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Abstract: Aim: This study reports surgical treatment and its outcome for boys with a testicular
tumor, in order to analyze the considerations of testis-sparing surgery (TSS) and investigate whether,
in retrospect, treatment was according to a recently developed algorithm. Methods: We retrospec-
tively reviewed boys with testicular tumors who underwent surgical treatment between January
2000 and June 2020 at the Wilhelmina’s Children’s Hospital and the Princess Máxima Center for
Pediatric Oncology, The Netherlands. Medical records were searched for clinical characteristics
and outcome. Results: We identified 31 boys (median age = 5.5 years) with a testicular tumor,
26 germ cell tumors (GCTs), four sex cord-stromal tumors, and one gonadoblastoma. Seventeen
boys (median age = 1.5 years) had malignant and 14 (median age = 3.6 years) had benign tumors.
Four boys with benign GCTs were treated with TSS, 25 with radical inguinal orchiectomy (RIO), and
2 with scrotal orchiectomy. No recurrence or testicular atrophy was reported. All boys with benign
testicular tumors were treated as suggested by the algorithm, except for one boy treated with RIO.
Conclusion: Retrospective analysis of surgical treatment of prepubertal boys with benign testicular
tumors showed that TSS appears to be safe, and should be considered based on clinicoradiological
data, in line with our algorithm.

Keywords: testis-sparing surgery; testicular tumors; pediatric; recurrence; testicular atrophy; algo-
rithm

1. Introduction

Testicular tumors are rare, accounting for approximately 1% of cancers in males [1,2].
Although in men between 14 and 44 years of age, testicular cancer is the most common ma-
lignancy [3], testicular tumors constitute only 1% to 2% of all solid tumors in the pediatric
population [4]. In children, it shows a bimodal age distribution: in the first three years of
life and during or just after puberty, often referred to as prepubertal and (post)pubertal,
respectively [5,6]. Prepubertal testicular tumors show a lower incidence rate and appear to
have a distinctive biology compared to those of (post)pubertal age [7]. Testicular germ cell
tumors (GCTs) form the largest group of testicular tumors. Type I testicular GCTs usually
occur in prepubertal children, and are not germ cell neoplasia in situ (GCNIS)-associated
tumors, with initial benign behavior. GCNIS is the non-invasive precursor cell of origin
for type II testicular GCTs, which are malignant and usually postpubertal [6,8,9]. Sex
cord-stromal tumors (SCSTs) comprise a smaller group of testicular tumors and are mainly
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benign [10]. (Post)pubertal boys mainly suffer from malignant type II GCTs, predominantly
mixed non-seminomatous GCTs (MGCT) [5]. Nonetheless, the majority of prepubertal
testicular tumors appear to be benign after pathological evaluation [11]. Age can even be
considered as the most important prognostic factor in pediatric GCTs, according to the
largest retrospective evaluation of the Maligne Keimzelltumoren (MAKEI) dataset [12].

Before surgery, and hence before histological diagnosis, the distinction between benign
and malignant tumors is based on diagnostic tools like ultrasonographic (US) imaging and
serum tumor markers (STMs). To date, radical inguinal orchiectomy (RIO) is considered
the standard surgical approach for unilateral testicular tumors [4]. Scrotal violations seem
to carry a higher risk of recurrence than RIO, and are therefore not a preferable approach
for the initial treatment of testicular tumors [13]. To minimize the risk of overtreatment
of benign tumors, especially in prepubertal boys, testis-sparing surgery (TSS) is increas-
ingly being considered [14]. TSS is performed through an inguinal incision; the testis is
subsequently mobilized, and the tumor is excised with a margin of salvageable testicular
parenchyma [15]. While RIO is associated with psychological and cosmetic consequences,
this is limited in case of TSS intervention [16]. Moreover, unilateral orchiectomy may even
lead to a decreased fertility [17]. In patients with a solitary testis pre-operation, TSS is
recommended to preserve Leydig cell function, and thereby testosterone production [3].
Although TSS is increasingly used in the treatment of benign tumors, it remains unclear
to what extent this approach is performed in current practice. In addition, no guidelines
or best practice are available [18]. In our recent systematic review, we concluded that
TSS is a safe treatment option for prepubertal boys with benign GCTs and low-grade
sex cord-stromal tumors (SCST) [19]. We suggested the application of an algorithm for
determination of the appropriate surgical treatment in prepubertal (<12 years of age) boys
with testicular tumors. We hypothesize that, in retrospect, most of the boys in our center
are treated according to this algorithm.

In this study, we report the retrospective evaluation of surgical treatment and the
outcome for children with a testicular tumor treated in two pediatric centers over the past
20 years. We aim to investigate the considerations regarding performance of TSS and to
investigate whether patients, in retrospect, have been surgically treated according to the
algorithm proposed in our recent systematic review [19].

2. Materials and Methods

This retrospective cohort study was performed at the Wilhelmina Children’s Hos-
pital and the Princess Máxima Center for Pediatric Oncology, Utrecht, The Netherlands.
This study was approved by the Local Ethics Committee. Children are treated at these
centers until the age of 18 years. Boys with testicular tumors who underwent surgical
excision between January 2000 and June 2020 were collected from the nationwide network
and registry of histopathology in the Netherlands (PALGA), which digitally archives all
pathology excerpts [20]. Pathology results from testicular tissue obtained from both centers
were assessed for the presence of a testicular tumor. Both benign and malignant testicular
tumors were included. Paratesticular tumors and hematolymphoid tumors were excluded.
Medical records associated with the obtained pathology results were searched for clini-
cal characteristics, e.g., age at presentation and thereby pubertal status; main presenting
symptoms; STMs; imaging techniques, including US imaging, computed tomography (CT),
and magnetic resonance imaging (MRI); surgical approach; use of frozen section exami-
nation (FSE); adjuvant chemotherapy; stage of disease; final histopathological diagnosis;
and outcome.

Alpha fetoprotein (AFP) and beta human chorionic gonadotropin (bHCG) were re-
ported as STMs. AFP was assessed based on age-specific ranges. Staging of testicular
tumors was based on the Lugano classification. The assessment of outcomes included
testicular atrophy, adverse events, relapse or recurrence, and survival. Follow-up was
based on the last recorded date of an appointment for examination. Age and follow-up
were reported in years.
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As an additional analysis, boys with potentially benign histopathology and their
diagnostic findings were noted to assess the eligibility and considerations for TSS, using
the algorithm shown in Figure 1.

Figure 1. The algorithm for surgical approach in prepubertal boys less than 12 years of age with tes-
ticular tumors, based on the results of our recent systematic review. STM: serum tumor marker; FSE:
frozen section examination; ˆ: according to the age-specific range; •: preoperative; •: preoperative
and intraoperative; •: intraoperative.

3. Results
3.1. Search and Selection

Details related to the search process are shown in Figure 2. We were able to identify
31 boys in this retrospective cohort study. Twenty-six boys were diagnosed with a GCT
(83.9%), four boys with a SCST (12.9%), and one boy with a gonadoblastoma (3.2%). The
proposed algorithm to aid in the decision for TSS versus RIO, based on the results of our
recent systematic review, is depicted in Figure 1 [19].

Figure 2. Flowchart of included and excluded patients during the search process.

3.2. Clinical Characteristics

Table 1 gives an overview of the clinical characteristics of the 31 included boys. The
median age at presentation was 5.5 years (range = 0.0–16.9). An enlarged testis (61.3%)
was the most common presentation, followed by scrotal pain (19.4%), a palpable mass
(16.1%), and cryptorchidism (3.2%). All boys had US examination at presentation, with the
exception of an infant with gonadoblastoma who had Denys–Drash syndrome and was
treated for cryptorchidism. During surgery, the right testicle appeared macroscopically
abnormal and therefore was removed.
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Table 1. Clinical characteristics of the study population.

Patient Characteristics

Number of Patients 31
Median age in years (range) 5.5 (0–16.9)

Presenting Symptoms
Enlarged testis 19 (61.3%)

Scrotal pain 6 (19.4%)
Palpable mass 5 (16.1%)

Cryptorchidism 1 (3.2%)
Side (left/right) 13/18

Imaging
US 13

US + CT 12
US + MRI 2

US + CT + MRI 3
None 1

Median follow-up in months (range) 34 (5–94)

Cross-sectional imaging of the abdomen, using CT and/or MRI, was performed in
one boy with a Sertoli cell tumor (SCT) and in 16 boys with a proven malignant GCTs,
based on histopathological diagnosis to complete staging. Of the boys with benign GCTs
and SCSTs, the median follow-up time was 17 months (range = 5–94). However, three boys
had no follow-up data: one boy was referred to another center for follow-up, one boy had
no follow-up, and in one boy the reason for lack of follow-up was unclear. Of the boys
with malignant tumors, the median follow-up time was 43 months (range = 5–55). One boy
was referred to another center for follow-up, resulting in no data to include.

3.3. Diagnostic Findings, Treatment, and Outcome

Table 2 shows the diagnostic findings, initial treatment, and outcome of the 31 boys
with a testicular tumor. Benign GCTs were diagnosed in prepubertal boys (median
age = 5.8 years), with the exception of one pubertal boy (13 years) with a dermoid cyst. In
two boys, AFP levels were elevated compared to age-specific ranges. Both presented with
a mature teratoma and immature components, without the presence of a yolk sac tumor
(YST). AFP levels normalized after resection. Eventually, four boys were treated with TSS,
including three mature teratomas and a dermoid cyst. Other GCTs were treated with RIO.
No recurrence was found during follow-up.
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Table 2. Stage of disease, pubertal status, diagnostic findings, TSS, use of FSE, adjuvant treatment, and outcome for boys with a testicular tumor.

Histopathological
Diagnosis Stage * Median Age in

Years (Range) Pubertal Status ˆ Findings on Imaging
(US/CT/MRI)

n (%) with
Elevated AFP #

n (%) with
Elevated bHCG #

Surgical
Approach FSE Adjuvant

Treatment Outcome

GCTs

Benign

MT I (4) 5.3 (2.8–5.8) Pre (4)
Suspected of benign

pathology (3), inconclusive on
US (1)

0 (0%) 0 (0%) TSS (3), RIO (1) Yes (2), no (2) None (4) NED (4)

MT + IT I (2) 5.5 Pre (2) Suspected of malignancy (1),
inconclusive on US (1) 2 (100%) 0 (0%) RIO (2) No (2) None (1), ND (1) NED (1), ND (1)

EpC I (1) 11.7 Pre (1) Inconclusive on US (1) 0 (0%) 0 (0%) RIO (1) No (1) None (1) ND (1)

DC I (2) 10.9 Pre (1), Pub (1) Suspected of benign
pathology (2) 0 (0%) 0 (0%) TSS (1), RIO (1) No (2) None (2) NED (2)

Malignant

YST I (10) 1.4 (0.3–2.3) Pre (10)

Suspected of malignancy (3),
inconclusive on US (2),

inconclusive on US + CT (4),
inconclusive on US + MRI (1)

10 (100%) 0 (0%) RIO (10) Yes (2), no (8) None (3), BEP (1),
2PE (6) NED (9), ND (1)

MGCT

II (1) 0.4 Pre (1) Suspected of malignancy (1) 1 (100%) 0 (0%) SO (1) No (1) 4PEI + RLND (1) NED (1)

I (4) 15.4 (14.5–16.4) Pub (4) Suspected of malignancy (2),
inconclusive on US + CT (2) 3 (75%) 3 (75%) RIO (4) No (4) 2PE (2), 2PEI (1),

1PE + 2PEI (1) NED (4)

IIIB (2) 16.7 Pub (2) Suspected of malignancy (2) 2 (100%) 2 (100%) RIO (2) No (2) 4PEI (1), 2PEI +
JEP (1) NED (2)

SCSTs

SCT I (2) 4.9 Pre (2) Inconclusive on US (1),
inconclusive on US + MRI (1) 0 (0%) 0 (0%) RIO (1), SO (1) No (2) None (2) NED (2)

JGCT I (2) 0.2 Pre (2) Inconclusive on US (2) 1 (50%) 1 (50%) RIO (2) Yes (1), no (1) None (2) NED (2)

GCT/SCST

Gonadoblastoma I (1) 0 Pre (1) ND ND ND RIO (1) No (1) None (1) NED (1)

* Stage according to the Lugano classification (GCT) or the Fédération Internationale de Gynécologie et d’Obstétrique (FIGO) classification (SCST); ˆ referred to as Pre (prepubertal) and Pub (pubertal); AFP:
alpha fetoprotein; bHCG: beta human chorionic gonadotropin; # according to age-specific ranges; FSE: frozen section examination; TSS: testis-sparing surgery; RIO: radical inguinal orchiectomy; SO: scrotal
orchiectomy; GCT: germ cell tumors; MT: mature teratoma; IT: immature teratoma; EpC: epidermoid cyst; DC: dermoid cyst; NED: no evidence of disease; ND: no data; YST: yolk sac tumor; B: bleomycine; E:
etoposide; P: cisplatin; I: ifosfamide; J: carboplatin; RLND: retroperitoneal lymph node dissection; SCT: Sertoli cell tumor; JGCT: juvenile granulosa cell tumor; NA: not applicable.
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Among the 17 malignant GCTs (median age = 1.5 years) were 11 prepubertal YSTs
(median age = 1.4 years) and six pubertal MGCTs (median age = 16.3 years). All boys with
a YST presented with elevated AFP levels and normal bHCG concentrations. In boys with
MGCTs, both AFP and bHCG were elevated, with the exception of one boy in whom both
STMs appeared normal. All boys were treated with a radical resection, generally with
RIO. A scrotal orchiectomy (SO) was performed in a 5-month-old boy with a stage II YST
after initial scrotal exploration. All boys with malignant GCTs received platinum-based
chemotherapy postoperatively. In two cases of MGCT and one case of YST, postoperative
adverse events were described, including wound infection, bleeding and hematoma. No
evidence of disease was reported in any of the boys during follow-up.

Of the four boys with an SCST (median age = 0.2 years), two had SCTs and showed
normal STMs. The other two had juvenile granulosa cell tumors (JGCTs), of which one boy
showed slightly elevated AFP levels and the other boy showed abnormal bHGC levels.
One boy with an SCT was treated with SO, while the other three SCSTs were treated with
RIO. No patient received adjuvant treatment. No recurrence or progression of disease
occurred during follow-up.

3.4. Performance, Considerations, and Outcome of TSS

Table 3 presents boys who, based on their histopathological diagnosis, would have
been eligible for TSS according to the algorithm depicted in Figure 1. All boys were
less than 12 years of age, except for patient #1. Patients #1 to #4, who were diagnosed
with a dermoid cyst and mature teratoma, were treated with TSS. STMs were normal,
and US findings were suggestive of benign pathology. The considerations regarding the
technical feasibility were only described in the medical records of patient #3. Diagnosis
of the testicular tumor of patients #2 and #4 was initially determined based on FSE, and
both were subsequently confirmed by final histopathological diagnosis. No postoperative
complications from TSS occurred, except for the scrotal abscess of patient #3, which was
treated with inguinal exploration. No cases of recurrence or testicular atrophy presented
during follow-up.

Patients #5 to #13 were retrospectively considered for TSS using the algorithm.
Four boys had elevated STMs (#6, #7, #12, and #13), two testicular tumors were assessed as
technically unfeasible (#5 and #8), one affected testicle was considered to be non-functioning
(#9), and in one boy MRI could not rule out malignancy (#10). Eventually, TSS might have
been an option in one infant with an SCT displaying with normal (age-specific) STMs and
inconclusive US findings (#11). Thus, boys with potentially benign pathology have been
treated according to the algorithm, except for one boy (patient #11), who might have been
eligible for treatment with TSS.
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Table 3. Characteristics of boys with a benign GCT or SCST in which TSS could have been considered, based on their histopathology, according to the algorithm.

Patient Number Age in
Years

AFP
Level

bHCG
Level Size on US * Findings on US Considerations against TSS Surgical

Approach FSE Final Pathology Testicular
Atrophy

Postoperative
Complications

1 13.8 1.9 <2.0 1.3 × 1.8 × 1.3 Suspected of
benign pathology None TSS No Dermoid cyst No None

2 6 1.0 <2.0 ND Suspected of
benign pathology None TSS Yes Mature teratoma No None

3 2.2 2.5 <2.0 ND Suspected of
benign pathology None TSS No Mature teratoma No Abscess

4 4.9 2.0 <2.0 0.7 × 0.8 × 0.8 Suspected of
benign pathology None TSS Yes Mature teratoma No None

5 5.8 <1.0 <2.0 2.0 × 1.3 × 2.0 Inconclusive
Technically unfeasible,

according to
attending physician

RIO No Mature teratoma NA None

6 0.5 18 # <2.0 1.7 × 1.9 × 2.4 Inconclusive Elevated AFP RIO No Mature teratoma with
immature components NA None

7 0.4 45.9 # <2.0 3.6 × 2.6 × 2.2 Suspected of
malignancy

Elevated AFP + suspected of
malignancy on US RIO No Mature teratoma with

immature components NA ND

8 11.7 <2.0 <2.0 1.1 ˆ Inconclusive
Technically unfeasible,

according to
attending physician

RIO No Epidermoid cyst NA ND

9 8.1 1.2 <2.0 2 × 1.2 × 3 Suspected of
benign pathology

Non-functioning testis,
according to

attending physician
RIO No Dermoid cyst NA None

10 9.8 2.0 <0.2 1 × 0.9 × 0.7 Inconclusive MRI could not rule
out malignancy SO No Sertoli cell tumor NA None

11 0 11,000 <2.0 2.8 × 2.0 × 2.2 Inconclusive None RIO No Sertoli cell tumor NA None
12 0.3 230 # <2.0 1.1 × 1.7 × 1.8 Inconclusive Elevated AFP RIO Yes Juvenile granulosa cell tumor NA None
13 0 15 721 84.0 1.1 × 1.4 × 1.5 Inconclusive Elevated bHCG RIO No Juvenile granulosa cell tumor NA None

AFP: alpha fetoprotein in µg/L; bHCG: beta human chorionic gonadotropin IU/L; US: ultrasonography; TSS: testis-sparing surgery; RIO: radical inguinal orchiectomy; SO: scrotal orchiectomy; * size on US, in
cm; FP: final pathology; ˆ diameter of tumor; # elevated AFP levels, according to age-specific ranges; NA: not applicable.
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4. Discussion

The purpose of the current retrospective study was to evaluate surgical treatment and
outcome for boys with a testicular tumor treated in two pediatric hospitals. We focused
specifically on boys who were treated with or would retrospectively have been eligible for
TSS, using our previously proposed algorithm. We showed that boys with benign testicular
tumors were treated in line with our algorithm, except for one boy who might, in retrospect,
have been eligible for treatment with TSS as well.

With an incidence of 0.5–2.0 per 100,000 children, testicular tumors are rare [6]. For
this reason, few single or multicenter studies and no randomized controlled trials regarding
the treatment have been reported. Of the 31 boys with intratesticular tumors treated in
our centers, the majority were GCTs (83.9%), and to a lesser extent SCSTs (12.9%) and
gonadoblastoma (3.2%), which is in line with the recently described epidemiology [21]. The
histopathology appears to be distributed according to age, corresponding to the literature,
in which prepubertal boys aged less than 12 mainly show teratomas and YSTs (type I
GCTs), while adolescents are likely to show more aggressive MGCTs (type II GCTs) [12,22].
According to the epidemiology described by Chung et al., benign tumors generally form
the clear majority (75%) in the prepubertal population [23], while in our study 45.8% of the
prepubertal children had a malignant tumor. The Princess Máxima Center for Pediatric
Oncology is a tertiary center, and patients are only referred to this institution in case of
a suspected malignancy. That might explain why our cohort contains relatively more
malignant testicular tumors.

All boys received initial surgical treatment as advised in current guidelines [4,23];
among the patients, 25 had RIO (80.6%), two had SO (6.5%) and four had TSS (12.9%).
These surgical treatments appeared to be safe regarding recurrence and survival, since
none of the boys showed evidence of disease or died during follow-up. Few postoperative
complications were described, and no long-term sequelae. Testicular tumors resected by
TSS all appeared benign and were found to retrospectively match most of the diagnos-
tic findings described in the proposed algorithm, including negative STMs and benign
characteristics on US. Nonetheless, one boy was older than 12 years of age (#1), technical
feasibility was not described in one boy (#2), and intraoperative FSE was performed in
only two boys (#2 and #4). Boys with benign pathology, in whom TSS was not performed,
would also not have been eligible for TSS in retrospect, according to our algorithm, with the
exception of one boy. In this particular patient, MRI or FSE might have been of additional
value in the considerations of the application of TSS, knowing that FSE could harbor a risk
of sampling error.

Some limitations regarding this study are to be noted. Variation between radiologists
in reporting tumor characteristics as benign or malignant could risk bias. In addition, the
attending physician also plays a major role in examination, decisions taken in the diagnostic
process, request for additional imaging and documentation in medical files, and conse-
quently risks of reporting bias. Furthermore, the changing view of the diagnostic process
and treatment approach over time could also influence choices made in individual patients.

Regarding the generalization of results, it should be kept in mind that the population
was partly obtained from a hospital specializing in pediatric oncology. Subsequently, the
results may be biased, especially with regard to malignant/benign pathology ratio. The
number of benign testicular tumors in a general pediatric center might therefore be higher,
thereby increasing the potential and use of TSS. Nonetheless, while our recommendations
are based on the results of patients treated in a center of expertise, the question remains
as to what extent the application of TSS is feasible in general centers, which rarely treat
pediatric testicular tumors. Prospective studies should therefore be performed in the future
for validation.

We advise using STM and US for the primary purpose of tissue characterization,
thereby distinguishing between benign and malignant. In cases of inconclusiveness regard-
ing the benign characteristics, MRI could be considered. In addition, technical feasibility
should always be actively considered and described pre- and intraoperatively. Moreover,
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FSE could be performed during TSS when the mentioned requirements for benign pathol-
ogy are met, especially in combination with the currently developed direct enzymatic
alkaline phosphatase reactivity (dAP) test. This diagnostic assessment technique directly
evaluates the presence of carcinoma in situ, seminoma, or embryonal carcinoma [24].

Assessment of STMs is an essential component in the initial evaluation of patients
showing a testicular mass, and the pattern of elevation may provide inside on the histopatho-
logical type of a testicular GCT [25]. In our cohort, only three boys with benign GCTs
showed elevated AFP levels, including two mature teratomas with immature components
and one JGCT. Levels of bHCG were only elevated in one boy with a JGCT. Malignant
GCTs presented with either high AFP concentrations, in case of YSTs, or elevated AFP and
bHCG in boys with MGCTs, with the exception of one boy with an MGCT (90% embryonal
carcinoma, 10% YST) presenting with normal STMs. Even though US is the imaging tool of
choice for analysis of scrotal masses, due to its wide availability and high sensitivity, its
specificity remains rather low [26], as has been shown in the current results. In addition,
differences in reporting of tissue characterization using US led to many findings being
considered inconclusive. In our population, CT was most often performed for the evalu-
ation of intra-abdominal metastasis, while MRI was only used in the assessment of five
testicular tumors. However, in general the preference is for using MRI, since one would
like to minimize radiation exposure to children, and MRI seems to be more reliable for soft
tissue assessment and therefore tissue characterization [27]. MRI might even support the
evaluation of surgical feasibility [26].

In other studies, the decision to carry out TSS has depended on intraoperative FSE [28,29],
while this has not been standardly performed in our patients. Matei et al. reported a
sensitivity and specificity of 90% and 99%, respectively, of FSE for benign tumors, which
shows that FSE correlates well with the final diagnosis based on pathology [30], possibly
even increasing when using the dAP staining technique [24]. Intraoperative FSE can be
considered in the surgical procedure of TSS in patients with testicular tumors suspected
of benign pathology. On the other hand, potential anxieties and over-testing should be
avoided for lesions suggestive of benign pathology upon initial evaluation.

5. Conclusions

In conclusion, our retrospective analysis of surgical treatment of prepubertal boys
with benign testicular tumors showed that TSS appears to be safe and should be considered
based on clinicoradiological data, in line with our algorithm and hypothesis. Future
prospective studies should provide further validation of the algorithm.
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