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BACKGROUND. The authors reviewed treatment results in patients with nasal and

paranasal sinus carcinoma from a large retrospective cohort and conducted a

systematic literature review.

METHODS. Two hundred twenty patients who were treated between 1975 and 1994

with a minimum follow-up of 4 years were reviewed retrospectively. A systematic

review of published articles on patients with malignancies of the nasal and para-

nasal sinuses during the preceding 40 years was performed.

RESULTS. The 5-year survival rate was 40%, and the local control rate was 59%. The

5-year actuarial survival rate was 63%, and the local control rate was 57%. Factors

that were associated statistically with a worse prognosis, with results expressed as

5-year actuarial specific survival rates, included the following: 1) histology, with

rates of 79% for patients with glandular carcinoma, 78% for patients with adeno-

carcinoma, 60% for patients with squamous cell carcinoma, and 40% for patients

with undifferentiated carcinoma; 2) T classification, with rates of 91%, 64%, 72%,

and 49% for patients with T1, T2, T3, and T4 tumors, respectively; 3) localization,

with rates of 77% for patients with tumors of the nasal cavity, 62% for patients with

tumors of the maxillary sinus, and 48% for patients with tumors of the ethmoid

sinus; 4) treatment, with rates of 79% for patients who underwent surgery alone,

66% for patients who were treated with a combination of surgery and radiation,

and 57% for patients who were treated exclusively with radiotherapy. Local exten-

sion factors that were associated with a worse prognosis included extension to the

pterygomaxillary fossa, extension to the frontal and sphenoid sinuses, the erosion

of the cribriform plate, and invasion of the dura. In the presence of an intraorbital

invasion, enucleation was associated with better survival. In multivariate analysis,

tumor histology, extension to the pterygomaxillary fossa, and invasion of the dura

remained significant. Systematic review data demonstrated a progressive improve-

ment of results for patients with squamous cell and glandular carcinoma, maxillary

and ethmoid sinus primary tumors, and most treatment modalities.

CONCLUSIONS. Progress in outcome for patients with nasal and paranasal carci-

noma has been made during the last 40 years. These data may be used to make

baseline comparisons for evaluating newer treatment strategies. Cancer 2001;92:

3012–29. © 2001 American Cancer Society.
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Malignancies of the nasal cavity and paranasal sinuses are rare
neoplasms that account for only 3% of head and neck carcino-

mas and about 0.5% of all malignant diseases. The annual incidence
rate is 0.5–1.0 per 100,000 population.1,2 This small incidence rate and
the great variety of histologic types3 explain the fact that few centers
have had extensive experience with the treatment of patients with
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these tumors.4 –7 Furthermore, the complexity of the
anatomy and the proximity of the eye, brain, and
cranial nerves render radical surgery8 –10 and radiation
therapy11–13 delicate, and such treatments are associ-
ated with numerous complications. Although the first
resections of the maxilla were described nearly 200
years ago,14 surgical treatment of nasal and paranasal
carcinomas remained for a long time a piecemeal
extirpation associated with a high rates of recurrence
and low success rates.15 The results obtained during
that period are well illustrated in two publications
from the Memorial Hospital16,17: In 677 patients who
were treated over the preceding 30 years with radia-
tion (20%) or surgery (80%), the global cure rate was
28%. Similar results can be found in radiation therapy
series from the same period.18,19

Although several studies have underlined the lack
of improvement in disease mortality,20 we hypothe-
sized that advancements within the last decades may
have resulted in improved survival for patients with
nasal and paranasal carcinoma. Progress in treatment
modalities for these patients during the last 30 years
include more extensive and radical base-of-skull sur-
gical procedures21–24; the use of treatments combining
surgery and radiotherapy; developments in radiation
therapy, such as hyperfractionation,25 better field de-
lineation by three-dimensional dosimetry,25–27 and
proton therapy26; as well as better preoperative assess-
ment of the extent of disease by imaging modalities.28

We present a retrospective review of 220 patients
with carcinoma of the nasal cavity and paranasal si-
nuses who were treated at two institutions during the
preceding 20 years. A systematic review of the litera-
ture also was conducted to determine whether any
improvement in treatment results was achieved dur-
ing the last 40 years. Data from patient subgroups
divided by such factors as tumor histology, tumor
sites, and treatment modalities may be used as a ref-
erence for future developments.

MATERIALS AND METHODS
Patients
A retrospective chart review was conducted of patients
who were treated for carcinoma of the nasal cavity and
paranasal sinuses at two centers: the University of
California-Los Angeles and the University Hospital of
Geneva, Switzerland. The study period spanned 20
years from January 1975 to December 1994.

Inclusion criteria
Patients with benign tumors, such as inverted papil-
loma, and with palate or skin primary tumors with
secondary invasion of the sinuses and nose were ex-
cluded. Patients with nasal vestibule primary tumors

also were excluded, because these tumors probably
are related more to skin primary tumors than to nasal
carcinoma. Only patients who were treated primarily
and who had a minimal follow-up of 4 years were
included. The data collected include the age and gen-
der of patients; the side, site, and T classification of the
primary tumor; tumor histology; the adjacent struc-
tures involved; the treatment modalities used; the pos-
sible recurrences and their treatment; and survival
data.

Site and staging
The tumor site was determined from the epicenter of
the disease, as determined at the time of diagnosis or,
more rarely, from an analysis of the clinical, radio-
logic, or operative data. The sites considered were the
maxillary sinus, the ethmoid sinus, the sphenoid si-
nus, the frontal sinus, and the nasal cavity.29 For each
site, the invasion of each adjacent anatomic structure
was noted and analyzed separately.

Patients who were not classified at the time of
diagnosis according to the International Union
Against Cancer (UICC) TNM classification system30 for
malignancies of the maxillary or ethmoid sinuses were
reclassified retrospectively by reevaluating the clinical
and radiologic data. Because of the low incidence of
sphenoid and frontal primary tumors, these were an-
alyzed with the primary tumors of the ethmoid sinus
and were grouped with advanced (T4) primary tumors
of the ethmoid sinus. Nasal cavity primary tumors
were reclassified retrospectively according to the 1993
UICC classification system.29 Nonsquamous cell pri-
mary tumors were assigned a T classification by anal-
ogy to a similar squamous cell carcinoma.

Histology
The tumors were divided in four histologic groups:
squamous cell carcinoma (squamous cell, transitional,
and verrucous), adenocarcinoma, glandular carci-
noma (adenoid cystic carcinoma and mucoepider-
moid carcinoma), and undifferentiated carcinoma.

Treatment
Treatment consisted of surgery, radiation, chemother-
apy, or various combinations of these modalities. In
the absence of clinical and radiologic evidence of cer-
vical lymph node involvement, no prophylactic treat-
ment was administered to the neck. Surgical resec-
tions were grouped into six types: inferior, median, or
total maxillectomy; orbital exenteration; craniofacial
resection; and infratemporal fossa resection. Depend-
ing on the extent of disease, a combination of these
different surgeries was used.

Radiotherapy was administered with daily doses
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of 1.8 –2.0 grays (Gy) 5 days per week for a total dose of
60 – 65 Gy. The technique used most often combined
one anterior field and two lateral fields of Co60 gamma
photons or 6 MV photons X. Until 1991, the irradiation
isodoses were determined by conventional dosimetry
techniques; since then, computed tomography-based,
three-dimensional dosimetry, determined in the treat-
ment position, has allowed for better mapping of the
target volume and aims to preserve the surrounding
structures. The chemotherapy regimen used for most
patients was a combination of cisplatin and 5-fluorou-
racil.

Patient Data: Statistical Analysis
Results were analyzed in terms of actuarial local con-
trol and survival according to the Kaplan–Meier prod-
uct limit method. Survival and local control profiles
were examined for univariate statistical differences
using the log-rank test. Multivariate survival analysis
was performed with the Cox proportional hazards
method. The statistical analysis software used was
SPSS (version 9.0; SPSS, Inc., Chicago, IL).

Systematic Review
Hypothesis
The main hypothesis of this systematic review31–33 was
that the survival of patients with nasal and paranasal
carcinoma has improved over the last 40 years. A
secondary hypothesis was that differences in survival
would be found in histology, disease site, stage, and
treatment subgroups.

Literature search and article selection
The MEDLINE data base was searched from 1960 to
1999 with a Boolean combination (nasal carcinoma or
paranasal carcinoma and treatment). To locate recent
articles not yet indexed in MEDLINE, the current con-
tent issues for the last 3 months of 1999 were re-
viewed. The search was supplemented by cross check-
ing the references in each article, a strategy
responsible for 30% of all references included. Two
investigators conducted the search independently.

To be included, articles had to present results
from the treatment of patients with carcinoma of the
nasal fossa and/or one of the paranasal sinuses. Arti-
cles that reported on patients with primary tumors of
the nasal vestibule were excluded for the reasons dis-
cussed above. Articles with a population of fewer than
20 patients were excluded, because they often repre-
sented case reports or studies on experimental treat-
ments, or they originated from centers with small re-
cruitment and, thus, possibly insufficient experience.
In addition, articles with unclear follow-up or with
minimal follow-up (� 2 years) were excluded. Numer-

ous articles reported treatment results for patients
with tumors of mixed histology, not only carcinoma:
To be included, at least two-thirds of the patients’
histology in a given article had to be carcinoma. In
these articles, only data specifically addressing the
outcome of patients with carcinoma were tabulated.
Several centers have published recurrently on this
subject34 –58 and, most probably, on similar (if not
identical) patients. We arbitrarily decided to include
one article per 5-year period unless the focus of study
clearly was different. Finally, only articles in five lan-
guages (English, French, German, Italian, and Span-
ish) were selected. No contacts were made with indi-
vidual authors, and no effort was made to look for
unpublished studies.33

Data extraction
The treatment results from each article selected were
extracted and grouped into five categories: global, site
of the primary tumor, histology, T classification, and
treatment modality. The definitions for each category
were similar to those described for our patients. Che-
motherapy was used rarely (5% of patients), and, to
provide a population of sufficient size, patients who
received the various combined treatments, including
chemotherapy, were grouped together. Because few
studies used a T classification for tumors of the nasal
cavity and ethmoid sinus, only T classification data for
the maxillary sinus were collected. In addition, the
lymph node status and the sites of recurrence were
analyzed.

Few studies provided clear data in all categories:
Some studies provided only global results, others pro-
vided only site specific results, etc. In each publica-
tion, the available data were collected and expressed
as a percent of the population treated for each cate-
gory; thus, studies with larger numbers of patients
carried more weight in the category average. When
available, 5-year actuarial survival data were used;
otherwise, 5-year crude survival data were collected.

Data extraction was performed independently by
two investigators, and any difference was reconciled
through discussions. No blinding of the authors or
institution for individual articles was carried out.59

Although it is obvious that the quality of the individual
articles differed substantially, we decided against rat-
ing article quality because of the lack of an accepted
scale for oncology articles and the uncertain benefit of
the process.59

Statistical analysis
For each of the five categories, the available data were
grouped according to the year of publication in four
decades: 1960s, 1970s, 1980s, and 1990s. The treat-
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ment results were expressed as a 5-year survival aver-
age and standard deviation for each variable. Because
data for most of these groups did not follow a normal
distribution, more conservative nonparametric tests
were used (the Kruskal–Willis test for independent
samples, as implemented by SPSS software; version
9.0). It seemed obvious that the studies analyzed were
heterogeneous; thus, no heterogeneity or sensitivity
tests were performed.33,59

RESULTS
From 1975 to 1995, 386 patients with carcinoma of the
nasal cavity and paranasal sinuses were diagnosed
and treated at both institutions: 74 patients in Geneva
and 312 patients at the University of California-Los
Angeles. Patients with disease types other than carci-
noma, such as lymphoma (n � 38 patients), mela-
noma (n � 34 patients), sarcoma (n � 52 patients),
and esthesioneuroblastoma (n � 42 patients), were
excluded. The remaining 220 patients with primarily
treated nasal and paranasal carcinoma represent the
study population. The minimal, average, and median
follow-up were 48 months, 87 months, and 72 months,
respectively.

The overall crude survival data show that 88 pa-
tients (40%) were alive without disease, 5 patients
(2.3%) were alive with disease, there were 32 intercur-
rent deaths (14.5%), and 95 patients (43.2%) died of
disease. Thus, 93 patients (42.3%) were alive, and 127
patients (57.7%) had died at the time of this report.
The crude 5-year disease specific survival rate was
54.5% (120 patients). For the entire population, the
actuarial overall survival rate was 75% � 3% at 2 years,
60% � 3% at 5 years, and 47% � 4% at 10 years. The
carcinoma specific actuarial survival (CSAS) rate was
76% � 3% at 2 years, 63% � 3% at 5 years, and 56% �
4% at 10 years.

Disease recurrences or metastases were present in
114 patients (52%), whereas 106 patients (48%) never
experienced disease recurrence. Local control was
achieved in 129 patients (59%). The actuarial locore-
gional control (ALRC) rate was 67% � 3 at 2 years, 59%
� 3 at 5 years, and 54% � 4 at 10 years.

Gender
Among 220 patients, 84 were female (38%), and 136
were male (62%). The 5-year ALRC rate was better in
female patients (69% � 5%) compared with male pa-
tients (53% � 5%), and this difference was statistically
significant (P � 0.02). The 5-year CSAS rate was 72% �
5% in female patients and 57% � 4% in male patients
(not significant).

Age
The average age was 56.7 years � 14.8 years. The
median age was 58 years (range, 9 – 86 years). Several
age groupings were computed, but no statistical asso-
ciation between ALRC/CSAS and age could be found.

Side
The right side was involved in 100 patients (45.5%), the
left side in was involved in 108 patients (49%), and the
tumors were bilateral in 12 patients (5.5%). The ALRC
rates at 5 years were 70% � 5%, 53% � 5%, and 25% �
12% for patients with right, left, and bilateral involve-
ment, respectively (P � 0.002). The 5-years CSAS rates
were 73% � 5%, 57% � 5%, and 30% � 14%, for
patients with right, left, and bilateral involvement,
respectively (P � 0.03). This statistical difference per-
sisted after patients with bilateral involvement were
excluded.

Histology
Squamous cell carcinoma was the most frequent his-
tologic type and was found in 126 patients (57.3%).
There were 39 patients (17.7%) with glandular carci-
noma, most of whom had adenoid cystic carcinoma
(35 patients). There also were 25 patients (11.4%) with
adenocarcinoma and 30 patients (13.6%) with undif-
ferentiated carcinoma. The ALRC and CSAS rates for
these four histologic groups are shown in Table 1.
Adenocarcinoma and glandular carcinoma treatment
results were the best, with a 5-year CSAS rate of
� 78%, followed by squamous cell carcinoma (60%)
and undifferentiated carcinoma (40%). The Kaplan–
Meier survival curves for the four histologic groups are
shown in Figures 1 and 2. The log-rank test was sig-
nificant for CSAS (0.001) but not for ALRC (P � 0.06).

Location
The site of origin was the maxillary sinus in 103 pa-
tients (47%), the nasal cavity in 66 patients (30%), the
ethmoid sinus in 38 patients (17.3%), the sphenoid
sinus in 7 patients (3.2%), and the frontal sinus in 2
patients (0.9%). For the analysis, patients with carci-
noma of the sphenoid and frontal sinuses were
grouped with patients with ethmoid sinus carcinoma
and classified as T4. In 4 patients, the tumors were so
large that the exact locus of origin could not be deter-
mined.

The ALRC and CSAS data for the four locations are
shown in Table 2. Patients with carcinoma of the nasal
cavity exhibited higher control and actuarial survival
rates compared with the rates in patients with sinus
carcinoma. In addition, the results for patients with
maxillary carcinoma were better compared with the
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results for patients with carcinoma of the ethmoid
sinus. A log-rank comparison of the ALRC and CSAS
profiles (Fig. 3) was highly significant (P � 0.001).

The distribution of location according to tumor
histology is presented in Table 3. Squamous cell car-
cinoma was the most frequent histology in all sites.
In the maxilla, the next most frequent histology was
glandular carcinoma (26%), whereas patients with ad-
enocarcinoma outnumbered patients with glandular
carcinoma in the ethmoid sinus (34% vs. 9%). Undif-
ferentiated carcinoma represented between 10% and
17% of carcinoma in the three locations.

Stage
The distribution by T classification was 25 patients
(11.4%) with T1 tumors, 51 patients (23.2%) with T2
tumors, 52 patients (23.6%) with T3 tumors, and 92

patients (41.8%) with T4 tumors. A cross tabulation by
T classification, histology, and location is presented in
Table 3. The majority of patients (� 70%) with squa-
mous cell carcinoma and undifferentiated carcinoma
had T3–T4 tumors, whereas patients with glandular
carcinoma were distributed more evenly across T clas-
sifications. Large numbers of patients had T3–T4 car-
cinoma of the maxillary sinus (80%) and the ethmoid
sinus (79%), whereas, among patients with carcinoma
of the nasal cavity, only 22% had T3–T4 tumors.

The 5-year CSAS rates (Fig. 4) were 92% � 6%, 64%
� 7%, 72% � 6%, and 49% � 5% for patients with T1,
T2, T3, and T4 tumors, respectively, and the respective
5-year ALRC rates were 79% � 9%, 62% � 7%, 67%
� 7%, and 48% � 5%. Although the difference between
T2 and T3 tumors was not obvious, the overall log-

TABLE 1
Actuarial Locoregional Control and Disease Specific Acturial Survival Rates According to Histology

Histology No. (%)

Survival (%)

P valueTwo years Five years Ten years

ALRC
Squamous cell carcinoma 126 (57.3) 61 � 4 58 � 5 56 � 5 —
Glandular carcinoma 39 (17.7) 79 � 0.07 68 � 8 54 � 9 —
Adenocarcinoma 25 (11.4) 84 � 7 69 � 10 63 � 11 —
Undifferentiated carcinoma 30 (13.6) 57 � 9 41 � 10 33 � 11 0.06

CSAS
Squamous cell carcinoma 126 (57.3) 73 � 4 60 � 5 59 � 5 —
Glandular carcinoma 39 (17.7) 87 � 5 79 � 6 64 � 8 —
Adenocarcinoma 25 (11.4) 92 � 5 78 � 9 72 � 10 —
Undifferentiated carcinoma 30 (13.6) 60 � 9 40 � 9 24 � 9 0.001

ALRC: actuarial locoregional control; CSAS: carcinoma specific actuarial survival.

FIGURE 1. Disease specific survival probability according to histology in 220

patients with nasal and paranasal sinus carcinoma.
FIGURE 2. Probability of locoregional control according to histology in 220

patients with nasal and paranasal sinus carcinoma.
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rank test was significant for both the CSAS rate (P
� 0.0001) and the ALRC rate (P � 0.005).

Treatment
Surgery was performed in 156 patients (71%) either as
the sole treatment modality (43 patients; 19.5%) or
combined with radiation therapy (102 patients;
46.4%). Radiation therapy alone administered to 45
patients (20.5%). Chemotherapy was administered to
30 patients (13.6%): alone in 2 patients, with surgery in
1 patient, with surgery and radiotherapy in 11 patients
(5%), and with radiation in 16 patients (7.3%). Because
of the small numbers of patients who were treated
with chemotherapy, patients were grouped according
to surgery and/or radiotherapy regimens for further
data analysis as follows: surgery alone (44 patients;

20%), surgery and radiation (113 patients; 51%), and
radiation alone (61 patients; 28%).

In general, radiation therapy or a combination of
surgery and radiation seem to have been used in pa-
tients who had less favorable outcomes: those with
undifferentiated carcinoma, primary tumors of the
ethmoid and maxillary sinuses, and T3–T4 tumors
(Table 4). A chi-square test of the distribution of treat-
ment modality by histology (P � 0.006), location (P
� 0.001), and stage (P � 0.001) confirmed that the
choice of treatment modality was not random.

For patients who underwent surgery alone, sur-
gery and radiation, and radiotherapy alone, the ALRC
and CSAS rates are presented in Table 5. The 5-year
ALRC and CSAS rates were better for patients who
underwent surgery alone (70% and 79%, respectively)
and for patients who underwent a combination of
radiotherapy and surgery (64% and 66%, respectively)
compared with patients who underwent radiotherapy
alone (44% and 46%, respectively). The log-rank test
comparison of CSAS data (Fig. 5) and ALRC data was
significant (P � 0.01).

Metastasis at Presentation
Only five patients (2.3%) had cervical lymph node
metastasis at the time of diagnosis. Two of these five
patients were classified with N1 status, and 3 patients
were classified with N2 status. The histologies of pri-
mary tumors were squamous cell carcinoma in four
patients and undifferentiated carcinoma in one pa-
tient. The tumors were classified as T3 tumors in two
patients and T4 tumors in three patients. The primary
tumor location was the maxillary sinus in three pa-
tients, the ethmoid sinus in one patient, and the nasal
cavity in one patient. The results of a Fisher exact test

TABLE 2
Actuarial Locoregional Control and Disease Specific Actuarial Survival Rates According to the Location of
Nasal and Paranasal Sinus Carcinoma

Location No. (%)

Survival (%)

P valueTwo years Five years Ten years

ALRC
Maxillary sinus 103 (46.8) 66 � 5 61 � 5 51 � 6 —
Ethmoid sinus 47 (21.4) 57 � 7 44 � 7 41 � 7 —
Nasal cavity 66 (30) 77 � 5 71 � 6 71 � 6 —
Sinus NOS 4 (1.8) 25 � 22 0 0 � 0.001

CSAS
Maxillary sinus 103 (46.8) 73 � 4 62 � 5 52 � 5 —
Ethmoid sinus 47 (21.4) 66 � 7 48 � 7 46 � 7 —
Nasal cavity 66 (30) 88 � 4 77 � 5 75 � 6 —
Sinus NOS 4 (1.8) 75 � 22 25 � 22 0 0.001

ALRC: actuarial locoregional control; CSAS: carcinoma specific actuarial survival; NOS: not otherwise specified.

FIGURE 3. Disease specific survival probability according to tumor location

in 216 patients with nasal and paranasal sinus carcinoma.
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of the association of lymph node status with primary
histology, stage, and location were not significant.

The locoregional control rate in patients with pos-
itive lymph nodes was 20% at 2 years. Only one patient
was alive without disease 8 years after treatment. Al-
though three of five patients did not experience dis-
ease recurrence in the neck, three patients presented
with local recurrences, and one patient presented with
distant metastases. Four patients (1.8%) presented
with distant metastases at the time of diagnosis, and
all died within 2 years.

Recurrences and Their Treatment
Disease recurrences were noted in 114 patients
(51.3%), whereas 106 patients (48.7%) never presented
a local, regional, or distant recurrence. In 11 patients
(5%), the type of recurrence could not be determined

from the available data. The remaining 103 recur-
rences consisted of 73 patients (35%) with local recur-
rences; 4 patients (1.9%) with local and regional re-
currences; 7 patients (3.3%) with local and distant
metastases; 2 patients (1.9%) with local, regional, and
distant metastasis; 8 patients (3.8%) with regional re-
currences alone; and 9 patients (4.3%) with distant
metastasis alone (Table 6). The total number of recur-
rences was 86 patients (41%) with local recurrences, 14
patients (6.7%) with regional recurrences, and 18 pa-
tients (8.1%) with distant metastasis. When the pri-
mary tumor was controlled, only 10 patients (4.8%)
presented with regional recurrences, and 11 patients
(5.3%) presented with distant metastasis.

A salvage treatment was successful in 11 of 86
patients (13%) with local recurrences and in 3 of 14
patients (21%) with regional recurrences. Because 9
patients had only distant metastasis, locoregional con-
trol was obtained in 129 patients (59%).

The remaining 75 patients with local recurrences
are either dead (n � 73 patients) or alive with disease
(n � 2 patients). The remaining 11 patients with re-
gional recurrences all are dead. There was no statisti-
cal association (chi-square test) between regional re-
currence and histology (P � 0.6), T classification (P
� 0.4), location of the primary tumor (P � 0.8), or
treatment modality (P � 0.8).

Local Extensions and Local Control
Because local failure is the most frequent type of re-
currence, all possible local extension sites were exam-
ined in an attempt to find an association with local
recurrence. Among the sites surrounding the maxilla,
only patients with an extension to the pterygomaxil-
lary fossa (P � 0.02) had a significantly worse progno-
sis. For the sites surrounding the ethmoid sinus, pa-

TABLE 3
Cross Tabulation of the Number of Patients by Histology, Site and T Classificationa

Histology

Maxillary sinus (%) Ethmoid sinus (%) Nasal cavity (%)
Total
(%)T1 T2 T3 T4 Subtotal T1 T2 T3 T4 Subtotal T1 T2 T3 T4 Subtotal

Squamous cell
carcinoma 3 8 18 33 62 (60) 0 2 2 15 19 (40) 15 16 7 4 42 (63) 123 (57)

Glandular
carcinoma 3 5 8 11 27 (26) 0 1 1 2 4 (9) 2 3 1 2 8 (12) 39 (18)

Adenocarcinoma 0 1 1 2 4 (4) 0 6 8 2 16 (34) 1 3 1 0 5 (8) 25 (12)
Undifferentiated

carcinoma 0 1 5 4 10 (10) 0 1 0 7 8 (17) 1 4 0 6 11 (17) 29 (13)

Total 6 (6) 15 (15) 32 (31) 50 (48) 103 (48) 0 (0) 10 (21) 11 (23) 26 (54) 47 (22) 19 (29) 26 (39) 9 (14) 12 (18) 66 (30)
216

(100)

a Four patients with sinus “not otherwise specified” histology were omitted. The subtotal columns show the numbers of patients for the histologies at each site, and the bottom total line shows the numbers of patients

with tumors in each T classification for each site. The percentages for both are related to the total numbers of ●●● for each site.

FIGURE 4. Disease specific survival probability according to T stage in

patients with nasal and paranasal sinus carcinoma.
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tients with invasion of the frontal sinus (P � 0.05),
sphenoid sinus (P � 0.003), cribriform plate (P � 0.001),
dura (P � 0.001), and brain (P � 0.001) had an unfavor-
able prognosis. Contact with the cribriform plate (P
� 0.2) and orbital extension (P � 0.6) were not signifi-
cant. For patients with disease of the nasal cavity, only
invasion of the floor of the nose (P � 0.04) and contralat-
eral extension were significant (P � 0.008).

Type of Surgery and Local Control
There was no statistical association between the type
of surgery (inferior, middle, or total maxillectomy;
craniofacial resection; or pterygoid fossa resection)

and local control. The role of enucleation when there
was orbital invasion was significant: The ALRC rates
were 79% � 9% for patients with enucleation and 14% �
13% for patients without enucleation (P � 0.03). Another
surgical parameter that reached significance was the
positivity of surgical margins: The 2-year and 5-year
ALRC rates were 59% � 9% and 45% � 9%, respectively,
with positive margins, and 70% � 7% and 65% � 7%,
respectively, with negative margins (P � 0.05).

Multivariate Analysis
The variables that reached statistical significance in a
multivariate analysis were histology (relative risk,

TABLE 4
Cross Tabulation of Treatment Modality by Histology, Site, and T Classificationa

Characteristic Surgery (%)
Surgery and
radiotherapy (%) Radiotherapy (%) Total (%)

Global 44 (20) 113 (52) 61 (28) 218 (100)
Histology

Squamous cell carcinoma 32 (26) 56 (45) 37 (30) 125 (57)
Glandular carcinoma 8 (21) 22 (56) 9 (23) 39 (18)
Adenocarcinoma 4 (16) 18 (72) 3 (12) 25 (12)
Undifferentiated
carcinoma 0 (0) 17 (59) 12 (41) 29 (13)

Location
Maxillary sinus 17 (17) 59 (58) 26 (25) 102 (46.8)
Ethmoid sinus 1 (2) 25 (54) 20 (44) 46 (21.1)
Nasal cavity 25 (38) 29 (44) 12 (18) 66 (30.3)
Sinus NOS 1 (25) 0 (0) 3 (75) 4 (1.8)

T stage
T1 13 (52) 9 (8) 3 (12) 25 (11.5)
T2 11 (21) 34 (67) 6 (12) 51 (23.4)
T3 10 (20) 26 (51) 15 (29) 51 (23.4)
T4 10 (11) 44 (48) 37 (41) 91 (41.7)

NOS: not otherwise specified.
a Data are shown as the number of patients and percentages across lines (two patients who were treated with chemotherapy alone were omitted).

TABLE 5
Acturial Locoregional Control and Disease Specific Actuarial Survival Rates According to Treatment Modality
in Patients with Nasal and Paranasal Sinus Carcinoma

Treatment No. (%)

Survival (%)

P valueTwo years Five years Ten years

ALRC
Surgery 44 (20) 74 � 7 70 � 7 70 � 7 —
Surgery and radiotherapy 113 (52) 70 � 4 63 � 4 57 � 8 —
Radiotherapy 61 (28) 47 � 7 40 � 7 38 � 7 0.009

CSAS
Surgery 44 (20) 84 � 6 79 � 6 76 � 6 —
Surgery and radiotherapy 113 (52) 82 � 3 66 � 5 60 � 5 —
Radiotherapy 61 (28) 59 � 4 57 � 8 33 � 8 0.002

ALRC: actuarial locoregional control; CSAS: carcinoma specific actuarial survival.
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2.18), local extension to the pterygoid fossa (relative
risk, 2.24), and local extension to the dura (relative
risk, 3.38). The other variables studied, including T
classification, lymph node status, primary tumor site,
and treatment type, did not reach statistical signifi-
cance in multivariate analysis.

Systematic Review
From 1960 to 1998, 154 articles were identified accord-
ing to the selection criteria. The total number of pa-
tients with treatment results in these publications was
16,396. There were 25 articles from the 1960s,17–19,60 – 81

30 articles from the 1970s,16,53,55,82–108 53 articles from
the 1980s,5,7,48,54,109 –157 and 46 articles from the
1990s.11,27,35,40,50,56,58,158 –195 Another 137 articles were
reviewed but were excluded because they did not fit
the inclusion criteria.

The overall survival rate of these patients was
41%. When the global survival data are classified ac-
cording to the decade of treatment (Table 7), the re-
sults show survival rates of 28% � 13% in the 1960s,
36% � 13% in the 1970s, 43% � 15% in the 1980s, and
51% � 14% in the 1990s.

The distribution by histology was squamous cell
carcinoma in 58% of patients, adenocarcinoma in 16%
of patients, and glandular carcinoma and undifferen-
tiated carcinoma in 13% of patients each. The survival
rates for patients with squamous cell carcinoma were
25%, 34%, 45%, and 50% in articles from the 1960s,
1970s, 1980s, and 1990s, respectively (P � 0.001). Sim-
ilar improvements in survival were found for patients
with glandular carcinoma, whereas data for patients
with adenocarcinoma showed little change (Table 7).

The results for patients with undifferentiated carci-
noma tended to follow an opposite trend, with wors-
ening results in the 1990s (Fig. 6, top).

The distribution by disease site was the maxillary
sinus in 55% patients, the nasal cavity in 23% of pa-
tients, the ethmoid sinus in 20% of patients, the sphe-
noid sinus in 1% of patients, and the frontal sinus in
1% of patients. The survival data per decade showed a
progressive improvement in results from the 1960s to
the 1990s for patients with maxillary and ethmoid
sinus primaries, whereas the results for patients with
carcinoma of the nasal cavity appeared to remain
stable at around 60% (Table 7; Fig. 6, middle).

The distribution by T classification for patients
with carcinoma of the maxillary sinus was 4% T1 tu-
mors, 15% T2 tumors, 40% T3 tumors, and 41% T4
tumors. No significant trend, such as an increase in
frequency of lower T classifications across decades,
was found (data not shown). Although progressive
improvements in the results were seen in most T
stages, none reached statistical significance. On aver-
age, 12% of patients presented with positive lymph
node status.

The treatment modalities used were combined
surgery and radiation in 45% of patients, radiation
alone in 35% of patients, surgery alone in 15% of
patients, and various combinations including chemo-
therapy in 5% of patients. Again, a progressive im-
provement was found with all four treatment modal-
ities from the 1960s to the 1990s (Table 7; Fig. 6,
bottom), with cure rates during the 1990s of 70% for
patients who underwent surgery alone, 56% for pa-
tients who underwent combined treatment with sur-
gery and radiation, 33% for patients who underwent
radiotherapy alone, and 42% for patients who under-
went chemotherapy. The chemotherapy data rarely
were based on chemotherapy as the sole treatment but,
rather, were based on all treatment modalities that in-
cluded chemotherapy at some point during the treat-
ment protocol. Therefore, these success rates should not
be attributed directly to chemotherapy per se.

DISCUSSION
The presence of large air spaces within the paranasal
sinus probably allows the asymptomatic expansion of
sinus carcinoma. Early symptoms differ little from
common nasal complaints,6,117,154 and their tempo-
rary regression by antibiotics falsely reassures both the
patient and the physician. When more alarming
symptoms, such as ocular complaints, cranial nerve
deficits, or cheek mass, are apparent, the outcome
tends to be less favorable.111 It is unclear whether the
recent, widespread use of nasal endoscopy and radio-

FIGURE 5. Disease specific survival probability according to treatment

modality in 218 patients with nasal and paranasal sinus carcinoma. Rxth:

radiotherapy.
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logic studies will result in earlier diagnoses of nasal
and paranasal sinus carcinoma.

Overall Results
In our series, the overall survival rate was 40%, and
intercurrent deaths occurred in 14.5% of patients, for
a disease specific survival rate of 54.5%. The 5-year
CSAS rate was 63%. The results in terms of locore-
gional control paralleled the survival data, with a
5-year ALRC rate of 57%. The close relation between

survival and local control underscores the fact that the
prognosis for patients with nasal and paranasal sinus
carcinoma is related directly to local control of the
disease.4,5,103,117,154,157,174,186,196

In the literature, global results, most often ex-
pressed in terms of crude survival, vary between
10%60,61,63,70,77,80,82,152 and 75%,40,106,109,132,135,160,161,165,176

with better results in carefully selected patients, in
patients with primary tumors of the nasal cavity, and
in more recently published articles. The average over-

TABLE 6
Outcome According to First Oncologic Eventa

Outcome

Regional recurrence (%) Absence of regional recurrence (%)

Total
(%)

Distant
metastasis

Absence of
distant metastasis

Distant
metastasis

Absence of distant
metastasis

Local
recurrence 2 (1) 4 (2) 7 (3) 73 (35) 86 (41)

Absence of local
recurrence 0 (0) 8 (4) 9 (4) 106 (51) 123 (59)

Total 2 (1) 12 (6) 16 (7) 179 (86) 209

a Eleven patients with insufficient data were excluded.

TABLE 7
Meta–Analysis Data: Cross Tabulation of Histology, Site, T-Classification, and Treatment Modality by Decade of
Publication

Characteristic

Decade (%)

P value1960s 1970s 1980s 1990s

No. of studies 25 30 53 46 —
No. of patients 3137 3877 5966 3416 —
Histology

Squamous cell carcinoma 25 � 13 34 � 15 45 � 19 50 � 19 � 0.001
Glandular carcinoma 42 � 33a 30 � 17a 45 � 21 60 � 24 0.09
Adenocarcinoma 46 � 33 48 � 28 49 � 29 50 � 14 0.83
Undifferentiated carcinoma 23 � 17 42 � 21 30 � 17 28 � 21 0.41

Site
Maxillary sinus 26 � 13 31 � 8 39 � 14 45 � 11 0.02
Ethmoid sinus 27 � 13 37 � 13 56 � 24 51 � 15 0.002
Nasal cavity 63 � 23 54 � 25 59 � 12 66 � 15 0.71

T classification
T1 28a 83 � 29 87 � 23 90 � 19 0.25
T2 22a 53 � 22 62 � 27 70 � 30 0.28
T3 10a 28 � 14 44 � 17 44 � 29 0.13
T4 0a 18 � 11 19 � 10 28 � 18 0.31

Treatment
Surgery 36 � 25 54 � 15 57 � 26 70 � 20 0.034
Surgery and radiotherapy 33 � 18 42 � 15 54 � 15 56 � 13 � 0.001
Radiotherapy 21 � 13 19 � 17 28 � 20 33 � 18 0.048
Chemotherapyb 0a 21 � 18 34 � 24 42 � 18 0.10

Overall 28 � 13 36 � 13 44 � 15 51 � 14 � 0.001

a Included fewer than five studies.
b The chemotherapy data include patients who received chemotherapy as part of their treatment, usually combined with other modalities.
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all survival rate from the systematic review analysis
was 41%, and the overall survival rate for the 1990s
was 51%.

Histology
Tumor histology was related statistically to outcome in
both the univariate and multivariate statistical analy-
ses. Our 5-year CSAS rates were 78% for patients with
adenocarcinoma and glandular carcinoma, 60% for
patients with squamous cell carcinoma, and 40% for
patients with undifferentiated carcinoma. The survival
curves according to histology exhibited different pat-

terns: patients with squamous cell carcinoma failed
essentially in the first 2–3 years, whereas patients with
adenocarcinoma and glandular carcinoma experi-
enced disease recurrences at a low but steady rate for
up to 10 years after treatment. Patients with undiffer-
entiated carcinoma exhibited an intermediate survival
curve with early as well as late failures.

The current results are somewhat better, even
compared with the meta–analysis results tabulated for
the 1990s. Possible explanations include our use of
disease specific actuarial data and the focus of recent
articles on specific surgical procedures instead of de-
scribing the results from a histologic or tumor location
point of view. Several articles on patients who under-
went craniofacial resection reported results as good as
ours, but the results could not be included in the meta–
analysis either because of large numbers of tumors with
noncarcinoma histologies or because of a short follow-
up.8,9,46,197–199 Nevertheless, several reports related out-
comes better than ours for patients with squamous
cell carcinoma,48,56,106,100,110,117,132,137,147,160,168,176 for
patients with glandular carcinoma,160,168,184 and for
patients with adenocarcinoma.136,146

The systematic review revealed a steady improve-
ment in treatment results for patients with squamous
cell carcinoma and glandular carcinoma (Fig. 6, top).
The poor results for patients with undifferentiated
carcinoma may be explained by the description of
nasal undifferentiated sinonasal carcinoma in
1986200,201 as a separate entity with aggressive onco-
logic behavior. Possibly, a more precise pathologic
diagnosis has resulted in the exclusion of patients with
less aggressive carcinoma from this group.

Location
In our series and in the literature, half of all patients
with nasal and paranasal carcinoma had disease that
arose from the maxillary sinus, with the remaining half
divided equally between nasal cavity and ethmoid si-
nus primary tumors. Patients with frontal and sphe-
noid sinus carcinoma were grouped with patients with
carcinoma of the ethmoid sinus and were staged as
T4, a reasonable approximation in view of the rarity,
location, and oncologic behavior of these tumors.

Our 5-year CSAS rate was 77% for patients with
nasal carcinoma, 62% for patients with maxillary pri-
mary tumors, and 48% for patients with carcinoma of
the ethmoid sinus. Better results for patients with
nasal carcinoma were noted previously by Frazell and
Lewis in 196317 and were confirmed in recent re-
ports.81,106,133,156,162,165 The systematic review data are
comparable to ours, with CSAS rates in the 1990s of
45% for patients with carcinoma of the maxillary si-
nus, 51% for patients with carcinoma of the ethmoid

FIGURE 6. Bar plots from the meta–analysis data grouped according to four

successive decades of publication: 1960s, 1970s, 1980s, and 1990s. The top

plot shows survival results according to histology, the middle plot shows

survival results according to tumor location, and the bottom plot shows survival

results according to the treatment used.
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sinus, and 66% for patients with nasal carcinoma.
There was a steady improvement in the treatment
results for patients with maxillary and ethmoid pri-
mary tumors, while the results for patients with nasal
carcinoma have stagnated, for unclear reasons,
around 60% since the 1960s.

T Classification
The diagnosis of nasal and paranasal carcinoma oc-
curred at an advanced stage in our patients, and this
distinction also was seen in other publica-
tions,5,11,103,111,117,154,176 with 70 – 80% of patients diag-
nosed with T3 or T4 tumors. It has been reported that
improvements in treatment results for patients with
malignant disease represent spurious effects of diag-
nosis at an early stage202; however, no such trend for
lower T classifications could be found in the systemic
review.

A clear correlation between T stage and survival was
found in univariate analysis for all locations. This was noted
in previous articles on patients with primary tumors of the
maxillary sinus.5,90,92,95,104,117,126,137,144,154,155,157,162,173 Our
5-year CSAS rates were 91%, 64%, 70%, and 50% for
patients with T1, T2, T3, and T4 tumors, respectively.
These results are close to the meta–analysis data from
the 1990s for patients with T1 tumors (94%) and T2
tumors (55%), but they are much better compared
with the results for patients with T3 tumors (50%) and
T4 tumors (27%). Possibly, the use of more extensive
surgical resections in our series, the presence of nu-
merous exclusive radiotherapy reports in the literature
with less favorable outcomes for patients with ad-
vanced-stage disease, and the bias of recent surgical
publications discussed above may provide explana-
tions for these differences.

Articles that employed a staging system for pa-
tients with nasal and ethmoid carcinoma were sparse,
and the classification systems used varied4,29,30,77,100,

109,151,165,171,188,196,203 and sometimes were arbi-
trary57,74,107,108,110,130,156,162,204 –206 Only one previous
study used a similar classification system in 54 pa-
tients with nasal and paranasal carcinoma183: The
5-year survival rates found were 100% for patients
with T1 tumors, 87.5% for patients with T2 tumors,
92.3% for patients with T3 tumors, 28% for patients
with T4 tumors.

It is difficult to compare our data in terms of
disease stage for these locations until a universal stag-
ing system is adopted. For this study, we reluctantly
abandoned the staging system that we proposed sev-
eral years ago for patients with esthesioneuroblas-
toma4,207 in favor of the UICC classification system in
the search for such a consensus. However, the pro-
posed UICC system for classifying patients with tu-

mors of the ethmoid and nasal cavity has numerous
shortcomings and may explain the paucity of differ-
ences between the results for patients with T2 and T3
tumors.

Treatment Modality
Our data show a 5-year CSAS rate of 57% for patients
who underwent radiation alone, 66% for patients
who underwent combined radiation and surgery,
and 79% for patients who underwent surgery
alone. The difference was highly significant in the
log-rank analysis, as suggested in previous re-
ports.17,66,76,95,96,104,111,134,135,139,154,167,169,180

The meta–analysis confirmed that surgery (70%)
and combined surgery and radiation (56%) offer better
local control and cure rates than radiotherapy alone
(33%). Most series, including ours, are biased in pa-
tient selection, and no randomized study has been
published. In general, patients with favorable lesions
are found mainly in the surgery alone groups, whereas
patients with large lesions and those who are treated
for palliation are in the exclusive radiation or chemo-
radiation groups. Nevertheless, except for a few arti-
cles,76,77,113,160,184 the results of radiation alone are
poorer than treatments that include surgery. Further-
more, radical radiotherapy protocols have resulted in
20%11 to 30%56 unilateral blindness and 6%11 to 10%56

bilateral blindness. Despite the inherent patient selec-
tion bias of retrospective studies, the available data
suggest that surgery should be included in the treat-
ment strategy for patients with nasal and paranasal
carcinoma who are treated with a curative intent.

The sequence of surgery and radiotherapy in the
management of these patients has remained open to
debate since the work of Jesse,71 who showed no clear
difference. Although most centers prefer primary sur-
gery, some continue to choose primary radiothera-
py.120,146,154,162,167,184,188 Because a high incidence of
residual disease is found after primary radia-
tion,74,137,147 the main goal of primary radiation often
is to shrink the tumor so that the surgical resection is
less extensive and vital structures, such as the eye, can
be spared.154,184,185 The use of hyperfractionation11,142

or neutron beam irradiation142 does not seem to mod-
ify the cure rates drastically. Although the results of a
few recent articles that included chemotherapy in the
treatment protocol are encouraging, with 5-year sur-
vival rates � 50%,34,40,136,137,173 it remains unclear
whether the addition of chemotherapy to other ag-
gressive treatment regimens provides a clear advan-
tage in local control or survival.
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Local Extension
The air-filled sinus cavities offer little resistance to
tumor growth. Sinus carcinoma probably expands by
filling the cavity first, before eroding the adjacent bony
walls in a centrifugal pattern. Fibroelastic connective
tissue present in periosteum, perichondrium, and
dura is considered the most efficient barrier to disease
expansion.6 e pathologic studies addressing the natu-
ral barriers to sinonasal carcinoma invasion are lack-
ing.

In the current series, the patients with extensions
toward the anterior base of skull and toward the ptery-
gomaxillary fossa had a worse prognosis in both uni-
variate and multivariate analyses. Keeping in mind the
importance of local control, further advancement in
treatment should address these structures specifically.
For patients who undergo surgery, en bloc resection,
including surrounding noninvaded osseous walls, is
favored. In patients with high nasal and ethmoid car-
cinoma, craniofacial resection by combined cranial
and transfacial approaches has become a routine pro-
cedure4,22,48,174,176,178 and probably is responsible for
the improved results in this and other series.154,176

Similarly, patients with invasion beyond the maxillary
walls undergo mandibulectomy for the lateral wall and
infratemporal fossa23 and sphenoid wing resection176

for the posterior wall. The evolution from the piece-
meal surgical procedures performed in the 1960s can
be seen in Table 7: Note the improvements in the
5-year survival rate from 36% in the 1960s to 70% in
the 1990s, notwithstanding patient selection.

Orbital invasion is always dramatic and, despite
modern radiologic techniques, often is diagnosed cor-
rectly only during exploration.208 Since the report by
Larsson et al.,209 several authors have advocated an
eye-sparing approach.45,174,210 –212 Although it seems
reasonable that an intact periorbit should mandate
eye preservation, the available data are inconclusive at
best,191 and preservation does not necessarily result in
an intact functional eye.45 Our data show that, in
patients with orbital invasion, the local control rate is
79% with enucleation and 14% without enucleation.
Despite the biases inherent to a retrospective study, it
probably is unwise to conclude that the orbit can be
spared in all patients.211

Metastasis and Recurrences
Fortunately, neck lymph metastases remain infre-
quent either at the time of presentation or after treat-
ment. In our data, 2.3% of patients presented with a
neck metastasis, and 7% of patients developed a neck
metastasis. In the meta–analysis, the corresponding
rates were 12% and 13%. Neck lymph node recurrence

alone was present in 4% of our patients and in 5%
of patients in the meta–analysis data. In some series
that were weighted heavily toward patients with
advanced-stage maxillary squamous cell carcino-
ma,5,117,137,148,174,213 the rate of neck metastasis at the
time of presentation was �20 –25%, and prophylactic
treatment of the neck should have been consid-
ered.5,56,174,213 Several studies137,194,214 have indicated
a higher incidence of neck recurrence with involve-
ment of the alveolus and cheek.

The results of treatment for patients with meta-
static neck disease were disappointing, However, pa-
tients with primary neck metastases had a 20% 5-year
survival rate in the current series and a 32% 5-year
survival rate in the systematic review. For patients
with post-treatment neck metastases, the 5-year sur-
vival rates were 21% in the current series and 25% in
the meta–analysis. Our success rate in the treatment of
patients with local recurrences was 13% and was com-
parable to the 16% rate found in the meta–analysis.

Shortcomings of the Study
Although this patient series was relatively large, it suf-
fered from the usual shortcomings of any retrospec-
tive study: mainly, a retrospective staging in some
patients and nonrandomized treatment selection. The
systematic review theoretically may strengthen the
conclusions, and this represents the rationale for un-
dertaking it. Notwithstanding criticisms of meta–anal-
ysis in general and specific and pertinent criticisms of
meta–analysis of observational studies, we tend to
think that our systemic review may be the only means
of gaining a global perspective.32,33 Because of the
heterogeneity of the studies and the lack of possible
quality control, the results of the systematic review
should be taken as a general indication of our current
achievements in the treatment of patients with nasal
and paranasal carcinoma.
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hölen. Stralentherapie 1979;155:149 –53.

108. Young JR. Malignant tumors of the nasal septum. J Laryngol
Otol 1979;93:817–32.

109. Chung CT, Rabuzzi DD, Sagerman RH, King GA, Gacek RR.
Radiotherapy for carcinoma of the nasal cavity. Arch Oto-
laryngol 1980;106:763– 6.

110. Konno A, Togawa K, Inoue S. Analysis of the results of our
combined therapy for maxillary cancer. Acta Otolaryngol
1980;372(Suppl):1–15.

111. Weymuller EA, Reardon EJ, Nash D. A comparison of treat-
ment modalities in carcinoma of the maxillary antrum. Arch
Otorhinolaryngol 1980;106:625–9.

112. Ahmad R, Cordoba RB, Fayos JV. Squamous cell carcinoma
of the maxillary sinus. Arch Otorhinolaryngol 1981;107:
48 –51.

113. Amendola BE, Eisert D, Harza TA, King ER. Carcinoma of the
maxillary antrum. Int J Radiat Oncol Biol Phys 1981;7:743– 6.

114. Lee F, Ogura JH. Maxillary sinus carcinoma. Laryngoscope
1981;91:133–9.

115. Robin PE, Powell DJ. Treatment of carcinoma of the nasal
cavity and paranasal sinuses. Clin Otolaryngol 1981;6:401–14.

116. Beatty CW, Pearson BW, Kern EB. Carcinoma of the nasal

septum: experience with 85 cases. Otolaryngol Head Neck
Surg 1982;90:90 – 4.

117. Bush SE, Bagshaw MA. Carcinoma of the paranasal sinuses.
Cancer 1982;50:154 – 8.

118. Frich JC. Treatment of advanced squamous cell carcinoma
of the maxillary sinus by irradiation. Int J Radiat Oncol Biol
Phys 1982;8:1453–9.

119. Heffner DK, Hyams VJ, Hauck KW, Lingeman C. Low-grade
adenocarcinoma of the nasal cavity and paranasal sinuses.
Cancer 1982;50:312–22.

120. Hu YH, Tu GY, Qi YQ, Xu GS, Wu XL, Cai WM, et al. Com-
parison of pre- and postoperative radiation in the combined
treatment of carcinoma of the maxillary sinus. Int J Radiat
Oncol Biol Phys 1982;8:1045–9.

121. Beale FA, Garett PG. Cancer of the paranasal sinuses with
particular reference to maxillary sinus cancer. J Otolaryngol
1983;12:377– 82.

122. Gullane P, Conley J. Carcinoma of the maxillary sinus. J
Otolaryngol 1983;12:141–5.

123. Marandas P, Lecointre F, Micheau C, Wibault P, Eschwege F,
Richard J, et al. Cancers des cavités naso-sinusiennes—
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