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ABSTRACT

Background: Preoperative assessment of mandibular bone invasion in squamous cell
carcinoma of the oral cavity and oropharynx is crucial for optimizing bone resection.
The principal aim of this study was to evaluate the diagnostic value of CT and MR imaging
for the diagnosis of mandibular bone invasion compared to the histological reference. In
addition, we assessed the survival impact of bone invasion.

Patients and methods: A single-center retrospective study included all consecutive patients
treated by mandibular bone interruption for squamous cell carcinoma of the oral cavity and/or
oropharynx.

Results: 68 patients were included. Prevalence of bone invasion on histology was 43%.
Sensitivity, specificity and positive and negative predictive value were respectively 70%,
71%, 66% and 76% for CT compared with histologic analysis, 83%, 50%, 59% and 78% for
MRI, and 83%, 62% 62%, 83% for associated CT and MRI. The two tests showed good
agreement, with kappa index 0.69 (95% CI, 0.49-0.89) (p<0.0001). There was no difference
in overall survival (log rank >0.70) between the groups with and without bone invasion.

Conclusion: CT and MRI are complementary for preoperative assessment of mandibular
bone invasion, be it cortical and/or medullary, and in some cases may allow mandibular bone
sparing.

Keywords: Mandibular bone invasion; oropharyngeal and oral cavity cancer; computed
tomography; magnetic resonance imaging; sensitivity and specificity.



INTRODUCTION

With 600,000 new cases diagnosed each year (WHO 2014 data), head and neck is the 6™ most
frequent cancer location worldwide. In France, incidence was 14,600 new cases and almost
4,100 deaths in 2012 [1]. Oral cavity and oropharyngeal locations account for half of cases,
and are at risk of mandibular bone invasion.

French guidelines recommend work-up including cervicofacial magnetic resonance imaging
(MRI) and cervicothoracic computed tomography (CT) for oral cavity and oropharyngeal
squamous cell carcinoma extension assessment [2], ideally performed ahead of biopsies and
dental care, so as to limit artifacts. Preoperative diagnosis of radiologic bone invasion is
essential to plan optimally oncologic surgery that is as non-invasive as possible. Depending
on the report, bone invasion on histology concerns 22-55% of mandibular resections. The
sensitivity of CT compared to histology is 40-60%, with 89-100% specificity [3-5], while
MRI shows 56-94% sensitivity and 73-100% specificity [6-7]. The literature reports wide
diagnostic variation for both. Moreover, the prognostic predictive value of bone invasion is
controversial: in some studies, it correlated with poorer survival, especially in case of

medullary involvement [8], while others reported no significant difference [9].

The main objective of the present study was to assess the diagnostic contribution of CT and/or
MRI compared to histology in detecting bone invasion ahead of mandibular interruption
surgery. The secondary endpoint was overall survival in groups with and without histologic

bone invasion.

PATIENTS AND METHODS
A single-center retrospective study included medical information department data for

consecutive patients for the period January 1, 2010 to January 1, 2014.

I. Population



1.1 Inclusion criteria:

Inclusion criteria comprised oropharyngeal and/or oral cavity squamous cell carcinoma
managed by mandibular bone interruption, with last follow-up on January 1, 2017. Work-up
comprised cervicofacial contrast-enhanced CT and/or MRI. Salvage cases following failure of
medical treatment were also included. Epidemiological data (age, gender), TNM staging

(UICC 7™ edition, without invasion depth) and CT/MRI data were collected.

1.2 Exclusion criteria:
Patients with non-interruptive mandibulectomy or non-interpretable imaging due to dental

artifacts were excluded.

I1. Study design

Imaging was interpreted, according to French Radiology Society (SFR) guidelines, blind to
initial radiology and histology results, in a treatment decision-making multidisciplinary team
meeting, including a radiologist who had not been involved in prior image interpretation. CT
criteria for mandibular bone invasion comprised: cortical erosion, cortical rupture, mandibular
nerve canal infiltration or periosteal reaction; MRI criteria comprised: mandibular nerve canal
infiltration, low-intensity lesion on T1 with contrast uptake (indicating replacement of
medullary bone by tumor) or high-intensity lesion on T2 (Figure 1). Bone invasion was

dichotomized as positive for at least 1 radiologic criterion.

Histologic specimen analysis was conducted in our center’s pathology laboratory, and data
were collected from the pathology reports in the digitized patient files. Bone analysis was
performed after bone margin marking, serial sampling and a decalcification step. HPV status
was not systematically recorded in oropharyngeal locations and was therefore not included in

analysis.



Minimum follow-up was 3 years. Follow-up data were collected from digital and paper
records. In case of loss to follow-up, the date of last follow-up was recorded after checking

possible decease in the patient’s local deaths registry.

III. Statistical analysis

Qualitative variables were reported as number and percentage, normally distributed
quantitative variables as mean and standard deviation, and non-normally distributed
quantitative variables as median and interquartile range. Normal distribution was checked

graphically and on Shapiro-Wilk test.

Sensitivity and specificity for CT and MRI, separately and in association, were calculated
against histology, and compared on McNemar test. Agreement between CT and MRI was

assessed on kappa coefficient.

Overall survival (percentage survival over a given period) was estimated at various time

points on Kaplan-Meier curves and compared according to bone invasion on log-rank test.

Statistical analysis was performed by the center’s methodology and biostatistics unit on SAS

software (SAS Institute version 9.4), with the significance threshold set at 5%.

RESULTS

I. Epidemiology

Sixty-eight patients were included, with a male/female sex ratio of 4.2, and median age at
diagnosis of 59 years. There were 22 oropharyngeal locations, 42 oral cavity and 4 combined.
There were 17 cT2 stages at diagnosis, 12 ¢T3 and 39 cT4; there were no cases of metastasis.
Salvage surgery was performed in 14 cases. Postoperative staging found 25 pT2, 14 pT3 and
29 pT4. Fifty-one patients had MRI, 62 CT and 46 both (Table 1). Three had non-

interpretable CT scans (4.8% of patients with CT) and 1 had non-interpretable MRI (2%).



Bone invasion prevalence on histology was 43%. Bone margins were positive in 4 cases (6%

of patients).

I1. Diagnostic values of CT and MRI

Sensitivity (Se) was 70% for CT, 83% for MRI and 83% for the combination. Specificity (Sp)
was respectively 71%, 50% and 62%. Positive predictive value (PPV) was respectively 66%,
59% and 62%, and negative predictive value (NPV) 76%, 78% and 83%. The kappa
coefficient for agreement between CT and MRI was 0.69 (95% CI, 0.49-0.89) (p<0.0001):
i.e., good agreement in detecting mandibular bone invasion. Sp and Se did not significantly

differ between CT and MRI on McNemar test: respectively, p>0.25 and p>0.12 (Table 2).

I1I. False negatives (Table 3)

All false negatives on CT showed tumor bone contact on palpation. In patients 30, 65 and 68,
in whom neither MRI nor CT showed bone invasion, whether cortical or medullary, non-

conservative surgery was indicated based on clinical aspect and bone proximity (Table 3).

In all false negatives on MRI, no bone invasion was suspected on CT (Table 3), whereas

palpation revealed bone contact.

IV. Overall survival
Three-year overall survival in the whole population was 41+6.7%: 42.5+11% with and

40+8% without bone invasion (non-significant; p>0.7) (Figure 2).

DISCUSSION

In surgical management of oral cavity and oropharyngeal tumor, it is essential to assess
involvement of the mandibular bone in contact with the tumor: in case of clinical and imaging

suspicion, mandibular interruption should be performed, with free flap reconstruction, ideally



including a bone component [10]. This requires 2 surgery teams, long operative time and
hospital stay, and entails non-negligible morbidity and mortality with esthetic and functional
sequelae for swallowing and speech [11]. Precise preoperative radiological assessment of

mandibular bone invasion can allow bone-sparing and surgical de-escalation.

The prevalence of bone invasion on histology was 43%. Rates in the literature range from
23% to 82%. This may be due to procedural differences (interruptive or not), series with the
lowest prevalences including patients treated with non-interruptive resection [3-4,12—17]. In
the present series, non-interruptive mandibulectomy was excluded, so as not to bias bone
invasion prevalence estimates: in non-interruptive surgery, resection aims only to be
oncologic, with healthy margins, there being no clinical or radiological suspicion of bone
invasion. In a literature review, Rao et al. advocated conservative mandibulectomy for non-
irradiated patients with cortical but not medullary or canal infiltration on imaging [11].
Reports of 5-year survival after interruptive versus conservative mandibulectomy are
divergent, but medullary or canal involvement seems clearly to indicate interruption in view

of the poor prognosis for survival [11, 18].

In the present series, sensitivity and specificity were respectively 70% and 71% for CT and
83% and 50% for MRI, and PPV and NPV were respectively 66% and 76% for CT and 59%
and 78% for MRI. In the literature, the diagnostic values of CT and MRI vary widely:
sensitivity and specificity of CT respectively from 42% to 100% and from 79% to 100%, and
respectively from 58% to 100% and from 54% to 100% for MRI (Table 4). Many authors
report high specificity for CT in detecting mandibular bone invasion, due to the density of
normal cortical bone on CT, enabling good detection of the slightest erosion, conferring a

good PPV [16;19-20].

In the present study, MRI showed greater Se and NPV (83% and 78%) than CT (70% and

76%), and can thus usefully contribute to the analysis of bone invasion, sometimes ruling it



out. CT, on the other hand, showed better Sp and PPV, at 71% and 66%. MRI showing bone
invasion should be completed by CT scan to rule out false positives if cortical rupture is not
clinically clear. However, only 68% of patients had both examinations in extension
assessment, mainly due to iodized contrast medium intolerance and contraindications for
MRI. Missing data and the retrospective study design prevented analysis of diagnostic value

between associated MRI plus CT versus MRI alone or CT alone.

In the literature, MRI false positives mainly concern medullary edema, which is difficult to
distinguish from tumoral infiltration. Rajesh et al. advocate MRI alone, diagnostic value not
being improved by association to CT [13]. In the present study, combined analysis improved
NPV (83%) compared to CT or MRI alone (76% and 78% respectively), as CT can rule out
MRI false positives [15]. Only 3 of the 8 CT false negatives were negative on MRI; it would

be interesting to know if the bone involvement in these cases was purely medullary.

We chose not to exclude salvage surgery (14 patients; 20%) following failure of medical
treatment, so as to have a representative cohort. This may have introduced a bias,
underestimating the diagnostic value of imaging due to treatment-induced signal changes:
external radiation therapy induces mucosal edema, decreasing tumor tissue discrimination on

MRI [21].

Radiologic bone invasion was dichotomized. A prospective study with a well-defined
diagnostic algorithm, specifying cortical and/or medullary invasion and periosteal reaction,
could well provide further information. In the literature, these signs analyzed separately each
have diagnostic value. Perimandibular periosteal reaction or cortical erosion on CT were

reported to be significantly associated with bone invasion on histology [17; 22].

Three-year overall survival was 41%, in line with the literature. This may be due to our
inclusion criteria for all patients with indications for interruptive resection for locally

advanced disease. For Shaw et al., 5-year overall survival was 50% and 5-year recurrence-free



survival 68%, in a prospective cohort of 100 patients with 35 managed by marginal bone
resection, both interruptive and non-interruptive, for tumor of varying advancement and
prognosis [18]. In the present series, there was no significant difference in overall survival
according to histologic bone invasion, in line with the literature. For Ash et al., mandibular
bone invasion was not a significant factor of poor prognosis [9]. Likewise, for Ebrahimi et al.,
cortical invasion was not a negative factor, whereas medullary invasion was associated with
poorer overall survival and increased risk of distant metastasis; 103 of the 498 patients
managed surgically for oral cavity squamous cell carcinoma showed bone invasion on
histology, and medullary invasion was an independent factor significantly associated with
lower overall survival. The authors advocated revising the TNM classification to upgrade T

stage in case of medullary invasion [8].

Studies of the diagnostic value of PET-CT to analyze mandibular invasion had small cohorts
of around 20 patients; nevertheless, PET-CT with fusion images seems to show better
specificity than MRI, with fewer false positives. Even so, false positives do occur, as in
inflammation or infection, and PET-CT has mediocre anatomic resolution even with fusion
images [23]. It is thus more specific but less sensitive than MRI [15]. Other tracers under
development, such as 18F-a-methyl tyrosine, seem to give better specificity than MRI or 18

F-FDG PET/CT [24].

The present series comprised 68 patients, and was larger than in the recent literature.
Diagnostic values of CT and MRI vary between reports. Major invasion is easy to detect, but
early stages are difficult to diagnose and bone invasion assessment is a real problem. CT and
MRI are complementary in studying mandibular bone invasion; rapid imaging within 1 month
of surgery should be the basic work-up for oral cavity and/or oropharyngeal tumor ahead of

treatment.
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CONCLUSION

The present study showed that combined CT and MRI enabled precise analysis of mandibular
invasion in oral cavity and oropharyngeal cancer. The two should ideally be associated,
adhering to good practice criteria, within 4 weeks before surgery. This optimization of
radiologic assessment allows treatment to be adapted, avoiding over-resection and improving

postoperative course and limiting long-term sequelae.
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Table 1 — Epidemiology, tumor characteristics and types of imaging

Number (n = 68) (%)
Female/male 13755 20/80
M/F sex ratio 4.2
Median age at diagnosis (yrs) 59+9.27
Tonsils 12 17.6
Tongue base 2 2.9
Gingival crest 10 14.7
Oral floor 16 24.5
Glossotonsillar groove 9 13.2
Intermaxillary commissure 11 16.2
Other 8 11.8
cT2/pT2 17725 25/36.8
cT3/pT3 12/ 14 17.6/20.6
cT4a/pT4a 39/29 57.3/42.6
c¢NO / pNO 31/33 45.6/48.5
c¢N1/pN1 14/11 20.6/16.2
cN2a/pN2a 3/1 44/1.5
c¢N2b / pN2b 12/ 17 17.6/25
cN2c/pN2c 8/6 11.8/8.8
Salvage 14 20.6
MRI 51 75
CT 62 91.2
MRI + CT 46 67.6

MRI: magnetic resonance imaging; CT: computed tomography.
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Table 2 — Diagnostic values of CT, MRI and CT+MRI versus histology

Se Sp PPV NPV LT
Imaging concordance
95% CI 95% CI 95% CI 95% CI 95% CI
CT 0.70 0.71 0.66 0.76
0.49 - 0.86 0.53-0.85 0.45-0.82 0.57-0.89 Do
0.49 - 0.89
MRI 0.83 0.50 0.59 0.78 p<0.0001

0.68 - 0.98 0.31-0.68 0.40-0.75 0.52-0.93

CT+MRI 0.83 0.62 0.62 0.83

0.69 - 0.96 0.46 - 0.77 0.46 - 0.77 0.69 - 0.96

CT: computed tomography; MRI: magnetic resonance imaging; Se: sensitivity; Sp:

specificity; PPV: positive predictive value; NPV: negative predictive value.
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Table 3 — False negatives on CT*

Patient Sublocation Bone invasion on Medullary invasion
MRI on MRI

n°l Oral floor No MRI NK**

n°30 Pelvilingual groove No NK

n°39 Tonsil Yes Yes

n°41 Oral floor Yes No

n°53 Intermaxillary commissure Yes Yes

n°65 Gingival crest No NK

n°69 Oral floor No NK

(Local recurrence)

n°80 Gingival crest Yes Yes

(2" Jocation)

- False negatives on MRI**

Patient Sublocation Bone invasion on CT
n°26 Gingival crest No CT

n°30 Pelvilingual groove No

n°65 Gingival crest No

n°69 Oral floor No

Local recurrence
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*Patients without CT signs of bone invasion but bone invasion found on histology. NK** =
Not known. **Patients without MRI signs of bone invasion but bone invasion found on
histology.



17

Table 4 — Diagnostic values in recent literature

Reference n/ Imaging Se Sp PP NPV Accurac
Prevalence on (% (%) Z( (%) y (%)
histology (%) ) o)
Hendrickx et 23 /48 IRM 82 67 69 80 74
al. [3]
Guetal. [4] 46 /26 CT 42 100 NA NA 385
MRI 58 97 NA NA 87
Bolzoni et al. 43 /34 MRI 93 93 88 96 93
[12]
Rajesh et al. 23/82 MRI 10 75 95 100 96
[13]
Vidiri et al. 36/39 CT 79 82 73 86 81
[14] MRI 93 82 76 95 86
Abd-el-hafez 114 /32 MRI 97 61 55 98 73
etal. [15]
Dreiseidler 77132 CT 80 100 100 75 NA
etal. [16]
Silva et al. 58 /40 CT 52 79 70 63 68
[17] MRI 74 73 65 80 T3
CT and 91 74 68 93 80
MRI
Goerres et 34 /35 CT 92 100 100 96 97
al. [19]
Imaizumi et 51/23 CT 10 88 100 89 94
al. [20] MRI 9 54 93 67 74
Handschel et 107 /43 CT 83 &7 83 87 NA
al. [22]
Notre étude 29/ 68 CT 70 71 66 76
MRI 83 50 59 78
CT and 83 62 62 83

MRI
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Figure 1: A. Bone window: lateral cortical lysis with rupture. B. Parenchymal window:
tumoral contrast uptake including horizontal mandibular branch. C. Gadolinium-enhanced T1
FAT SAT sequence: lesion contrast uptake and medullary contrast uptake. D. T1 sequence:
low-intensity lesion on T1, loss of medullary signal, replacement of medullary bone by tumor.
E. T2 sequence: high-intensity medially lesion. F. T2 FAT SAT sequence: lesion in
hypersignal on T2.

Figure 2: Overall survival according to bone invasion.
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Figure 2: Overall survival according to bone invasion.





