 243 ICs patients with solid tumors were included in this study. The average ± SD age was 62.8 ± 11.7 (range: 27– 
93 years old), of which nearly 41% were ≥ 65 years old (99/243, 40.7%), and most were male (162/243, 66.6%). Most patients had 
malignant tumors of the digestive system. The most common candida was Candida parapsilosis (101/243, 41.5%), followed by 
Candida guilliermondii (83/243, 34.1%), Candida albicans (32/243, 13.1%), Candida glabrata (17/243, 6.9%), Candida tropicalis (7/ 
243, 2.8%) and Candida krusei (3/243, 1.2%). Multivariate logistic regression analysis showed that the length of stay in the ICU, 
urinary catheter, total parenteral nutrition, stay in the ICU, renal failure and neutrophil count were prognostic factors related to death.
Conclusion: In this study, based on the clinical data of solid tumor patients with ICs in the past 5 years, the results showed that the 
length of stay in the ICU, urinary catheter, total parenteral nutrition, stay in the ICU, renal failure and neutrophil count were identified 
as the main prognostic factors. This study can be used to help clinicians carry out early intervention for high-risk patients.
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Introduction
Invasive candidiasis (ICs) is one of the most common hospital bloodstream infections1,2 and easily occurs in patients who 
have been hospitalized for a long time, immunotherapy and organ transplantation.3–5 The infection rate of ICs in patients 
with solid tumors continues to increase due to a more active multidrug chemotherapy scheme, increased use of antibiotics 
and use of high-dose immunosuppressants.6–8 According to research reports from different cohorts of solid tumor 
patients, the invasive candidiasis infection rate of solid tumor patients ranges from 1.3% to 38.0%.6 In patients with 
solid tumors, immune deficiency and disruption of gastrointestinal mucosal integrity are the reasons for the increased risk 
of invasive candidiasis infection.9 In healthy individuals, candida and other microorganisms mainly play physiological 
functions and contribute to individual homeostasis, however, in patients with solid tumors, candida and other micro
organisms play different roles and may play a role in promoting the progression of solid tumors.10 And patients with 
solid tumors may develop neutropenia, further leading to poor prognosis.11 According to previous research results, the 
most common invasive candida infection in patients with solid tumors is Candida albicans, followed by Candida 
parapsilosis, tropical Candida and Candida glabrata, but it is changing like non Candida albicans infection.12 For the 
selection of anticandida drugs, changes in candida species have clinical significance, as non Candida albicans are often 
resistant to fluconazole.13
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The mortality of ICs patients is very high, which has attracted increasing attention in the medical field. Due to the 
limited number of studies, many aspects of ICs are still poorly understood. In this study, we collected the data of 243 
solid tumor patients with ICs, described their clinical characteristics and biochemical tests in detail, and finally used 
multivariate logistic regression to identify the prognostic factors related to death.

Method
Patient Selection
The data come from the electronic medical record system of the ward and are extracted from the period from 
January 2016 to December 2020 of the First Hospital of China Medical University. The clinical data and candida 
specimen information of inpatients with solid tumors and ICs were collected. The information collected and recorded 
included age, sex, length of stay, antibiotic application, chemotherapy, surgery, basic diseases, admission to the intensive 
care unit (ICU) and other relevant clinical information.

Criteria for Study Inclusion
We collected all Candida isolates recovered from sterile body fluids and blood for inclusion in this study (EORTC/ 
MSG 2008). The data collected included the tumor type, baseline characteristics, hematological diagnosis and 
chemotherapy, risk factors for ICs, clinical characteristics of ICs, candida detection results, anticandida prevention 
and treatment, and survival status at discharge. Document the management of patients receiving anticandida prophy
laxis and treatment. Including the date and nature of treatment changes and survival status at discharge. Each inpatient 
represents a case.

Microbiological Test
Sterile body fluid samples (8–10 mL) were collected and incubated for 5 days. Transfer the positive sample to the blood 
agar plate and then pass the bacterial and candida isolates at 35 °C for 48–72 hours. Gram staining and microscopic 
examination were performed simultaneously. Strain identification (bacterial isolates and candida isolates) was carried out 
on a VITEK 2 Compact (Bio Merieux SA, Marcy l’etoile, France).

ATB FUNGUS 3 (Bio Merieux SA, Marcy l’etoile, France) was used for the drug sensitivity test. The drug sensitivity 
test was performed by applying ATB Fungus 3 yeast-like fungi to the drug sensitivity test box in strict accordance with 
the National Clinical Trial Operating Procedures and reagent instructions. The standard anticandida susceptibility testing 
was performed according to CLSI M27-A3. Essential agreement (EA) is defined as the percent of all Sensititre™ 
YeastOne™ MIC results within one 2-fold dilution of the CLSI MIC result. Candida krusei ATCC 6258 and Candida 
parapsilosis ATCC 22019 were selected for quality control. The epidemiological cutoff values (ECV) and clinical 
breakpoints of anticandida against C. duobushaemulonii in vitro have been established by the CLSI. Among them, 
fluconazole MICs of greater than 32 μg/mL is considered as non-WT for C. duobushaemulonii and C. auris. Flucytosine 
MIC values (≥32 μg/mL) were interpreted according to the CLSI document M27-S3. In addition, MIC of ≥2 μg/mL was 
used for interpreting “resistance” of amphotericin B.

Definition
Prolonged hospitalization was defined as a hospital stay longer than 10 days.

Statistical Analysis
MedCalc software 19.3.1 (MedCalc Software Ltd, Ostend, Belgium) was used for statistical analysis. The quantitative 
data with a nonnormal distribution are expressed as the median and quartile range [M (P25, P75)], and the Mann‒ 
Whitney test was used for comparative analysis between groups. Qualitative data are described by relative numbers and 
compared between groups by χ^2 Inspection. Logistic regression analysis was used for multivariate analysis. p < 0.05 
was required for differences to be considered statistically significant.
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Result
General Information
A total of 243 ICs patients with solid tumors were included in this study. The average ± SD age was 62.8 ± 11.7 (range: 
27–93 years old), of which nearly 41% were ≥ 65 years old (99/243, 40.7%), and most were male (162/243, 66.6%). 
Most patients had malignant tumors of the digestive system, such as gastric cancer (66/243, 27.2%), colon cancer (46/ 
243, 18.9%), rectal cancer (34/243, 14.0%), pancreatic cancer (22/243, 9.1%), duodenal carcinoma (19/243, 7.8%), bile 
duct cancer (15/243, 6.2%), liver cancer (8/243, 3.3%), and esophageal cancer (6/243, 2.5%).

The most common candida in our sample was Candida parapsilosis (101/243, 41.5%), followed by Candida 
guilliermondii (83/243, 34.1%), Candida albicans (32/243, 13.1%), Candida glabrata (17/243, 6.9%), Candida tropi
calis (7/243, 2.8%) and Candida krusei (3/243, 1.2%). In addition, 184 (75.7%) patients received recent surgery (within 2 
weeks) before data collection, 100 (39.1%) patients stayed in the ICU during hospitalization, 95 (39.0%) patients had 
bacterial blood infections, 82 (33.7%) patients had persistent invasive candidiasis, and 33 (13.5%) patients died within 30 
days. During hospitalization, 92 (37.8%) patients used three or more types of antibiotics, and 223 (91.7%), 156 (64.1%), 
and 156 (64.1%) patients used catheters, gastric tubes, and central venous catheters, respectively. Supplementary Table 1 
contains a summary of the clinical characteristics and inducing factors of patients included in this study.

In vitro Anticandida Susceptibility Test
The sensitivity test results of 243 isolates to five anticandida drugs are shown in Supplementary Table 2. Among the 
isolates tested, 27/243 (11.1%) were resistant to at least one anticandida agent. For fluconazole, 226/243 (93.0%) 
Candida strains were found to be susceptible. The susceptible of Candida glabrata isolates to fluconazole was the 
highest in non-susceptible (12/17, 70.6%).

Risk Factors for Candida albicans and Non-Candida albicans Infection
The comparison of demographic and clinical characteristics of patients with Candida albicans and non-C. albicans 
infection is summarized in Table 1. The presence of total parenteral nutrition (78.1% vs 97.6%, P=0.0002), recent surgery 

Table 1 Risk Factors for Candida albicans and Non-Candida albicans Infections

Candida albicans % (n=32) Non-Candida albicans % (n=211) P value

Male 23 (71.8%) 139 (65.8%) NS

Age (years) 62.8 (55.75, 69.5) 62.8 (56, 70) NS

Length of stay (days) 59.0 (30.25, 62.75) 37.7 (23, 46) 0.0001
Length of stay in ICU 5.9 (0, 8.25) 5.1 (0, 4) NS

Diabetes 7 (21.8%) 21 (9.9%) NS

Pancreatitis 1 (3.1%) 1 (0.4%) NS
Total parenteral nutrition 25 (78.1%) 206 (97.6%) 0.0002

Renal failure 1 (3.1%) 8 (3.7%) NS

Recent surgery (within 2 weeks) 19 (59.3%) 165 (78.1%) 0.0271
ICU 17 (53.1%) 79 (37.4%) NS

Hypoproteinemia 26 (81.2%) 149 (70.6%) NS

Invasive mechanical ventilation 13 (40.6%) 69 (32.7%) NS
Urinary catheter 30 (93.7%) 193 (91.4%) NS

Gastric tube 13 (40.6%) 143 (67.7%) 0.0049

Central venous catheter 19 (59.3%) 137 (64.9%) NS
Drainage catheter 19 (59.3%) 188 (89.0%) <0.0001

Endotoxic shock 5 (15.6%) 20 (9.4%) NS

Multiple hospitalizations within 2 years (>2 times) 22 (68.7%) 127 (60.1%) NS
Persistent candidiasis 12 (37.5%) 70 (33.1%) NS

Serum albumin level (g/l) 26.6 (23.65, 29.025) 27.8 (24.9, 30.9) NS

(Continued)
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(59.3% vs 78.1%, P=0.0271), gastric tube (40.6% vs 67.7%, P=0.0049) and drainage catheter (59.3% vs 89.0%, 
P<0.0001) was more common in patients with non-C. albicans infection. Compared with patients with non- 
C. albicans infection, patients with C. albicans infection had longer hospitalization times (59 days vs 37.7 days, 
P=0.001). In terms of laboratory examination, the leukocyte count and neutrophil counts of Candida albicans patients 
were higher, and the median white blood cell and neutrophil counts exceeded the normal values.

Analysis of Risk Factors for Survived - Deceased in Patients
The demographic and clinical characteristics of survived - deceased of patients are listed in Table 2. Surviving patients 
are usually those who stay in the ICU for a longer time, and they are less often accompanied by renal failure, invasive 
mechanical ventilation, endotoxic shock, multiple hospitalizations within 2 years, and persistent candidiasis. Surviving 

Table 1 (Continued). 

Candida albicans % (n=32) Non-Candida albicans % (n=211) P value

Serum creatinine level (μmol/L) 79.3 (39, 87.75) 70.3 (45.75, 69) NS

Leukocyte count (10^9/l) 12.2 (7.3875, 14.2675) 7.7 (5.035, 10.075) < 0.0001
Total bilirubin level (μmol/l) 39.3 (10.125, 58.025) 30.1 (8.85, 26.85) NS

Neutrophil count (10^9/l) 8.7 (5.12, 11.5675) 6.4 (3.855, 8.065) 0.0014

Lymphocyte count (10^9/l) 1.0 (0.5275, 1.1675) 0.8 (0.465, 0.91) NS
CRP (mg/l) 127.3 (74.475, 182.25) 95.1 (58.55, 119.75) NS

PCT (ng/mL) 5.4 (0.2375, 3.4575) 2.3 (0.24, 1.07) NS

Table 2 Comparisons of Patients That Survived versus Died

Survived Patients % (n=210) Deceased Patients % (n=33) P value

Male 138 (65.7%) 24 (72.7%) NS
Age (years) 62.2 (55, 69.75) 66.6 (58, 75) NS

Length of stay (days) 40.0 (24, 46) 43.2 (24, 50) NS

Length of stay in ICU 3.5 (0, 3) 16.3 (1, 15.25) < 0.0001
Diabetes 23 (10.9%) 5 (15.1%) NS

Total parenteral nutrition 208 (99.0%) 23 (69.6%) <0.0001

Renal failure 3 (1.4%) 6 (18.1%) 0.0003
Recent surgery (within 2 weeks) 171 (81.4%) 13 (39.3%) <0.0001

ICU 71 (33.8%) 25 (75.7%) <0.0001

Hypoproteinemia 150 (71.4%) 25 (75.7%) NS
Invasive mechanical ventilation 63 (30.0%) 19 (57.5%) 0.0028

Urinary catheter 197 (93.8%) 26 (78.7%) 0.0096

Gastric tube 135 (64.2%) 21 (63.6%) NS
Central venous catheter 132 (62.8%) 24 (72.7%) NS

Drainage catheter 188 (89.5%) 19 (57.5%) <0.0001
Endotoxic shock 12 (5.7%) 13 (39.3%) <0.0001

Multiple hospitalizations within 2 years (>2 times) 123 (58.5%) 26 (78.7%) 0.0336

Persistent candidiasis 64 (30.4%) 18 (54.5%) 0.0095
Serum albumin level (g/l) 27.7 (24.825, 30.775) 27.6 (24.1, 29.4) NS

Serum creatinine level (μmol/L) 67.2 (45, 69) 98.1 (58, 116) 0.0012

Leukocyte count (10^9/l) 7.8 (5.0225, 10.1025) 11.4 (7.46, 13.85) < 0.0001
Total bilirubin level (μmol/l) 28.1 (8.825, 25) 52.0 (12.1, 63.6) 0.0102

Neutrophil count (10^9/l) 6.3 (3.8525, 8.2775) 9.2 (5.87, 13.32) 0.0002

Lymphocyte count (10^9/l) 0.8 (0.4725, 0.9475) 0.9 (0.55, 1.11) NS
CRP (mg/l) 95.7 (57.95, 120.5) 118.0 (70.7, 140.5) NS

PCT (ng/mL) 2.5 (0.22, 1.025) 4.0 (0.3225, 2.055) 0.0300
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patients had lower serum creatinine levels, leukocyte counts, total bilirubin levels, neutrophil counts and PCT (procalci
tonin) levels. Patients who passed away tended to have a higher usage of total parenteral nutrition, urinary catheters, and 
drainage catheters, as well as having undergone more recent surgeries.

Prognostic Factors Associated with Deceased
In solid tumors patients with ICs, in univariate analysis, death was the dependent variable (0=survived, 1=deceased), 
length of ICU stay, total parenteral nutrition, renal failure, recent surgery, admission to ICU, invasive mechanical 
ventilation, urinary catheter, drainage catheter, endotoxic shock, multiple hospitalizations within 2 years, persistent 
candidiasis, serum creatinine level, leukocyte count, total bilirubin level, neutrophil count, and PCT were used as 
independent variables for logistic regression analysis. The results showed that hospitalization time in the ICU, urinary 
catheters, total parenteral nutrition, admission to the ICU, renal failure and neutrophil count were prognostic factors 
related to death (Table 3). Next, we conducted factor analysis on the 6 results obtained from logistic regression analysis, 
and obtained a risk score of Logit (P): +for each patient based on the 6 factors of “Length of stay in ICU”, “Urinary 
Catheter”, “Total parental nutrition”, “ICU”, “Renal failure”, and “Neutral count” for diagnosis of “whether to die”. Logit 
(P): + represents a greater tendency towards deceased, - represents a smaller tendency towards deceased, resulting in the 
model:

Logit(P) = 2.504 + 0.029 * (Length_of_stay_in_ICU) + 0.191 * (Neutrophil_count) + 3.257 * (Renal_failure) + 3.213 * 
(Stay_in_ICU) - 5.330 * (Total_parenteral_nutrition) - 4.067 * (Urinary_catheter).

Conclusion
In ICs patients with solid tumors, stay in ICU is a common complication that is associated with poor prognosis. This 
study aimed to investigate the clinical characteristics, pathogen distribution, and risk factors for death in 243 solid tumor 
patients with ICs. The average age of these patients was 62.8 ± 11.7 years, with nearly 41% being ≥ 65 years old. Most of 
the patients were male (66.6%) and had malignant tumors of the digestive system, such as gastric, colon, rectal, 
pancreatic, duodenal, bile duct, liver, and esophageal cancers. Candida parapsilosis was found to be the most common 
pathogen, followed by Candida guilliermondii, Candida albicans, Candida glabrata, Candida tropicalis, and Candida 
krusei. These findings are consistent with those of recent studies conducted in Italy and the United States.14–16

Amphotericin B was the most sensitive anticandida agent in our study. According to the anticandida susceptibility 
test, candida strains isolated from 243 patients were not resistant to amphotericin B, which was consistent with another 
study on anticandida susceptibility of candida.17,18 Although fluconazole is the most commonly used anticandida drug, 
our results show that 7.4% (18/243) of candida are resistant to fluconazole, which is the drug with the strongest 
resistance. This is similar to the results of a recent study on candida resistance.19

According to the results of logistic regression analysis in this study, we found that the most important predictors of 
death in solid tumor patients with ICs included the length of stay in the ICU, urinary catheters, total parenteral nutrition, 
admission to the ICU, renal failure and neutrophil count. Length of stay in ICU, Stay in ICU, Renal failure, and Neutral 
count are factors that can increase the risk of patient mortality. Total parental nutrition and Urinary Catheter can prevent 
patient death. Some studies have shown that the overall mortality of hospitalized patients increases with increasing length 
of stay in the ICU, which may be due to the complications caused by long-term intensive care.20,21 In patients with 

Table 3 Logistic Regression Analysis of Prognostic Factors Associated with Death

β S X Wald χ2 P value OR 95% CI

Length of stay in ICU 0.005 0.002 2.476 0.015 1.036 1.006–1.009
Urinary catheter −0.301 0.114 −2.638 0.010 0.468 1.036–1.134

Total parenteral nutrition −0.655 0.172 −3.799 < 0.001 2.426 0.193~0.671

ICU 0.196 0.094 2.073 0.041 2.387 1.156~4.245
Renal failure 0.434 0.129 3.381 0.001 0.483 1.052~2.048

Neutrophil count 0.041 0.012 3.537 < 0.001 0.386 0.183~0.942
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candidemia, the mortality rate of hospitalized patients increases with the increase in the use rate of urinary catheters. 
Some recent studies have also proven our view.22,23 Total parenteral nutrition is also an important risk factor for 
candidiasis. The results of two multicenter prospective controlled clinical trials show that total parenteral nutrition is 
an independent risk factor for candidiasis.24,25 Although there is no direct literature proving that the death rate of solid 
tumors patients with ICs will increase when they stay in the ICU during hospitalization, there are studies proving that the 
prolonged stay in the ICU will lead to the risk of invasive candidiasis.21,26 Perhaps this is one of the reasons for the 
increase in mortality. Patients with renal failure are often accompanied by dialysis or renal transplantation, which is also 
a risk factor for candidaemia infection and may lead to an increase in mortality.27 In a study on bloodstream infection in 
patients with hematological malignancies, neutropenia was the most common risk factor, and infection will develop 
rapidly, leading to poor prognosis.28

The mortality rate of invasive candidiasis varies in different regions. In a study in Brazil, the mortality rate of cancer 
patients with invasive candidiasis was 49.4%.29 In a study in Europe, the mortality rate of patients with invasive 
candidiasis associated with cancer was 39%.30 Our data shows that the mortality rate of patients with solid tumors 
accompanied by invasive candidiasis is 13.6%. And the mortality rate of infection varies among different types of 
Candida. In a French study, cancer patients infected with Candida krusei had the highest mortality rate, while those 
infected with Candida parapsilosis had the lowest mortality rate.31 This is similar to our research results. Our data shows 
that the mortality rate from high to low is Candida krusei (2/3, 66.67%), Candida tropicalis (3/7, 42.86%), Candida 
albicans (9/32, 28.13%), Candida glabrata (4/17, 23.53%), Candida parapsilosis (9/101, 8.91%), and Candida guillier
mondii (6/83, 7.23%).

However, this study has some limitations. First, this was a single-center study. The results may be affected by 
geographical location, hospital management strategies, infection control policies and other factors. Second, limited 
samples and regional differences may reveal some key factors. Therefore, a large-scale, multicenter prospective study 
should be further carried out to verify the results of this study.

Conclusion
We have reported for the first time the epidemiological data of solid tumors combined with invasive candidiasis in 
patients over the past 5 years. Although available clinical data is limited, these findings will greatly assist clinical 
healthcare workers in identifying, preventing, and treating ICs in patients with solid tumors.
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