CASE IN POINT

Skull Base Regeneration During Treatment
With Chemoradiation for Nasopharyngeal
Carcinoma: A Case Report
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Background: Advanced cases of nasopharyngal carcinoma
can present with skull base invasion. Treatment of these ad-
vanced cases with radiotherapy poses a challenge given prox-
imity of tumor to critical neural structures as well as concern
that a skull base defect and associated complications could
develop with tumor regression.

Case Presentation: A 34-year-old male patient presented with
a 7-cm nasopharyngeal tumor invading the skull base with de-
struction of the clivus and intracranial extension. He underwent

a course of definitive chemoradiation, requiring use of adaptive
radiotherapy, that resulted in complete tumor regression and
is free of disease 5 years posttreatment. Imaging done during
treatment demonstrated that significant regeneration of bone
occurred simultaneously with tumor regression.

Conclusions: This case demonstrates that it is possible for
bony regeneration to occur simultaneously with tumor regres-
sion in a patient with skull base invasion by tumor, precluding
the need for neurosurgical intervention.
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from other head and neck (H&N) can-

cers in its epidemiology and treatment.
Unlike other H&N cancers, NPC has a distinct
geographical distribution with a much higher
incidence in endemic areas, such as south-
ern China, than in areas where it is relatively
uncommon, such as the United States.” The
etiology of NPC varies based on the geographi-
cal distribution, with Epstein-Barr virus (EBV)
thought to be the primary etiologic agent in
endemic areas. On the other hand, in North
America 2 additional subsets of NPC have
been identified: human papillomavirus (HPV)-
positive/EBV-negative and HPV-negative/
EBV-negative.2® NPC arises from the epithelial
lining of the nasopharynx, often in the fossa of
Rosenmuller, and is the most seen tumor in the
nasopharynx.* NPC is less surgically accessible
than other H&N cancers, and surgery to the
nasopharynx poses more risks given the prox-
imity of critical surrounding structures. NPC is
radiosensitive, and therefore radiotherapy (RT),
in combination with chemotherapy for locally
advanced tumors, has become the mainstay of
treatment for nonmetastatic NPC.*

NPC often presents with an asymptom-
atic neck mass or with symptoms of epistaxis,
nasal obstruction, and otitis media.5> Advanced
cases of NPC can present with direct exten-
sion into the skull base, paranasal sinuses, and
orbit, as well as involvement of cranial nerves.
Radiation planning for tumors of the naso-
pharynx is complicated by the need to deliver

N asopharyngeal carcinoma (NPC) differs
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an adequate dose to the tumor while limiting
dose and toxicity to nearby critical structures
such as the brainstem, optic chiasm, eyes, spi-
nal cord (SC), temporal lobes, and cochleae.
Achieving an adequate dose to hasopharyngeal
primary tumors is especially complicated for T4
tumors invading the skull base with intracranial
extension, in direct contact with these critical
structures (Table 1).

Skull base invasion is a poor prognostic fac-
tor, predicting for an increased risk of locore-
gional recurrence and worse overall survival.
Furthermore, the extent of skull base invasion
in NPC affects overall prognosis, with cranial
nerve involvement and intracranial extension
predictive for worse outcomes.® Depending on
the extent of destruction, a bony defect along
the skull base could develop with tumor shrink-
age during RT, resulting in complications such
as cerebrospinal fluid leaks, herniation, and at-
lantoaxial instability.®

There is a paucity of literature on the abil-
ity of bone to regenerate during or after RT for
cases of NPC with skull base destruction. To
our knowledge, nothing has been published
detailing the extent of bony regeneration that
can occur during treatment itself, as the tumor
regresses and poses a threat of a skull base
defect. Here we present a case of T4 HPV-
positive/EBV-negative NPC with intracranial
extension and describe the RT planning meth-
ods leading to prolonged local control, limited
toxicities, and bony regeneration of the skull
base during treatment.



TABLE 1 AJCC UICC 8th Edition Staging of Nasopharyngeal Carcinoma'®

Staging

Descriptions

Primary tumor
T
T2
T3
T4

Tumor confined to nasopharynx, oropharynx, nasal cavity

Parapharyngeal extension or adjacent soft tissue involvement (medial/lateral pterygoid, prevertebral muscles)

Tumor invasion of bony structures of skull base, cervical verteb0522FED AVAHO NASO F1ra, or paranasal sinuses
Intracranial extension, involvement of cranial nerves, hypopharynx, orbit, parotid, soft tissue beyond lateral surface of

lateral pterygoid

Nodal involvement

NO No regional lymph nodes
N1 Retropharyngeal or unilateral cervical node < 6 cm and above caudal border of cricoid
N2 Bilateral cervical nodes, < 6 cm and above caudal border of cricoid
N3 > 6 cm, or below caudal border of cricoid
Group
| T1NOMO

I T2NO-1MO0, TINT1MO
1] T3N0-2M0, T1-3N2MO
IVA T4 or N3 MO

IVB Any T, any N, M1

Abbreviations: AJCC, American Joint Committee on Cancer; M, metastasis; N, node; T, tumor; UICC, Union for International Cancer Control.

CASE PRESENTATION

A 34-year-old male patient with no previous
medical history presented to the emergency de-
partment with worsening diplopia, nasal ob-
struction, facial pain, and neck stiffness. The
patient reported a 3 pack-year smoking his-
tory with recent smoking cessation. His physical
examination was notable for a right abducens
nerve palsy and an ulcerated nasopharyngeal
mass on endoscopy.

Computed tomography (CT) scan revealed a
7-cm mass in the nasopharynx, eroding through
the skull base with destruction and replacement
of the clivus by tumor. Also noted was erosion
of the petrous apices, carotid canals, sella tur-
cica, dens, and the bilateral occipital condyles.
There was intracranial extension with replace-
ment of portions of the cavernous sinuses as well
as mass effect on the prepontine cistern. Addi-
tional brain imaging studies, including magnetic
resonance imaging (MRI) and positron emission
tomography (PET) scans, were obtained for com-
pletion of the staging workup. The MRI correlated
with the findings noted on CT and demonstrated
involvement of Meckel cave, foramen ovale, fo-
ramen rotundum, Dorello canal, and the hypo-
glossal canals. No cervical lymphadenopathy or
distant metastases were noted on imaging. Pa-
thology from biopsy revealed poorly differentiated
squamous cell carcinoma, EBV-negative, strongly
p16-positive, HPV-16 positive, and P53-negative.

The H&N multidisciplinary tumor board rec-
ommended concurrent chemoradiation for this

TABLE 2 WHO Histopathological

Subtypes of NPC2°
Subtypes Descriptions
WHO type |  Keratinizing squamous cell carcinoma
WHO type Il Nonkeratinizing carcinoma
WHO type Illl  Undifferentiated carcinoma

Abbreviations: NPC, nasopharyngeal carcinoma; WHO,
World Health Organization.

stage IVA (TANOMO) EBV-negative, HPV-positive,
Word Health Organization type | NPC (Table 2).
The patient underwent CT simulation for RT plan-
ning, and both tumor volumes and critical normal
structures were contoured. The goal was to de-
liver 70 Gy to the gross tumor. However, given the
inability to deliver this dose while meeting the SC
dose tolerance of < 45 Gy, a 2-Gy fraction was
removed. Therefore, 34 fractions of 2 Gy were
delivered to the tumor volume for a total dose of
68 Gy. Weekly cisplatin, at a dose of 40 mg/m?,
was administered concurrently with RT.

RT planning was complicated by the tumor’s
contact with the brainstem and upper cervi-
cal SC, as well as proximity of the tumor to the
optic apparatus. The patient underwent 2 replan-
ning CT scans at 26 Gy and 44 Gy to evaluate
for tumor shrinkage. These CT scans demon-
strated shrinkage of the tumor away from critical
neural structures, allowing the treatment volume
to be reduced away from these structures in
order to achieve required dose tolerances
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FIGURE 1 Bony Regeneration Occurring Simultaneously
With Tumor Regression During Chemoradiation

A, Pretreatment computed tomography demonstrated tumor filling the nasopharynx
with invasion and destruction of the clivus; B, radiation replanning computed tomogra-
phy at 44 Gy demonstrated dramatic tumor shrinkage and partial clivus regeneration.

(brainstem < 54 Gy, optic nerves and chiasm
< 50 Gy, SC < 45 Gy for this case). The replan-
ning CT scan at 44 Gy, 5 weeks after treatment
initiation, demonstrated that dramatic tumor
shrinkage had occurred early in treatment, with
separation of the remaining tumor from the area
of the SC and brainstem with which it was ini-
tially in contact (Figure 1). This improvement al-
lowed for shrinkage of the high-dose radiation
field away from these critical neural structures.
Baseline destruction of the skull base by
tumor raised concern for craniospinal instabil-
ity with tumor response. The patient was evalu-
ated by neurosurgery before the start of RT, and
the recommendation was for reimaging during
treatment and close follow-up of the patient’s
symptoms to determine whether surgical fixa-
tion would be indicated during or after treatment.
The patient underwent a replanning CT scan at
44 Gy, 5 weeks after treatment initiation, that
demonstrated impressive bony regeneration oc-
curring during chemoradiation. New bone for-
mation was noted in the region of the clivus and
bilateral occipital condyles, which had been ab-
sent on CT prior to treatment initiation. Another
CT at 54 Gy demonstrated further ossification
of the clivus and bilateral occipital condyles,
and bony regeneration occurring rapidly during
chemoradiation. The posttreatment CT 3 months
after completion of chemoradiation demon-
strated complete skull base regeneration, main-
taining stability of this area and precluding the
need for neurosurgical intervention (Figure 2).
During RT, the patient’s sinonasal pressure
and range of motion improved in the right eye.
At 3 months follow-up, his abducens nerve palsy
had resolved. The 3-month posttreatment CT re-
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vealed resolution of the nasopharyngeal mass
with reossification of the clivus, occipital con-
dyles, and central skull base. The accompany-
ing PET demonstrated a complete response to
treatment.

The patient had no evidence of disease at
5 years posttreatment. After completing treat-
ment, the patient experienced ongoing inter-
mittent nasal congestion and occasional aural
fullness. He experienced an early decay of sev-
eral teeth starting 1 year after completion of RT,
and he continues to visit his dentist for manage-
ment. He experienced no other treatment-related
toxicities. In particular, he has exhibited no signs
of neurologic toxicity to date.

DISCUSSION
RT for NPC is complicated by the proximity
of these tumors to critical surrounding neural
structures. It is challenging to achieve the re-
quired dose constraints to surrounding neural
tissues while delivering the usual 70-Gy dose
to the gross tumor, especially when the tumor
comes into direct contact with these structures.
This case provides an example of response-
adapted RT using imaging during treatment to
shrink the high-dose target as the tumor shrinks
away from critical surrounding structures.” This
strategy permits delivery of the maximum dose
to the tumor while minimizing radiation dose, and
therefore risk of toxicity, to normal surrounding
structures. While it is typical to deliver 70 Gy to
the full extent of tumor involvement for H&N tu-
mors, this was not possible in this case as the
tumor was in contact with the brainstem and
upper cervical SC. Delivering the full 70 Gy to
these areas of tumor would have placed this pa-
tient at substantial risk of brainstem and/or SC
toxicity. This report demonstrates that response-
adapted RT with shrinking fields can allow for
tumor control while avoiding toxicity to critical
neural structures for cases of locally advanced
NPC in which tumor is abutting these structures.
Bony regeneration of the skull base following
RT has been reported in the literature, but in lim-
ited reviews. Early reports used plain radiography
to follow changes. Unger and colleagues dem-
onstrated the regeneration of bone using skull ra-
diographs 4 to 6 months after completion of RT
for NPC.8 More recent literature details the ability
of bone to regenerate after RT based on CT find-
ings. Fang and colleagues reported on 90 cases
of NPC with skull base destruction, with 63%
having bony regeneration on posttreatment CT.°
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Most of the patients in Fang’s report had bony ~ FIGURE 2 Full Skull Base Regeneration 3 Months Posttreatment
regeneration within 1 year of treatment, and in
general, bony regeneration became more evident
on imaging with longer follow-up. Of note, local
control was significantly greater in patients with
regeneration vs persistent destruction (77% vs
21%, P < .001). On multivariate analysis, com-
plete tumor response was significantly associ-
ated with bony regeneration; other factors such
as age, sex, radiation dose, and chemotherapy
were not significantly associated with the likeli-
hood of bony regeneration.

Our report details a nasopharyngeal tumor
that destroyed the skull base with no intact bony
barrier. In such cases, concern arises regard-
ing craniospinal instability with tumor regression
if there is not simultaneous bone regeneration.

.| Ly
A, Pretreatment computed tomography demonstrated a large soft tissue mass eroding
through the clivus with intracranial extension into the prepontine cistern, the middle
cranial fossa, and the sella turcica; B, Computed tomography at 3 mo posttreatment
demonstrated resolution of the tumor with skull base regeneration.

Tumor invasion of the skull base and C1-2 ver-
tebral bodies and complications from treatment
of such tumor extent can lead to symptoms of
craniospinal instability, including pain, difficulty
with neck range of motion, and loss of strength
and sensation in the upper and lower extremi-
ties.’® A case report of a woman treated with
chemoradiation for a plasmacytoma of the skull
base detailed her posttreatment presentation
with quadriparesis resulting from craniospinal in-
stability after tumor regression.!" Such instabil-
ity is generally treated surgically, and during this
woman’s surgery, there was an injury to the right
vertebral artery, although this did not cause any
additional neurologic deficits.

RT leads to hypocellularity, hypovascular-
ity, and hypoxia of treated tissues, resulting in
a reduced ability for growth and healing. Stud-
ies demonstrate that irradiated bone contains
fewer osteoblast cells and osteocytes than un-
irradiated bone, resulting in reduced regenera-
tive capacity.'>'® Furthermore, the reconstruction
of bony defects resulting after cancer treatment
has been shown to be difficult and associated
with a high risk of complications. Given the im-
paired ability of irradiated bone to regenerate,
studies have evaluated the use of growth factors
and gene therapy to promote bone formation
after treatment.’®> Bone marrow stem cells have
been shown to reverse radiation-induced cellu-
lar depletion and to increase osteocyte counts
in animal studies.'? Further, overexpression of
miR-34a, a tumor suppressor involved in tissue
development, has been shown to improve os-
teoblastic differentiation of irradiated bone mar-
row stem cells and promote bone regeneration in
vitro and in animal studies.'® While several tech-

niques are being studied in vitro and in animal
studies to promote bony regeneration after RT,
there is a lack of data on use of these techniques
in humans with cancer.

With our case, there was great uncertainty re-
lated to the ability of bone to regenerate during
treatment and concern regarding consequences
of formation of a skull base defect during treat-
ment. CT imaging revealed bony regeneration of
the central skull base and clivus, as well as oc-
cipital condyles, that occurred throughout the RT
course. There was clear evidence of bone regen-
eration on the replanning CT obtained 5 weeks
after treatment initiation. To our knowledge, this
is the first report to demonstrate rapid bony re-
generation during RT, thereby maintaining the in-
tegrity of the skull base and precluding the need
for neurosurgical intervention. Moving forward,
imaging should be considered during treatment
for patients with tumor-related destruction of the
skull base and upper cervical spine to evaluate
the extent of bony regeneration during treatment
and estimate the potential risk of craniocervi-
cal instability. Further studies with imaging dur-
ing treatment are needed for more information
on the likelihood of bony regeneration and fac-
tors that correlate with bony regeneration during
treatment. As in other reports, our case demon-
strates that bony regeneration may predict com-
plete response to RT.°

Our patient’s tumor was HPV-positive and
EBV-negative. In the US, the rate of HPV-
positive NPC is 35%.'® However, HPV-positive
NPC is much less common in endemic areas.
A recent study from China of 1,328 patients
with NPC revealed a 6.4% rate of HPV-positive/
EBV-negative cases.'” In that study, patients
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with HPV-positive/EBV-negative tumors had im-
proved survival compared to patients whose tu-
mors were HPV-negative/EBV-positive. Another
study suggests that the impact of HPV in NPC
varies according to race, with HPV-positivity pre-
dicting for improved outcomes in East Asian pa-
tients and worse outcomes in White patients.’” A
study from the University of Michigan suggests
that both HPV-positive/EBV-negative and HPV-
negative/EBV-negative NPC are associated with
worse overall survival and locoregional control
than EBV-positive NPC.2 Overall, the prognostic
role of HPV in NPC remains unclear given con-
flicting information in the literature and the lack of
large population studies.®

CONCLUSIONS

There is a paucity of literature on bony regen-
eration in patients with skull base destruc-
tion from advanced NPC, and in particular,
the ability of skull base regeneration to occur
during treatment simultaneous with tumor re-
gression. Our patient had HPV-positive/
EBV-negative NPC, but it is unclear how this
subtype affected his prognosis. Factors such
as tumor histology, radiosensitivity with rapid
tumor regression, and young age may have all
contributed to the rapidity of bone regeneration
in our patient. This case report demonstrates
that an impressive tumor response to chemora-
diation with simultaneous bony regeneration is
possible among patients presenting with tumor
destruction of the skull base, precluding the
need for neurosurgical intervention.
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