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Introduction

First described in 1986 by Frierson e @/. [1], sinonasal
undifferentiated carcinoma (SNUC) is a rare and extremely
malignant neoplasm. It is characterized by rapid growth,
a propensity for locoregional recurrence, distant metastases
particularly to lung and bone, and poor prognosis. Since
its original description, its optimal management has been
debated. Consensus has been lacking, with most reports
citing frustratingly poor outcomes regardless of treatment
strategy. There is agreement, however, that an aggressive
multimodality approach including surgery, radiation, and
chemotherapy offers the best chance for locoregional con-
trol and cure.

Histopathology

Sinonasal undifferentiated carcinoma is believed to origi-
nate from schneiderian epithelium or from the nasal ecto-
derm of the paranasal sinuses [1]. It is a member of the
neuroendocrine group of sinonasal malignancies that also
includes esthesioneuroblastoma, neuroendocrine carcinoma,
and small cell carcinoma. Conceptually, these malignancies
may be divided into two groups, esthesioneuroblastoma and
nonesthesioneuroblastoma neuroendocrine carcinomas. The
distinction is based on the observation that significant
locoregional and distant control of esthesioneuroblastoma
may be achieved by local treatment alone. Unfortunately,
the same cannot be said for its counterparts, including
SNUC, which requires, according to most authors, aggres-
sive multimodality therapy including chemotherapy [2].
These tumors share histopathologic features that may
complicate diagnosis. SNUC is classically composed of small
to medium-sized undifferentiated cells and is character-
ized by high mitotic rates, significant cellular pleomor-
phism, and high nuclear to cytoplasmic ratios, necrosis,
and vascular invasion. In most cases, the diagnosis can be
made on light microscopic features alone. Given the un-
differentiated nature of this malignancy, however, immu-
nohistochemical analysis is extremely helpful. In addition
to often staining positive for neuron-specific enolase and
chromogranin, SNUC may also express cytokeratin, partic-
ularly cytokeratins 7, 8, and 19. It is often nonreactive to
S-100 and never expresses vimentin [3°]. Despite the use
of immunohistochemical techniques, the differentiation
between SNUC and esthesioneuroblastoma can be quite
difficult. Given the difference in natural history, treat-
ment, and prognosis between these two malignancies, cor-
rect diagnosis is essential.

Prognostic factors
Given the rarity of SNUC, strong prognostic data are
lacking. Many patients receive nonoperative treatment,



further limiting the understanding of certain histologic
criteria including margin status and grade. In an attempt
to better understand such information, Suarez e a/. [4°*°]
examined prognostic factors for sinonasal tumors involving
the anterior skull base. This retrospective review consisted
of 100 cases representing many different malignancies.
Obviously, extrapolating these data and applying them to
a specific disease such as SNUC are difficult. In spite of
these limitations, the study did reveal several important
prognostic factors as they relate to craniofacial resection
for malignant disease. Dural involvement has traditionally
been associated with poor outcome and increased local fail-
ure. The authors of this series, however, did not find dural
invasion to be a predictor of poor outcome. Margin status of
the dura is more than likely the important prognostic vari-
able [5]. In addition, the results of this series confirm that
the orbit may safely be preserved, without compromising
survival or local control, if orbital periosteum and fat are
resected to negative margins. Unfortunately, orbital apex
involvement portends a poor outcome even if the orbit is
exenterated.

Miyamoto es @l. [6] demonstrated that both histologic
grading and surgical staging might predict prognosis for
SNUC. The Kadish staging system (Table 1), initially pro-
posed for esthesioneuroblastoma, was used to surgically
stage SNUC. In addition, the authors applied the histo-
logic grading system for esthesioneuroblastoma put forth
by Hyams ez /. [7] to SNUC. As expected, patients with
Kadish stage C or Hyams grade 3 or 4 lesions had poorer
prognosis.

Treatment

As is the case with most sinonasal malignancies, patients
with SNUC often present with locally advanced disease.
In a recent series published by Musy ¢ /. [8], 50% of
patients presented with dural invasion, 30% had invasion
of the cavernous sinus, and the orbit was involved in an-
other 30%. Bloody rhinorrthea was the presenting com-
plaint in 53% of cases and 47% had visual acuity changes
or diplopia. Unilateral nasal obstruction, headache, and fa-
cial pain were also frequent presenting complaints. Given
the aggressive and destructive nature of SNUC and the
intimate relation of the paranasal sinuses with the skull
base, skull base erosion is a common finding at presenta-
tion. Not surprisingly, most patients with SNUC present
with Kadish stage C lesions.

Table 1. Kadish staging system

Stage Tumor extension

A Tumor limited to the nasal cavity

B Tumor involves nasal cavity and paranasal sinuses
(o] Tumor extends beyond the nasal cavity and

paranasal sinuses
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The original report on SNUC by Frierson ef /. [1] in 1986
painted a grim picture. The series consisted of eight pa-
tients. All received radiation therapy to varying total doses.
In addition, some of the patients were treated with chemo-
therapy or underwent surgical resection. Median survival
was only 4 months. In 1987, the same group reported an
update that included 11 patients, some of whom were
included in the original series [9]. Once again, all patients
received radiation therapy. Seven also received chemother-
apy and one patient had a craniofacial resection. The results
were equally poor, with a median survival of 12.4 months.
Three patients were alive at the end of the follow-up. Only
one was free of disease, however. In 1993, Deutsch e @/.
[10] reported improved survival results for SNUC when
treated with aggressive multimodality therapy as compared
with radiation alone or in conjunction with either chemo-
therapy orsurgery. The treatment regimen consisted of stan-
dardized neoadjuvant chemotherapy using a combination
of cyclophosphamide, doxorubicin, and vincristine (CAV
therapy), followed by radiotherapy (50-55 Gy), and fi-
nally, 1-2 months later, followed by craniofacial re-
section. With this aggressive approach, three patients
remained free of disease an average of 53.6 months
from the time of presentation. The three surviving
patients had tumors that did not extend intracranially or in-
volve the orbit. When compared with previous reports the
results were encouraging, and it was recommended that
patients without distant metastases or extensive intracra-
nial disease receive preoperative CAV chemotherapy and
radiotherapy.

In 2002, the same group, from the University of Virginia,
reported on a series of 20 patients with SNUC treated
between 1986 and 2000 [8]. As expected, the majority
presented with Kadish stage C lesions. Dural, peri-
orbital, and orbital involvement was documented at pre-
sentation in 53%, 40%, and 33% of patients, respectively
(data available on 15 of 20 patients). Regional metastases
were documented in two cases and none presented with
distant disease. Radiotherapy was administered in all cases.
Craniofacial resection was possible in only 11 of the
patients. Sixteen patients also received chemotherapy,
which consisted of the standard preoperative CAV regimen
in 13 cases. At the termination of follow-up, four patients
were alive and free of disease an average of 68 months
after initial presentation. One of these patients had
already been treated for two local recurrences, however.
Three patients were alive with disease, with an average
follow-up of 66 months, and the remaining 13 were dead
of disease. Actuarial 2-year survival for the entire group
was 47%.

The authors also assessed the response to neoadjuvant
chemotherapy and preoperative radiotherapy in 10 pa-
tients who subsequently underwent craniofacial resection.
Three of the patients had no viable tumor in the surgical
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specimen. Of the remaining seven, two had clear margins,
three had close margins, and the final two patients had
either microscopically or grossly positive margins. Among
the five patients with complete resection, three remained
free of disease (mean follow-up of 36 months). In compar-
ison, only one patient with positive margins remained free
of disease at 164 months. Although not statistically signif-
icant, these results suggest that complete resection to
negative margins offers a survival advantage. Further-
more, comparing outcomes among patients who did and
patients who did not undergo craniofacial resection en-
abled assessment of the role of surgery. Although there
is an obvious selection bias in the comparison, there
was a clear survival advantage seen with surgical resection.
Actuarial 2-year survival was 64% in the surgical group as
compared with 25% in the nonsurgical group. The authors
listed significant involvement of the infratemporal fossa,
orbital apex, cavernous sinus, and extensive brain invasion
as contraindications for surgery. Orbital exenteration was
considered only when the tumor was otherwise resectable.
In this series, aggressive resection of the periorbita and or-
bital fat enabled preservation of the orbit in all operative
cases.

Jeng er al. [11] reviewed a very large series of 36 cases of
SNUC. Treatment was variable, with surgery being the
primary treatment in 47% of cases. Radiation therapy and
high-dose chemotherapy were administered to 64% and
25% of patients, respectively. In this series, prognosis was
very poor, with median survival being 10 months. Only five
patients remained free of disease at the end of follow-up
(median follow-up was 31 months). The authors high-
lighted the fact that surgery was included in the treatment
of all five patients.

In 2004, Rischin e a/. [12°] questioned the role of pri-
mary surgery in the management of SNUC. Although
two of the 10 patients in this series had prior resection,
the primary treatment modality was chemoradiotherapy.
The treatment regimen consisted of three cycles of neo-
adjuvant cisplatin or carboplatin combined with infusional
5-fluorouracil. This was followed by full-course irradiation
(median dose of 54 Gy) combined with two cycles of con-
current single-agent platinum chemotherapy adminis-
tered in the first and last weeks of treatment. Three
patients with cervical nodal metastases also received neck
irradiation (50-54 Gy). The two patients who underwent
resection of their tumors received postoperative radiation
alone. Margin status was not reported but both patients
had locoregional and distant recurrence. An additional pa-
tient had an early T1 NO SNUC limited to the nasal cav-
ity. She was treated with radiation alone and has remained
free of disease for more than 5 years. Of the remaining
seven patients (all T4), four cases remain disease free
8-51 months following presentation. Furthermore, none
of the patients who were treated with 60 Gy to the pri-

mary tumor experienced a local recurrence. The 2-year
progression-free survival was 43% and 2-year overall sur-
vival was 64%. The authors stated that no grade 3 or 4 late
toxicity was observed. Based on these promising results,
the authors concluded that neoadjuvant platinum and
S-fluorouracil chemotherapy followed by concurrent plat-
inum-based chemoradiotherapy was an appropriate regi-
men for the treatment of locally advanced SNUC. Unlike
the University of Virginia protocol that advocates routine
craniofacial resection after chemoradiotherapy, salvage sur-
gery was recommended only for patients with evidence of
resectable residual disease.

Kim ez al. [3°] presented a series of eight patients with
SNUC. As expected, seven had Kadish stage C lesions
and one had stage B disease. Five of the patients underwent
craniofacial resection. Four of these operative cases also
received adjuvant radiation therapy, with two also receiving
concurrent chemotherapy (cisplatin and 5-fluorouracil).
The final three patients were treated with concurrent
chemoradiotherapy alone. Once again outcomes were poor.
Alchough six of eight patients were still alive at the end of
follow-up, only two were free of disease. The mean disease-
free interval was only 12.3 months and locoregional recur-
rence was documented in five of eight patients. Half of the
patients developed distant metastases, all to bone. All five
patients who had received surgical treatment remained
alive at the end of follow-up (mean survival time of
23 months). Three patients initially presented with cervi-
cal metastases and received radiation to the neck. None of
these patients had in-field recurrences. Of the five re-
maining patients who did not receive neck irradiation, how-
ever, three developed regional metastases. Based on these
findings, the authors drew several conclusions. First, it was
recommended that patients without distant metastases
and with acceptable performance status be offered com-
plete surgical extirpation of resectable disease. In addition,
all patients should be offered adjuvant chemoradiation
therapy, given the propensity for SNUC to recur locally
and metastasize systemically. Finally, the authors recom-
mended consideration for prophylactic neck irradiation in
cases of advanced disease.

In cases of metastatic or locally far advanced SNUC, most
authors seem to advocate aggressive chemoradiation for
palliation if performance status permits. These malignan-
cies demonstrate short-lived but impressive responses to
this treatment regimen and consequently such treatment
may offer excellent palliation. When comorbidities pre-
vent such aggressive therapy, however, radiation alone
may be considered. Kouri ¢ 4/. {13] reported good pallia-
tion of an unresectable locally recurrent SNUC using sin-
gle-fraction boron neutron capture therapy. This complex
treatment involves administration of boron-10 to the tumor
using a carrier, in this case 4-dihydroxyboryl-L-phenylalanine,
which is administered systemically. The tumor is then



treated with a single dose of neutron irradiation. When the
boron-10 captures the low-energy neutron within the irra-
diation field, a nuclear capture reaction occurs that results
in production of a high-energy a-particle. This treatment
resulted in a near-complete response and effective pallia-
tion. In this case, the patient experienced mild to moder-
ate toxicity including grade 3 vomiting and mucositis,
alopecia, and fatigue. He was able to return to work for
5 months, however. He developed local recurrence 6
months after treatment. Historically, SNUC has responded
very poorly to radiation alone. How newer techniques,
including intensity-modulated radiation therapy, that
can deliver more radiation to the target volume while
sparing critical structures, such as the optic chiasm, com-
pare with boron neutron capture therapy remains to be
seen.

Conclusion

Sinonasal undifferentiated carcinoma remains a very ag-
gressive sinonasal malignancy with poor prognosis. Recent
data certainly demonstrate an improvement in both loco-
regional control and survival as compared with initial
reports, but the gains have been modest. There is no
doubt that multimodality approaches to the management
of SNUC are necessary. The optimal sequence of treat-
ments remains unresolved. Certainly, the University of
Virginia experience makes the case for preoperative che-
moradiotherapy. Postoperative complications, however, in-
crease in frequency and complexity following skull base
surgery in the patient who has undergone radiation treat-
ment [14]. For this reason, many authors advocate postop-
erative chemoradiotherapy. Our treatment strategy at the
University of California, Davis, is craniofacial resection for
all resectable tumors followed by postoperative chemora-
diotherapy. In cases of unresectable disease, patients are
treated with platinum-based chemoradiotherapy and sur-
gery is reserved when salvage is possible. Current data
demonstrate an advantage when surgery is included in
the management of SNUC. Although these findings are
largely influenced by a strong selection bias to operate
on the most resectable lesions, current treatment strate-
gies for SNUC should include platinum-based chemora-
diotherapy and, whenever possible, surgery.
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