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Objectives. Despite the efficacy of surgical treatments, the high rate of recurrence in juvenile nasopharyngeal angiofibroma
(JNA) after surgery remains an unresolved problem. The present study comprehensively analyzed the risk factors and
characteristics of JNA recurrence, providing clinical guidance for reducing recurrence.

Methods. A total of 123 patients who underwent surgery for JNA between 1997 and 2019 at a single hospital were analyzed
retrospectively. Univariate and multivariate analyses were used to assess the clinical risk factors for the recurrence of
JNA. The relapse-free survival and annual cumulative recurrence rates were analyzed for subgroups defined according
to clinical parameters.

Results. After screening, 78 of the 123 patients were included in the present study. The main risk factors associated with JNA
recurrence included the year of diagnosis, tumor size, sphenoid bone invasion, Radkowski stage, surgical approach,
and intraoperative bleeding. Importantly, the surgical approach and sphenoid bone invasion were independent prog-
nostic factors affecting recurrence. Patients who underwent endoscopic surgery without sphenoid bone invasion ex-
hibited longer relapse-free survival. In the present study, the overall cumulative recurrence rate of JNA was 38.7 %,
and recurrence occurred mainly in the first year after the initial surgery.

Conclusion. Endoscopic surgery achieved better relapse-free survival in JNA patients, and patients with sphenoid bone in-
vasion should be carefully explored to avoid residual JNA. The recurrence rate of JNA differed among subgroups de-
fined based on clinical parameters and was highest in the first year after surgery. Computed tomography or magnetic
resonance imaging, along with close follow-up, should be performed strictly within 1 year after the primary operation.
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gopalatine fossa, sphenoid bone, and even the base of the skull
[6]. Surgery is the preferred treatment for JNA, including open,
endoscopic, or combined surgical approaches.

Despite the highly effective surgical treatments for JNA, with
favorable survival outcomes, the high rate of recurrence after
surgery remains one of the greatest challenges for otolaryngolo-
gists [7]. Studies have reported that the recurrence rates of JNA
vary from approximately 20% to over 50% [8,9]. Due to the
biological behavior of the tumor, surgery usually fails to com-
pletely remove it, particularly for advanced tumors, which con-
tributes to the tumor residue and is the main cause of postoper-
ative recurrence [10]. Tumors invading the infratemporal fossa,
cavernous sinus, pterygoid canal, and sphenoid bone have been
thought to have a higher recurrence rate because tumor residue
occurs very easily [7]. Moreover, increasingly many studies have
suggested that the clinicopathological characteristics or treatment
options could affect postoperative recurrence [11]. However, the
effect of preoperative embolization on postoperative recurrence
remains a matter of debate [12-14]. Other studies have reported
that the risk factors for JNA recurrence included tumor stage [15]
and tumor size [16]. However, most studies on relapse were lim-
ited to a single risk factor or a small number of cases, lacking a
comprehensive and systematic analysis. It is crucial to explore
the clinical risk factors to predict JNA recurrence and reduce
the recurrence rate.

Based on a retrospective analysis of 123 cases over the past
22 years, the present study sought to (1) analyze the clinical risk
factors for JNA recurrence and compare the risk of recurrence
among subgroups defined based on clinical parameters (2), char-
acterize annualized JNA recurrence rates overall and among
clinical parameter-based subgroups, and (3) describe the charac-
teristics of JNA recurrence sites for each anatomical location.

MATERIALS AND METHODS

Ethical statements

This study was a retrospective study and approved by the First
Affiliated Hospital of Sun Yat-sen University. Our study did not
require informed patient consent because we only collected the
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= In this retrospective analysis, we systematically determined
that the surgical approach and sphenoid invasion were inde-
pendent prognostic factors for the recurrence of juvenile naso-
pharyngeal angiofibroma (JNA).

= Patients who received endoscopic surgery and had no tumor
invasion of the sphenoid bone were less likely to have JNA re-
currence.

= More attention should be paid to complete excision of the tu-
mor invading the sphenoid bone.
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patients hospitalization data but did not perform any invasive
procedures on the patients.

Patient selection

The clinical parameters of 123 patients who were pathologically
diagnosed with JNA and received surgical treatment at Hospital
between 1997 and 2019 were collected for further screening.
Patients who met the following criteria were included in our ret-
rospective study: (1) patients undergoing initial surgical treatment
in our hospital but without radiation or hormone therapy; (2)
patients who had completed clinical information, including age
at diagnosis, year of diagnosis, tumor size, Radkowski stage, tu-
mor location, presence of preoperative embolization, surgical
approach and presence of intraoperative bleeding; (3) the surgi-
cal treatment was not a secondary staging operation; and (4)
complete follow-up information. The flowchart for study cohort
selection is shown in Fig. 1. Preoperative computed tomography
(CT) or magnetic resonance imaging (MRI) scans were adopted
to classify the tumor site and determine the tumor stage accord-
ing to the Radkowski staging system [17]. We considered tumor
invasion of the pterygoid process, pterygoid plates or sphenoid

123 Patients diagnosed with
nasopharyngeal fibroangioma
between 1997 and 2019

19 Exclusion
Patients with recurrent
nasopharyngeal angiofibroma
after surgery in another hospital

\4

104 Patients who first received
surgical treatment in our hospital

25 Exclusion
Patients with incompleted clinical
data and lost to follow-up

\ 4
79 Completed clinical information

1 Exclusion
——»| The operation was interrupted
by intraoperative bleeding

\4
’ 78 Patients included in analyses ‘

v
Y v

56 Non-recurrent 22 Recurrent juvenile

juvenile nasopharyngeal nasopharyngeal
angiofibroma after angiofibroma after
surgery surgery

Fig. 1. Flowchart of study cohort selection.
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body as sphenoid invasion; if none of these conditions were met,
there was determined to be no sphenoid invasion. With the vig-
orous promotion and development of nasal endoscopic surgery
in our hospital after 2010, more patients with JNA preferred to
choose the nasal endoscopic surgery, and early postoperative CT
and MRI were beginning to be performed for checking the re-
sidual lesions. Patients were followed up to February 5, 2021;
for patients who were lost to follow-up, the last follow-up time
was used as the endpoint. The occurrence of residue/recurrence
was evaluated according to examination of postoperative CT or
MRI imaging and patient symptoms.

Statistical analysis

Initially, chi-square and Fisher’s exact tests were performed to
compare the influence of clinicopathological features between
patients with and without recurrence. The unpaired #-test was
used to compare the different clinicopathological features on in-
traoperative blood loss. Next, the Kaplan-Meier method and a
log-rank test were used to evaluate the recurrence-free survival
rate of each clinical parameter. Subsequently, the risk factors for
recurrence of JNA were analyzed by univariate and multivariate

analyses using the Cox proportional hazards model with a step-
wise backward regression. We also calculated the 1-year, 2-year,
3-year, 5-year and overall cumulative incidence rate of JNA re-
currence using the Cox proportional hazard regression analysis.
Finally, the frequency of anatomical sites of postoperative recur-
rence for patients within our hospital and other hospitals was
analyzed.

IBM SPSS ver. 22.0 (IBM Corp., Armonk, NY, USA) and
GraphPad Prism 7 (San Diego, CA, USA) were used for all sta-
tistical analyses in this article. The statistical values were ex-
pressed as mean tstandard error (SE). The results from two-sid-
ed tests with a P<0.05 were considered statistically significant,
and a P<0.01 was considered very significant.

RESULTS

Patient characteristics

In total, 123 patients were diagnosed with JNA between 1997
and 2019, and their clinical parameters were collected. Seventy-
eight patients aged 10-29 years (16.5+4.4 years) were screened

Table 1. Clinical characteristics of patients with juvenile nasopharyngeal angiofibroma

Variable All males (n=78) No recurrence (n=56) Recurrence (n=22) P-value
Follow-up period (mo) 31.4(7.1-89.6) 63.1(24.3-108.7) 6.6 (6.4-16.6) <0.019*
Age at diagnosis (yr) 0.08
<15 39 (50.00) 24 (42.86) 15 (68.18)
>15 39 (50.00) 32 (57.14) 7(31.82)
Year of diagnosis 0.03%
<2010 20 (25.64) 10 (17.86) 10 (45.45)
>2010 58 (75.36) 46 (82.14) 12 (54.55)
Tumor size (cm) <0.010*
<4 39 (50.00) 35 (62.50) 4(18.18)
>4 39 (50.00) 21(37.50) 18 (81.82)
Radkowski stage 0.01*
I (la=Ib) 24 (30.77) 21 (37.50) 3(13.64)
Il (lla-lic) 38 (48.72) 28 (50.00) 10 (45.46)
11l (Illa=llb) 16 (20.51) 7 (12.50) 9(40.91)
Sphenoid bone invasion <0.01"*
No 50 (64.10) 42 (75.00) 8 (36.36)
Yes 28 (35.90) 14 (25.00) 14 (63.64)
Preoperative embolization 0.11?
No 38 (48.72) 31 (55.36) 7(31.82)
Yes 40 (51.28) 25 (44.64) 15 (68.18)
Surgical approach <0.017*
Endoscopic 48 (61.54) 41 (73.21) 7(31.82)
Open 7 (9.00) 3(5.36) 4(18.18)
Endoscopic and open 23 (29.49) 12 (21.43) 11 (50.00)
Intraoperative bleeding (mL) <0.01"*
<800 49 (62.82) 42 (75.00) 7(31.82)
>800 29 (37.18) 14 (25.00) 15 (68.18)

Values are presented as median (interquartile range) or number (%).
IMann-Whitney Ztest. PChi-square test.
*P<0.05, statistical significance.



for inclusion in this retrospective analysis (Fig. 1). There were no
statistically significant differences in tumor stage and surgical
method between before and after 2010 (P<0.05) (Supplemen-
tary Table 1). However, we found that patients were mainly stage
1T (55.17%) after 2010, while patients with stage I (45.00%) were
predominantly present before 2010. Moreover, it was clear that
patients more frequently preferred to choose endoscopic surgery
(45.00% vs. 67.24%) instead of open surgery (20.00% vs. 5.17%
after 2010 than before 2010.

Over a median follow-up of 31 months, 22 patients (28.21%)
experienced JNA recurrence, while 56 patients (71.79%) had
no recurrence. Using the median age as the cutoff point, we di-
vided patients into groups of >15 years and <15 years. Based
on the Radkowski stage classification, there were 24 (30.77%)
patients with stage Ia-Ib, 38 (48.72%) with stage Ila-IIc and 16
(20.51%) with stage [lla—IIIb disease. Of the 41 patients treated
with endoscopic surgery, seven (17.01%) developed recurrence,
whereas four (57.14%) of the seven patients treated with open
surgery experienced recurrence.

Comparing the clinical parameters for patients with and with-
out recurrence, statistically significant differences were observed

Fang R et al. Risk Factors for Recurrence of INA 367

for the year at diagnosis (P<0.03), tumor size (P<0.01), sphe-
noid bone invasion (P<0.01), Radkowski stage (P<0.01), surgi-
cal approach (P<0.01) and intraoperative bleeding (P<0.01), but
there was no significant difference between the groups for age
at diagnosis (P<0.08) and preoperative embolization (P<0.11).
Moreover, the relapsed patients had a shorter median follow-up
time than the non-relapsed patients (median follow-up time:
6.6 months vs. 63.1 months, respectively; P<0.01) (Table 1).
Furthermore, analyzing the effects of clinical characteristics on
intraoperative bleeding (Supplementary Fig. 1), we found that
patients with tumor size >4 cm had significantly more intraop-
erative bleeding than those with tumor size <4 cm (1,558.0%
323.8 mL vs. 629.2+121.3 mL, P<0.01) (Supplementary Fig. 1A).
Compared to the patients with stage III, the patients with early-
stage disease (stage I) had significantly less intraoperative bleed-
ing (1,875.0+£421.3 mL vs. 673.3£214.2 mL, P<0.01) (Sup-
plementary Fig. 1B). The surgical approach was significantly as-
sociated with the intraoperative blood loss; specifically, patients
who underwent endoscopic surgery had less intraoperative blood
loss than those who received open and combined endoscopic
and open surgery P<0.05) (Supplementary Fig. 1D). However,

Table 2. Univariate and multivariate Cox hazard regression analysis of the risk factors for recurrence of juvenile nasopharyngeal angiofibroma

Univariate analysis

Multivariable analysis

Variable
HR 95% Cl P-value HR 95% ClI P-value

Age at diagnosis (yr)

<15 Ref Ref

>15 0.47 (0.19-1.14) 0.10
Year of diagnosis

Before 2010 Ref Ref Ref Ref

After 2010 0.40 (0.17-0.95) 0.04* 0.29 (0.11-0.73) <0.01*
Tumor size (cm)

<4 Ref Ref Ref Ref

>4 5.48 (1.85-16.25) <0.01* 3.12 (1.00-9.76) 0.05
Radkowski stage

| (la-1b) Ref Ref

Il (lla-lIc) 2.68 (0.74-9.75) 0.14

111 (Ha-I1b) 6.82 (1.84-25.34) <0.01*
Sphenoid bone invasion

No Ref Ref Ref Ref

Yes 4.00 (1.68-9.57) <0.01* 410 (1.60-10.53) <0.01*
Preoperative embolization

No Ref Ref

Yes 2.18 (0.89-5.36) 0.09
Surgical approach <0.01*

Endoscopic Ref Ref Ref Ref

Open 8NS5 (1.09-12.92) 0.04* 2.75 (0.77-9.83) 0.12

Endoscopic+open 4.31 (1.66-11.16) <0.01* 4.55 (1.62-12.75) <0.01*
Intraoperative bleeding (mL)

<800 Ref Ref

=800 46 (1.86-11.37) <0.01*

HR, hazard ratio; Cl, confidence interval; Ref, reference.
*P<0.05, statistical significance.
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whether patients were treated with preoperative embolization
had no significant effect on intraoperative blood loss (P<0.05)
(Supplementary Fig. 1C). In addition, preoperative embolization
was associated with the tumor stage, but not tumor size (Supple-
mentary Table 2). Therefore, preoperative embolization would
be preferable in patients with advanced stage (stage I: 37.5%,
stage II: 52.63 %, stage III: 81.25%; P<0.05).

Risk factors for recurrence

The results of the univariate Cox hazard regression analysis showed
that year at diagnosis, tumor size, sphenoid bone invasion, Rad-
kowski stage, surgical approach and intraoperative bleeding were
factors impacting recurrence (Table 2). Patients with tumor size
>4 cm (hazard ratio [HR], 5.48; 95% confidence interval [CI],
1.85-16.25; P<0.01), with stage III disease (HR, 4.89; 95% CI,
1.84-25.34; P<0.03), with lesions involving the sphenoid bone
(HR, 4.00; 95% CI, 1.68-9.57; P<0.01), who received open
surgery (HR, 3.75; 95% CI, 1.09-12.92; P<0.04) or combined
endoscopic and open surgery (HR, 4.31; 95% CI, 1.66-11.16;
P<0.01), and patients with intraoperative bleeding =800 mL
had a higher risk of recurrence, whereas patients diagnosed af-

ter 2010 (HR, 0.40; 95% CI, 0.17-0.95; P<0.04) had a lower
rate of recurrence. Further analysis based on a multivariable lo-
gistic model showed that year at diagnosis, sphenoid bone inva-
sion and surgical approach were independent predictors of JNA
relapse (Table 2). Patients with sphenoid bone involvement had
a 6.09-fold (95% CI, 1.61-23.03) higher recurrence risk than
those without sphenoid bone involvement. Open surgery was
associated with a significant 4.10-fold (95% CI, 1.60-10.53) el-
evation in JNA recurrence risk compared with endoscopic sur-
gery, whereas combined endoscopic and open surgery was asso-
ciated with a 4.55-fold (95% CI, 1.62-12.75) higher recurrence
risk. Furthermore, patients after 2010 had a lower risk of relapse
(HR, 0.29; 95% (I, 0.11-0.73; P<0.01).

Recurrence-free survival among clinical parameter—based
subgroups

The results of the Kaplan-Meier survival analysis showed that
patients who were diagnosed after 2010 (P<0.03), had a tumor
size <4 cm (P<0.01), had no sphenoid bone involvement (P<
0.01), had early Radkowski stage disease (P<0.01), received
endoscopic surgery (P<0.01) and had intraoperative bleeding

Table 3. Cumulative incidence of recurrence among patients with juvenile nasopharyngeal angiofibroma

1-Year cumulative

2-Year cumulative

3-Year cumulative 5-Year cumulative Overall cumulative

CreReETHes incidence (%) incidence (%) incidence (%) incidence (%) incidence (%)
All males 21.8+4.8 26.3+5.2 28.0+54 29.9+55 38.71£95
Age at diagnosis (yr)

<15 29.6+75 352479 352+79 38.6+8.2 54.0+14.6

>15 13.415.6 16.6+6.2 20.5+7.1 20.5+7.1 20.5+7.1
Year of diagnosis

Before 2010 41.6+11.3 46.9+11.4 46.9+11.4 46.9+11.4 55.7+12.5

After 2010 14.6+4.8 18.8+£54 21.2+58 24.0+6.2 24.0+6.2
Tumor size (cm)

<4 8.2+4.6 8.2+46 11.7£56 11.7£56 117156

>4 34.6+7.8 440+8.3 44,0183 48.0+8.6 65.3+15.3
Radkowski stage

| (la-1b) 12.5+6.8 125+6.8 125+6.8 12.5+6.8 12516.8

Il (lla-lc) 19.1£45 23.2+7.3 271178 31.1+£84 31.1+£84

I (Ha-Ilb) 41.3+£13.1 58.0+£13.7 58.0+13.7 58.0+£13.7 100.0£0.0
Sphenoid bone invasion

No 129149 129149 129149 129149 29.4+13.6

Yes 374194 457498 50.3+10.0 55.2+10.2 55.2+10.2
Preoperative embolization

No 16.3£6.1 19.1£65 19.1£65 19.1£65 19.1£6.5

Yes 27.4+7.4 33.7£8.0 374184 41.318.7 53.0+12.6
Surgical approach

Endoscopic 89143 114148 14.3155 17.516.1 17.516.1

Open 429+187 429+187 429+187 4294187 71441223

Endoscopic+open 40.2+10.4 51.0+11.0 51.0+11.0 51.0+11.0 51.0+£11.0
Intraoperative blood loss (mL)

<800 129+49 129+49 15.6£55 15.6£55 15.6+£5.5

=800 37.2+£94 50.7+10.1 50.7+10.1 55.6+10.2 645+11.4

Values are presented as meanxstandard error.



<800 mL had longer recurrence-free survival (Table 2). JNA
patients who underwent endoscopic surgery and experienced
reduced intraoperative bleeding exhibited a survival benefit.

Characteristics of the cumulative recurrence rate

Table 3 clearly shows that the recurrence of JNA occurred main-
ly in the first year after surgery (16/78), and the cumulative inci-
dence of JNA recurrence did not change significantly after
2 years. The 1-year, 2-year, 3-year, and 5-year cumulative inci-
dence rates of JNA recurrence in the overall cohort were
21.8%,26.3%, 28.0%, and 29.9%, respectively, with an overall
cumulative incidence of JNA recurrence of 38.7% (Table 3). An
analysis of the cumulative recurrence rates of subgroups with
different clinicopathological parameters revealed that the 5-year
cumulative incidence of JNA recurrence was highest among pa-
tients aged <15 years (38.6%), diagnosed before 2010 (46.9%),
with tumor size >4 cm (48.0%) and with sphenoid bone inva-
sion (55.2%) compared with patients age >15 years (20.5%),
diagnosed after 2010 (24.0%), with tumor size <4 cm (11.7%),
and with no sphenoid bone invasion (12.9%) (Table 3). Patients
with advanced-stage disease had a 5-year cumulative incidence
rate of 31.1% (stage Ila-Ilc) or 58.0% (stage Illa-1IIb), whereas
the rate was 12.5% for patients with Radkowski stage Ia-Ib.
Moreover, patients who received open surgery (42.9%) or com-
bined endoscopic and open surgery (51.0%) had higher 5-year
cumulative incidence rates of JNA recurrence than patients who
underwent endoscopic surgery (17.5%). Similar trends in the
cumulative incidence rates were observed between preoperative
embolization and no preoperative embolization groups (13.4%)
and patients with intraoperative bleeding =800 mL (55.6%)
versus <800 mL (15.6%).

The anatomical sites of recurrence
There were 41 JNA patients (22 patients underwent initial surgery

Table 4. Frequency of anatomic sites where tumors were residual or
recurrent (n=41)

Anatomical site All Our center ~ Other center
(n=41) (n=22) (n=19)
Nasal cavity 10 (24.39) 5(22.73) 5(26.32)
Nasopharynx 29 (70.73) 13 (59.09) 16 (84.21)
Parapharyngeal space 8(19.51) 5(22.73) 2(10.58)
Maxillary sinus 10 (24.39) 5(22.73) 5(26.32)
Ethmoid sinus 11 (26.83) 6 (27.27) 5(26.32)
Sphenoid sinus 2(29.27) 9(40.91) 3(15.79)
Pterygopalatine fossa 26 (63.41) 12 (54.55) 14 (73.68)
Infratemporal fossa 9(21.95) 5(22.73) 4(21.05)
Medial or lateral pterygoid 8(19.51) 5(22.73) 3(15.79)
Sphenoid bone 21(5122) 10(4545)  11(57.89)
Cavernous sinus 13(31.71) 6 (27.27) 7(36.84)
Orbit invasion 9(21.95) 6 (27.27) 3(15.79)
Intracranial extension 5(12.20) 3(13.64) 2(10.53)

Values are presented as number (%).
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in our center, while 19 patients underwent initial surgery at an-
other center and a second procedure for recurrence at our center)
who experienced recurrence after the initial surgery. The frequen-
cy and proportion of recurrence at each anatomical site, based on
CT scans, are shown in Table 4. The nasopharynx (70.73 %), pter-
ygopalatine fossa (63.41%), and sphenoid bone (51.22%) were
the most frequent anatomical sites of JNA recurrence, regardless
of whether the initial operation was performed at our center or
another center. These findings indicate that lesions invading the
nasopharynx, pterygopalatine fossa, and sphenoid bone should
be carefully and thoroughly removed to avoid JNA residue.

DISCUSSION

JNA is a rare, nonencapsulated vascular tumor that tends to re-
sult in a postoperative residue and has a high recurrence rate [18].
Its pathogenesis is still unclear, and a vascular malformation
caused by non-absorption of artery residues in the first branchial
arch during development, as well as hormonal and genetic fac-
tors, are considered to be involved in its etiology [19].

According to the literature, the recurrence rates of JNA range
from 5% to 55% [20]. Our study showed that 22 of 78 patients
experienced recurrence, and the overall cumulative recurrence
rate was 38.7 %. Moreover, the recurrence of JNA mainly occurred
during the first year after primary surgical treatment. Therefore,
follow-up with CT and/or MRI for JNA patients should be a pri-
ority in the first year after surgery.

The present study showed that the year at diagnosis, tumor
size, sphenoid bone invasion, Radkowski stage, surgical approach,
and intraoperative bleeding were the main risk factors for JNA
recurrence, among which the year at diagnosis, sphenoid bone
invasion, and surgical approach were independent risk factors.
Prior studies also have revealed that the rates of recurrence var-
ied according to the year of diagnosis [21] or even between dif-
ferent centers [22,23]. Over the long time span of this study, we
analyzed the recurrence of JNA in different time periods and
found that after 2010, significantly fewer patients had postoper-
ative residual disease or recurrence, and the relapse-free survival
rate gradually improved. The cumulative recurrence rate of JNA
decreased from 55.7% to 24.0% after 2010. This change might
be attributed to advances in research on JNA and gradual im-
provements in surgical techniques. A study at a tertiary center
showed that the overall recurrence rate was 39.2% from 1997
to 2006 [16], whereas it was 16.8% from 2006 to 2015, which
is considered to be due to the use of endoscopic surgery [10].
Therefore, it is crucial to reduce the recurrence rate by deepen-
ing the understanding of JNA, improving surgical skills, and
striving for accurate and complete tumor resection.

Due to the complexity of JNA tumor invasion sites, larger tu-
mors and advanced stage may affect the amount of intraopera-
tive blood loss and surgical field of vision, increasing the diffi-
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culty of complete tumor resection. Herein, we revealed that pa-
tients with tumor size >4 cm exhibited shorter relapse-free sur-
vival, and tumor size independently predicted recurrence, which
is consistent with previous research [16]. The Radkowski stage,
based on the extent of invasion, is another important risk factor
for tumor recurrence [10]. Our study showed that most patients
who relapsed were at Radkowski stage II or III. An early stage
was closely associated with longer relapse-free survival and a
lower cumulative recurrence rate (stage I, 12.5%; stage II, 31.1%;
stage 111, 100%). Regardless, the Radkowski stage was not iden-
tified as an independent prognostic factor for JNA recurrence.

The origin of nasopharyngeal angiofibroma is still unclear.
Studies have suggested that the invasion of the medial periosteum
of the sphenoid body and the pterygoid process are the main
reasons for which tumors cannot be completely resected, and
have reported that patients with invasion of the base of the pter
ygoid process had a recurrence rate of 93%, while those with-
out sphenoid bone invasion had a recurrence rate of only 7%
[24]. This is consistent with the results of our study, in which pa-
tients with tumors invading the sphenoid bone were significantly
more likely to develop recurrence and had shorter relapse-free
survival than patients without sphenoid bone invasion. Sphenoid
bone involvement can be an independent risk factor for JNA
recurrence and can predict the recurrence rate. The cumulative
recurrence rates of patients with and without sphenoid bone in-
volvement were 55.2% and 29.4%, respectively. In addition, our
study revealed that the sphenoid bone is a common anatomical
site for recurrence. This suggests that otolaryngologists should
pay considerable attention to sphenoid bone invasion during
surgery, and complete resection of the tumor in the sphenoid
bone should be performed if possible to reduce the risk of resid-
ual or recurrent JNA.

In recent years, with gradual improvements in surgical tech-
niques and instruments, the surgical treatment of JNA has pro-
gressed from traditional open surgery to endoscopic surgery. A
growing number of studies have suggested that endoscopic sur-
gery not only greatly reduces intraoperative bleeding but also
has a lower rate of JNA recurrence than open surgery [23,25,26].
This is consistent with the results of our study, which showed
that patients who underwent endoscopic surgery had a lower
risk of recurrence than those who underwent open surgery or
combined endoscopic and open surgery. The incidence of recur-
rence in patients who received endoscopic surgery was 17.5%
compared with 71.4% in the open surgery group, whereas the
incidence in the combined endoscopic and open surgery group
was 51.0%. This difference could be attributed to the clear visu-
al field and reduced bleeding during the endoscopic operation,
which reduced the likelihood of JNA residue. In addition, endo-
scopic surgery is mostly performed on patients with early-stage
disease, whereas advanced patients with large tumors are more
likely to undergo open surgery or combined endoscopic and
open surgery. This suggests that endoscopic treatment is more

beneficial to patients with early-stage disease than to some ad-
vanced-stage patients.

Histologically, JNA is an abundantly vascular tissue and has a
high rate of hemorrhage [22]. Intraoperative bleeding is another
risk factor posing challenges for otolaryngologists. The surgical
treatment of advanced, large tumors with deep locations is often
interrupted by massive intraoperative bleeding, potentially caus-
ing incomplete resection [27]. In the present study, we found
that patients with tumor size >4 cm, advanced stage, and those
who underwent open or combined endoscopic and open surgery
presented significant associations with higher intraoperative
blood loss. Moreover, patients who had intraoperative bleeding
less than 800 mL exhibited longer relapse-free survival than those
who had intraoperative bleeding =800 mL. As is well known,
preoperative embolization is another important treatment for
JNA that can reduce intraoperative bleeding. However, there was
no significant difference in relapse-free survival between patients
with and without preoperative embolization, which may have
been because the majority of patients with preoperative emboli-
zation were at an advanced stage. We believe that controlling in-
traoperative bleeding is the key to ensuring complete surgical
resection and a reduced recurrence rate.

There are several limitations of the present study. First, the study
spanned a long time frame, which could have led to biases caused
by different treatment concepts and surgical techniques. Second,
there could have been bias in that symptoms may have been used
to assess recurrence in patients without postoperative CT or MRIL
Third, patients diagnosed before 2010 were more likely to be
lost to follow-up, potentially causing passive selection bias. Fi-
nally, we did not evaluate the impact of the surgical approach on
recurrence in patients with the same Radkowski stage due to the
small number of patients undergoing open surgery in the pres-
ent study.
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