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ABSTRACT

BACKGROUND: Acute leukemia is the commonest malignancy of childhood with an incidence rate of about 55—62 per 1 million
under 18 years of age. Early diagnosis of acute leukemia is difficult due to the non-specificity of primary symptoms, which are
often hidden under the “masks” of other diseases. This problem is especially relevant for regions with a population of up to
100 thousand people, where a case of acute leukemia in children occurs every 2-5 years causing too low oncological alertness
among pediatricians.

AIM: Assess the delay in diagnosis depending on the areas of residence in the Tver region and area remoteness from the Tver
Regional Clinical Children's Hospital (Tver, Russia).

MATERIALS AND METHODS: The analysis included 35 patients hospitalized in the Department of Oncology and hematology
of the Tver Regional Clinical Children’s Hospital for the period from 2018 to 2023. The diagnoses were: acute lymphocytic
leukemia (C91.0) — 30 (86%) patients, acute myeloid leukemia (C92) — 3 (9%) patients, and acute leukemia of unspecified
cell type (C95.0) — 2 (5%) patients. The mean age was 61 months (5.1 years). Thrombocytopenia and anemia at the time of
diagnosis were found in 76% and 78%, respectively. Leukocytosis (> 20x10°/L) was observed in 58%, leukopenia (<3.5x10/L)
in 15% of patients. In 97% of cases blasts (2% to 95%) were detected in peripheral blood. In the city of Tver (Group 1) and the
Tver region (Group 2), 16 (46%) and 19 (54%) patients were identified, respectively. The mean age of patients in Group 1 is
28.6 months, and in Group 2 — 72.3 months (p=0.1).

RESULTS: In Groups 1 and 2, acute lymphocytic leukemia was diagnosed in 14 (88%) and 16 (84%), respectively (p=0.6); acute
myeloid leukemia — in 1 (6%) and 2 (11%), respectively (p=0.7); acute leukemia of unspecified cell type — in 1 (6%) and
1 (5%) cases, respectively (p=0.95). Delay of diagnosis in the general group (n=35) was observed as follows: <2 weeks —
in 21 (60%) cases; 2—4 weeks — in 7 (20%) cases; 4—8 weeks — in 4 (11%) cases: >8 weeks — in 3 (9%) cases. Comparison
of the time of delayed diagnosis among patients living in the city of Tver versus the Tver region yielded following
results: <2 weeks in 7 (44%) vs 13 (68%) cases; 2—4 weeks — in 6 (38%) vs 3 (17%), 4—8 weeks — in 1 (6%) vs 1 (5%);
>8 weeks —in 2 (12%) vs 2 (10%) cases, respectively (p=0.37). There was no significant impact of the distance of the residence
place from the level 3 children’s hospital providing specialized care on the time of diagnosis. With the patients’ distance of
<50 km from the clinic, the diagnosis delay of <2 weeks, 2-4 weeks, 4—8 weeks and >8 weeks was observed in 36%, 36%, 21%
and 7% of cases, respectively. With the distance of 50—100 km, the diagnosis was made in the period of 2—4 weeks in 100% of
cases. With the removal of >100 km the diagnosis delay of <2 weeks, 2-4 weeks, 4-8 weeks, >8 weeks was observed in 30%,
30%, 20% and 20%, respectively (p=0.78).

CONCLUSION: The distance from the third-level hospital did not affect the period of diagnosis of acute leukemia in children.
We believe this is achieved by holding daily on-line conferences with country hospitals and out-patient departments followed
by the rapid hospitalization of children with suspected oncohematological disorders in the specialized department.

Keywords: acute leukemia; children; delay in diagnosis; distance; third-level hospital.

To cite this article:
Dolgopolov IS, Rykav MYu. The role of routing in the diagnosis of acute leukemia in children: an observational retrospective non-randomized study. Russian
Journal of Oncology. 2024;29(1):5-12. DOI: https://doi.org/10.17816/0nc0629170

Submitted: 17.03.2024 Accepted: 05.04.2024 Published online: 30.08.2024
V-2
ECOCVECTOR Article can be used under the CC BY-NC-ND 4.0 International License

© Eco-Vector, 2024


https://doi.org/10.17816/onco629170
https://doi.org/10.17816/onco629170
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://crossmark.crossref.org/dialog/?doi=10.17816/onco629170&domain=PDF&date_stamp=2024-10-05

OPUTHATTBHBIE MCCIEOOBAHA Tom 29, N2 1, 2024 POCCCKIM OHKOMOMVMECKIAY HKypHATT

DOI: https://doi.org/10.17816/0nc0629170

Ponb MapLipyTusauum B AMarHocTuke
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AHHOTALMA

06ocHoBaHue. OcTpblii neiiKo3 — Haubonee pacnpocTpaHEHHas 3M0KayecTBeHHas naTonorus y gaeten: 55—62 Ha
1 MnH HaceneHus oo 18 net. PaHHAs auarHocTMKa 3aTpyaHeHa BBUAY HecrneuuduyHoCTU NepBUYHBIX CUMMTOMOB, 0COBEHHO
B pervoHax c Hacenenuem o 100 Tbic. YenoBeK, rae ciydaid 0CTPOro neikosa y feTen auarHoctupyetcs 1 pas B nepuop
0T 2 80 5 NeT 1 rae OTCYTCTBYET OHKOMIOrMYecKas HaCTOPOXEHHOCTb CPeay Bpayel NOMKIMHUYECKOrO 3BEHa.

Llenb. OueHMTb BNUSHWE MapLLPYTU3aLIMKM Ha CPOKY YCTAHOBIEHMA MarHo3a «0CTpbIi NEMKO3» Ha npuMepe TBepcKon obnacw.
Martepuanbl M Metoabl. B aHanu3 BrtoueHo 35 MauMeHTOB, rocnMTaM3UPOBaHHbIX B OTZAENEHWe OHKorematonoruu [et-
CKOW 00MacTHOM KnnHUdeckoi 6onbHUUbI (. Tepb) 3a nepuoa ¢ 2018 no 2023 roa ¢ AuarHo3aMu: ocTpbii IMMbO6NACTHBIN
nenko3 (C91.0) — 30 (86%) nauwmenToB, ocTpblii MuenonaHbii neiikos (C92) — 3 (9%) naumeHTa, 1 nenKo3 ¢ HeonpeaeneH-
HbIM KleTouHbIM TUMoM (C95.0) — 2 (5%) naumenTa. CpeHuin Bo3pacT nauueHToB coctasun 61 mec. (5,1 ropa). TpombouuTo-
MeHNs 1 aHEMUA Ha MOMEHT [MarHo3a obHapyxusanuce y 76% u 78% cootsetcTeeHHo. Jleiikoumto3 (>20x10°/n) Habniopancs
y 58%, neiikonenmsa (<3,5x10°/n) — y 15% naumentos. B 97% cnyyaes B nepudepuyeckoil KpoBu onpesensmcs 6nactsl
ot 2% no 95%. B r. Teepb (Tpynna 1) n TBepckoii obnacty (Tpynna 2) BbisieneHo 16 (46%) u 19 (54%) 6onbHbIX COOTBETCTBEH-
Ho. CpepHuin BospacT naumenTos B [pynne 1 — 28,6 mec., a B [pynne 2 — 72,3 mec. (p=0,1).

Pesynbratbl. B [pynnax 1 u 2 octpbiit iuMdobnacTHLIN neiiko3 Obin auarHocTuposaH B 14 (88%) u 16 (84%) cnyuyasx co-
oTBeTCTBEHHO (p=0,6), OCTpbIit MMenonaHbIi Neiikos — B 1 (6%) 1 2 (11%) cnyyasx cootBeTcTBEHHO (p=0,7), U NEViKO3 C He-
onpenenéHHbIM KneTouHbiM TunoM — B 1 (6%) u 1 (5%) cnyyae cooTBeTcTBEHHO (p=0,95). B 061weii rpynne (n=35) otcpouka
[MarHo3a Ha cpok <2 Hefienb Habmoaanack B 21 (60%) cnyyae, Ha cpok 2—4 Hepenu — B 7 (20%) cnyyasx, Ha cpoK 4-8 He-
penb — B 4 (11%) cnydasx, v Ha cpok >8 Hegenb — B 3 (9%) cnyuasx. [pu cpaBHeHUW ABYX rpynn NaUMEHTOB, NPOXMBal0-
LMX B ropoje 1 B 0bnacTy, 0TCpOYKa AUarHo3a Ha CpoK <2 Hefienb 0TMeveHa B 7 (44%) cnydasx B Ipynne 1 npotus 13 (68%)
cnyyaes B I'pynne 2; Ha cpok 2—4 Hegenn — B 6 (38%) npotue 3 (17%) cnyuaes; Ha cpok 4—8 Hepenb — B 1 (6%) npoTue
1 (5%) cnyqas; Ha cpok >8 Hepenb — B 2 (12%) npotus 2 (10%) cnyyaes cooTBeTcTBEHHO (p=0,37).

He oTMeueHO AOCTOBEPHOr0 BAWMSHUS YOANEHHOCTW MeCTa NPOXMBAHWUA NaLMEHTOB OT AETCKOr0 yYpexpaeHus 3-ro ypos-
HS,, OKa3blBalLLLEro CreLuanu3upoBaHHy0 MOMOLLb, Ha BpeMs MOCTaHOBKM AuarHosa. Mpu pacctosHum <50 KM oTcpouka
[MarHo3a Ha cpoku <2 Hef,., 2-4 Hep., 4—8 Hep. n >8 Hepl. Habntopanack B 36%, 36%, 21% v 7% cnydyaeB COOTBETCTBEHHO.
Mpu yaaneHun Ha paccTositue 50-100 KM AnarHo3 bbin noctaBneH B nepuog, 2—4 Hepenu B 100% ciyyaes. Mpy npoxuBaHuu
naumeHToB Ha pacctosiHum >100 KM 0TCpOYKa AMarHo3a Ha Cpoku <2 Hefl., 2—4 Hen,, 4—8 Hep. n >8 Hep. Habnopganacs B 30%,
30%, 20% u 20% cootsetcTBEHHO (p=0,78).

3akniouenue. YaaneéHHoctb oT [leTckoi 06nacTHOM KMHUYeCKoW 6onbHMUbI . TBEpU He OKa3ana BAMSHME HA CPOK Mo-
CTAHOBKW [IMarHo3a «OCTpbIA NeNKo3» y AeTeid. OTCyTCTBME HEraTUBHOTO BNMSHWA 3TOr0 (haKTopa A0CTUraeTcs NPOBEAEHM-
€M eXe[HeBHbIX KOH(DEepeHUUiA € le4ebHbIMM yupeaeHnaMm 061acTi 1 BbICTPOM rocnuTanu3aumeit aeTei ¢ Nof03pPEHUEM
Ha OHKOreMaToNorMYecKyo NaTosoruio B NPoMILHOE 0TAENEHME.

KnioueBble cnoBa: oCTpbii N1iKO3; AeTH; 3aJepXKKa B NOCTAHOBKE AMarHo3a; paccTosHMe; MeAULMHCKOe YYpeXieHne
3-ro ypoBHS.
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BACKGROUND

The treatment outcomes of children with acute
leukemia (AL) have improved significantly over the
years, owing to several clinical trials [1, 2]. The use
of risk-adapted specific therapy and improvements
in accompanying therapy protocols have significantly
reduced the relapse rate and treatment-related
mortality in patients with AL [3]. Despite improvements
in the treatment outcomes of children and young
adults with AL, certain socioeconomic and healthcare
organization issues and the type of healthcare facility
providing this care can affect treatment outcomes
[4-6].

In 2017, the World Health Organization published
“Guidelines for the Early Detection of Cancer” to
strengthen early detection programs worldwide. In
this article, “delay” is classified into patient delay
(from symptom onset to first visit to a physician,
presentation interval) and healthcare delay which is
further divided into diagnosis establishment delay
(from initial visit to a physician to confirmed diagnosis,
diagnostic interval) and treatment delay (from
confirmed diagnosis to treatment initiation, therapeutic
interval) [7]. The duration of each of the three stages
of early diagnostics is ideally no more than 30 days
for all types of malignancies in children and adults.
Most studies revealed that the interval from symptom
onset to chemotherapy initiation for children with AL
is less than 60 days [8-13]. However, with a reduction
in the total time to early diagnosis of AL to 30 days
or less, relapse-free and overall survival of patients
significantly increases [5, 13].

A factor influencing the delay in diagnostics at stage
2 is the distance from the patient’s place of residence
to the healthcare facility with pediatric oncologists and
hematologists who can provide specialized care [4, 13,
14]. The current study provides basis for cancer control
programs that will systematically eliminate challenges
in the timely provision of pediatric oncological care at
each stage.

AIM

This study aimed to identify the correlation between the
distance from the place of residence of children diagnosed
with AL to the Children’s Regional Clinical Hospital (CRCH)
of Tver Region (level 3 institution) and delay in establishing
the diagnosis of the disease.

MATERIALS AND METHODS

Study design

An observational retrospective non-randomized study
was conducted.
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Eligibility criteria

The criteria for inclusion of patients in the study were age
<18, confirmed AL diagnosis, and voluntary informed consent
of parents/legal representatives for participation of patients
in the study and publication of results.

The exclusion criteria was refusal to participate in the
study.

Conditions and duration of the study

The analysis included 35 patients aged <18 years
available for analysis and hospitalized in the oncohematology
department of the CRCH between 2018 and 2023 with
a confirmed diagnosis of AL.

Description of medical intervention

Acute lymphoblastic leukemia (ALL, C91.0) was diagnosed
in 30 cases (86%), acute myeloid leukemia (C92) in 3 cases
(9%), and leukemia of undetermined cell type (C95.0) in
2 cases (5%).

The initial blood analysis showed the following results:
« Thrombocytopenia and anemia at diagnosis in 76% of

patients in group 1 and 78% in group 2.

« Platelet concentration: thrombocytopenia; 50-99x107/L
in 50% of patients, 20—-49x10°/L in 37.5%, and <20x107/L
in 12.5%.

« Severe anemia (<70 g/L) in 47% of patients.

« Leukocyte concentration: leukocytosis (>20x10%/L)
in 58% of patients, leukopenia (<3.5x10%/L) in 15%,
and hyperleukocytosis (>100x10%/L) in 14%. The
average concentration of leukocytes was 261.6x107/L
(126-470). In 27% of cases, the concentration of
leukocytes in the peripheral blood was within the
normal reference values, and in 97% of cases (n=34),
blasts were detected in the peripheral blood of 2-95%
of cases.

All patients were transferred to one of the Federal
Children's Oncology Centers immediately after the
provisional diagnosis was made because performing
a full diagnostics on site was impossible. The average
transfer period was 4.2 (1-9) days. Bone marrow puncture
was performed in 27 (77%) patients. Myelography was
conducted if no blasts in the periphery in the presence of
cytopenia were found in the clinical blood test and if the
patient did not exhibit characteristics determining high risk
and therapeutic urgency (e.g., bleeding grade Ill and higher,
hyperleukocytosis, organ dysfunction). In the presence
of risk factors, patients were urgently transferred to a
specialized federal center.

The clinical presentation mainly showed
hepatosplenomegaly (58%) and lymphadenopathy (54%).
Infectious syndrome with fever necessitating antibacterial
therapy was noted in 23% of patients. Hemorrhagic
syndrome of grade lll and higher, requiring transfusion
of blood-derived products, was observed in 12% (n=4) of
patients.
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According to the distance from the place of residence
to the CRCH, patients were distributed into the following
groups:

o Group 1: Tver: “0" kilometers
»  Group 2: Tver Region: <50 km, 51-99 km, and >100 km.

By the delay in diagnosis from the onset of the first
symptoms, four groups were identified:
» Group 1: <2 weeks
» Group 2: 2-4 weeks
o Group 3: 4-8 weeks
» Group 4: >8 weeks

Subgroups analysis

The average age of patients was 61 months (5.1 years).
The gender ratio was 17 boys (46%) and 18 girls (54%). In
Tver (group 1) and Tver Region (group 2), 16 (46%) and 19
(54%) patients were identified, respectively. The average
age of patients was 28.6 months in group 1 and 72.3
months in group 2 (p=0.1).

Ethics committee

The study was approved by the Local Ethics Committee
of the Children’s Regional Clinical Hospital of Tver Region
on February 20, 2024 (No. 125284).

Statistical processing

Statistical data processing was performed using
Microsoft Excel 2019 (Microsoft Inc., USA). In the variation
series with the distribution, the Student's t-test was
utilized to identify the significant differences between the
two groups. The differences were considered significant
at p <0.05.

RESULTS

In groups 1 and 2, the following distribution of AL forms
was revealed:

» Acute lymphoblastic leukemia in 14 (88%) and 16 (84%)
patients (p=0.6)
» Acute myeloid leukemia in 1 (6%) and 2 (11%) patients

(p=0.7)

» Leukemia of undetermined cell type in 1 (6%) and 1 (5%)
patients (p=0.95)

The delay in diagnosis averaged 21 (6—62) and 18
(5-64) days in groups 1 and 2, respectively. In the overall
group (n=35), a delay in diagnosis of less than 2 weeks was
noted in 21 (60%) cases, of 2—-4 weeks in 7 (20%) cases, of
4-8 weeks in 4 (11%) cases, and of more than 8 weeks in
3 (9%) cases.

When comparing the delay in diagnostics indicator
between groups 1 and 2, the following results were
obtained:

« Less than 2 weeks: 7 (44%) versus 13 (68%) cases

(p=0.15)

o 2-4 weeks: 6 (38%) versus 3 (17%) cases (p=0.16)
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» 4-8 weeks: 1 (6%) versus 1 (5%) case
+ More than 8 weeks: 2 (12%) versus 2 (10%) cases

The difference between AL patients in groups 1 and 2 was
not significant (p=0.37).

Among patients in group 2, the distance of the
place of residence from the children’s institution level
3 providing specialized care (CRCH) had no significant
effect on the time of diagnosis. When patients were
located <50 km from the CRCH, the delay in diagnostics
was the following:
<2 weeks (36% of patients)

« 2-4 weeks (36% of patients)
» 4-8 weeks (21% of patients)
+ >8 weeks (7% of patients)

With a distance of 50-100 km, diagnosis was made
within 2—4 weeks in 100% of cases.

The delay in diagnostics when patients lived >100 km
from the CRCH was as follows:

+ Less than 2 weeks in 30%

» 2-4 weeks in 30%

» 4-8 weeks in 20%

+ More than 8 weeks in 20% (p=0.78)

DISCUSSION

Delay in diagnosis and treatment has been described
in various studies with different results depending on
the type of cancer studied. AL is diagnosed quickly
compared with other types of cancer in children [5, 15].
However, the results may vary significantly depending
on the country income level and healthcare organization
system.

Most studies have noted a negative impact of delay from
the onset of the first symptoms to the time of diagnosis on
overall and relapse-free survival and early mortality during
therapy [4-6, 12, 13]. In a group of 166 pediatric patients with
acute lymphoblastic leukemia, a significant improvement in
survival was observed in children whose overall treatment
delay was <30 days, compared with those whose overall
treatment delay was 30-120 days (86.4 versus 60%;
p=0.02). Moreover, the average time interval from the onset
of symptoms to the start of chemotherapy (overall delay)
was 53.5 (38-93.5) days. Only 13.3% of patients started
treatment within 30 days after the onset of symptoms [13].
Gardie et al. reported that acute lymphoblastic leukemia
was diagnosed within 30 days in only 66% of children
studied, which had a negative impact on the therapy results
[15]. A similar negative impact was revealed in a Chinese
study [6].

In the current study, the interval from the onset of the
first symptoms to the time of diagnosis was 19 (5-64)
days, and an excess of the diagnostic interval by more
than 30 days was found in only 20% of patients. Thus, our
data positively correlate with studies conducted in Brazil,
Mexico, and Nicaragua, where the median of the overall
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delay is 30-35 days, and with data from Japan and China
(median: 20 and 21 days, respectively) [6, 9, 11, 16, 17].

In most cases, an increase in the distance from the
place of residence to a medical institution capable of
making a diagnosis negatively affects the results of
therapy and is directly related to an extended diagnostic
interval. In a study in Greece, higher mortality rate was
reported among children living 50 km or more from
a treatment center compared with those living within
50 km (mortality ratio: 1.77; 95% confidence interval
(C): 0.93-3.37; n=293) [18]. Youlden et al. revealed
higher mortality rates among children with leukemia
living in remote areas compared with those in major
cities in Australia (relative risk: 1.52; 95% CI: 1.11-2.08;
n=6,289) [191. In a recent analysis of pediatric and young
adult (up to 39 years) patients in the North American
National Cancer Database, Rotz et al. showed higher
survival among those living within 50 miles (80 km)
of the cancer center compared with those living more
than 50 miles away from it (83 versus 77%; p <0.001)
[4]. In a univariate analysis of 288 children with AL, late
diagnostics was noted in 45% of cases when living 100 km
or less away from the hospital and in 55% of cases when
the distance from the hospital was more than 100 km. The
relative risk of a delay in diagnosis of more than 30 days
was 1.62 (95% CI: 1.01-2.58; p=0.04) [9].

In contrast, not all studies noted the association
between the distance of residence and outcome of AL
therapy. Janitz et al. did not observe differences between
distance-to-care categories and relapse-free survival
in children and adolescents aged <20 years with acute
lymphoblastic leukemia (n=275). However, in this study,
an increased risk of relapse was noted when the patient
lived more than 121 km (75 miles) from the treatment
center [20].

The present study did not detect an effect of the
distance from the patient’s place of residence to the
medical facility level 3 on the delay in diagnosis of AL in
children. Among children living 100 km or more from the
CRCH, the average delay in diagnosis was 20 [6-62] days
compared to 19 [5-64] days in those living less than
100 km from it (p=0.97). Interestingly, among patients
living in Tver, diagnosis was made within 30 days in
72% of patients, whereas among those in Tver Region,

Tom 29 N2 1, 2024

BOI: https://doi.org/10.17816/0nc0629170

POCCUIMCKI OHKOMOMMHECKIIA KYPHAN

the diagnosis was made within this period in 85% of
patients. The average delay in diagnosis in Tver and
Tver region was 21 and 18 days, respectively (p=0.58).
The higher frequency of early (<4 weeks) detection of
AL in the districts of Tver Region compared to that in
the city can be elucidated by the fact that doctors in the
districts, when faced with abnormal blood test results
or an unexplained deterioration in the patient’s health,
attempt to immediately transfer the patient to the CRCH,
where there is a pediatric oncologist. In contrast, city
patients are first examined at the city clinic; then, they
are often hospitalized in level 2 institutions and only
then transferred to the CRCH.

Study limitations

First, considering the child population of Tver Region,
the average incidence of all types of AL was 3 per
100 thousand individuals, which is slightly lower than
the average for children aged <18 years [21]. Thus, it
can be assumed that some patients living in the border
of the Moscow and Leningrad regions visit directly the
federal pediatric oncology institutions when pathological
symptoms appear, bypassing the CRCH. Second, the
distance to the level 3 medical facility is geocoded from
the postcode level of the patient’s actual residential
address and does not take into account how long it took
the patient to reach the primary care medical facility or
whether the patient was elsewhere at the time of disease
onset.
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