
1391Neoplasma 2020; 67(6): 1391–1399

doi:10.4149/neo_2020_200204N105

Etiology of candidemia in patients with solid tumors - 7 years of experience of 
one oncology center 

M. SZYMANKIEWICZ1,*, T. NOWIKIEWICZ2,3

1Department of Microbiology, Prof. F. Lukaszczyk Center of Oncology in Bydgoszcz, Bydgoszcz, Poland; 2Clinical Department of Breast Cancer 
and Reconstructive Surgery, Prof. F. Lukaszczyk Center of Oncology in Bydgoszcz, Bydgoszcz, Poland; 3Department of Diagnosis and Treatment 
of Breast Diseases, Department of Oncological Surgery, Collegium Medicum UMK in Toruń, Toruń, Poland 

*Correspondence: szymankiewiczm@co.bydgoszcz.pl

Received February 4, 2020/ Accepted March 30, 2020

Although the candidemia still remains a serious health problem, the study of candidemia in cancer patients is limited. We 
conducted a retrospective analysis of candidemia among 31 adult patients hospitalized in one oncological center. The mean 
annual incidence of candidemia was 0.14±0.05/1000 patient-days (range 0.04-0.91). In 10 patients (32.3%), the catheter-
related infection was diagnosed; in the remaining 21 patients (67.7%), it was a secondary infection. From 31 patients of 
candidemia, 15 died (48.4% 30-day mortality), but an overall mortality rate during hospital stay was 61.3% (19 cases). 
Patients with secondary candidemia, ASA=IV and complicated postoperative course, had poorer 1-year survival probability 
compared with patients with catheter-related infection (p=0.004), ASA<IV (p=0.0393), and uncomplicated postoperative 
course (p=0.0009). C. glabrata (n=13, 41.9%) was the most frequently isolated species, followed by C. albicans (n=12, 38.7%) 
and C. parapsilosis (n=3, 9.7%). C. lusitaniae (n=2, 6.5%), and C. tropicalis (n=1, 3.2%) were sporadically isolated. Within C. 
glabrata, there was no resistance to anidulafungin, two strains (15.4%) were resistant to fluconazole, while the others showed 
intermediate susceptibilities to this drug. A total of 58.0% of all Candida spp. strains were sensitive to fluconazole, and 
90.0% of the strains were sensitive to anidulafungin. Mortality in candidemia among patients with solid tumors undergoing 
surgery remains high. The complicated postoperative course requiring reoperation and secondary origin of candidemia are 
factors for poor prognosis. The demonstrated dominant role of C. glabrata in inducing candidemia is becoming a serious 
clinical and therapeutic problem. 
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The increasing incidence of candidemia among cancer 
patients and poor prognosis encourages the undertaking of 
research on the current etiological agents of candidemia. 
While there are quite numerous reports of candidemia 
among patients with hematological cancers, only a few publi-
cations are dealing with this problem among patients with 
solid tumors [1–3].

It is known, however, that the species structure of candi-
demia has changed in recent years [4]. In Europe, a decrease 
in the frequency of isolation of Candida albicans (C. albicans) 
has been observed, although it often remains the dominant 
species in candidemia in intensive care units, and there has 
been an increase in the incidence of non-albicans Candida, 
with varying percentages of individual species [5].

Candidemia occurs in patients at increased risk of devel-
oping a fungal infection, and the likelihood of it developing 
depends on the accumulation of many risk factors. Cancer 

patients are more likely to develop candidemia. Immunode-
ficiencies, especially periodic neutropenia and lymphopenia, 
mainly related to CD4 + lymphocytes, resulting from the 
underlying disease and chemotherapy and immunotherapy 
used in treatment, help infections to overcome the immune 
barrier and develop [4, 6, 7]. Surgical operations during 
advanced stages of cancer are often extensive, frequently 
requiring gastrointestinal opening and subsequent anasto-
mosis. This increases the risk of candidemia from the surgical 
site. Also, long-term central venous catheters used in cancer 
patients, a stay in an intensive care unit, and vancomycin 
or piperacillin/tazobactam treatment also promote fungal 
infections [3, 8, 9].

Antifungal treatment strategies distinguish empirical, 
pre-emptive, and targeted treatment. About 80.0% of patients 
who develop invasive fungal infections receive empirical 
treatment [10]. For empirical treatment, the IDSA (Infec-
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tious Diseases Society of America) and ESCMID (European 
Society of Clinical Microbiology and Infectious Diseases) 
recommend triazoles or echinocandins [11, 12].

The aim of our work is a retrospective analysis of the epide-
miology of candidemia among patients with solid tumors, 
analysis of the participation of individual Candida species 
in inducing candidemia, as well as assessing the sensitivity 
of isolated pathogens to fluconazole and anidulafungin. We 
also calculate the 30-day mortality rate and 1-year survival 
probability.

Patients and methods

Patients and criteria of candidemia. A retrospective 
study covered 31 adult patients, hospitalized in one oncolog-
ical center with >300 beds, in 3 surgical departments, as 
well as in the intensive care unit, in which candidemia was 
diagnosed in the period from 01/2013–09/2019. The source 
of demographic data (age, sex, and body mass index-BMI 
index) and clinical data of the analyzed group of patients 
(including the results of microbiological tests) was the 
hospital medical documentation of the patients.

An infection associated with the stay in the ward was 
deemed to be candidemia that had developed 48 h after 
admission to the ward. Candidemia was diagnosed when 
at least one positive blood culture showed the presence 
of Candida fungi. Blood infection was considered to be 
catheter-related when its origin was causally related to 
the presence of a venous catheter and the same Candida 
species was isolated from the blood and the removed central 
catheter. Secondary infection was diagnosed when the same 
fungal species was cultured from blood and other sites or 
infection sites (gastrointestinal tract, respiratory system, 
urinary tract, and other sites). Cases where no microbio-
logical confirmation of the origin of the candidemia was 
obtained (but catheter-related infection was ruled out) were 
classified as a secondary without microbiological confir-
mation. Secondary infections confirmed microbiologically 
and without such confirmation were jointly referred to as 
secondary infections. The day of taking the blood sample 
for the test, which was positive, was considered to be the 
day of candidemia diagnosis. In accordance with the hospi-
tal’s standard practice, the placement and management of 
the central venous catheter were covered by the applicable 
standard of care, aimed at the prevention of infection. If 
catheter infection was suspected, the catheter was immedi-
ately removed and the tip of the catheter was sent for micro-
biological examination.

Microbiological analysis. Blood for testing was collected 
in BacT/ALERT FN Plus and FA Plus bottles with culture 
medium, and incubated in an automated BacT/ALERT 3D 
system (bioMérieux, US) based on colorimetry. In the case 
of obtaining a positive signal from the analyzer, a Gram-
stained preparation was made and plated in a laminar 
chamber on solid media: Columbia agar + 5% sheep blood 

and chocolate agar with Vitox (Thermo Scientific, Germany). 
The grown microorganisms were identified using VITEK 2 
YST cards for the VITEK 2 Compact system (bioMérieux, 
France). The sensitivity of fungi to fluconazole and anidula-
fungin was assessed using gradient strips impregnated with 
antibiotic with the E-test system (bioMérieux, France) on 
RPMI agar (bioMérieux, France). Incubation was carried out 
in an incubator at 35°C for 24–48 hours (until growth was 
obtained). MIC (minimal inhibitory concentration) results 
were interpreted in accordance with current EUCAST version 
9, valid from 12.02.2018, and previous versions of documents 
(EUCAST, European Committee on Antimicrobial Suscep-
tibility Testing). MIC50 (lowest inhibitory concentration of 
50.0% isolates) and MIC90 (lowest inhibitory concentration 
of 90.0% isolates) were also evaluated.

Since 2016, in positive blood cultures, microbial genetic 
material has been additionally detected by multiplex PCR 
using a blood culture identification panel (BCID) in the 
FilmArray system. FilmArray (BioFire Diagnostics, Salt Lake 
City, US) is an automated in vitro diagnostic system that uses 
nested multiplex polymerase chain reaction (nmPCR) and 
high resolution melting analysis to simultaneously detect 
and recognize many specific nucleic acid sequences found 
in a clinical sample. Within Candida, the test detects the 
five most common species: C. albicans, C. glabrata, C. tropi-
calis, C. parapsilosis and C. krusei. The first positive blood 
culture obtained from a patient in the course of diagnosis of 
a generalized infection was qualified for the multiplex PCR 
test. PCR samples were prepared according to the manufac-
turer’s instructions. All positive results in the multiplex PCR 
method were confirmed by positive cultures and identifica-
tion as described above.

In the event of suspected catheter infection, the catheter tip, 
taken into a sterile container, was inoculated onto Columbia 
agar + 5% sheep blood (Thermo Scientific, Germany) in a 
quantitative and semi-quantitative manner according to 
Maki et al. [13] through rolling. After the incubation period, 
colonies were counted. Fungi were identified using the 
VITEK 2 Compact system (bioMérieux, France). Growth 
of microorganisms of the same species ≥15 colonies in the 
semi-quantitative method, and in the quantitative method 
>103 CFU/ml, was interpreted as a positive result.

Groups created for analysis. Depending on the origin of 
the candidemia, two groups of patients were distinguished. 
The first group included patients with secondary candidemia 
(n=21), the second group includes patients with catheter-
derived candidemia (n=10). The frequency of occurrence of 
risk factors in both groups was compared.

In the examined patients, the causes of deaths were 
analyzed. To this end, groups of patients qualified for 
surgery due to de novo malignant disease or due to recur-
rence or progression of the underlying disease were identi-
fied, cases with different primary tumor locations (gastroin-
testinal tract, urinary tract, gynecological neoplasms), and 
groups of patients with normal or complicated (necessity of 
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reoperation) postoperative course. The clinical significance 
of preoperative systemic treatment (or radiotherapy) was 
also determined.

30-day mortality was defined as the death occurring 
within 30 days after the day of candidemia diagnosis. The 
mortality during the hospital stay was also given.

Statistical analysis. Statistical analysis for categorical 
variables was carried out using chi-square test with Yates 
correction or Fisher’s exact test with Freeman-Halton correc-
tion. A Mann-Whitney U test was used to analyze continuous 
variables. Survival analysis was conducted using Statistica 
(data analysis software system, TIBCO Software Inc., www.
statistica.io, version 13.3). The Kaplan-Meyer model with 
a log-rank test was adopted to compare survival between 
groups. The results were analyzed for the endpoints: death 
or the last visit to the hospital, which data was available in 
the medical reports. Differences were accepted as statisti-
cally significant when the significance level was less than 0.05 
(p<0.05). The results are also shown as % and median.

The study received approval from the Bioethical Commis-
sion at the Collegium Medicum of Nicolaus Copernicus 
University in Toruń (KB approval number 830/2019).

Results

The annual incidence of candidemia. In almost seven 
years, 31 cases of candidemia were found. The mean annual 
incidence of candidemia in relation to four departments 
reporting its occurrence was 0.14±0.05/1000 patient-days 
(range 0.04–0.91). The highest average annual incidence 
rate was recorded in the intensive care unit 0.91±1.00/1000 
patient-days (range 0.0–2.54).

Characteristics of patients. The median age of the 
patients analyzed was 66.0 years (in the range of 38 to 86 
years), median BMI 25.3 kg/m2 (range 15.1–36.0). Twenty-
one of the 31 patients (67.7%) were women. Seven patients 
(22.6%) had a level ASA=IV (risk associated with the occur-
rence of serious complications or death assessed according to 
the American Society of Anesthesiology (ASA)). All patients 
underwent surgery due to a malignant diagnosis. Sixteen out 
of 31 patients (51.6%) underwent surgery up to 30 days before 
the onset of candidemia. In 17 patients (54.8%), the primary 
tumor was localized in the gastrointestinal tract, in 12 
patients (38.7%) – in the female genital tract, in the remaining 
cases it was localized in the urinary tract (n=2, 6.4%).

In 20 cases, the diagnosis of candidemia (64.5%) 
concerned patients undergoing surgical treatment for a 
newly diagnosed primary malignant tumor. In 10 patients, 
the indications for surgery were the progression symptoms 
of a previously diagnosed neoplastic disease, while in one 
case – local complications (entero-vaginal fistula and entero-
bladder fistula) in the patient during palliative treatment 
(35.5% in total).

In 13 patients, preoperative systemic treatment or CHTH 
(chemotherapy) combined with RTH (radiotherapy) was 

used. Slightly more than 4/5 of the analyzed patients (n=26, 
83.9%) received parenteral nutrition in the past. Up to 30 days 
before the diagnosis of candidemia, 27 of 31 patients (87.1%) 
were treated with broad-spectrum antibiotics, including 17 
patients (54.8%) using at least one of the following antibiotics: 
vancomycin or piperacillin with tazobactam. In contrast, 
20 out of 31 patients (65.0%) received empirical antifungal 
therapy using fluconazole and/or echinocandins.

Epidemiology of candidemia, Candida species distri-
bution. The median of days of hospitalization up to candi-
demia was 36 (range 7–70). The characteristics of patients 
with regard to the division into the origin of candidemia are 
presented in Table 1. In 10 patients (32.3%), the catheter-
related infection was diagnosed, in the remaining 21 patients 
(67.7%), it was a secondary infection, with a primary focus 
located in the gastrointestinal tract, respiratory system, 
urinary tract or in other sites. In 11 patients (35.5%), candi-
demia was diagnosed in the intensive care unit, and in the 
remaining 20 patients (64.5%) in the surgical wards. Bacte-
rial and fungal co-infection was found in 5 requirements 
(16.1%). However, cultured bacterial strains were not the 
subject of analyzes in this work. Confirmation of the micro-
biological source of the candidemia was obtained in 22/31 
(72.0%) patients, in all cases associated with catheter-
induced disease (10/10, 100.0%) and in 12/21 cases (57.1%) 
of secondary infection.

31 Candida strains were cultured from patients, including 
12 (38.7%) C. albicans strains and 19 (61.3%) non-albicans 
Candida strains. Among non-albicans Candida, C. glabrata 
(n=13) was the most numerous, which was also the most 
frequently isolated species and constituted 41.9% of all 
isolated Candida fungi. Other isolated species are C. parapsi-
losis (3/31, 9.7%), C. lusitaniae (2/31, 6.5%), and C. tropicalis 
(1/31, 3.2%). The distribution of Candida species responsible 
for candidemia is shown in Table 2.

Candida susceptibility to fluconazole and anidula-
fungin. No strains resistant to fluconazole (MIC<1.0 mg/l) 
and anidulafungin (MIC<0.02 mg/l) were found within C. 
albicans. Among non-albicans Candida, a species dominated 
that shows low susceptibility to triazoles, C. glabrata. 
According to EUCAST criteria, two C. glabrata strains 
showed fluconazole resistance (MIC=96 and MIC>256 mg/l), 
the remaining 11 strains were intermediate (MIC 3–24 mg/l). 
All strains from this species showed sensitivity to echinocan-
dins – anidulafungin (MIC<0.023 mg/l). Among C. parap-
silosis, no fluconazole resistant strains (MIC<1.0 mg/l) were 
found, while all strains showed reduced sensitivity to echino-
candins – anidulafungin (MIC 0.75–1.50), remaining inter-
mediately susceptible to this antibiotic. C. lusitaniae strains 
remained sensitive to fluconazole (MIC<0.75 mg/l). The C. 
tropicalis strain was sensitive to fluconazole (MIC 0.19 mg/l) 
and anidulafungin (MIC 0.008 mg/l). The MIC, MIC50 and 
MIC90 values are shown in Table 3. In total, 58.0% of all 
Candida strains were sensitive to fluconazole and 90.0% of 
the strains were sensitive to anidulafungin.
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following the day of candidemia diagnosis. Among the 
patients who died within their hospital stay, the complicated 
postoperative course (reoperation required) and secondary 
type of candidemia were more common than among the 
patients who lived (p=0.001 and p=0.004, respectively). 
Table  4 lists the most important risk factors for patients’ 
deaths. 1-year survival probability after diagnosis with 
respect to postoperative course, the origin of candidemia, 
Candida species, and ASA score is shown in Figures 1 A–D.

Discussion

In our work, we presented an almost 7-year retrospective 
analysis of the occurrence of candidemia among patients 
undergoing surgery for solid tumors. Infections of fungal 

30-day mortality and one-year survival probability. 
During hospitalization, a total of 19 deaths (61.3%) occurred 
in the study group and 15 deaths (48.4%) within 30 days 

Table 1. Demographics and clinical characteristics of patients with candidemia.

Parameter/Group Number of patients 
(%) n = 31

Secondary candidemia4

Number of patients
n = 21 (67.7%)

Catheter-related candidemia
Number of patients
n = 10 (32.3%)

p-value

Age (years), median, range 66 (38-86) 67 (59-86) 63 (38-76) 0.107
Sex (n), %

Female
Male

21 (67.7)
10 (32.3)

13 (61.9)
8 (38.1)

8 (80.0)
2 (20.0)

0.551

BMI (kg/m2), median, range 25.3 (15.1-36.0) 26.5 (15.1-36.0) 23.8 (21,2-35,4) 0.711
Type of cancer (n), %

Gynecologic tumor1

Gastrointestinal tract tumor2

Urinary tract tumor3

12 (38.7)
17 (54.8)
2 (6.4)

5 (23.8)
14 (66.7)
2 (9.5)

7 (70.0)
3 (30.0)
0 (0.0)

0.042

ASA score
<IV
IV

24 (77.4)
7 (22.6)

15 (71.4)
6 (28.6)

9 (90.0)
1 (10.0)

0.248

Previous surgery
<30 days
≥30 days

16 (51.6)
15 (48.4)

10 (47.6)
11 (52.4)

6 (60.0)
4 (40.0)

0.795

Malignancy status (Type of surgery)
Recent diagnosis (primary surgery)
Progression (secondary surgery) and palliative 
status (palliative surgery)

20 (64.5)
11 (35.5)

14 (66.7)
7 (33.3)

6 (60.0)
4 (40.0)

0.969

Days in hospital until Candida BSI diagnosis,
median, range

36 (7-70) 38 (7-70) 29 (12-62) 0.865

Hospitalization before candidemia in ICU no less 
than 48 h, n (%)

11 (35.5) 10 (47.6) 1 (10.0) 0.100

Prior exposure to broad-spectrum antibiotics, 
within 30 days before diagnosis of candidemia

27 (87.1) 19 (90.5) 8 (80.0) 0.810

Prior exposure to at least one of these antibiotics: 
vancomycin or piperacillin + tazobactam, within 
30 days before diagnosis of candidemia

17 (54.8) 14 (66.7) 3 (30.0) 0.126

Anti-fungal empiric therapy
receiving (fluconazole and/or anidulafungin), 
within 30 days before diagnosis of candidemia

20 (65.0) 14 (66.7) 6 (60.0) 0.969

TPN (Total parenteral nutrition) receiving 26 (83.9) 18 (85.8) 8 (80.0) 0.906
Bacterial-co infections (bacteremia) 5 (16.1) 4 (19.0) 1 (10.0) 0.906
30-day mortality 15 (48.4) 14 (66.7) 1 (10.0) 0.006
Overall mortality rate during hospital stay 19 (61.3) 17 (80.6) 2 (20.0) 0.002

1Gynecologic tumor (ovarian cancer, cervical cancer, endometrial cancer, vulvar cancer); 2Gastrointestinal tract tumor (colon cancer, stomach cancer, bile 
ducts cancer, esophagus cancer); 3Urinary tract tumor (urinary bladder cancer); 4Secondary source (pulmonary tract, digestive tract, urinary tract, other 
non-catheter – related origin of candidemia); ASA score - American Society of Anesthesiologists score; BMI - body mass index

Table 2. Distribution of Candida species.

Candida species 

No. (%) of patients from whom the pathogen was 
isolated 

Total Secondary 
candidemia

Catheter-related 
candidemia

C. glabrata 13 (41.9) 10 (47.6) 3 (30.0)
C. albicans 12 (38.7) 6 (28.6) 6 (60.0)
C. parapsilosis 3 (9.7) 3 (14.3) –
C. lusitaniae 2 (6.5) 2 (9.5) –
C. tropicalis 1 (3.2) – 1 (10.0)
Total 31 (100.0) 21 (100.0) 10 (100.0)
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etiology caused by Candida strains are not frequently 
encountered (in the presented clinical material the incidence 
of candidemia was 0.14±0.05/1000 patient-days/year). 
However, due to the long duration of treatment and high 
mortality, they still remain a serious health problem.

Candidemia was most common in the intensive care unit, 
and the average incidence rate of 0.91±1.00/1000 patient-days 
was slightly higher than reported in the paper by Nawrot et 
al. [14], where for intensive care units it was 0.76±0.56/1000 
patient-days/year. However, the studies concerned different 
groups of patients.

Multiple studies have unambiguously demonstrated that 
deaths due to sepsis in cancer patients and 30-day mortality 
remain high. In the group of patients we analyzed, the 30-day 
mortality rate was 48.4%, which is close to the maximum 
value obtained in other studies concerning patients with 
solid tumors, where the authors showed mortality at the 
level of 28.0–56.0% [1, 2, 15–18]. In the control study among 
cancer patients, conducted by The European Organization 
for Research and Treatment of Cancer, the overall 30-day 
mortality rate was 39.0% and was associated with the age and 
severity of the underlying disease [19]. According to other 

Table 3. Antifungal susceptibility test results of Candida species.

Candida species Number of 
strains Antifungal agent MIC range

% isolates 
susceptible to 

antifungal 

% isolates resistant 
to antifungal

MIC50 
(mg/l)

MIC90

(mg/l)

C. glabrata 13
Fluconazole

Anidulafungin
3 – >256

0.006 – 0.023
0.0

100.0
15.4*

0.0
8

0.012 
96

0.016

C. albicans 12
Fluconazole

Anidulafungin
0.038–1.0

0.002–0.02
100.0
100.0

0.0
0.0

0.380
0.004 

0.750
0.012

C. parapsilosis 3
Fluconazole

Anidulafungin
0.5–1.0

0.75–1.50
100.0
0.00

0.00
0.00

0.500
0.750

1.0
1.500

C. lusitaniae** 2
Fluconazole

Anidulafungin
0.25–0.75

100.0
–

0.00 – –

C. tropicalis 1
Fluconazole

Anidulafungin
0.12

0.008
100.0
100.0

0.00
0.00

– –

MIC50 (minimal inhibitory concentration inhibits 50.0% of isolates); MIC90 (minimal inhibitory concentration inhibits 90.0% of isolates); *2 isolates showed 
MIC values of 96 and 256 mg/l; **non-species related breakpoints

Table 4. Analysis of causes of confirmed deaths of patients.

Parameter/Group Patients died
n=19 (%)

Patients cured
n=12 (%) p-value

Type of candidemia:
Catheter-related
Secondary

2 (20.0)
17 (81.0)

8 (80.0)
4 (19.0)

0.004

Type of cancer lesions:
New diagnosis
Tumor recurrence/progression

13 (65.0)
6 (54.5)

7 (35.0)
5 (45.5)

0.852

Primary tumor location:
Digestive tract
Gynecologic tract
Urinary tract

11 (64.7)
6 (50.0)
2 (100)

6 (35.3)
6 (50.0)

0 (0)

0.530

Postoperative course:
Uncomplicated
Complicated (reoperation required)

0 (0)
19 (76.0)

6 (100)
6 (24.0)

0.001

Preoperative CHTH (CHTH+RTH / RTH):
yes
no

7 (53.8)
12 (66.7)

6 (46.2)
6 (33.3)

0.727

Need to open the lumen of the gastrointestinal tract 
during the procedure preceding the candidiasis:

yes
no

18 (66.7)
1 (25.0)

9 (33.3)
3 (75.0)

0.295

ASA:
<IV
IV

13 (54.2)
6 (85.7)

11 (45.8)
1 (14.3)

0.286

CHTH - chemotherapy; RTH - radiotherapy; Percentage was calculated in rows - not in columns
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authors, the mortality rate was also influenced by previous 
intra-abdominal surgery and stays in an intensive care unit 
[20], and also the occurrence of the septic shock and the use 
of mechanical ventilation > 48 h [18]. It is worth emphasizing 
that in our work, the 30-day mortality rate in the group of 
patients with catheter infection was low (1/10, 10.0%) 
compared to the rate in patients with secondary infection 
(14/31, 66.7%, p=0.006). Such a large difference in mortality 
can be explained by the clinical condition of patients after 
surgery. In the group of patients with catheter-related candi-
demia, only 1 out of 10 patients before the diagnosis had 
been in the intensive care unit, while in the group of patients 
with secondary candidemia, hospitalization in the intensive 
care unit was noted in about 1/2 of the patients. However, the 
differences between the groups were not statistically signifi-
cant (p=0.100).

According to various authors, candidemia usually comes 
from a central catheter or another site, or sites of infec-
tion. In the case of catheter infection, the infection route 

is most often endogenous (the patient’s skin and mucous 
membranes), but an exogenous route, where the source of 
infection is the hands of the staff, cannot be excluded. In the 
previously cited prospective CANDIPOP study conducted 
in 2010–2011 in 29 Spanish hospitals, Puig-Asensio et al. 
[1] showed that catheter-related candidemia accounts for 
about 1/3 of all candidemia for solid tumor patients. We also 
received convergent results regarding the share of catheter-
derived candidemia in our work. In addition, we observed 
different species distribution depending on the origin of 
the candidemia. Catheter infection was dominated by C. 
albicans, with a lower proportion of C. glabrata than in 
secondary infections, but the differences between the groups 
were not statistically significant.

In our work, slightly more than 1/5 of patients were classi-
fied in IV category according to the ASA classifications. Half 
of the patients were > 66 years old. Approximately 35% of 
patients had disease progression, which was associated 
with the need for extensive surgery. A similar percentage of 

Figure 1. 1-year survival probability after candidemia diagnosis by parameter: A) postoperative course, B) origin of candidemia, C) Candida species, 
D) ASA score (American Society of Anesthesiologists score)
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patients required preoperative chemotherapy (in some cases 
also radiation therapy). Almost 90.0% of patients received 
broad-spectrum antibiotic treatment. These are recognized 
factors that disturb the balance in the intestinal micro-
biome, causing damage to the intestinal mucosa. Platinum 
derivatives used in anticancer treatment cause lumps in the 
ileum and large intestine, which are already visible within 96 
hours of cisplatin administration, and also have an antibiotic 
activity [21]. Damage to the integrity of the intestinal mucosa 
is the cause of microbial translocation and invasive infec-
tions [22, 23]. Our analysis has shown that the location of the 
tumor and, consequently, subsequent treatment, affects the 
origin of the candidemia. Patients with primary gastrointes-
tinal neoplasms had significantly more frequent secondary 
candidemia than those with neoplasms in the female repro-
ductive organs (p=0.042).

The majority of patients who died had a complicated 
postoperative course, required reoperation and had candi-
demia of secondary origin. Lower probability of 1-year 
survival was associated with complicated postoperative 
course, ASA=IV and secondary candidemia. The species of 
Candida did not affect the probability of survival. However, 
due to the small number of patients, this does not allow for 
unambiguous conclusions and requires further investigations.

Species distribution showed that C. glabrata (41.9%) 
was more frequently reported by us than in previous Polish 
studies. Mnichowska-Polanowska et al. [24], in studies 
conducted among approximately 950 non-neutropenic inten-
sive care patients, found 59 candidemia cases. Among the 
etiological agents, C. albicans dominated, constituting 45.0%; 
the share of C. glabrata was 31.7%, but as in our work, C. 
parapsilosis was in third place, constituting 10.0%. According 
to Nawrot et al. [14], C. glabrata may constitute from 0.0 to 
18.7%, depending on the ward, with the highest frequency of 
occurrence in surgical wards.Due to the low invasiveness of 
C. glabrata, infections with this species of Candida usually 
occur after the anatomical barriers have been broken, during 
surgery, the use of catheters, and cytostatic treatment [25]. 
It is worth noting that in our work all patients underwent 
surgery, and in over 1/3 of patients it was surgery due to 
recurrence of the cancer process. Almost 84% of patients had 
a central catheter and 35.5% of patients had previously been 
treated with cytostatics. C. glabrata has naturally reduced 
sensitivity to fluconazole, which means that in approximately 
50.0% of the cases of secondary infections we have discussed, 
empirical treatment with this drug would be ineffective. In 
intra-abdominal candidemia, which is a complication of 
surgery, intestinal perforation or anastomotic leakage, as well 
as mucosal damage, it is necessary to take into account the 
possibility of fluconazole-resistant species due to the selec-
tion of existing resistant strains, as well as the replacement 
of etiological agents of infection with other species resistant 
to the drugs used [26, 27]. According to Lin et al. [8], also 
frequent use of vancomycin and piperacillin with tazobactam 
may cause changes in the microbiota of the skin and gastro-

intestinal tract, and thus select low-invasive microorganisms 
such as C. glabrata. In our work, over half of the patients 
received at least one of these antibiotics. Furthermore, C. 
glabrata is in danger of developing strains resistant to echino-
candins due to the ability of this species to develop resistance 
and acquire various mutations under drug pressure [28]. 
Anidulafungin resistance is estimated to be 5.2–6.0% for C. 
glabrata [3, 29]. However, in our work, despite the empirical 
use of antifungal drugs, in about 2/3 of the patients, we did 
not find strains resistant to anidulafungin, and the minimum 
inhibitory concentration of 90.0% of isolates of this species 
was 0.016 mg/l and was low.

We showed a lower share of C. albicans (38.8%) in our 
study than in the studies cited above: a retrospective Polish 
candidemia study [14] and a prospective Spanish study [1], 
respectively 50.0 and 44.4%. In turn, in single-center Swedish 
studies, C. albicans constituted as much as 65.0% of isolated 
Candida fungi [29]. However, the participation of individual 
species may vary depending on the patient group and institu-
tion [5, 9, 30, 31].

The share of species other than C. glabrata and C. albicans 
in inducing candidemia was definitely lower in our study. C. 
parapsilosis was the third most common species in our work. 
Strains of this species have naturally reduced sensitivity to 
echinocandins [11]. The strains we isolated were interme-
diately susceptible to this drug. The MIC values of flucon-
azole in the tested strains were low and the strains remained 
susceptible to this drug.

C. lusitaniae and C. tropicalis species appeared sporadi-
cally. There are few reports in the literature regarding the 
occurrence of C. lusitaniae. Nevertheless, its share in causing 
candidemia is estimated at 0–3.0%. The risk factor for this 
species is neutropenia and increased use of antifungal drugs. 
In our work, 2/31 (6.5%) cases of candidemia caused by this 
species were found that might develop resistance to ampho-
tericin B during treatment. Such a phenomenon has been 
described during the cytostatic treatment [32–34]. Species-
specific breakpoints are not available for C. lusitaniae, which 
is why the MIC value was only determined for fluconazole 
as recommended by EUCAST. Test strains were sensitive to 
this drug.

We showed in our work that postoperative course 
requiring reoperation and secondary origin of candidemia 
are poor prognosis factors among patients with candi-
demia. The results of our analysis also showed the dominant 
role of C. glabrata in inducing candidemia among patients 
with solid tumors who underwent surgery. The established 
dominance of C. glabrata is worrying and poses a serious 
clinical and therapeutic problem, especially since this species 
has naturally reduced sensitivity to fluconazole. This presents 
the risk of therapeutic failure if the drug is used empiri-
cally. On the other hand, it is known that some strains of C. 
glabrata are resistant to echinocandins and although we have 
not found such strains in our work, this situation should be 
taken into account.
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Knowledge of Candida species occurring among cancer 
patients, taking into account the study group, risk factors, 
and the origin of candidemia, is necessary to determine 
the appropriate empirical therapy. All the more, because 
the distribution of species may depend on the origin of the 
candidemia. However, the limitations of our study should be 
emphasized. The study was conducted in one center special-
izing in the treatment of patients with solid tumors. Both the 
population of patients treated in our center, as well as the 
surgical procedures and antifungal treatment used may have 
an impact on our results. Another limitation of our work is 
the small number of cases analyzed. Therefore, further inves-
tigation is needed in this study.
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