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Simple Summary: Infections are an important cause of morbidity and mortality in childhood cancer
treatment. The aim of our retrospective study was to assess the infectious burden in pediatric sarcoma
patients during neoadjuvant chemotherapy administered according to the EWING 2008, CWS SoTi-
SaR and EURAMOS clinical trial or registry. Our analyses indicate a substantial infectious morbidity
in this group of patients, with 58.8% experiencing at least one episode of febrile neutropenia (FN) and
20.6% at least one microbiologically documented infection (MDI). We also identified parameters that
impact on the occurrence of FN and MDIs, including treatment protocol, patient age, and mucositis.
These findings may contribute to a better risk stratification for prevention and management of FN
and infections as well as for maintaining quality of life, cost control, and optimum outcomes of
anticancer treatment.

Abstract: The purpose of this retrospective, single-center cohort study was to assess the infectious
burden in pediatric sarcoma patients during neoadjuvant chemotherapy. The review included all
patients with a new diagnosis of Ewing sarcoma, osteosarcoma or soft tissue sarcoma between
September 2009 and December 2018 who were enrolled in the EWING 2008, CWS SoTiSaR and
EURAMOS clinical trial or registry. Primary endpoints were the occurrence of febrile neutropenia
(FN) and microbiologically documented infection (MDI). Parameters with a potential impact on FN
and MDI were also analyzed. A total of 170 sarcoma patients (median age: 13 years, range: 0–21;
96 m/74 f) received 948 chemotherapy courses (median: 6; range: 2–8). Of these patients, 58.8% had
≥1 FN episode and 20.6% ≥ 1 MDI. FN occurred in 272/948 courses (28.7%) with fever of unknown
origin (FUO) in 231 courses and 45 MDI and 19 clinically documented infections (CDI) occurring
in a total of 57 courses. Patients enrolled in EWING 2008 had significantly more FN (p < 0.001),
infections (p = 0.02) and MDI (p = 0.035). No infection-related deaths were observed. Younger age,
tumor type and localization, and higher median and maximum mucositis grades were significantly
associated with higher numbers of FN (p < 0.001), and younger age (p = 0.024) and higher median
mucositis grade (p = 0.017) with MDI. The study shows substantial infectious morbidity in sarcoma
patients during neoadjuvant chemotherapy treatment and opportunities to improve prevention and
management.
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1. Introduction

Febrile neutropenia and documented infections are important causes of morbidity in
pediatric patients receiving chemotherapy for cancer [1,2], and optimal infectious disease
supportive care in this population relies largely on a precise knowledge of their epidemi-
ology and risk factors. Most information about febrile neutropenia and documented
infections stems from studies conducted in patients undergoing treatment for hematologi-
cal malignancies or allogeneic hematopoietic cell transplantation (HSCT) [3–5]. Although
prior studies have suggested no substantial differences in the course or outcome of febrile
neutropenia and infections between leukemia and solid tumor groups [6], very few studies
have focused on febrile neutropenia and infections in pediatric patients with solid tumors,
in particular sarcomas [5,7–11]. Given current approaches to antibiotic stewardship and
risk-based strategies for management of febrile neutropenia, differentiating the risk for
febrile neutropenia and infection for separate entities of solid tumors has become more
important.

Sarcoma treatment involves the use of intensive neoadjuvant chemotherapy regimens
prior to local therapy that result in transient myelosuppression, which is often complicated
by fever and infection [12–16]. Although the safety assessment of induction chemotherapy
in the treatment of Ewing sarcoma in the EURO-E.W.I.N.G. 99 clinical trial showed a high
incidence of infections [12], little is known about the incidence, risk factors, and outcome of
febrile neutropenia and infections during the neoadjuvant chemotherapy treatment phase
of pediatric sarcomas. In order to contribute to a better understanding of the burden of
infections in this patient population, we analyzed prevalence, risk factors, patterns and
outcome of febrile neutropenia and documented infections in pediatric patients with Ewing
sarcoma, soft tissue sarcoma, and osteosarcoma who received neoadjuvant chemotherapy
according to internationally conducted treatment protocols.

2. Patients and Methods
2.1. Study Design

The study was a retrospective single-center cohort study of children and adolescents
enrolled at the Department of Pediatric Hematology and Oncology, University Children’s
Hospital of Muenster, in the EWING 2008 clinical trial and registry, EURAMOS 1 clinical
trial and EURAMOS-COSS registry, and CWS SoTiSaR registry treatment protocols between
September 2009 and December 2018. Patients received neoadjuvant chemotherapy for
Ewing sarcoma, osteosarcoma, or soft tissue sarcoma, respectively. The last follow-up was
on 31 January 2020.

The Department serves an area of five million people in the Northwest of Germany and
provides specialized care for the entire spectrum of pediatric hematological and oncological
disorders. Each year, 140 to 160 patients with a new diagnosis of cancer, 20 to 40 patients
with recurrent cancer and approximately 35 patients scheduled to undergo allogeneic
HSCT are admitted, accounting for approximately 1200 hospital admissions and close to
15,000 outpatient or day clinic contacts [17].

Patients were identified through the registries of the Department’s clinical research
office. Inclusion criteria were: (1) medical care at the Department of Pediatric Hematology
and Oncology, Muenster, Germany, (2) a diagnosis of either Ewing sarcoma, osteosarcoma,
or soft tissue sarcoma, and (3) receipt of neoadjuvant chemotherapy according to either
EWING 2008, CWS SoTiSaR or EURAMOS protocols. Patients not treated according
to these protocols, diagnosed in Muenster but treated elsewhere or with an incomplete
medical record were excluded. Patient demographics and clinical data were retrieved
from the medical information system according to the study protocol by a pseudonymized
standardized electronic case report form.

The primary endpoints were episodes of febrile neutropenia (FN) and microbiologi-
cally documented infections (MDI). Clinically documented infections (CDI), episodes of
fever of unknown origin (FUO), unscheduled hospitalizations, treatment delay, admission
to intensive care unit (ICU), and survival through January 2020 were further endpoints.



Cancers 2021, 13, 1990 3 of 13

Parameters with a potential impact on FN and MDI were also analyzed. Analyses were
performed both on the basis of patients and on the basis of chemotherapy courses, as
appropriate.

Written informed consent for data collection and analysis was obtained within the
consent procedure for cancer treatment. The study was conducted in accordance with the
Declaration of Helsinki, and the protocol was reviewed and approved by the joint Ethics
Committee of the University of Muenster and the Chamber of Physicians Westfalen-Lippe
(Az 2017-728-f-S; 5 January 2018).

2.2. Neoadjuvant Chemotherapy Regimens

Detailed information on the neoadjuvant chemotherapy regimens can be found in the
respective protocols [18–20]. In brief, the EWING 2008 clinical trial and registry (EWING
2008) protocol stipulated a total of six neoadjuvant courses of vincristine, ifosfamide, dox-
orubicine, etoposide (VIDE) administered in 21-day intervals depending on hematological
recovery. Granulocyte colony-stimulating factor (G-CSF) was recommended, especially
when the previous course was complicated by FN, but not mandatory, and MESNA was
administered for prevention of urothelial toxicity. G-CSF-supported stem cell mobilization
and harvesting was planned after the third course, if indicated. Local therapy was recom-
mended to be performed 21 days after course six, depending on hematological recovery
and clinical status [18].

Patients with soft tissue sarcoma enrolled in the CWS SoTiSaR registry (CWS SoTiSaR)
were treated according to CWS-Guidance, which recommends courses of different combi-
nations and dosages of actinomycin D (A), adriamycin (Ad), vincristine (V), ifosfamide
(I), carboplatinum (C) and etoposide (E) according to risk stratification. G-CSF could be
considered, but use was at the discretion of the attending physician. Local therapy was
recommended after four courses of neoadjuvant chemotherapy in the majority of risk
groups, but more courses were possible [20].

The EURAMOS 1 clinical trial and EURAMOS-COSS registry (EURAMOS) for os-
teosarcoma patients stipulated a neoadjuvant regimen of MAP, consisting of two cycles
each of adriamycin/cisplatinum (AP) in week one plus two separate doses of high-dose
methotrexate (M) in weeks 4 and 5, respectively. MAP is sometimes considered as one
course, but as chemotherapy feasibility was assessed before each administration of M or AP,
we considered each M and each AP as a separate course. G-CSF was recommended when
a previous AP cycle had been complicated by FN or prolonged hospitalization (>7 days).
Local therapy was planned after the completion of 2 MAP cycles. If needed for logistical
reasons, up to two more doses of M were allowed prior to local therapy [19].

2.3. Standard of Care

Outpatients presenting with FN or signs of infection were generally hospitalized for
diagnostics, treatment, and clinical observation. Patients with FN were evaluated by vital
signs, physical examination, interim history, full blood count, c-reactive protein (CRP), liver
and renal function, electrolytes, blood and urine cultures prior to the start of antimicrobial
therapy. Further diagnostic, e.g., imaging or additional microbiological or biochemical
diagnostics, was guided by clinical and laboratory findings.

Initial empirical antibacterial therapy for FN consisted of ceftazidime plus gentamycin
until 2016 and was then replaced by piperacillin/tazobactam. Unstable patients were
started with meropenem plus vancomycin and were subsequently de-escalated when feasi-
ble, based on microbiology laboratory reports. This regimen was also used for escalation in
patients with fever persisting for more than 48–72 h or a new fever after defervescence, with
or without additional empirical antifungal therapy at the discretion of the attending physi-
cian. Patients older than two years of age in stable condition with an anticipated duration
of neutropenia of <7 days could be treated with ceftriaxone with the option of outpatient
treatment after definite defervescence. Empirical antibacterial therapy was continued
until defervescence for at least 48 h and recovery of the neutrophil count (ANC) above
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500/µL. Suspected or proven infections were treated according to current management
recommendations [21,22].

As standard of care, patients received a surgically implanted central venous catheter
prior to the initiation of neoadjuvant chemotherapy. All patients received trimetho-
prim/sulfamethoxazole 8 mg/msqu twice weekly as prophylaxis for prevention of Pneumo-
cystis jirovecii pneumonia, and topical polyenes or azoles for prevention of oropharyngeal
candidiasis.

2.4. Definitions

Neutropenia was defined as an ANC of <500/µL or assumed when the white blood
cell count (WBC) was <1000/µL. Fever was defined as a single oral temperature ≥38.3 ◦C
or temperatures ≥38.0 ◦C during an 1-h-period [23]. FN was defined as every distinct
episode of fever that occurred during neutropenia. FUO was defined as the presence of
fever without a clinically or microbiologically identified focus. Organ infection was defined
according to the International Pediatric Sepsis Consensus Conference in 2005 [24]. The
diagnosis of a blood stream infection (BSI) was based on the detection of the organism
in ≥1 blood culture bottle. Invasive fungal disease (IFD) was defined according to the
revised definitions of invasive fungal disease by the EORTC/MSGERC consensus group
2020 [25]. Mucositis was defined according to the Common Toxicity Criteria (CTC) for
adverse events version 4.03 [26]. Unscheduled hospitalization was defined as any ad-
mission to hospital not planned by the treatment protocol. Treatment delay was defined
as difference in days between planned and the actual start of the next chemotherapy
course. Underweight was defined as a body weight <10th percentile and overweight as a
body weight >90th percentile, according to the age- and gender-adjusted German KiGGS
reference percentiles [27].

2.5. Statistical Analysis

Statistical analysis was performed using Microsoft Excel and IBM SPSS Statistics
(version 26, IBM, Armonk, New York, NY, USA) software. Categorial variables were
analyzed by chi-square test or Fisher’s exact test, where applicable. Metric variables were
analyzed by Mann–Whitney U and Kruskal–Wallis test as appropriate. Parameters with
potential impact on FN and MDI were analyzed by bivariate analysis; due to the small
sample size and strong correlations between the respective factors in explorative analysis,
multivariate analyses were not performed. Similar to the study of Haupt et al. [7], we
calculated infection incidence rates for MDI per 100 person-months at risk. Overall and
event-free survival were analyzed by Kaplan–Meier curves. All p-values are two-tailed
and considered statistically significant at <0.05.

3. Results

A total of 195 patients were identified in the study registries, of whom 170 were
included in the final analysis. Of the 25 patients excluded, 10 patients were excluded due
to the administration of medical treatment at their referring hospitals, nine due to missing
indication for chemotherapy, four due to individual treatment concepts and two due to an
incomplete medical record.

In a further nine patients, a number of the neoadjuvant chemotherapy courses (14 in
total) were not analyzed due to intermittent treatment at hospitals close to home.

3.1. Patient Demographics

The demographic and clinical characteristics of the 170 patients are shown in Table 1.
Of the 170 patients, 58 (34.1%) were treated in EWING 2008, 50 (29.4%) in the CWS SoTiSaR
and 62 (36.5%) in the EURAMOS trial or registry. The median age at diagnosis was 13 years
(range 0–21); 96 (56.5%) of the patients were male and 74 (43.5%) were female, and the
majority had a body mass index (BMI) between the 10th and the 90th percentile at baseline.
Most tumors (62.4%) were localized in the extremities, and approximately one third (37.3%)
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of patients had metastases at diagnosis. None of the patients had abnormal granulocyte
counts at presentation, and, while the case report form did not capture steroid use, only
a very few patients may have received glucocorticosteroids to reduce tumor-associated
edema. During neoadjuvant chemotherapy, a total of 948 chemotherapy courses were
administered (median per patient: 6, range: 2–8) (Table 1).

Table 1. Demographics and clinical characteristics of 170 patients.

Characteristic

No. (%) or Median (Range)

All EWING 2008 CWS SoTiSaR EURAMOS
(n = 170) (n = 58) (n = 50) (n = 62)

Age 13 (0–21) 14 (0–21) 9.5 (0–18) 13.5 (2–18)
0–4 years 18 (10.6) 3 (5.2) 13 (26.0) 2 (3.2)
5–9 years 27 (15.9) 9 (15.5) 12 (24.0) 6 (9.7)
10–14 years 72 (42.4) 24 (41.4) 15 (30.0) 33 (53.2)
15–19 years 51 (30.0) 20 (34.5) 10 (20.0) 21 (33.9)
≥20 years 2 (1.2) 2 (3.4) 0 0

Sex
male 96 (56.5) 36 (62.1) 22 (44.0) 38 (61.3)
female 74 (43.5) 22 (37.9) 28 (56.0) 24 (38.7)

BMI at baseline 18.9 (10.0–38.1) 20.0 (10.0–34.3) 17.6 (11.4–27.0) 19.1 (12.9–38.1)
BMI < P10 26 (15.3) 8 (13.8) 9 (18.0) 9 (14.5)
BMI P10–P90 126 (74.1) 41 (70.7) 38 (76.0) 47 (75.8)
BMI > P90 18 (10.6) 9 (15.5) 3 (6.0) 6 (9.7)

Underlying condition
Ewing sarcoma 53 (31.2) 53 (91.4) 0 0
osteosarcoma 62 (36.5) 0 0 62 (100)
rhabdomyosarcoma 31 (18.2) 0 31 (62.0) 0
NOS 5 (2.9) 2 (3.4) 3 (6.0) 0
Ewing-like-sarcoma 2 (1.2) 2 (3.4) 0 0
synovial sarcoma 8 (4.7) 0 8 (16.0) 0
PNET 1 (0.6) 1 (1.7) 0 0
infantile fibrosarcoma 1 (0.6) 0 1 (2.0) 0
liposarcoma 1 (0.6) 0 1 (2.0) 0
DSRCT 1 (0.6) 0 1 (2.0) 0
MPNST 2 (1.2) 0 2 (4.0) 0
pleuropulmonary blastoma 2 (1.2) 0 2 (4.0) 0
neuroblastoma 1 1 (0.6) 0 1 (2.0) 0

Tumor localization
extremities 106 (62.4) 30 (51.7) 17 (34.0) 59 (95.2)
trunk 46 (27.1) 24 (41.4) 20 (40.0) 2 (3.2)
other 18 (10.6) 4 (6.9) 13 (26.0) 1 (1.6)

Any metastases at diagnosis 63 (37.3) 29 (50.0) 15 (30.0) 19 (31.1)
distant metastases 56 (33.1) 26 (44.8) 11 (22.0) 19 (31.1)

lung 30 (53.6) 12 (46.2) 3 (27.3) 15 (78.9)
bone 10 (17.9) 6 (23.1) 2 (18.2) 2 (10.5)
lymph nodes 2 (3.6) 0 2 (18.2) 0
other 2 (3.6) 1 (3.8) 1 (9.1) 0
multiple (≥2 organs) 12 (21.4) 7 (26.9) 3 (27.3) 2 (10.5)

regional lymph node infiltration 23 (13.5) 14 (24.1) 8 (16.0) 1 (1.6)
skip lesions 9 (5.3) 6 (10.5) 0 3 (4.8)
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Table 1. Cont.

Number of chemotherapy courses 2 948 341 239 368
per patient 6 (2–8) 6 (3–7) 5 (2–8) 6 (3–8)

G-CSF administration 3 67 (39.4) 57 (98.3) 9 (18.0) 1 (1.6)

BMI, Body mass index (kg/m2); P10, 10th perentile and P90, 90th percentile, adapted to age and sex; NOS, not other specified sarcoma;
PNET, peripheral neuroectodermal tumour; DSRCT, desmoplastic small round cell tumour; MPNST, malignant peripheral nerve sheath
tumour; G-CSF, granulocyte-colony stimulating factor. 1 In one patient treated in the CWS protocol diagnosis was changed to neuroblastoma
after local therapy. 2 VIDE (vincristine, ifosphamide, doxorubicin, etoposide) in 342 (36.1%); M (high-dose methotrexate) in 247 (26.1%), AP
(adriamycin, cisplatinum) in 120 (12.7%); I2VA (ifosphamide, vincristine, actinomycin D) in 137 (14.5%) and various other courses of CWS
guidance in 102 (10.6%) courses. 3 G-CSF was administered in a total of 291 (30.7%) of the courses (41.5% of non-M courses).

3.2. Overall Infectious and Non-Infectious Patient Morbidity

Table 2 provides an overview of FN episodes, MDIs, CDIs, ICU-admission, weight
loss, treatment delay and survival throughout neoadjuvant chemotherapy until local ther-
apy (i.e., surgery or start of radiotherapy). The majority of the patients (n = 100; 58.8%)
experienced at least one FN episode, and 63 (37.1%) experienced two or more. Comparison
across the three different treatment protocols revealed significant differences in both occur-
rence and frequency of FN episodes with the highest FN morbidity in patients enrolled
in EWING 2008, followed by those enrolled in CWS SoTiSaR and those enrolled in EU-
RAMOS (p < 0.001). A similar trend across treatment protocols was observed for MDIs that
occurred in a total of 20.6% of patients. Of note, there was no apparent difference in MDIs
and CDIs between metastatic and non-metastatic disease. Median loss of weight during
neoadjuvant chemotherapy was 7.0% of the baseline weight and the median treatment
delay accounted for seven days with wide variability but no significant differences among
treatment protocols for both parameters. ICU admission occurred in five patients, and all
patients survived through local therapy (Table 2).

Table 2. Febrile neutropenia, microbiologically and clinically documented infections, weight loss, treatment delay and
survival throughout neoadjuvant chemotherapy until local therapy in 170 patients.

Characteristic
No. (%) or Median (Range) chi 2 Test

All EWING 2008 CWS SoTiSaR EURAMOS
(n = 170) (n = 58) (n = 50) (n = 62) p-Value

Febrile neutropenia
≥1 episode of FN 100 (58.8) 49 (84.5) 32 (64.0) 19 (30.6) <0.001
≥2 episodes of FN 63 (37.1) 40 (69.0) 17 (34.0) 6 (9.7) <0.001

Microbiologically documented
infection

≥1 episode of MDI 35 (20.6) 17 (29.3) 10 (20.0) 8 (12.9) 0.084
≥2 episodes of MDI 6 (3.5) 4 (6.9) 1 (2.0) 1 (1.6) 0.230

Clinically documented infection
≥1 episode of CDI 18 (10.6) 8 (13.8) 5 (10.0) 5 (8,1) 0.587
≥2 episodes of CDI 1 (0.6) 1 (1.7) 0 0 0.379

ICU admission 5 (2.9) 2 (3.4) 3 (6.0) 0 0.168

Weight loss during chemotherapy in % 7.0 (0–31.2) 7.2 (0–25.1) 4.1 (0–17.9) 8.4 (0–31.2)

Overall treatment delay in days 7.0 (0–61) 8.5 (0–61) 4.0 (0–23) 9.0 (0–48)

Survival through local therapy 165 (100) 1,2,3 57 (100) 1 49 (100) 2 59 (100) 3

FN, febrile neutropenia; MDI, microbiologically documented infection; CDI, clinically documented infection; ICU, intensive care unit. 1 1
missing value, 1 censored due treatment discontinuation. 2 1 missing value. 3 1 censored due to treatment discontinuation, 1 censored due
to treatment modification.
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3.3. Febrile Neutropenia and Infections during Chemotherapy

The episodes of febrile neutropenia and infections in the 948 chemotherapy courses
are presented in Table 3. Neutropenia was observed in 519 (54.9%) of the 948 chemother-
apy courses. Febrile neutropenia occurred in 272 (28.7%) courses with FUO as the final
diagnosis in 231 and MDIs or CDIs in 41 courses. In an additional 16 courses, infection was
diagnosed in absence of fever, and in 12 of these, the patient was non-neutropenic. In total,
64 documented infections occurred in 57 of the 948 courses (6.0%), of which 45 were micro-
biologically and 19 clinically documented. Significant differences in frequency between the
different treatment protocols were observed for neutropenia (p < 0.001), febrile neutropenia
(p < 0.001), FUO (p < 0.001), documented infections (p = 0.02) and MDI (p = 0.035) with the
highest rates in EWING 2008, followed by CWS SoTiSaR and EURAMOS (Table 3).

Table 3. Neutropenia, febrile neutropenia, FUO, documented infections, unscheduled hospitalisation, ICU admission and
mucositis in 948 courses.

Characteristic
No. (%) of Courses or Median (Range) chi 2 Test

All EWING 2008 CWS SoTiSaR EURAMOS p-Value
(n = 948) (n = 341) (n = 239) (n = 368)

Neutropenia 519 (54.9) 321 (94.1) 157 (65.7) 41 (11.2) <0.001

Febrile neutropenia 272 (28.7) 179 (52.5) 67 (28.0) 26 (7.1) <0.001

FUO 231 (24.4) 152 (44.6) 55 (23.0) 24 (6.5) <0.001

Documented infections 1 64 (6.0 1) 32 (8.5 1) 18 (6.3 1) 14 (3.5 1) 0.020
MDIs 1 45 (4.4 1) 23 (6.5 1) 13 (4.6 1) 9 (2.4 1) 0.035
CDIs 19 (2.0) 9 (2.6) 5 (2.1) 5 (1.4) 0.475

Unscheduled hospitalization 354 (37.4) 192 (56.3) 79 (33.2) 83 (22.6) <0.001
duration in days 7.0 (1–23) 7.0 (2–21) 5.0 (2–21) 7.0 (1–23)

ICU admission 5 (0.5) 2 (0.6) 3 (1.3) 0 0.112
duration in days 9.0 (2–21) 5.0 (2–8) 11.0 (8–21)
infectious cause 2 2 0

Mucositis <0.001
no mucositis 662 (69.8) 109 (32.0) 225 (94.1) 328 (89.1)
CTC grade 1–2 149 (15.7) 138 (40.5) 3 (1.3) 8 (2.2)
CTC grade 3–4 137 (14.5) 94 (27.6) 11 (4.6) 32 (8.7)

FUO, fever of unknown origin; MDI, microbiologically documented infection; CDI, clinically documented infection; ICU, intensive care
unit; CTC, common toxicity criteria. 1 5 courses with 2 infectious episodes, 1 course with 3 infectious episodes; in 16 courses infections
occurred in absence of FN (2 EWING, 3 CWS, 11 EURAMOS); of those in 12 in absence of neutropenia (0 EWING, 1 CWS, 11 EURAMOS),
please see text.

Among the MDIs, there were 21 BSI, one case of disseminated invasive aspergillosis
and 23 infections at various body sites. More than one pathogen was isolated in two
BSI episodes. Seventeen of the 23 isolates were Gram-positive organisms with coagulase-
negative staphylococci (CoNS) as predominant isolate, and six were Gram-negative rods
including two cases of extended-spectrum ß-lactamase (ESBL) producing Klebsiella ssp
(Table 4). The most common sites for the 23 MDI organ infections were the abdomen,
followed by the urogenital system and bone and soft tissues for bacterial infections and
the upper respiratory tract followed by the otorhinolaryngeal system for viral infections.
Among the 19 CDI organ infections, the upper respiratory tract, the abdomen and bone
and soft tissues were the predominantly affected sites (Table S1).
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Table 4. Overview of 45 * MDI infections and 19 CDI infections in 948 chemotherapy courses.

Infection
MDI (No.) CDI (No.)

Bacterial Fungal Viral
Gram+/Gram−

Blood stream infection 17/6 1 - - -

Systemic infection 0/0 1 6 1 7 -

Organ infection - - - -
Central nervous system 1/0 2 - - -
Oropharynx - - 3 8 2 10

Upper respiratory tract - - 7 9 5 11

Lung - - - 2 12

Abdomen and gastrointestinal tract 7/0 3 - - 4 13

Urogenital tract 2/2 4 - - 2 14

Bone and soft tissues 1/3 5 - - 4 15

MDI, microbiologically documented infection; CDI, clinically documented infection. * 4 infections with multiple pathogens. 1 for detail, consult
Supplementary Materials, Table S1. 2 Staphylococcus hominis. 3 Clostridioides difficile colitis (6), enteropathogenic Staphylococcus aureus enteritis (1). 4

Enterococcus faecalis (2), Pseudomonas aeruginosa (1), Enterobacter cloacae (1). 5 wound infection with Enterococcus faecalis, Pseudomonas luteola and Bacteroides
sp. (1), axillary abscess with Escherichia coli (1). 6 invasive pulmonary aspergillosis with dissemination in liver and spleen (1). 7 primary Epstein-Barr virus
infection. 8 Herpes simplex virus stomatitis (3). 9 human Metapneumovirus (1), Influenza A virus (1), Parainfluenza 2 virus (1), Rhinovirus (1), Enterovirus (1),
Respiratory syncycial virus (2). 10 tonsillitis (1), dental abscess (1). 11 unspecific upper respiratory tract infections (5). 12 pneumonia (2; 1 with respiratory
insufficiency). 13 gastroenteritis (1), colitis (2), migratory peritonitis (1). 14 urinary tract infections (2; 1 with transurethral indwelling catheter). 15 port
catheter site infection (1), panaritium (3); without documented microbacterial cause.

The overall infection rate for MDIs was 7.2 per 100 person-months at risk; the rates
for patients treated for Ewing sarcoma, soft tissue sarcoma and osteosarcoma were 9.5, 7.0,
and 4.6, respectively. The overall rate for BSI/IFD was 3.5 per 100 person-month at risk
and 6.6, 2.7 and 0.5 for the respective entities. Of note, no infection-related deaths occurred
during neoadjuvant chemotherapy.

3.4. Hospitalization, ICU Admission and Mucositis

Unscheduled hospitalizations for treatment-related adverse events occurred in 37.4%
(354/948) of all courses with a median duration of seven days and were significantly more
often in EWING 2008 than in CWS SoTiSaR than in EURAMOS (p < 0.001). In five courses
(0.5%), patients were admitted to the ICU for a median duration of nine days. Admission
was for infectious causes in two cases only. As marker of cytotoxicity, CTC grade 1–2
mucositis was recorded in 149 (15.7%) and CTC grade 3–4 in 137 (14.5%) courses. There
were significant differences between treatment protocols with higher rates of CTC grade
3–4 mucositis in EWING 2008 than in EURAMOS than in CWS SoTiSaR (Table 3).

3.5. Factors Associated with FN and MDI

Younger age was significantly associated with higher number of FN episodes (weak
association, Tau b = −0.208; p < 0.001). Higher number of FN episodes was also signifi-
cantly associated with longer duration of unscheduled hospitalization (strong association,
Tau b = 0.665, p < 0.001). Significant associations were also found for treatment regimen
(p < 0.001; EWING 2008 > CWS SoTiSaR > EURAMOS), tumor localization (p < 0.001;
trunk > extremities), and maximal and median mucositis grade (p < 0.001; mucositis grade
3–4 > grade 1–2 > no mucositis) during treatment. No associations were found for sex,
metastases, weight at diagnosis, overall treatment delay and weight loss during treatment.
Due to its predominant use in patients enrolled in EWING 2008, the effects of G-CSF were
not included in the bivariate analyses (Table S2).

Significant associations with the occurrence of MDI by bivariate analysis were found
for younger age (p = 0.024) and maximal and median mucositis grade (p = 0.003 and
p = 0.017, respectively) with CTC grade 3–4 > CTC grade 1–2 > no mucositis. Presence of
MDI was also significantly associated with longer treatment delay (p = 0.006) and longer
duration of unscheduled hospitalization (p = 0.001). No association was found for sex,
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treatment regimen, tumor localization, metastases, weight at diagnosis and weight loss
during therapy (Table S3).

Due to methodological limitations (small sample size and strong correlations between
the respective factors in explorative analysis), we decided to abstain from performing mul-
tivariate analyses to further substantiate the statistical associations obtained by bivariate
analyses.

3.6. Overall and Event-Free Survival

After a median duration of follow-up of 4.23 years (range 0.3–10.5), overall cumulative
survival at last follow-up one year after the inclusion of the last patient was 68.8% (63.4%,
71.3%, and 70.6% for patients receiving treatment on EWING 2008, CWS SoTiSaR, and
EURAMOS, respectively).

The cumulative event-free survival at last follow-up was 59.2% (55.8%, 59.4%, and
62.1% for patients receiving treatment on EWING 2008, CWS SoTiSaR, and EURAMOS,
respectively).

4. Discussion

Apart from a recent publication on infectious complications in children with malignant
bone tumors [11], detailed information on prevalence, risk factors, and outcome of febrile
neutropenia and infections in pediatric patients undergoing chemotherapy for sarcoma
is scarce. The results presented here document substantial infectious morbidity during
the neoadjuvant chemotherapy treatment phase. The majority of the 170 patients (58.8%)
experienced at least one FN episode, and 20.6% had at least one MDI. Febrile neutropenia
occurred in 272 (28.7%) of the 948 treatment courses, and in 57 (6.0%) courses, a total of 45
microbiologically and 19 clinically documented infections were recorded.

The overall prevalence of FN in our cohort (58.8%) corresponds to data reported
by others for pediatric solid tumors [9,28,29]., Patients enrolled in EWING 2008 had a
significantly higher prevalence of FN (84.5%) than those enrolled in CWS SoTiSaR and
EURAMOS, respectively (Table 3). This rate is also higher than that previously reported
in unselected patients with solid tumors [8]. While the relative distribution of FUO and
MDI or CDI is overall comparable to that reported in the literature [6,30,31], there was a
significantly higher proportion of documented infections in patients enrolled in EWING
2008 relative to patients enrolled in CWS SoTiSaR and EURAMOS.

We observed an overall incidence rate of 7.2 MDI per 100 person-months at risk and
of 3.5 BSI/IFD per 100 person-months at risk. These rates are similar to those reported
by Haupt et al. who noted an infection rate of 3.2 per 100 person-months at risk for
BSI/IFD in their cohort of solid tumors and a rate of 3.4 per 100 person-months at risk
for sarcoma patients [7]; these are also similar to data presented by Calton et al. who
reported 3.96 BSI per 100 person-months at risk for solid tumors [10]. However, when
analyzed by tumor type, we found numerically higher infection rates for patients with
Ewing sarcoma (9.5 MDI and 6,6 BSI/IFD per 100 person-months at risk) and lower rates
for osteosarcoma patients (4.6 MDI and 0.5 BSI/IFD per 100 person-months at risk), while
rates for soft tissue sarcoma patients were similar to the overall infection rate (7.0 MDI
and 2,7 BSI/IFD per 100 person-months at risk). A recent retrospective multicenter survey
also showed a high risk for infectious complications in patients treated for malignant bone
and soft tissue tumors, particular for patients with Ewing sarcoma, during neoadjuvant
and adjuvant chemotherapy with higher cumulative incidence rates as in patients with
acute lymphoblastic leukemia, non-Hodgkin’s lymphoma and Hodgkin’s disease, and
comparable incidence rates to those in patients with acute myeloid leukemia [11]. A study
conducted at our center in patients undergoing autologous hematopoietic cell rescue for
solid tumors and lymphoma showed an occurrence of non-fungal MDI in 16.5% of the
patients [32]. In the analysis presented here, MDI occurred in 20.6% of the patients overall
and in 29.3%, 20.0% and 12.9% of patients enrolled in EWING 2008, CWS SoTiSaR and
EURAMOS, respectively. Compared to patients undergoing dose intensive chemotherapy
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with autologous hematopoietic stem cell rescue, who are generally considered to be at
high risk of infection, the data from the present study show a comparable, and, in the case
of Ewing sarcoma patients, an even higher risk of MDI. However, our findings stand in
contrast to the results of a meta-analysis of global individual participant data regarding the
prediction of MDI for FN episodes. By univariate analysis, a diagnosis of Ewing sarcoma
and osteosarcoma was associated with a decreased risk of MDI [33].

The differences in FN and MDI between the different sarcoma types and treatments
and also, tumor localization, may be explained by the differential dose-intensity and
mucosal toxicity of the respective regimens [6,30,34], with VIDE combination therapy for
Ewing sarcoma being particularly intense [12,14]. Multiagent combination chemotherapy,
as used in EWING 2008 and CWS SoTiSaR, may also contribute [35]. An analysis of
the potential influence of different chemotherapy courses or individual chemotherapy
agents and their cumulative dosages on FN and MDI rates might have provided further
associations but was not possible due to methodological limitations. Considering that
patients treated for Ewing and soft tissue sarcoma have higher infection rates than the
overall population of pediatric solid tumors, and that these rates are comparable to those
observed in patients with hematological malignancies, the outcome in our study was
favorable, with no infection-related death during neoadjuvant chemotherapy, and only
two patients requiring intensive care unit admission for infection-related supportive care.

The spectrum of bacterial species in the 21 episodes of blood stream infection was
predominated by CoNS (9/21, Table S1), which is in line with other reports [36]. How-
ever, the detection of CoNS raises the question of whether it reflects a true infection or
contamination. There is good reason to assume that the detection of CoNS corresponds
to true infection as the majority were S. epidermidis mainly found in neutropenic patients,
both factors that have been associated with an increased likelihood of true infection [37].
Similar to other studies in patients with solid tumors, bone tumors, and solid tumors
with autologous hematopoietic stem cell rescue [7,11,32], we observed a low frequency of
fungemia and other forms of invasive fungal diseases in sarcoma patients. The only IFD in
our cohort was a case of proven pulmonary and disseminated invasive aspergillosis in a
patient with Ewing sarcoma following a period of profound granulocytopenia exceeding a
duration of twenty days.

Apart from younger age, bivariate analysis identified an association of mucositis
with FN and MDI: Higher grades of mucositis correlated with more FN episodes and
higher infection rates. These findings are in concordance with the results of other studies
that found associations of mucositis with FN [8,38] and severe infections [39] in bivariate
analysis. Indeed, mucositis is the result of a complex series of biological events involving
inflammation, alteration of the local tissue response, apoptosis of the basal cell layer and
loss of mucosal integrity that facilitates migration of mucosal microorganisms and makes
the individual prone to invasive bacterial, fungal and viral infection [40–44]. Patients with
FN and mucositis are clearly at higher risk of infection, and the presence of mucositis
should be considered in approaches to stratify patient management in low and high-risk
categories. In addition, strategies to avoid or ameliorate mucositis and the development of
treatments that do not cause mucositis should be prioritized in order to reduce infection
risks.

Higher numbers of FN and the presence of MDIs were significantly associated with
longer duration of unscheduled hospitalization. Longer duration of hospitalization reflects
the burden of therapy-induced morbidity and accounts for important use of health care
resources. There also was a significant association of MDIs with longer treatment delay,
which in turn may contribute to worse event-free survival in the affected patients as has
been demonstrated by others for osteosarcoma patients [45,46].

5. Conclusions

In conclusion, the data presented here document substantial infectious morbidity
in sarcoma patients during the neoadjuvant chemotherapy treatment phase. Prevention
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and appropriate management of FN and infections are essential to maintain quality of life
and cost control, and to avoid treatment delays that may compromise the outcomes of
anticancer treatment.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/10
.3390/cancers13091990/s1, Table S1: Overview of 21 blood stream infections in 19 patients. Table S2:
Bivariate analysis of potential factors associated to the number of FN episodes during neoadjuvant
chemotherapy in 170 patients. Table S3: Bivariate analysis of potential factors associated with
development of ≥ MDI episode during neoadjuvant chemotherapy in 170 patients.
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