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Abstract

Background This retrospective study aimed to investigate whether the pretreatment hemoglobin-to-platelet ratio
(HPR) could predict the risk of osteoradionecrosis (ORN) in patients receiving concurrent chemoradiotherapy (C-CRT)
for locally advanced nasopharyngeal carcinoma (LA-NPC).

Methods ORN cases were reported from the records of LA-NPC patients who had oral examinations before and after
C-CRT. The pretreatment HPR values were calculated on the first day of C-CRT. The connection between HPR values
and ORN occurrences was determined using receiver operating characteristic curve analysis. The primary endpoint
was the relationship between the pretreatment HPR values and post-C-CRT ORN incidence rates, while secondary
endpoints included the identification of other putative ORN risk factors.

Results We distinguished 10.9% incidences of ORN during the post-C-CRT follow-up period among 193 LA-NPC
patients. The optimal cutoff for pre-C-CRT HPR was 0.48 that grouped the patients into two HPR groups with
fundamentally different post-C-CRT ORN incidence rates: Group 1: HPR <0.48 (N=60), and Group 2: HPR>0.48
(N=133). The comparative analysis indicated a significantly higher ORN incidence in HPR<0.48 group (30%; P <0.001).
The other factors associated with meaningfully increased ORN rates included the presence of pre-C-CRT > 5 teeth
extractions, mandibular volume receiving > 64 Gy, post-C-CRT tooth extractions, mean mandibular dose > 50.6 Gy, and
C-CRT to tooth extraction interval > 5.5 months.

Conclusion Low pretreatment HPR levels were independently and unequivocally linked to significantly increased
incidence of ORN post-C-CRT. Pre-C-CRT HPR levels may be used to estimate the incidence of ORN and be useful for
taking preventive and therapeutic measures in these patients such as monitoring oral hygiene with strict follow-up,
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avoidance of unnecessary tooth extractions, particularly after C-CRT, and use of more rigorous mandibular RT dose

limits.

Keywords Osteoradionecrosis, Nasopharyngeal cancer, Hemoglobin-to-platelet ratio, Concurrent

chemoradiotherapy, Head and neck cancer

Background

Concurrent chemoradiotherapy (C-CRT) is currently
considered the gold standard treatment for locally
advanced nasopharyngeal cancers (LA-NPC) [1]. Sadly,
this treatment was accompanied by an increase in early
complications like mucositis and taste abnormalities as
well as an increase in late complications like radiation-
induced trismus, dysphagia, and corresponding declines
in quality of life measures [2, 3]. Another serious and
occasionally life-threatening complication of C-CRT is
osteoradionecrosis (ORN), which is more likely in par-
ticular individuals who have tooth decay and require
extraction(s) [4—6]. Despite precautions, some patients
are still subjected to ORN [7, 8].

Poor oral health before, during, and after C-CRT
has been linked to an increased risk of ORN, as have
post-radiation minimally invasive or invasive surgi-
cal procedures, such as dental implant placement and
tooth extraction in the radiation field [9-11]. Histori-
cally, the incidence of ORN in such patients was esti-
mated to be between 2% and 22% [12-15], while newer
studies indicate it to be in the range of 3-7% following
modern radiotherapy techniques [16, 17]. The immu-
nosuppressive C-CRT may cause infectious deep den-
tal caries, periodontal diseases, and periapical lesions,
which are thought to be the consequence of inadequate
repair mechanisms of irradiated tissues [18, 19, 20].
Furthermore, tooth extractions and poor oral hygiene
significantly raise the risk of ORN by 89.3% and 71.4%,
respectively [9, 21-26]. The pathophysiology of ORN is
primarily characterized by the development of hypoxia,
hypovascularity, and hypocellularity as a result of radia-
tion-induced damage to healthy vascular endothelium
[27]. An emerging theory in ORN pathogenesis called
tissue fibrosis explains how fibroblast activation and dys-
regulation lead to the development of atrophic tissue at
the irradiated site, the first step in ORN formation [28].
In LA-NPC patients undergoing C-CRT, the mandible,
which has a poor blood supply by nature, enters the
radiation field in varying magnitudes and receives high
irradiation doses, making this area more prone to ORN
development due to induced local hypoxia and activated
fibrotic tissue repair processes [29].

A potential biomarker that represents the patient’s
oxygenization status, vascular potency, inflammatory,
and immunological condition, regardless of the under-
lying reason, is the hemoglobin-to-platelet ratio (HPR),
which is a combination of hemoglobin and platelets

[30]. It has been reported that in some inflammatory
diseases, vascular endothelial inflammation, edema and
fibrosis developing especially at the capillary level due to
low hemoglobin levels may result in persistent hypoxia
throughout the entire body [31]. And this hypoxic con-
dition, which is thought to be responsible for directing
the fibrosis process, may result in excessive scarring in
the tissues [32]. Furthermore, platelets produce vascular
occlusion by participating in primary hemostasis, hence
it has been suggested that a high platelet count may pro-
mote hypoxia by interrupting blood flow at the tissue and
vessel levels [33]. Stimulated hypoxia-induced factor-1
(HIF-1) and angiogenic factors such as vascular endo-
thelial growth factor (VEGF), transforming growth fac-
tor (TGF-a and TGF-P) have been shown to play critical
roles in the ORN development due to reduced vascular-
ization and tissue hypoxia [34—36].

Previous studies have frequently proven a substantial
link between the HPR and prognosis in a variety of clini-
cal settings, including multiple cancer types and vascu-
lar diseases [30, 37-39]. However, the true significance
of HPR, a biomarker that may indicate hypoxia, reduced
angiogenesis, and vascular potency in tissues, in predict-
ing the occurrence of ORN has never been investigated.
As a result, we intended to retrospectively evaluate the
significance of pretreatment HPR values for predicting
ORN after C-CRT in LA-NPC patients who received oral
care before C-CRT.

Patients and methods

Ethical approval

This study protocol was approved by the institutional
review board of Baskent University Medical Faculty and
was in compliance with the Declaration of Helsinki (No.
D-KA/19-39). All patients gave informed and signed
permission before beginning assessments, either them-
selves or legally charged caretakers for the participation,
collecting and interpretation of blood samples, sociode-
mographic and medical records, dental X-rays, and aca-
demic presentations.

Study population

We conducted a review audit of the institutional clinical
records of LA-NPC patients who went through oral and
dental exams before the C-CRT performed between Jan-
uary 2010 and December 2021 in the Dentistry Clinics
of the Adana Research and Treatment Center at Baskent
University. The TRIPOD (Transparent Reporting of a
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Potentially qualified LA-NPC patients

(N = 267)

Pre-C-CRT systemic and oral examination (N = 267)

Study population (N = 193)
» Dental management program

* Regular oral evaluations

Chemoradiotherapy
(N =193)

Follow-up oral exam
(N =193)

Excluded patients (N = 74)

» The presence of mandibular
invasion by the local extension of
the primary tumor or the metastatic
lymph nodes (N = 26)

» History of ORN diagnosis (N = 3)

« Steroid use in the past 30 days
before the start of C-CRT (N = 17)

« Systemic inflammatory conditions
(N = 28)

Fig. 1 The flowchart describes the eligibility, management and follow-up status of the participants throughout the study. Abbreviations: C-CRT concur-
rent chemoradiotherapy, LA-NPC locally advanced nasopharyngeal carcinoma, ORN osteoradionecrosis

multivariable prediction model for Individual Prognosis
Or Diagnosis) Statement was used for this study design.
The following criteria were required to be qualified for
this study: Aged>18, treated for histopathologically
demonstrated squamous cell carcinoma of the nasophar-
ynx, proven locally advanced disease per American Joint
Cancer Committee (AJCC) 8th ed, no history of other
cancers, not received systemic chemotherapy or RT to
the head and neck region before the dental evaluations
but have undergone conclusive C-CRT then, and acces-
sible pre-C-CRT and follow-up records of panoramic
radiography, and pre-C-CRT complete blood count tests.
Ineligibility criteria included the presence of mandibular
invasion by the local extension of the primary tumor or

the metastatic lymph nodes, a history of ORN diagno-
sis, and steroid use in the past 30 days before the start
of C-CRT. To forestall the unexpected biasing impact
of baseline immune and inflammatory conditions and
drug usage, patients with systemic inflammatory condi-
tions such as rheumatological diseases, nephritic disor-
ders, respiratory diseases, viral hepatitis, proven immune
suppressive disorders, history of collagen diseases, and
chronic inflammatory conditions excluded from the pres-
ent analysis.

Baseline oral examination
Even if they were asymptomatic, all patients under-
went a regular oral examination before the C-CRT, as
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recommended by the American Dental Association
(ADA) and the US Food and Drug Administration (FDA)
[40]. All the clinical and radiological examinations were
assessed by an experienced oral and maxillofacial radi-
ologist (BY) and surgeon (ES). For each patient, pan-
oramic radiographs were used to perform radiographic
oral exams in accordance with our institutional norms
for such patients. All digital panoramic radiographs were
acquired with the same X-ray device (J Morita, Vera-
viewepocs 2D, Kyoto, Japan) set at 70 kVp, 10 mA, and
9 s, and patients were positioned according to the manu-
facturer’s recommendations.

All patients received a standard dental management
program following our institutional standards for such
patients. The patients were given instructions on how
to maintain good oral hygiene, including using a soft
toothbrush, dental floss, an interproximal brush, fluo-
ride toothpaste, and daily topical fluoride mouthwash.
The loose contact points that could lead to food impac-
tion and the sharp tooth edges that could harm the oral
mucosa were both fixed. For the teeth that could be
restored, endodontic procedures were carried out. Teeth
with internal or external root resorption, pulpal, peri-
odontal, or periapical diseases, root caries covering more
than half of the root circumference, fully or partially
impacted teeth with follicular cysts, or teeth with resid-
ual roots were extracted [9].

Hemoglobin-to-platelet ratio (HPR) assessments

For each patient, we calculated the pre-C-CRT HPR val-
ues [HPR=Hemoglobin level (g/dL)+platelet count (x
10° per uL)] using the platelet and hemoglobin measure-
ments acquired on the first day of the C-CRT.

Chemoradiotherapy protocol

All patients received simultaneous integrated boost
intensity-modulated RT  (SIB-IMRT). Pretreatment
co-registered computed tomography (CT), 18-FDG-
PET-CT  (18-fluorodeoxyglucose-positron  emission
tomography/computed tomography), and/or magnetic
resonance imaging scans of the implicated main site
and the whole neck were used to define all target vol-
umes. The target volumes and related RT doses were as
described elsewhere [41]. In brief, according to institu-
tional RT practice for such patients, the prescribed doses
for the high-, intermediate-, and low-risk planned target
volumes (PTV) were 70 Gy, 59.4 Gy, and 54 Gy deliv-
ered on a daily fractionation basis (5 days per week for
33 days), respectively. The chemotherapy protocol com-
prised of seven weekly doses of cisplatin (40 mg/m?)
administered concurrently with RT.
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Follow-up oral examination

The same methodology as described in the “Baseline
oral examination” section was used for all follow-up oral
examinations. The treatment commitments for each
patient were determined and reported using the previ-
ously stated principles. The ORN status was determined
using the previously mentioned clinical and radiological
ORN diagnostic criteria and stage, as well as the pres-
ence of ORN with intact mucosa on diagnostic imaging.
ORN was clinically defined as irradiated necrotic bone
tissue that failed to heal after 3 months without tumor
progression or metastasis. Radiologically, the sequestrum
representing a radiopaque necrotic bone fragment, large
or localized osteolytic areas, jawbone fracture, and also
radiolucent areas surrounding the tooth extraction sock-
ets that remained visible for more than 12 months were
determined [9, 35, 36, 40]. ORN staging was performed
using Notani’s classification, which includes minor bone
changes and anatomical boundaries of lesions [42]: Stage
1: ORN is limited to the alveolar bone; Stage 2: ORN is
limited to the mandible above the alveolar bone and/or
the mandibular alveolar canal; Stage 3: ORN is expanding
below the mandibular alveolar canal, as well as pathologi-
cal fracture and/or skin fistula.

As stated in the “Baseline oral examination” section,
oral hygiene education was continued throughout the
C-CRT and follow-up periods. Regular oral exams and
restorative procedures were performed as needed. End-
odontic procedures were carried out and, if required,
loose contact points that might result in food impaction
were repaired. Every effort was made to avoid invasive
surgical procedures [9].

Statistical analysis
The relationship between pre-C-CRT HPR esteems and
post-C-CRT ORN rates comprised the primary endpoint.
Continuous variables were described using medians and
ranges, whereas categorical variables were expressed
using percentage frequency distributions. The Chi-square
test, Student’s t-test, or Spearman correlation analyses
were employed to compare the patient groups, as indi-
cated. The pre-C-CRT HPR cutoff that, if present, may
separate the entire research cohort into two HPR groups
with different results were estimated using receiver oper-
ating characteristic (ROC) curve analysis. The dosimetric
parameters the median maximum mandibular point dose
(MMPD) and the mean mandibular dose (MMD), which
may interact with ORN rates, were measured using the
Eclipse Treatment Planning System (Varian Medical Sys-
tems). A two-sided P-value of less than 0.05 was consid-
ered statistically significant.

To estimate the effect of clinical, biochemical, and
dosimetric variables on ORN, a multivariate logistic
regression model was constructed, which included the
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mandibular volume receiving (V64), MMD, the pres-
ence of pre-C-CRT or post-C-CRT any number of teeth
extractions, a C-CRT to tooth extraction interval, and
HPR values that were statistically significant in univariate
analysis [43]. Finally, the association between HPR and
ORN status was investigated using stepwise backward
binary regression. V64, MMD, pre- and post-C-CRT
tooth extractions, C-CRT to tooth extraction inter-
val, and HPR values were all taken into account, with
ORN status as the dependent variable. In the stepwise
backward multivariate method, only the variables that
were statistically significant in univariate analysis were
included, while the o value for the p-value in the stepwise

Table 1 Baseline and treatment characteristics for the entire
study cohort and per hemoglobin-to-platelet ratio status

Characteristic All HPR<0.48 HPR>0.48 P-value
patients  (N=60) (N=133)
(N=193)
Median age, years 54 (18-76) 53(18-76)  55(21-75) 094
(range)
Age group, N (%) 87 (45.1) 30 (50.0) 57 (42.9) 0.34
<54 106 (54.9)  30(50.0) 76 (57.1)
> 54
Gender, N (%) 138 (71.5) 38(63.3) 100 (75.2) 0.12
Male 55(285)  22(36.7) 33(24.8)
Female
Smoking status, 178(92.2) 56(93.3) 126 (94.7) 091
N (%) 11(7.8) 4(6.7) 7(5.3)
Yes
No
Alcohol consump- 159 (824) 47 (78. 112 (84.2) 0.26
tion, N (%) 34 (17.6) 13(21.7) 21 (15.8)
Yes
No
Periodic dental 0(0.0) 0 (0.0) 0(0.0) 1.0
management, 193 60 (100.0) 133 (100.0)
N (%) (100.0)
Absent
Present
Median pre-C-CRT 3 (1-11) 4(1-11) 3(1-7) 0.72
tooth extraction,
N (%)
Pre-C-CRT tooth 70 (43.0) 27 (45.0) 26 (19.5) <0.001
extraction group, 123 (57.0) 33(55.0) 107 (80.5)
N (%)
>5
<5
Median tooth 17 (12-27) 16(12-26)  18(13-27)  0.69
extraction time to
C-CRT, days
T-stage group, 48 (24.9) 16 (26.9) 32(24.0) 0.63
N (%) 145 (75.1) 44 (73.1) 101 (76.0)
1-2
3-4
N-stage, N (%) 37(19.2) 12 (20.0) 25(18.8) 0.84
0-1 156 (80.8) 48 (80.0) 108 (81.2)
2-3

Abbreviations: GCRT concurrent chemoradiotherapy, HPR hemoglobin-to-
platelet ratio, N node, T tumor
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backward model was set to 0.157 as suggested by Heinze
and Dunkler [44].

Results

As demonstrated in Fig. 1, a total of 267 LA-NPC
patients were evaluated and 74 cases were excluded from
the study due to the presence of mandibular invasion by
the local extension of the primary tumor or the meta-
static lymph nodes (N=26), history of ORN diagnosis
(N=3), steroid use in the past 30 days before the start of
C-CRT (N=17), and systemic inflammatory conditions
(N=28). A total of 193 LA-NPC patients who received
pretreatment oral and dental evaluations before the ini-
tiation of C-CRT were eligible, according to the current
database search. As displayed in Table 1, the median age
was 54 years (range: 18—-76), with a male gender prepon-
derance (71.5%). Patients who had previously smoked or
consumed alcohol made up 92.2% and 82.4% of the entire
population, respectively. Most patients had locally and/
or regionally advanced NPC, namely 75.1% and 80.8%
of the study group had T3-4 and N2-3 disease stages,
respectively. Reflecting their general poor oral and den-
tal health conditions, all patients underwent at least
one tooth extraction as mandated by the assessments,
with a median of 3 (range: 1-11) extracted teeth before
the commencement of the C-CRT. The median interval
from tooth extraction to the start of C-CRT was 17 days
(range: 12-27). Every patient received an unremitting
dental management program.

Tooth extractions were similarly prevalent through-
out the post-C-CRT follow-up period, with 83.9% of
patients requiring at least one extraction (range: 0-5)
and a median time from C-CRT to tooth extractions of
7 months (range: 1-13). After a median follow-up of
20.8 months (range: 12.4—27.6), a total of 21 ORN cases
were identified, indicating an ORN incidence of 10.9%.
All ORNs manifested in the affected mandible’s posterior
region and after tooth extraction, specifically in the areas
with higher RT doses, with all ORNs being diagnosed in
patients receiving a MMD>41.2 Gy. The extracted teeth
in 10 patients were noted as regions 35, 36, 37, and 38,
and in 11 patients as regions 45, 46, 47, and 48, accord-
ing to the World Dental Federation (FDI) inscription
teeth numbering system (ISO 3950). As depicted in
Table 2, the median MMPD for the whole research group
was 62.6 Gy (range: 52.7-71.8), whereas the MMD was
48.6 Gy (range: 17.4—64.1). Comparatively, the MMD
was significantly higher in the presence of ORN than in
the absence of ORN group (54.7 vs. 38.9 Gy; P<0.001),
although the median MMPD values were indistinguish-
able (71.8 vs. 70.2 Gy; P=0.94).

Figure 2 depicts the distribution of pre-C-CRT HPR
measures in all patients. We used ROC curve analysis to
uncover a possible link between pre-C-CRT HPR levels
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Table 2 The relationship between post concurrent chemoradiotherapy tooth extraction, mandibular dose, post concurrent
chemoradiotherapy osteoradionecrosis, concurrent chemotherapy cycles and two hemoglobin-to-platelet ratio groups

Characteristics All patients HPR<0.48 HPR>0.48 P-
(N=193) (N=60) (N=133) value
Median MMPD; Gy (range) 62.6 63.7 61.1 0.89
(52.7-71.8) (53.8-70.7) (52.7-71.8)
MMD, Gy (range) 486 473 499 0.37
(17.4-64.1) (17.4-64.1) (19.2-63.4)
MMD group, N (%) 132 (68.4) 42 (70.0) 90 (67.7) 0.78
<506 Gy 61(31.6) 18 (30.0) 43(323)
> 506 Gy
V64 Gy group, N (%) 158 (81.9) 50(83.3) 108 (81.2) 0.86
<27% 35(18.1) 10 (16.7) 25(18.8)
>27%
Continued smoking, N (%) 64 (33.2) 21(35.0) 43 (32.3) 067
Yes 129 (66.8) 39 (65.0) 90 (67.7%)
No
Continued alcohol consumption, N (%) 56 (29.0) 17 (28.3) 39(29.3) 0.90
Yes 137(71.0) 43 (71.7) 94 (70.7)
No
Median post-C-CRT extracted teeth, N (range) 1(0-5) 2 (0-5) 1(0-4) 0.38
Post-C-CRT tooth extraction, N (%) 31 (16.1) 11(18.3) 20 (15.0) 0.87
Absent 162 (83.9) 49 (81.7) 113 (85.0)
Present
Median time from C-CRT to tooth extraction, mo. (range) 7(1-13) 6(1-11) 8(1-13) 0.71
Time of post-C-CRT tooth extraction, mo. N (%) 61(31.6) 18 (30.0) 43 (32.3) 0.82
>55 132 (68.4) 42 (70.0) 90 (67.7)
<55
ORN, N (%) 172 (89.1) 42 (70.0) 130(97.7) <0.001
Absent 21(10.9) 18 (30.0) 3(23)
Present
ORN stage 172 (89.1) 42 (70.0) 130(97.7) <0.001
*0 16 (8.3) 13(21.7) 3(23)
1 5(26) 5(8.3) 0(0.0)
2
Median C-CRT to ORN interval, mo. (range) 20.8 224 19.1 049
(12.4-27.6) (124-27.6) (11.8-26.4)
Concurrent chemotherapy cycles, N (%) 32(16.6) 10(16.7) 22 (16.5) 092
1 161 (83.4) 50 (83.3) 111(83.5)

2-3

* Stage 0 denotes for absence of ORN

Abbreviations: GCRT concurrent chemoradiotherapy, HPR hemoglobin-to-platelet ratio, Gy Gray, MMD mean mandibular dose, MMPD maximum mandibular point

dose, mo months, ORN osteoradionecrosis, V64 volume receiving>64 Gy

and ORN rates, and the optimal cutoff point was 0.48
[area under the curve (AUC): 73%; sensitivity: 76.2%; and
specificity: 71.4%] (Fig. 3), which divided the research
population into two groups with significantly different
ORN rates Group 1: HPR<0.48 (N=60) and Group 2:
HPR>0.48 (N=133), respectively. Except for the fact that
5 tooth extractions were significantly more prevalent in
the HPR<0.48 group (45% vs. 19.5% for the HPR>0.48
group; rg: -0.78; P<0.001), all other pretreatment charac-
teristics were nearly equally distributed between the two
HPR groups (Table 1). Comparisons between the two
groups revealed a significantly higher post-C-CRT ORN
incidence rate in the HPR<0.48 group (30.0% vs. 2.3%
for HPR>0.48; P<0.001) than in the HPR>0.48 group.
Furthermore, per Notani’s ORN staging, a pretreatment

HPR<0.48 value was found to be significantly associated
with more advanced ORN (stage 2) when compared to
an HPR>0.48 (8.3% vs. 0.0%; P<0.001), implying that all
ORNs in the HPR >0.48 were stage 1 (Table 2).

The results of the univariate analysis revealed that, in
addition to the HPR<0.48, a mandibular V64>27% Gy
(P=0.002), pre-C-CRT25 tooth extractions (P<0.001),
presence of post-C-CRT 21 tooth extractions (P<0.001),
MMD=50.6 Gy (P=0.006), and a C-CRT to tooth extrac-
tion interval>5.5 months (P<0.001) were the other
adverse factors linked to a higher ORN incidence rate
(Table 3; Fig. 4). The findings of the multivariate logistic
regression analysis indicated that all six variables retained
their independent significance in terms of their impact
on the post-C-CRT ORN incidence rates (P<0.05 for
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each) (Table 3). Further analyses were carried out to look
for possible correlations between dosimetric variables,
but none were found between V64, MMPD, or MMD.

Discussion

The primary purpose of the current research was to scru-
tinize whether the pre-C-CRT HPR values might predict
post-C-CRT ORN incidence rates in LA-NPC patients
who had undergone radical treatment. Our discover-
ies indicated a vigorous connection between low pre-
C-CRT HPR levels (<0.48) and significantly expanded
ORN rates in this patient group (30.0% vs. 2.3% for
HPR>0.48; P<0.001). The presence of pre-C-CRT>5
(P<0.001) or post-C-CRT any number of teeth extraction
history (P=0.005), a C-CRT to tooth extraction inter-
val>5.5 months (P<0.001), a mandibular V64>27% Gy
(P=0.005), and MMD2>50.6 Gy (P=0.012) was likewise
demonstrated to be connected to higher ORN occur-
rence rates.

The predictive expediency of novel biomarkers such as
HPR, which reflect hypoxia, impaired vascular patency,
exacerbated systemic and/or local inflammation, and
suppressed immunity, has yet to be determined in the
context of post-treatment ORN. Yet, the increased inci-
dence of ORN after RT or C-CRT for head and neck
cancers has been linked to various risk factors. Tobacco
and alcohol abuse, pre- and post-RT tooth extractions,
poor oral health or care, primary tumor type, advanced

T-stage, advanced N-stage, use of C-CRT rather than
RT, higher MMD, the volume of the mandible receiving
higher RT doses, and use of non-IMRT techniques rep-
resent the most commonly cited risk factors [16, 45—48].
In this regard, we discovered that the V64>27% Gy
(P=0.005), pre-C-CRT tooth extraction>5 (P<0.001),
post-C-CRT tooth extraction (P<0.001), MMD >50.6 Gy
(P=0.012), C-CRT to tooth extraction interval>5.5
months (P<0.001), and a pre-C-CRT HPR<0.48 were
independent drivers of higher ORN incidence rates in
our research cohort. It is well-recognized that post-RT
tooth extractions raise the risk of ORN more than pre-RT
extractions, as do the use of C-CRT rather than RT and
longer RT to tooth extraction intervals [48—51]. Higher
MMD and larger mandibular volumes receiving higher
RT doses are almost invariably linked to an increased
incidence of ORN, which in our research was shown to be
250.6 and >27% for V64 Gy, respectively. These findings
are consistent with a study by Moon et al., which found
that MMD 249 Gy and V70 Gy >17% were significant risk
factors for ORN development in a patient cohort consist-
ing of oral cavity and oropharynx cancers [16].

Our study’s first novel finding was evidence of an
explicit link between the number of pre-C-CRT tooth
extractions and the likelihood of ORN after treatment.
Despite the fact that the median interval between the
extractions and IMRT commencement was at least 12
days (median: 17 days), patients who had>5 extractions
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had a remarkably higher risk of ORN than those who
had<5 extractions (30.0% vs. 0.0%; P<0.001). Pretreat-
ment tooth extractions have been linked to an elevated
risk of post-RT ORN occurrence, which might be
attributed to surgical trauma and its extent if multiple
extractions are required, as in our study. Although this
particular issue has never been thoroughly examined, the
need for multiple tooth extractions may reflect a dete-
riorated oral health condition that contributes to ORN
development [49]. Pre-RT tooth extractions do not pre-
clude ORN development, according to Beech et al. [52].
Indeed, RT or C-CRT may facilitate the development
of ORN in the rapidly remodeling bone of the healing
socket by reducing tissue vascularity and oxygenation in
such patients. A recent meta-analysis by Jiang et al. dem-
onstrated that pre-RT tooth extractions have an ORN
risk of 4.16%, which supports this announcement [50].
Another recent meta-analysis by Balermpas et al. indi-
cated that extractions before IMRT were related to ORN
development less frequently (8/432) than extractions
after IMRT (7/92) (P<0.01) [53]. This finding indicates
that, even in the era of IMRT, tooth extractions preceding

RT can reduce the frequency of ORN but not eliminate
it. Unlike ours, all of these studies focused solely on the
presence or absence of pretreatment tooth extractions,
with no regard for the number of teeth extracted or the
resulting trauma. As a result, albeit further research
results are required to draw more reliable conclusions,
the outcomes introduced here convincingly recommend
a solid connection between the magnitude of jaw trauma
and post-C-CRT ORN rates.

The most striking finding of the present cohort analy-
sis was the demonstration of an independent association
between a low pretreatment HPR value and an elevated
ORN incidence in LA-NPC patients who received
C-CRT. ORN incidence was significantly higher in the
HPR<0.48 group than its HPR>0.48 counterpart (30.0%
vs. 2.3%; P<0.001), suggesting that HPR might be a valu-
able biomarker for predicting ORN risk in these patients
following C-CRT. It is difficult to characterize the specific
processes behind this link because of the lack of basic or
clinical studies addressing this relationship. Anyway, the
critical functions of hemoglobin and platelets on tissue
oxygenation, vascular patency, fibroatrophic processes,
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Table 3 Outcomes of multivariate analysis

Endpoint All ORN* P-value Odds
patients (N=21) ratio
(N=193) (95%
(d)]

V64 Gy, N (%) 158 (81.9) 12(76) 0.005 3.67
<27% 35(18.1)  9(25.7) (2.18-
>27% 6.43)

Pre-C-CRT tooth extrac- 123 (63.7) 0(0.0) <0.001 11.7

tion, N (%) 70(36.3)  21(30.0) (5.64—
<5 18.9)
>5

Post-C-CRT tooth extrac- 31 (16.1)  0(0.0) 0.005 11.36

tion, N (%) 162 (83.9) 21(13.0) 4.72-
Absent 18.67)
Present

MMD, N (%) 132 (684) 9(6.8) 0.012 3.17
<506 Gy 61(316) 12(19.7) (2.56-
> 506 Gy 5.18)

C-CRT to tooth extraction  61(31.6) 19(31.1) <0.001 7.89

interval, N (%) 132(684) 2(1.6) (5.72—
>55mo. 16.33)
<55mo.

HPR, N (%) 60 (31.1)  18(30.0) <0.001 9.87
<048 133(689) 3(23) (3.16—
> 048 20.78)

*ORN percentages reflect the rates in the related endpoint group

Abbreviations: G-CRT concurrent chemoradiotherapy, C/ confidence interval,
Gy Gray, HPR hemoglobin-to-platelet ratio,, MMD mean mandibular dose, mo
months, ORN osteoradionecrosis, /64 mandibular volume receiving =64 Gy
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and immune and inflammation responses allow us to
infer some logical hypotheses. Although bone lysis first
manifests by a decrease in osteoblast counts as early as
4 h of RT, the primary driver of ORN seems to be radi-
ation-induced endothelial injury and the following pro-
gressive vascular obliteration, microvascular damage, and
bone destruction due to unmet oxygen and nutritional
demands [54]. In any sort of tissue injury, expanded
quantities of tissue oxygenation are required for every
step of the healthy revitalization process, including cell
proliferation, angiogenesis, collagen synthesis, epitheli-
alization, and activation of bacterial defense mechanisms
[5, 6]. Low hemoglobin levels may hamper bone repair
processes during or after RT by worsening the existing
hypoxic tissue conditions on the road to ORN formation.
Such an unfavorable condition may further facilitate the
ORN development by leading to the emergence of diffi-
cult to manage infections, exacerbated inflammation, and
subsequent impairment of tissue repair, as most immune
cells demand adequate oxygen levels to operate effectively
[41]. Hypoxia induced secretion of HIF-1a and associ-
ated cytokines can generate and/or worsen systemic and
localized inflammation, which can further deepen the
hypoxic state and establish a vicious cycle of inflamma-
tion and hypoxia [34-36]. Given that low hemoglobin
levels represent a state of systemic and localized hypoxia,

Variable
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Fig. 4 The bar graph demonstrates the incidence of osteoradionecrosis according to factors that were positive in multivariate analyzes. Note: A; V64 Gy,
red bar: < 27%, blue bar: > 27%, B; Pre-C-CRT tooth extraction, red bar: < 5, blue bar: > 5, C; Post-C-CRT tooth extraction, red bar: Absent, blue bar: Present,
D; MMD, red bar: < 50.6 Gy, blue bar: > 50.6 Gy, E; C-CRT to tooth extraction interval, red bar: > 5.5 mo,, blue bar: < 5.5 mo,, F; HPR, red bar: < 0.48, blue bar:
> 0.48. Abbreviations: C-CRT concurrent chemoradiotherapy, Gy Gray, HPR hemoglobin-to-platelet ratio, MMD mean mandibular dose, mo months, ORN

osteoradionecrosis, V64 mandibular volume receiving > 64 Gy
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all of these basic mechanisms, along with exacerbated
hypoxia created by low hemoglobin levels, appear to
support Marx’s theory of radiation-induced vasculature
impairment, hypoxia, and impaired wound repair as the
primary causes of ORN pathogenesis, though secondary
infections may also play a role [27].

Higher platelet counts than required for adequate
hemostasis may compromise blood flow in the infe-
rior alveolar artery of the jaw bone, leading to vas-
cular occlusion and hypoxia. This is due primarily to
radiation-induced endarteritis, thrombosis, and the
gradual obliteration of small arteries [14]. Uncontrolled
radiation-induced thrombosis and ischemia inevitably
result in cell loss and progressive fibrosis, as evidenced
by avascular and hypo- or acellular bone marrow, bony
lacunae with no osteocytes, endosteal atrophy with sig-
nificantly reduced osteoblasts and osteoclasts, and peri-
osteum fibrosis [33]. Radiation-induced thrombosis and
ischemia can also cause an increase in the production of
pro-inflammatory and inflammatory cytokines and che-
mokines, such as TNF-a, IL-1, and IL-6, which attract
inflammatory cells to the wounded jaw. As a result of the
aggravated local inflammation, some recruited mono-
cytes may differentiate into M2 cells, which release
TGEF-3, a key driver of radiation-induced fibrosis [42].
Furthermore, inflated TGF-f8 secretion can also force
myeloid progenitors to differentiate into myofibroblasts,
which produce excessive quantities of proteoglycans,
fibronectin, and collagen, provoking the injured tissues to
stiffen and thicken [33, 42]. The presence of undue col-
lagen inevitably reduces vascularity beyond tolerable lim-
its, resulting in fibrotic tissue atrophy and necrosis. Such
fibrotic regions are more susceptible to physical injuries
and gradually increasing ischemia, which theoretically
explains why patients with post-RT tooth extractions
have a higher ORN rate [45]. Given the essence of plate-
lets, as well as tissue oxygenation status, in a properly
functioning immunity and inflammation response and
tissue regeneration processes, the plausible mechanisms
described in the last two paragraphs seem to lend sup-
port to the discovery of a strong relationship between a
low pretreatment HPR value and an inflated incidence
of ORN. Furthermore, our data imply that HPR and its
components may play a critical role in ORN pathogenesis
in all of Marx’s hypovascular and hypocellular [27], Dela-
nian’s and Lefaix’s fibroatrophic [55], Lyons’ [56] and Bras
et al’ fibroatrophy-related hypovascularity theories [29].

To clinically stratify patients into two risk groups, this
study used a novel, simple to obtain and apply blood-
borne biomarker. As a result, it can be used as a model
for earlier identification of high-risk patients, allowing
for stricter follow-up protocols, the use of more strict
dosimetric constraints for the jaw, the prompt imple-
mentation of necessary oral hygiene and anti-infective
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measures, and the avoidance of invasive procedures like
tooth extraction and dental implant placement to the
greatest extent possible.

Limitations

There were several limitations in the current study. First,
the present findings represent the experiences of single
institutional retrospective research with a relatively mod-
est cohort size [57]. Second, our HPR cutoff, which relies
upon single time-point measures, may not reflect the fit-
test HPR cutoff since HPR is a dynamic biomarker with
striking time-dependent fluctuations. Therefore, future
studies researching the HPR values acquired during or
after the C-CRT spans may be beneficial in identifying a
more suitable HPR cutoff that has a more unmistakable
link with ORN. Third, none of the direct examinations of
vascular abnormalities or in vivo oxygen measurements
were available. Hence, blood flow and oxygen pressure
measurements in the treatment area before, during, and
after C-CRT may be beneficial in identifying individuals
who are more likely to develop ORN. Consequently, the
current findings should be interpreted with caution and
viewed as hypothesis-generating rather than definitive
guidance until large-scale prospective research can cor-
roborate them.

Conclusions

In conclusion, our retrospective cohort analysis out-
comes indicated that a pretreatment HPR<0.48 was a
strong predictor of significantly higher ORN incidence
following C-CRT in definitely treated LA-NPC patients,
which is a first in the literature. If confirmed, simple to
achieve and calculate, affordable, and reproducible pre-
treatment HPR might serve usefully for dedicated risk
stratification and the prompt enactment of screening,
preventive, and therapeutic measures in such patients.
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