
Węcławek‑Tompol et al. J Hematol Oncol          (2021) 14:163  
https://doi.org/10.1186/s13045‑021‑01181‑4

RESEARCH

COVID‑19 in pediatric cancer patients 
is associated with treatment interruptions 
but not with short‑term mortality: a Polish 
national study
Jadwiga Węcławek‑Tompol1, Zuzanna Zakrzewska2, Olga Gryniewicz‑Kwiatkowska3, Filip Pierlejewski4, 
Ewa Bień5, Agnieszka Zaucha‑Prażmo6, Olga Zając‑Spychała7, Anna Szmydki‑Baran8, Agnieszka Mizia‑Malarz9, 
Wioletta Bal10,11, Małgorzata Sawicka‑Żukowska12, Agnieszka Kruk13, Anna Raciborska14 , Agnieszka Książek15, 
Tomasz Szczepański15, Jarosław Peregud‑Pogorzelski13, Maryna Krawczuk‑Rybak12, Radosław Chaber10,11, 
Michał Matysiak8, Jacek Wachowiak7, Wojciech Młynarski4, Bożenna Dembowska‑Bagińska3, 
Walentyna Balwierz2, Agnieszka Matkowska‑Kocjan16, Bernarda Kazanowska1, Jan Styczyński17 and 
Marek Ussowicz1*  

Abstract 

Background: Coronavirus disease 2019 (COVID‑19) caused by severe acute respiratory syndrome coronavirus 2 
(SARS‑CoV‑2) currently constitutes the leading and overwhelming health issue worldwide. In comparison with adults, 
children present milder symptoms, with most having an asymptomatic course. We hypothesized that COVID‑19 infec‑
tion has a negative impact on the continuation of chemotherapy and increases nonrelapse mortality.

Material and methods: This study was performed to assess the course of SARS‑CoV‑2 among children with hemato‑
logical or oncological malignancies and its impact on cancer therapy. Records of SARS‑CoV‑2 infection in 155 children 
with malignancies from 14 Polish centers for pediatric hematology and oncology were collected and analyzed.

Results: SARS‑CoV‑2 replication was observed in 155 patients. Forty‑nine patients were symptomatic, with the 
following being the most common manifestations: fever (31 patients), gastrointestinal symptoms (10), coryza (13), 
cough (13) and headache (8). In children who were retested, the median time of a positive PCR result was 16 days 
(range 1–70 days), but 12.7% of patients were positive beyond day + 20. The length of viral PCR positivity correlated 
with the absolute neutrophil count at diagnosis. Seventy‑six patients did not undergo further SARS‑CoV‑2 testing 
and were considered convalescents after completion of isolation. Antibiotic therapy was administered in 15 children, 
remdesivir in 6, convalescent plasma in 4, oxygen therapy in 3 (1—mechanical ventilation), steroids in 2, intravenous 
immunoglobulins in 2, and heparin in 4. Eighty patients were treated with chemotherapy within 30 days after SARS‑
CoV‑2 infection diagnosis or were diagnosed with SARS‑CoV‑2 infection during 30 days of chemotherapy administra‑
tion. Respiratory symptoms associated with COVID‑19 and associated with oxygen therapy were present in 4 patients 
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Introduction
Coronavirus disease 2019 (COVID-19) caused by the new 
β-coronavirus severe acute respiratory syndrome corona-
virus 2 (SARS-CoV-2) currently constitutes the leading 
and overwhelming health issue worldwide. By the date of 
submission of this article, 173,217,070 COVID-19 cases 
and 3,725,016 related deaths had been confirmed world-
wide [1]. SARS-CoV-2 can replicate in different tissues, 
with the respiratory system and gastrointestinal tract 
being the most important systems involved. SARS-CoV-2 
infection has two different phases. In the first phase, viral 
replication occurs, and in severe cases, it is followed by 
a second phase characterized by a dysregulated immune 
response with tissue damage [2, 3]. Mechanisms underly-
ing lung injury in both phases are different but can result 
in irreversible lung damage and death due to respiratory 
failure. COVID-19 severity clearly depends on the age 
of the individual—children present milder symptoms in 
comparison with the adult population. Mortality among 
children with COVID-19 is currently estimated at less 
than 0.03% [4]. Furthermore, the death rate is low in the 
youngest age group, but age below 1  month, male sex, 
pre-existing medical conditions, and presence of lower 
respiratory tract infection signs or symptoms at presenta-
tion are associated with higher complication rates [5–7]. 
For immunocompromised children, as many as 77% show 
an asymptomatic course of SARS-CoV-2 infection [8].

Polish pediatric oncology and hematology centers pro-
vide care for 1850 newly diagnosed patients each year, 
including 1300 children with cancer. This study was 
performed to assess the course of SARS-CoV-2 infec-
tion among Polish children with hematological or onco-
logical malignancies who have been actively treated with 
systemic therapy and its impact on the timing of can-
cer therapy. We hypothesized that COVID-19 infection 
increases nonrelapse mortality and has a negative impact 
on the continuation of chemotherapy.

Statistical analysis
The endpoint was overall survival (OS), which was 
defined as the time from SARS-CoV-2 diagnosis to death 
or the last report for patients with no events, and cumu-
lative incidence (CI) of PCR test negativity. OS and CI 
curves were estimated using the Kaplan–Meier method. 

Correlation analysis between the duration of viral repli-
cation and blood counts was carried out with Spearman’s 
test. Cox modeling was adopted to estimate hazard ratios 
for OS and CI, considering P < 0.2 as significant.

The statistical analysis and data formatting for presen-
tation were performed with GraphPad Prism software 
(GraphPad Software, La Jolla, CA, USA) and STATIS-
TICA 13.3 (TIBCO Software Inc. 2017, STATISTICA, 
version 13, Dell, OK, USA).

Patients and methods
Data from 14 Polish centers for pediatric hematology 
and oncology were collected. In the study period (March 
2020–February 2021), approximately 1200 new pediat-
ric cancer diagnoses were made and approximately 2500 
children were treated with chemotherapy. All patients 
hospitalized at Polish pediatric hematology and oncology 
centers were routinely tested for SARS-CoV-2 at admis-
sion (since June 2020) and in cases of suspected COVID-
19 (any time, at physician discretion). In the majority of 
centers, testing of parents hospitalized with their children 
was carried out. Diagnostics of SARS-CoV-2 replication 
were performed using different polymerase chain reac-
tion (PCR) tests identifying the presence of viral parti-
cles at the level of nucleic acid testing (NAT). Since 2021, 
“quick” antigen testing has been additionally offered as a 
screening test; in symptomatic negative cases, verifica-
tion with NAT testing is recommended. Nasopharyngeal 
swabs were used as the material for viral testing. Patients 
who tested positive were isolated at home or were 
referred to specialized infectious disease units if sympto-
matic or requiring medical procedures. The time of iso-
lation of patients with SARS-CoV-2 infection depended 
on the current law regulations in Poland, which changed 
during the course of the pandemic. Until 1 September 
2020, there had been a requirement of 2 consecutive neg-
ative PCR results after at least 14 days of isolation; since 
2 September 2020, Poland has adopted European Cen-
tre for Disease Prevention and Control (ECDC) guide-
lines on the ending of COVID-19 isolation: resolution of 
fever for at least three days and clinical improvement of 
symptoms other than fever and 10  days after the onset 
of symptoms in immunocompetent patients or 20  days 
after the onset of symptoms in immunocompromised 

in the study population, and four deaths were recorded (2 due to COVID‑19 and 2 due to progressive malignancy). 
The probability of 100‑day overall survival was 97.3% (95% CI 92.9–99%). Delay in the next chemotherapy cycle 
occurred in 91 of 156 cases, with a median of 14 days (range 2–105 days).

Conclusions: For the majority of pediatric cancer patients, SARS‑CoV‑2 infection does not result in a severe, life‑
threatening course. Our data show that interruptions in therapy are common and can result in suboptimal therapy.

Keywords: Pediatric, SARS‑CoV‑2, COVID‑19, Chemotherapy



Page 3 of 10Węcławek‑Tompol et al. J Hematol Oncol          (2021) 14:163  

patients [9, 10]. The data collection ended on 1 March 
2021. The patient or parent/legal guardian provided writ-
ten informed consent for the treatment and the analysis 
of clinical data. Ethical approval was waived by the local 
Ethics Committee of Wroclaw Medical University in view 
of the retrospective nature of the study because all proce-
dures were performed as a part of routine care.

Results
For this study, records of SARS-CoV-2 episodes in 155 
patients were collected. The patient characteristics are 
shown in Table 1. The continuous wave of SARS-CoV-2 
diagnoses was noted since the 39th week of 2020, and 
the maximum weekly number of new diagnoses was 27, 
which declined since the 50th week of 2020 (Fig. 1A).

Testing policy and replication length
Diagnosis was established with PCR-NAT in 138 
patients, both PCR-NAT and an antigenic test in 12, and 
with antigenic test in only 5. In 79 cases, the patient was 
tested again after SARS-CoV-2 diagnosis for PCR test 
negativity. The testing was performed at different inter-
vals; on average, the median was 14  days but ranged 
from 2 to 133  days. A single SARS-CoV-2 result was 
obtained for 36 patients, who were tested again after a 
median of 15 days (range 6 to 82 days). Among patients 
who had subsequent positive PCR results, the median 
time of viral replication was 16 days (range 1–70 days); it 
should be noted that 25% of patients had positive results 
beyond day + 20 (Fig.  1B). The length of PCR positivity 

correlated with the absolute neutrophil count at diagno-
sis (Spearman rank r = 0.2642, 95% CI 0.04207 to 0.4614, 
p = 0.0172) but not with age at diagnosis, sex, whole 
blood count (WBC), lymphocyte or monocyte counts. 
The median time until laboratory-confirmed viral clear-
ance was 22 days (range 6–138 days) (Fig. 1C). The time 
of PCR negativity correlated with the absolute neutro-
phil count at diagnosis (Spearman rank r = 0.2547, 95% 
CI − 0.002269 to 0.4801, p = 0.0457) but not with age at 
diagnosis, sex, WBC, lymphocyte or monocyte counts. 
For patients with absolute neutrophil counts below or 
above 1200 per µL, we calculated a median of 18 versus 
23  days until a negative PCR result (p = 0.023, Fig.  1D). 
The remaining 76 patients were not further tested for 
SARS-CoV-2 and were considered to be in the convales-
cent stage after completion of the recommended time of 
isolation.

Symptoms
Symptoms were noted in 49 patients. The most com-
mon manifestation was fever, in 31 patients, followed by 
gastrointestinal symptoms in 10, coryza in 12, cough in 
13 and headache in 8; symptoms were present in differ-
ent combinations (Fig.  2). At diagnosis, complete blood 
counts were available for 100 patients. Overall, WBC and 
absolute lymphocyte, monocyte and neutrophil counts 
at SARS-CoV-2 diagnosis were not associated with the 
presence of any symptoms or, in particular, fever inci-
dence (Fig. 3A, B).

Table 1 Patient characteristics

CNS, central nervous system; EWS, Ewing’s sarcoma; GCT, germ cell tumor; HCC, hepatocellular carcinoma; LCH, Langerhans histiocytosis; NET, neuroendocrine tumor; 
SPN, solid pseudopapillary neoplasm

Category

Age in months median (range) 71 (1–207)

Sex (male [M]: female [F]) 93 M:62 F

Diagnosis Patients number Delay in 
chemotherapy: 
median (range)

Acute lymphoblastic leukemia (ALL) 52 13 (0–105)

CNS tumor 30 14 (0–60)

Soft tissue sarcoma (STS) 16 12 (0–26)

Neuroblastoma 15 15 (0–44)

Hodgkin lymphoma (HL) 10 12 (0–15)

Renal tumor 8 17 (12–19)

Acute myeloid leukemia (AML) 7 17 (0–56)

Non‑Hodgkin lymphoma (NHL) 4 17 (0–20)

Osteosarcoma 4 7 (0–14)

Retinoblastoma 2 7 (n/a)

Other (EWS, GCT, HCC, LCH, NET, SPN) 7 14 (10–27)
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Treatment and survival
In the group analyzed, antibiotic therapy was admin-
istered in 15 children, remdesivir in 6, convalescent 
plasma in 4, oxygen therapy in 3 (1—mechanical venti-
lation), steroids in 2, intravenous immunoglobulins in 
2, and heparin in 4. The probability of 100-day overall 
survival was 97.3% (95% CI 92.9–99%) (Fig.  3C). In the 
whole study group, four deaths were recorded (2 due to 
COVID-19 and 2 due to progressive malignancy).

Chemotherapy
Eighty patients were treated with chemotherapy within 
30  days after SARS-CoV-2 infection diagnosis or were 
diagnosed with SARS-CoV-2 infection within 30  days 
of chemotherapy administration. Chemotherapy was 
administered within 30  days of SARS-CoV-2 diagno-
sis in 12 patients, but chemotherapy was interrupted 

in 5. In this subgroup, 2 patients with acute lympho-
blastic leukemia (ALL; UPN 3 and UPN 25) developed 
COVID-19 pneumonia and required oxygen therapy 
but survived without pediatric intensive care unit 
(PICU) transfer; their cancer treatment continued after 
recovery. In addition, UPN 25 was treated for acute 
gastrointestinal bleeding.

In 68 patients, chemotherapy was started within 
30 days after SARS-CoV-2 infection was diagnosed. In 
this subgroup, 1 patient (UPN 147) was hospitalized for 
32 days in the PICU, and 3 deaths were recorded: UPN 
147 with ALL treated with protocol I, and UPN 148 
with early AML relapse after allogeneic hematopoietic 
cell transplantation (HCT) and treated with Ida-FLA 
and venetoclax died due to respiratory failure, and UPN 
145 with central nervous system tumor (CNS) died of 

Fig. 1 A Incidence of SARS‑CoV‑2 infection in pediatric cancer patients in 2020 and early 2021. B The duration of SARS‑CoV‑2 replication was 
calculated as the interval between the first and last positive results. The dotted line marks day 16, which was the median length of PCR positivity. C 
Time to clearance of SARS‑CoV‑2 replication was calculated as the interval between the first positive and first negative results. The dotted line marks 
the median time to a first negative result on day 22. D Comparison of the probability of SARS‑CoV‑2 negativity between patients with absolute 
neutrophil counts (ANCs) below and above 1200/µL at diagnosis
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disease progression. Table 2 presents the chemotherapy 
cycles in both groups in the analyzed period.

In 14 cases (4 ALL, 2 CNS tumors, 1 Ewing’s sarcoma, 
2 Hodgkin lymphoma, 1 hepatocellular cancer, 1 neu-
roblastoma, 1 retinoblastoma, 2 soft tissue sarcoma), 
the chemotherapy cycle was interrupted or prematurely 
stopped after SARS-CoV-2 infection was recognized; 
however, only 4 patients were symptomatic, and no 
COVID-19 attributable complications were observed in 
this group. In summary, chemotherapy in the period of 
COVID-19 diagnosis was associated with life-threatening 

complications in 1 case of COVID-19 pneumonia and 
severe GI bleeding, 2 cases of respiratory tract infec-
tion (COVID-19 not confirmed), 2 cases of mechanical 
ventilation in the ICU, and 2 cases of oxygen therapy. A 
fatal outcome of COVID-19 occurred in 2 patients, one 
of whom was heavily pretreated independent of SARS-
CoV-2 complications.

After recovery from COVID-19, systemic therapy was 
continued, but delay in the next chemotherapy cycle was 
observed in 91 of 156 cases, with a median of 14  days 
(range 2–105  days) (Fig.  3D). Among survivors, a delay 

Fig. 2 Venn diagram presenting the symptomatology of SARS‑CoV‑2 infection. The five most common symptoms were observed in different 
combinations in 49 patients
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Fig. 3 Comparison of absolute neutrophil counts between patients with symptomatic or asymptomatic manifestations (A) and in those with fever 
at diagnosis (B). C The overall survival of children with SARS‑CoV‑2 infection. Dotted lines represent the 95% CI. D The distribution of delay times 
in chemotherapy among pediatric patients. E Delay times among different diagnosis groups; diamonds represent median delay and whiskers 
minimum to maximum range
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above 28 days was observed in 6 patients (6.5%). The pri-
mary diagnosis was not associated with statistically sig-
nificant differences in chemotherapy delay (Fig. 3E).

Discussion
COVID-19 has profoundly changed the approach to 
oncology. The first published reports raised warnings 
about the high risk of COVID-19-associated mortality in 
pediatric cancer patients [11]. Moreover, early Italian and 
US data suggested a reduced likelihood of pediatric can-
cer patients accessing referral centers, both because of a 
decrease in in-person primary care visits and the reluc-
tance of families to risk exposing children to the virus, 
resulting in worse chances of a timely diagnosis [12, 13]. 
According to the study by Graetz et al., changes to cancer 
care delivery include reduced surgical care, blood prod-
uct shortages, chemotherapy modifications, and inter-
ruptions to radiotherapy [14].

The introduction of new sanitary principles of screen-
ing, isolation guidelines and the use of personal pro-
tection equipment has helped to re-establish pediatric 

oncology services in the time of COVID-19 and adapt 
to new circumstances [15–17]. In Poland, healthcare 
personnel, who tested positive for SARS-CoV-2, was 
not allowed to attend work and was strictly isolated 
(for symptomatic cases: 10  days after symptom onset, 
plus at least 1 additional day without symptoms includ-
ing without fever and without respiratory symptoms; 
for asymptomatic cases: 10  days after positive test for 
SARS-CoV-2). The caregivers/parents who tested posi-
tive were also isolated from their negative children, how-
ever due to social and logistic reasons the isolation could 
not be achieved in all cases. There were a few known 
cases during autumn 2020 COVID-19 "wave" in which 
negative children treated for cancer were hospitalized 
in one isolation room with their positive parent. These 
situations were exceptional—caused by the imperative 
need of treatment that could not be delayed (for exam-
ple new diagnosis of leukemia, live saving chemotherapy 
for tumor progression or neutropenic fever) and no other 
possible options of providing childcare during hospi-
talization. In these rare situations, the caregivers were 

Table 2 Systemic therapy during the period of SARS‑CoV‑2 infection

Details on chemotherapy protocols are presented in Additional file 1

ACTD, actinomycin‑D; CCNU, lomustine; CTX, cyclophosphamide; EWS, Ewing’s sarcoma; GCT, germ cell tumor; HCC, hepatocellular carcinoma; IFO, ifosfamide; LCH, 
Langerhans histiocytosis; MTX, methotrexate; NET, neuroendocrine tumor; SPN, solid pseudopapillary neoplasm; VCR, vincristine; VP‑16, etoposide

Diagnoses Patients with SARS-CoV-2 diagnosis within 
30 days prior to chemotherapy

Patients with SARS-CoV-2 diagnosis within 30 days 
after the chemotherapy

Number 
of 
patients

Chemotherapy protocol—number of 
patients

Number 
of 
patients

Chemotherapy protocol—number of 
patients

Acute lymphoblastic leukemia 7 Protocol I—1; protocol II—6 20 Protocol I—3; protocol M—3; protocol 
HR—3; protocol II—7; maintenance 
therapy—3; relapsed—1

CNS tumor 1 VCR + VP‑16 + CTX—1 15 VCR + cisplatin—3; VCR—2; 
VCR + VP‑16 + CTX—1; VCR + cispl‑
atin + CCNU—1; protocol 4 (week 8; week 
29)‑ 2; protocol 3 (cycle 2)—1; VBL—2; 
Protocol 1 HRG—1; temozolomide + cispl‑
atin—1; radiotherapy—1

Soft tissue sarcoma – – 13 IVAd3‑1; VCR‑ADM‑CTX‑1; gemcit‑
abine + vinorelbine—1; I2VAdr‑1; ACCT‑
TIVE‑1; I3VActd‑1; idarubicin + trofosfamide 
‑1; radiotherapy—2; I2VE‑1; I2VA‑1; TECC 
‑1; VAC—1

Neuroblastoma 2 Topotecan + dacarbazine—1; topote‑
can—1

2 COJEC‑A—1; radiotherapy—1

Hodgkin lymphoma – – 5 AVD—2; COPDAC—2; DECOPDAC 21—1; 
OEPA—1

Renal tumor – – 3 VCR + ACTD—1; doxorubicin + CTX—1; 
bevacizumab ‑1

Acute myeloid leukemia – – 2 Induction AIE—1; Ida‑FLA—1

Non‑Hodgkin lymphoma ‑ – 2 R‑CYM—1; VBL—1

Osteosarcoma – ‑ 2 HD MTX—1; AP (week 1)—1

Retinoblastoma 1 Topotecan—1 – –

Other (EWS, GCT, LCH, NET, HCC, SPN) 1 Sorafenib—1 4 VAC—1; VBL—1; gemcitabine 1 g/m2—1
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instructed how to minimalize the risk of infection trans-
mission to the child (masks, disinfection).

After initial problems, positive changes emerged, such 
as value in cancer care, digital communication, conveni-
ence, inclusivity and cooperation, decentralization of 
cancer care, acceleration of policy change, human inter-
actions, hygiene practices, health awareness and promo-
tion and systems improvement [18]. A very large number 
of papers related to COVID-19 (at the moment of manu-
script preparation over 180 thousand positions indexed 
in PubMed) is associated with variable quality of data 
sourcing and analysis and low practical usefulness in 
clinical settings.

Early SARS-CoV-2 surveillance in 2020 did not reveal 
a notable incidence in Poland, which might have been a 
consequence of both different epidemiology and diag-
nostic limitations [19]. Indeed, Polish data showed only 
8 SARS-CoV-2-positive pediatric cancer patients by July 
1, 2020 [20]. It must be noted that due to regulatory rea-
sons, the availability of SARS-CoV-2 testing in Poland 
until June 2020 was insufficient, and many patients with 
symptoms of respiratory symptoms were not tested, even 
though testing for the other viral pathogens was car-
ried out. This may be associated with underdiagnosis of 
COVID-19 in the pediatric population in the first half of 
2020 because preliminary seroprevalence studies in June 
and September 2020 indicated the nationwide presence 
of anti-SARS-CoV-2-S antigen antibodies in up to 9% of 
the pediatric population (data unpublished). In contrast, 
the system was better equipped for viral diagnostics in 
autumn 2020, and the high incidence and morbidity of 
the late year peak were appropriately recorded. A typical 
clinical problem in children undergoing chemotherapy 
is diagnostics for neutropenic fever after chemotherapy, 
and patients with this condition are likely to be admitted 
to the hospital, especially if a central venous catheter is 
present. In patients diagnosed with SARS-CoV-2 infec-
tion, there is no correlation between fever and ANC 
value. These observations suggest that the role of the 
immune response in clinical presentation during the 
SARS-CoV-2 replication phase is still unclear. In 2020, 
SARS-CoV-2 PCR negativity during bone marrow aplasia 
after allogeneic hematopoietic stem cell transplantation 
was reported by the Polish transplant team, confirm-
ing the possibility of paucisymptomatic infection in a 
severely immunocompromised patient [21].

The role of the immune system in SARS-CoV-2 
infection is not clear, and conflicting evidence exists 
regarding the connection among virus replication, the 
inflammatory response and tissue damage. The hypoth-
esis of morbidity and mortality in COVID-19 as a conse-
quence of excessive tissue damage in the mechanism of 
cytokine release syndrome is supported by high plasma 

levels of inflammatory cytokines in severely ill COVID-
19 patients [22]. The decreased lymphocyte count and 
expression of exhaustion markers can be a consequence 
of CRS and correlate with a severe clinical course [23, 
24]. Overall, the hypothesis of immune-mediated tissue 
damage leading to irreversible and fatal lung injury has 
had meaningful therapeutic consequences. Suppression 
of an excessive inflammatory response has been evalu-
ated in COVID-19 patients treated with corticosteroids 
and anti-cytokine drugs. In a study by Wu et  al., treat-
ment with methylprednisolone in patients with acute res-
piratory distress syndrome (ARDS) decreased the risk of 
death (HR 0.38; 95% CI 0.20–0.72) [25]. The significance 
of interleukin-6 (IL6) is particularly interesting because 
of its key role in CRS and because elevated IL6 concen-
trations are associated with poor prognosis [26].

The SARS-CoV-2 PCR test does not distinguish 
between the presence of infectious virus particles and 
noninfectious nucleic acids [27]. Indeed, a positive PCR 
result reflects only the detection of SARS-CoV-2 RNA 
and does not necessarily indicate the presence of viable 
virus [28]. This is why the current strategy of isolation 
ending is fulfilment of the criteria of the time from SARS-
CoV-2 infection identification and resolution of the clini-
cal symptom period but does not require two consecutive 
negative PCR test results (as required at the beginning of 
the COVID-19 pandemic). PCR test results may still be 
used when there is a need for earlier isolation ending, but 
after the recommended isolation period is fulfilled, their 
usefulness is negligible.

There are data suggesting that although patients with 
SARS-CoV-2 infection might have detectable SARS-
CoV-2 RNA for up to 83  days, no functional virus can 
be isolated beyond the ninth day after symptom onset, 
despite persistently high viral RNA loads [29]. The risk 
of having a positive SARS-CoV-2 culture is estimated to 
be three times higher in immunocompromised patients 
than in others, which suggests that immunocompro-
mised patients may shed SARS-CoV-2 for prolonged 
periods [30]. Nevertheless, as culturing of SARS-CoV-2 
was not performed in our study, the clinical implications 
of assessment of the length of positive PCR test results 
cannot be established. The correlation between inter-
ruptions in treatment resulting in decreased chemo-
therapy dose density and prognosis in pediatric cancer 
is unquestionable, but clear evidence is rarely published 
[31, 32]. Regardless, in many cases, the decision to con-
tinue chemotherapy after its disruption caused by SARS-
CoV-2 infection was delayed by waiting for negative PCR 
results. Thus, the priority of pediatric cancer treatment 
was modified by the imperative of SARS-CoV-2 infec-
tion containment. However, the position of the pediatric 
hematology and oncology community in SARS-CoV-2 
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infection changed over time, and a course for minimiz-
ing delays and timely therapy was adopted. According to 
our data, chemotherapy can be administered shortly after 
SARS-CoV-2 infection diagnosis, provided that a patient 
does not display severe manifestations of COVID-19, 
which must be treated appropriately and can be associ-
ated with poor outcomes.

Conclusions
Over the last few months, the community of pediatric 
oncologists has adapted to extraordinary circumstances 
and established mechanisms of coping with the COVID-
19 pandemic. The situation can be expected to improve 
as a consequence of post-infection immunity and vacci-
nations against SARS-CoV-2, which should further pro-
tect patients, their families and medical caretakers [33]. 
Anti-SARS-CoV2 IgG status is not routinely tested after 
infection, but studies in common population show high 
diversity in seroprevalence in COVID-19 convalescents. 
An ongoing study in Polish pediatric cancer patients 
shows silent seroconversion ensuing the SARS-CoV-2 
incidence in general population (data unpublished).

At the end of December 2020, the mRNA COVID-19 
vaccines were introduced into public use in Poland, and 
since May 2021 were recommended in patients undergo-
ing chemotherapy and after HCT [33]. Due to extreme 
vulnerability of cancer patients to COVID-19, children 
above the age of 12 years can be vaccinated 3 to 7 days 
after chemotherapy, but specific regulations apply to 
HCT recipients depending on graft-versus-host symp-
toms and antecedent lymphodepleting therapies. The 
effect of vaccinations is expected to reduce the risk 
of therapy interruptions and incidence of COVID-19 
complications.

The long-term prognosis of treated patients is unclear 
due to the short observation period. The effects on pedi-
atric cancer curability must be analyzed in the future, but 
according to our observations, interruptions in therapy 
are common, and current data indicate that the issue 
of suboptimal therapy in COVID-19 survivors can be 
addressed in the future.

Abbreviations
ACTD: Actinomycin‑D; ALL: Acute lymphoblastic leukemia; ANC: Absolute 
neutrophil count; CCNU: Lomustine; CI: Cumulative incidence; COVID‑19: 
Coronavirus disease 2019; CTX: Cyclophosphamide; ECDC: European Centre 
for Disease Prevention and Control; EWS: Ewing’s sarcoma; GCT : Germ cell 
tumor; HCC: Hepatocellular carcinoma; HCT: Hematopoietic cell transplanta‑
tion; IFO: Ifosfamide; LCH: Langerhans histiocytosis; MTX: Methotrexate; NAT: 
Nucleic acid testing; NET: Neuroendocrine tumor; OS: Overall survival; PCR: 
Polymerase chain reaction; PICU: Pediatric intensive care unit; SARS‑CoV‑2: 
Severe acute respiratory syndrome coronavirus 2; SPN: Solid pseudopapillary 
neoplasm; UPN: Unique patient number; VCR: Vincristine; VP‑16: Etoposide; 
WBC: Whole blood count.

Supplementary Information
The online version contains supplementary material available at https:// doi. 
org/ 10. 1186/ s13045‑ 021‑ 01181‑4.

Additional file 1. List of chemotherapy protocols.

Acknowledgements
Not applicable.

Authors’ contributions
Authors’ attribution for the work: JW‑T and AM‑K contributed to data col‑
lection, analysis, manuscript preparation and acceptance; OG‑K, FP, EB, AZ‑P, 
OZ‑S, AS‑B, AM‑M, WB, MZ‑Ż, AK, AR, AK, TS, JP‑P, MK‑R, RC, MM, JW, WM, BD‑B, 
WB, BK, and JS  contributed to patient care, data collection, and manuscript 
acceptance; MU contributed to concept, analysis, manuscript preparation, and  
final acceptance and final acceptance JS. All authors read and approved the 
final manuscript.

Funding
Source of support—Wroclaw Medical University statutory grant SUB.
C200.21.058.

Availability of data and materials
The datasets used and/or analyzed during the current study are available from 
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
The patient or parent/legal guardian provided written informed consent for 
the treatment and the analysis of clinical data. Ethical approval was waived 
by the local Ethics Committee of Wroclaw Medical University in view of the 
retrospective nature of the study because all procedures were performed as a 
part of routine care.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1 Department and Clinic of Pediatric Oncology, Haematology and Bone Mar‑
row Transplantation, Wroclaw Medical University, Borowska 213, 50‑556 Wro‑
claw, Poland. 2 Department of Pediatric Oncology and Hematology, Institute 
of Pediatrics, Jagiellonian University, Collegium Medicum, Kraków, Poland. 
3 Department of Pediatric Oncology, Children’s Memorial Health Institute, 
Warsaw, Poland. 4 Department of Pediatrics, Hematology and Oncology, Medi‑
cal University of Lodz, Lodz, Poland. 5 Department of Pediatrics, Hematology 
and Oncology, Medical University of Gdansk, Gdansk, Poland. 6 Department 
of Pediatric Hematology, Oncology and Transplantology, Medical University 
of Lublin, Lublin, Poland. 7 Department of Pediatric Oncology, Hematology 
and Transplantology, University of Medical Sciences, Poznan, Poland. 8 Depart‑
ment of Oncology, Pediatric Hematology, Transplantology and Pediatrics, 
Children’s Hospital, Medical University of Warsaw, Warsaw, Poland. 9 Depart‑
ment of Pediatrics, Medical University of Silesia, Katowice, Poland. 10 Clinic 
of Pediatric Oncology and Hematology, State Hospital 2 in Rzeszow, Rzeszow, 
Poland. 11 Department of Paediatrics, Institute of Medical Sciences, University 
of Rzeszow, Rzeszow, Poland. 12 Department of Pediatric Oncology and Hema‑
tology, Medical University of Bialystok, Białystok, Poland. 13 Department 
of Paediatrics, Paediatric Oncology and Immunology, Pomeranian Medical 
University, Szczecin, Poland. 14 Department of Oncology and Surgical Oncol‑
ogy for Children and Youth, Institute of Mother and Child, Warsaw, Poland. 
15 Department of Pediatric Hematology and Oncology, Zabrze, Medical Uni‑
versity of Silesia, Katowice, Poland. 16 Department and Clinic of Pediatric Infec‑
tious Diseases, Wroclaw Medical University, Wroclaw, Poland. 17 Department 
of Pediatric Hematology and Oncology, Jurasz University Hospital, Collegium 
Medicum Nicolaus Copernicus University Torun, Bydgoszcz, Poland. 

https://doi.org/10.1186/s13045-021-01181-4
https://doi.org/10.1186/s13045-021-01181-4


Page 10 of 10Węcławek‑Tompol et al. J Hematol Oncol          (2021) 14:163 

Received: 6 June 2021   Accepted: 29 September 2021

References
 1. Worldometer. COVID‑19 coronavirus pandemic. Accessed 8 Aug 2021. 

https:// www. world omete rs. info/ coron avirus/.
 2. Vkovski P, Kratzel A, Steiner S, Stalder H, Thiel V. Coronavirus biol‑

ogy and replication: implications for SARS‑CoV‑2. Nat Rev Microbiol. 
2021;19:3155–70. https:// doi. org/ 10. 1038/ s41579‑ 020‑ 00468‑6.

 3. Trougakos IP, Stamatelopoulos K, Terpos E, Tsitsilonis OE, Aivalioti E, 
Paraskevis D, et al. Insights to SARS‑CoV‑2 life cycle, pathophysiology, 
and rationalized treatments that target COVID‑19 clinical complications. J 
Biomed Sci. 2021;28(1):9. https:// doi. org/ 10. 1186/ s12929‑ 020‑ 00703‑5.

 4. The American Academy of Pediatrics and the Children’s Hospital Associa‑
tion. Children and COVID‑19: State‑Level Data Report. https:// servi ces. 
aap. org/ en/ pages/ 2019‑ novel‑ coron avirus‑ covid‑ 19‑ infec tions/ child ren‑ 
and‑ covid‑ 19‑ state‑ level‑ data‑ report/. Accessed 16 May 2021.

 5. Morand A, Fabre A, Minodier P, Boutin A, Vanel N, Bosdure E, et al. COVID‑
19 virus and children: What do we know? Arch Pédiatrie. 2020;27(3):117–
8. https:// doi. org/ 10. 1016/j. arcped. 2020. 03. 001.

 6. Wu Z, McGoogan JM. Characteristics of and important lessons from 
the coronavirus disease 2019 (COVID‑19) outbreak in China. JAMA. 
2020;323(13):1239. https:// doi. org/ 10. 1001/ jama. 2020. 2648.

 7. Götzinger F, Santiago‑García B, Noguera‑Julián A, Lanaspa M, Lancella L, 
Calò Carducci FI, et al. COVID‑19 in children and adolescents in Europe: 
a multinational, multicentre cohort study. Lancet Child Adolesc Heal. 
2020;4(9):653–61. https:// doi. org/ 10. 1016/ S2352‑ 4642(20) 30177‑2.

 8. Cleto‑Yamane TL, Rodrigues‑Santos G, de Magalhães‑Barbosa MC, Moura 
PG, Vasconcelos RD, Gouveia JLS, et al. Screening of COVID‑19 in out‑
patient children with cancer or solid organ transplantation: preliminary 
report. Eur J Pediatr. 2021. https:// doi. org/ 10. 1007/ s00431‑ 021‑ 04044‑9.

 9. Regulation of the Minister of Health. 2020:1506. https:// isap. sejm. gov. pl/ 
isap. nsf/ downl oad. xsp/ WDU20 20000 1506/O/ D2020 1506. pdf.

 10. Guidance for discharge and ending isolation of people with COVID‑19—
second update. Published 2020. https:// www. ecdc. europa. eu/ sites/ defau 
lt/ files/ docum ents/ Guida nce‑ for‑ disch arge‑ and‑ ending‑ of‑ isola tion‑ of‑ 
people‑ with‑ COVID‑ 19. pdf. Accessed 16 May 2021.

 11. Lima ALMA, Borborema MCD, Matos APR, Oliveira KMM, Mello MJG, 
Lins MM. COVID‑19 cohort on children with cancer: delay in treatment 
and increased frequency of deaths. Rev Bras Saúde Matern Infant. 
2021;21(suppl 1):299–304. https:// doi. org/ 10. 1590/ 1806‑ 93042 02100 
s1000 17.

 12. Chiaravalli S, Ferrari A, Sironi G, Gattuso G, Bergamaschi L, Puma N, et al. 
A collateral effect of the COVID‐19 pandemic: delayed diagnosis in pedi‑
atric solid tumors. Pediatr Blood Cancer. 2020;67(10):e28640. https:// doi. 
org/ 10. 1002/ pbc. 28640.

 13. O’Neill AF, Wall CB, Roy‐Bornstein C, Diller L. Timely pediatric cancer 
diagnoses: an unexpected casualty of the COVID‐19 surge. Pediatr Blood 
Cancer. 2020;67(12):e28729. https:// doi. org/ 10. 1002/ pbc. 28729.

 14. Graetz D, Agulnik A, Ranadive R, Vedaraju Y, Chen Y, Chantada G, et al. 
Global effect of the COVID‑19 pandemic on paediatric cancer care: 
a cross‑sectional study. Lancet Child Adolesc Heal. 2021;5(5):332–40. 
https:// doi. org/ 10. 1016/ S2352‑ 4642(21) 00031‑6.

 15. Bouffet E, Challinor J, Sullivan M, Biondi A, Rodriguez‐Galindo C, 
Pritchard‐Jones K. Early advice on managing children with cancer during 
the COVID‐19 pandemic and a call for sharing experiences. Pediatr Blood 
Cancer. 2020;67(7):e28327. https:// doi. org/ 10. 1002/ pbc. 28327.

 16. Sullivan M, Bouffet E, Rodriguez‐Galindo C, Luna‐Fineman S, Khan MS, 
Kearns P, et al. The COVID‐19 pandemic: a rapid global response for 
children with cancer from SIOP, COG, SIOP‐E, SIOP‐PODC, IPSO, PROS, CCI, 
and St Jude Global. Pediatr Blood Cancer. 2020;67(7):e28409. https:// doi. 
org/ 10. 1002/ pbc. 28409.

 17. Jan S, Walentyna B, Jacek Wachowiak BD‑B, Michał M, Bernarda Kazanow‑
ska MK‑R, Elżbieta A‑D, Marzena Samardakiewicz JG, Danuta P, Renata T, 
Wojciech Młynarski TS. The national recommendation for the covid_19 
prevention and control in pediatric units of hematology and oncology, 

hematopoietic cell transplantation units and respective outpatient clin‑
ics: guidelines of polish society of pediatric oncology and hematolog. 
Przegląd Pediatryczny. 2020;49(2):1–5.

 18. Lombe D, Sullivan R, Caduff C, Ali Z, Bhoo‑Pathy N, Cleary J, et al. Silver 
linings: a qualitative study of desirable changes to cancer care during the 
COVID‑19 pandemic. Ecancermedicalscience. 2021. https:// doi. org/ 10. 
3332/ ecanc er. 2021. 1202.

 19. Hrusak O, Kalina T, Wolf J, Balduzzi A, Provenzi M, Rizzari C, et al. Flash 
survey on severe acute respiratory syndrome coronavirus‑2 infections in 
paediatric patients on anticancer treatment. Eur J Cancer. 2020;132:11–6. 
https:// doi. org/ 10. 1016/j. ejca. 2020. 03. 021.

 20. Styczyński J, Balwierz W, Wachowiak J, Kałwak K, Kazanowska B, Młynarski 
W, et al. Epidemiology and prevention strategies of SARS‑CoV‑2 infection 
in pediatric hematology and oncology centers in Poland. Acta Haematol 
Pol. 2020;51(4):253–7. https:// doi. org/ 10. 2478/ ahp‑ 2020‑ 0043.

 21. Jarmoliński T, Matkowska‑Kocjan A, Rosa M, Olejnik I, Gorczyńska E, 
Kałwak K, et al. SARS‑CoV‑2 viral clearance during bone marrow aplasia 
after allogeneic hematopoietic stem cell transplantation—A case report. 
Pediatr Transplant. 2020. https:// doi. org/ 10. 1111/ petr. 13875.

 22. Huang C, Wang Y, Li X, Ren L, Zhao J, Hu Y, et al. Clinical features of 
patients infected with 2019 novel coronavirus in Wuhan, China. Lancet. 
2020;395(10223):497–506. https:// doi. org/ 10. 1016/ S0140‑ 6736(20) 
30183‑5.

 23. Wang F, Nie J, Wang H, Zhao Q, Xiong Y, Deng L, et al. Characteristics of 
peripheral lymphocyte subset alteration in COVID‑19 pneumonia. J Infect 
Dis. 2020;221(11):1762–9. https:// doi. org/ 10. 1093/ infdis/ jiaa1 50.

 24. Diao B, Wang C, Tan Y, et al. Reduction and functional exhaustion of T cells 
in patients with coronavirus disease 2019 (COVID‑19). Front Immunol. 
2020. https:// doi. org/ 10. 1101/ 2020. 02. 18. 20024 364.

 25. Wu C, Chen X, Cai Y, Xia J, Zhou X, Xu S, et al. Risk factors associated 
with acute respiratory distress syndrome and death in patients with 
coronavirus disease 2019 pneumonia in Wuhan, China. JAMA Intern Med. 
2020;180(7):934. https:// doi. org/ 10. 1001/ jamai ntern med. 2020. 0994.

 26. Ruan Q, Yang K, Wang W, Jiang L, Song J. Correction to: Clinical predictors 
of mortality due to COVID‑19 based on an analysis of data of 150 patients 
from Wuhan, China. Intensive Care Med. 2020;46(6):1294–7. https:// doi. 
org/ 10. 1007/ s00134‑ 020‑ 06028‑z.

 27. Atkinson B, Petersen E. SARS‑CoV‑2 shedding and infectivity. Lancet. 
2020;395(10233):1339–40. https:// doi. org/ 10. 1016/ S0140‑ 6736(20) 
30868‑0.

 28. Sethuraman N, Jeremiah SS, Ryo A. Interpreting diagnostic tests for SARS‑
CoV‑2. JAMA. 2020;323(22):2249. https:// doi. org/ 10. 1001/ jama. 2020. 8259.

 29. Cevik M, Tate M, Lloyd O, Maraolo AE, Schafers J, Ho A. SARS‑CoV‑2, 
SARS‑CoV, and MERS‑CoV viral load dynamics, duration of viral shedding, 
and infectiousness: a systematic review and meta‑analysis. The Lancet 
Microbe. 2021;2(1):e13–22. https:// doi. org/ 10. 1016/ S2666‑ 5247(20) 
30172‑5.

 30. Avan Kampen JJ, van de Vijver DAMC, Fraaij PLA, Haagmans BL, Lamers 
MM, Okba N, et al. Shedding of infectious virus in hospitalized patients 
with coronavirus disease‑2019 (COVID‑19): duration and key determi‑
nants. medRxiv. 2020. https:// doi. org/ 10. 1101/ 2020. 06. 08. 20125 310.

 31. Zsiros J, Brugieres L, Brock P, Roebuck D, Maibach R, Zimmermann A, et al. 
Dose‑dense cisplatin‑based chemotherapy and surgery for children with 
high‑risk hepatoblastoma (SIOPEL‑4): a prospective, single‑arm, feasibility 
study. Lancet Oncol. 2013;14(9):834–42. https:// doi. org/ 10. 1016/ S1470‑ 
2045(13) 70272‑9.

 32. Smith RL, Shi X, Estlin EJ. Chemotherapy dose‑intensity and survival for 
childhood medulloblastoma. Anticancer Res. 2012;32(9):3885–92.

 33. Polish Ministry of Health. [Wspólne wytyczne dla pacjentów z grupy 1B 
i personelu medycznego w zakresie szczepienia przeciwko COVID‑19.]. 
Published 2021. https:// www. gov. pl/ web/ szcze pimys ie/ wspol ne‑ wytyc 
zne‑ dla‑ pacje ntow‑z‑ grupy‑ 1b‑i‑ perso nelu‑ medyc znego‑w‑ zakre sie‑ 
szcze pienia‑ przec iwko‑ covid‑ 19. Accessed 27 Sep 2021.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.

https://www.worldometers.info/coronavirus/
https://doi.org/10.1038/s41579-020-00468-6
https://doi.org/10.1186/s12929-020-00703-5
https://services.aap.org/en/pages/2019-novel-coronavirus-covid-19-infections/children-and-covid-19-state-level-data-report/
https://services.aap.org/en/pages/2019-novel-coronavirus-covid-19-infections/children-and-covid-19-state-level-data-report/
https://services.aap.org/en/pages/2019-novel-coronavirus-covid-19-infections/children-and-covid-19-state-level-data-report/
https://doi.org/10.1016/j.arcped.2020.03.001
https://doi.org/10.1001/jama.2020.2648
https://doi.org/10.1016/S2352-4642(20)30177-2
https://doi.org/10.1007/s00431-021-04044-9
https://isap.sejm.gov.pl/isap.nsf/download.xsp/WDU20200001506/O/D20201506.pdf
https://isap.sejm.gov.pl/isap.nsf/download.xsp/WDU20200001506/O/D20201506.pdf
https://www.ecdc.europa.eu/sites/default/files/documents/Guidance-for-discharge-and-ending-of-isolation-of-people-with-COVID-19.pdf
https://www.ecdc.europa.eu/sites/default/files/documents/Guidance-for-discharge-and-ending-of-isolation-of-people-with-COVID-19.pdf
https://www.ecdc.europa.eu/sites/default/files/documents/Guidance-for-discharge-and-ending-of-isolation-of-people-with-COVID-19.pdf
https://doi.org/10.1590/1806-9304202100s100017
https://doi.org/10.1590/1806-9304202100s100017
https://doi.org/10.1002/pbc.28640
https://doi.org/10.1002/pbc.28640
https://doi.org/10.1002/pbc.28729
https://doi.org/10.1016/S2352-4642(21)00031-6
https://doi.org/10.1002/pbc.28327
https://doi.org/10.1002/pbc.28409
https://doi.org/10.1002/pbc.28409
https://doi.org/10.3332/ecancer.2021.1202
https://doi.org/10.3332/ecancer.2021.1202
https://doi.org/10.1016/j.ejca.2020.03.021
https://doi.org/10.2478/ahp-2020-0043
https://doi.org/10.1111/petr.13875
https://doi.org/10.1016/S0140-6736(20)30183-5
https://doi.org/10.1016/S0140-6736(20)30183-5
https://doi.org/10.1093/infdis/jiaa150
https://doi.org/10.1101/2020.02.18.20024364
https://doi.org/10.1001/jamainternmed.2020.0994
https://doi.org/10.1007/s00134-020-06028-z
https://doi.org/10.1007/s00134-020-06028-z
https://doi.org/10.1016/S0140-6736(20)30868-0
https://doi.org/10.1016/S0140-6736(20)30868-0
https://doi.org/10.1001/jama.2020.8259
https://doi.org/10.1016/S2666-5247(20)30172-5
https://doi.org/10.1016/S2666-5247(20)30172-5
https://doi.org/10.1101/2020.06.08.20125310
https://doi.org/10.1016/S1470-2045(13)70272-9
https://doi.org/10.1016/S1470-2045(13)70272-9
https://www.gov.pl/web/szczepimysie/wspolne-wytyczne-dla-pacjentow-z-grupy-1b-i-personelu-medycznego-w-zakresie-szczepienia-przeciwko-covid-19
https://www.gov.pl/web/szczepimysie/wspolne-wytyczne-dla-pacjentow-z-grupy-1b-i-personelu-medycznego-w-zakresie-szczepienia-przeciwko-covid-19
https://www.gov.pl/web/szczepimysie/wspolne-wytyczne-dla-pacjentow-z-grupy-1b-i-personelu-medycznego-w-zakresie-szczepienia-przeciwko-covid-19

	COVID-19 in pediatric cancer patients is associated with treatment interruptions but not with short-term mortality: a Polish national study
	Abstract 
	Background: 
	Material and methods: 
	Results: 
	Conclusions: 

	Introduction
	Statistical analysis

	Patients and methods
	Results
	Testing policy and replication length
	Symptoms
	Treatment and survival
	Chemotherapy

	Discussion
	Conclusions
	Acknowledgements
	References


