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Abstract

Background—Head and neck squamous cell carcinoma (HNSCC) is notorious for local
recurrence and metastatic spread to regional lymph nodes. Distant spread is uncommon, and brain
involvement is rare. Over the past decade there has been a rising incidence of HPV-related
HNSCC, but it is not known if this escalation has had any impact on trends relating to brain
involvement.

Methods—Cases of metastatic squamous cell carcinoma (SCC) to the brain were identified from
a computerized search of the surgical pathology files of The Johns Hopkins Hospital between
1985 and 2012. The medical records were reviewed to document primary site of tumor origin,
treatment, and patient outcome. P16 immunohistochemistry and HPV in situ hybridization were
performed on those metastases arising from the head and neck.

Results—Of the 38 metastatic SCCs, 7 (18%) originated in the head and neck. HPV-16 was
detected in 4 (57%) of the metastatic HNSCCs. All 4 HPV-positive metastases were from
oropharyngeal primaries. The time from treatment of the primary to development of the brain
metastasis ranged from 19-57 months (mean, 45). Following aggressive treatment (surgery and
radiation), 2 patients died of disease progression (7 and 34 months), and 2 are alive with recurrent
brain metastases (4 and 10 months).

Conclusions—Although HPV positivity is regarded as a favorable prognostic indicator, it does
not safeguard from spread to the brain. In our experience, just over half of the HNSCCs that
metastasized to the brain were HPV-related. The potential for developing a brain metastasis long
after curative therapy argues for extended patient follow-up. The development of a brain
metastasis is an ominous finding signaling rapid clinical deterioration.
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Introduction

Methods

More than 37,000 head and neck cancers are diagnosed in the United States each year. The
vast majority of these are squamous cell carcinomas (HNSCC), and these account for about
11,000 cancer related deaths annually.[1, 2] The natural history of HNSCC is characterized
by a propensity for local recurrence and/or metastatic spread to regional lymph nodes.
Indeed, failure to control the disease locally and regionally is by far the major cause of
cancer related deaths.[3] Distant spread usually occurs late in the disease course, and
typically in the setting of advanced local-regional disease.[4-6] Its presence is generally
taken as evidence of non-curable disease and a harbinger of rapid clinical deterioration and
death.[7, 8] The incidence of intracranial metastases is only about 0.4% overall, and 2-8%
for those patients who already have distant spread to the lungs or other extracranial sites.[4,
7]

Over the past 2 decades there has been a dramatic rise in the incidence of a subtype of
HNSCC caused by the human papillomavirus (HPV).[9, 10] These HPV-related HNSCCs
have an epidemiologic, demographic and clinical profile that deviates from the profile of
conventional non-HPV-related HNSCC. [9, 11-13] HPV-associated cancers tend to occur
more frequently in younger, male patients; tobacco smoking does not appear to be a strong
cofactor in the development of these tumors;[14, 15] they most frequently occur in the
oropharynx;[13, 16] and they are associated with improved clinical outcomes.[13, 17-19]

Improved clinical outcome for patients with HPV-HNSCC primarily reflects the success in
achieving local and regional control using various combinations of surgery, radiation and
chemotherapy.13-17-19 Syccess in achieving local and regional control is shifting patterns of
failure and changing the natural history of HNSCC. Patients seemingly cured of their
disease - based on complete tumor eradication in the head and neck — are at risk of
succumbing to metastatic spread to distant and sometimes unusual sites.[20, 21] The
purpose of this study was to determine whether the brain is targeted as a distant site by
HPV-related HNSCC.

Patient Selection

The electronic surgical pathology files of the Johns Hopkins Hospital were reviewed for all
cases of metastatic squamous cell carcinoma to the brain resected between March, 1985 and
May, 2012. For all identified cases, the medical records were reviewed to confirm the origin
of the primary tumor. For those patients with brain metastases from a head and neck
primary, the medical records were further reviewed to determine various other clinical
parameters including tumor stage, time to onset of brain metastasis, and clinical outcome.
For all cases of metastatic HNSCC, hematoxylin and eosin-stained sections were reviewed
to confirm the diagnosis, and an appropriate tissue block was selected for HPV analysis
including p16 immunohistochemistry and HPV DNA in situ hybridization. When available,
blocks of the corresponding primary HNSCCs were also obtained for HPV analysis.

Immunohistochemistry

Five-micrometer sections of formalin-fixed and paraffin embedded tissues were
deparaffinized. Antigen retrieval was performed using heat induced (92°C for 30 minutes)
epitope retrieval with 10mM citrate buffer. Sections were incubated with a mouse
monoclonal antibody against p16 (MTM Laboratories, Heidelberg, Germany) which was
visualized using the Ultra view polymer detection kit (VVentana Medical Systems Inc.,
Tucson, AZ) on a Ventana Benchmark XT autostainer (Ventana). P16 expression was
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scored as positive if strong and diffuse nuclear and cytoplasmic staining was seen in =270%
of the tumor.[22]

DNA In situ hybridization

Five-micrometer sections from the formalin-fixed paraffin-embedded tumor blocks were
evaluated for the presence of HPV DNA by in situ hybridization (ISH). Two different
detection methods were used. Type-specific assays for type 16, 18, and 31/33 were
performed using the in situ hybridization-catalyzed signal amplification method for
biotinylated probes (DAKO GenPoint, Carpinteria, CA). Briefly, the 5-mm tissue sections
underwent deparaffinization, heat-induced target retrieval in citrate buffer, and digestion
using Proteinase K (Roche Diagnostics, Indianapolis, IN). Slides were subsequently
hybridized with biotinylated HPV type-specific probes for types 16, 18, and 31/33 (DAKO,
Carpintera, CA). Signal amplification was performed by consecutive application of a
streptavidin-HRP complex and AQ2 biotinyl tyramide. Visualization of hybridization
signals was performed by incubation with the chromogenic substrate diaminobenzidine.

For broader high-risk HPV detection, we also used the Ventana Inform HPV IIl Family 16
Probe (B) kit (Ventana Medical Systems, Tucson, AZ). For this assay, slides were
conditioned using Ventana cell conditioner #2 and ISH-protease 3. Hybridization utilized
the HPV 11 Family 16 probe set that captures HPV genotypes 16, 18, 31, 33, 35, 39, 45, 51,
52, 56, 58 and 66. Signals were detected using the ISH iView Blue Plus Detection Kit,
which is an indirect biotin-streptavidin system that detects fluorescein-labeled probes. The
kit uses an alkaline phosphatase enzyme and NBT/BCIP substrate chromogen reaction that
provides an intense blue, permanent color as well as a red counter stain. All reagents are
provided prediluted and ready-to-use on BenchMark Series automated slide stainers
(Ventana Medical Systems, Tucson, AZ).

For both detection assays, punctate hybridization signals localized to the tumor cell nuclei
defined an HPV-positive tumor. HPV—positive controls were cases of HPV-16, HPV-18,
and HPV-31/33—positive oropharyngeal cancers, as well as the HPV16-positive SiHa and
CaSki cell lines.

Statistical Analysis

Results

All quantitative figures and statistics were completed using GraphPad Prism (Version 5.00
for Mac OS, GraphPad Software, San Diego, CA). Data are presented as Kaplan-Meier
curves and data between HPV (=) and HPV (+) cohorts are compared using the log-rank
(Mantle-Cox) test.

Over the study period, 39 patients underwent resections of metastatic squamous cell
carcinomas to the brain. The clinical demographics of these patients are summarized in
Table 1. The brain metastases were from primary carcinomas in the lung (n=25), head and
neck (n=7), cervix (n=3), esophagus (n=1), thyroid (n=1) and prostate (n=1). The metastatic
thyroid carcinoma was an anaplastic carcinoma showing squamous differentiation, and the
metastatic prostatic carcinoma was an adenocarcinoma that had undergone squamous
differentiation following hormonal therapy.

By anatomic subsite, the HNSCCs were from the base of tongue (n=3), tonsil (n=2) and
larynx (n=1). One patient presented with metastatic squamous cell carcinoma to a cervical
lymph node, but the primary site was clinically occult. HPV was detected in 4 of the 7
metastatic HNSCCs as evidenced by HPV16 in situ hybridization and strong p16
immunohistochemical staining (Figure 1). All 4 HPV-HNSCCs were from the oropharynx
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(base of tongue = 3, tonsil = 1). A tissue block from the primary HNSCC was available for
only one of the patients (patient 1), and the primary HNSCC, like the corresponding brain
metastasis, was HPV 16 positive. The primary HPV-positive HNSCCs were all diagnosed
between 1997 and 2008 (1997, 1998, 2008, 2009), while the 3 HPV-negative cases were
diagnosed from 1990 to 2005 (1990, 1992, 2005).

The clinicopathologic features of the patients with metastatic HNSCC are summarized in
Table 2. All 7 patients with metastatic HNSCC to the brain were males. At the time of
treatment for their primary HNSCCs, the patients ranged in age from 42 to 65 years (mean
55). Staging information was available for 4 of the patients, and all 4 had regional spread to
cervical lymph nodes but no evidence of distant metastases. The primary HNSCCs were all
treated with surgical resection and cisplatin-based chemotherapy; and all but one patient also
received local-regional radiation therapy. The time from treatment of the primary HNSCC to
diagnosis of the brain metastasis (brain metastases free survival) ranged from 8 to 57 months
(average, 36 months). The brain metastases free survival was longer for patients with HPV
positive HNSCCs, but the difference was not statistically significant (45 months v. 27
months, p=0.24). Distant spread was never restricted to the brain. Instead, brain metastases
consistently occurred together with metastatic spread to the lungs in all 7 patients.

Following the appearance of an intracranial metastasis, all patients underwent a
neurosurgical procedure to palliate the associated neurologic decline. As a result of surgery,
all patients were able to return to normal independent living. The 3 patients with metastatic
HPV negative HNSCCs tumors died 1, 4 and 5 months following their first brain metastasis.
Of the 4 patients with HPV positive brain metastases, 2 died due to progression of
intracranial metastases at 7 months and 34 months. Two patients with HPV positive brain
metastases are currently alive with residual or recurrent brain involvement at 4 months and
10 months after resection of their brain metastasis. Of these two patients, one received
whole-brain radiation following a second surgery due to progression of the metastatic tumor.
The second patient received stereotactic radiosurgery. Patients with HPV positive brain
metastases had a longer median survival than patients with HPV negative brain metastases,
but the difference did not reach statistical significant (53 months v. 27 months, p=0.12).

Discussion

The unique biology of HPV induced tumorigenesis of the head and neck is altering the
natural history of HNSCC including patterns of clinical behavior. As one important
example, HPV positivity confers much improved clinical outcomes for patients with
HNSCC.[17, 19, 23] This improved clinical outcome can largely be attributed to dramatic
local and regional therapeutic responses. These loco-regional sensitivities, however, do not
translate to enhanced therapeutic responses at distant sites: For patients with HPV-positive
oropharyngeal cancer, various therapeutic regimens including cisplatin induction
chemotherapy do not differentially affect the elimination of occult distant metastases.[17]
Accordingly, patients with HPV positive HNSCCs develop distant metastases at about the
same incidence as patients with HPV negative HNSCCs.[20] HPV status may have more of
an influence on the pattern rather than incidence of distant spread. HPV positive metastatic
HNSCCs are now surfacing at distant sites rarely targeted by HPV negative cancers
including the skin and brain.[20, 21, 24]

Of the patients who had undergone excisions of squamous cell carcinomas to the brain over
a 27 year period at the Johns Hopkins Hospital, 7 (18%) were from the head and neck. These
metastatic HNSCCs were overrepresented by HPV positive carcinomas from the
oropharynx, with all of the HPV positive cases occurring over the last 15 years. Metastatic
HPV-related HNSCC to the brain was not observed in the 17 years prior to 1998. This time
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trend mirrors the rising overall incidence of HPV-related HNSCC and the reversal in the
ratio of HPV-positive to HPV-negative cases noted over the past decade.[25] Admittedly,
metastatic-HPV related HNSCC to the brain is still uyncommon, but the rising incidence of
HPV-related HNSCC suggests the possibility of a parallel upsurge in the appearance of
distant metastases including unexpected sites like the brain.

The interval from treatment of the primary carcinoma to clinical manifestation of distant
spread may be influenced by HPV status. As a general rule, the clinical behavior of HNSCC
is characterized by a relatively short distant metastasis free survival time. The vast majority
(about 90%) of patients who develop distant metastases do so within 2 years following
treatment of the primary tumor.[4, 26] In the 4 patients we report with HPV-related HNSCC,
only 1 manifested with a brain metastasis within this 2 year window. Strikingly, 2 patients
manifested with brain metastases more than 4 years after treatment of their primary tumors.
This finding is in line with other observations regarding the influence of HPV status on time
intervals to distant spread. Huang et al.[20] noted that distant metastasis free survival is
extended for patients with HPV-related HNSCCs compared to patients with HPV-unrelated
HNSCCs. Bishop et al.[27] reported patients with HPV-related oropharyngeal carcinomas
who developed lung metastases 8 years after treatment of their primary cancers, well beyond
the 2-5 year interval that is usually set as the threshold for distinguishing primary from
metastatic HNSCC. The potential for these HPV-related carcinomas to metastasize long
after curative therapy argues for extended patient follow-up and a measured assessment of
patient cure.

The appearance of a brain metastasis remains an ominous finding for patients with
previously treated HNSCCs, irrespective of HPV status. In our series, extensive treatment
involving multiple invasive neurosurgical interventions, systemic chemotherapy, and
radiation therapy was attempted to palliate symptoms in patients who presented with
neurological decline. While stabilization of disease was noted for a short period of time,
multimodal therapy was invariably followed by tumor recurrence and/or progression.
Patients with HPV-positive brain metastases did experience a longer median survival
compared to patients with HPV-negative brain metastases, but the study population was not
large enough to demonstrate statistical significance. Although HPV-positivity may extend
the overall time course for patients with HNSCC who develop distant metastases, we find no
evidence to support an expectation that HPV-related HNSCC is curable once it has
metastasized to the brain.

In summary, HPV status is a powerful prognostic indicator that signals improved clinical
outcomes for patients with HNSCC, but HPV status does not eradicate the threat of distant
metastases. In our experience, just over half of the HNSCCs that metastasized to the brain
were HPV-related. The potential for HPV-related HNSCCs to metastasize long after
curative therapy argues for extended patient follow-up, but therapeutic options may be
limited to palliative care when the brain is targeted as a metastatic site.
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Figure 1.
Metastatic head and neck squamous cell carcinoma to the brain (A, hematoxylin and eosin

stain). The tumor is strongly p16 positive by immunohistochemistry (B), and it is HPV-16
positive by in-situ hybridization (B, inset).
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