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PURPOSE Multimodal therapy is a well-established approach for the treatment of sinonasal undifferentiated

carcinoma (SNUC); however, the optimal sequence of the various treatments modalities is yet to be determined.

This study aimed to assess the role of induction chemotherapy (IC) in guiding definitive therapy in patients with

SNUC.

METHODS Ninety-five previously untreated patients diagnosed with SNUC and treated between 2001 and 2018

at The University of Texas MD Anderson Cancer Center were included in the analysis. Patients were treated with

curative intent and received IC before definitive locoregional therapy. The primary end point was disease-

specific survival (DSS). Secondary end points included overall and disease-free survival, disease recurrence,

and organ preservation.

RESULTS A total of 95 treatment-naı̈ve patients were included in the analysis. For the entire cohort, the 5-years

DSS probability was 59% (95% CI, 53% to 66%). In patients who had partial or complete response to IC, the

5-year DSS probabilities were 81% (95% CI, 69% to 88%) after treatment with definitive concurrent chemo-

radiotherapy (CRT) after IC and 54% (95% CI, 44% to 61%) after definitive surgery and postoperative ra-

diotherapy or CRT after IC (log-rank P = .001). In patients who did not experience at least a partial response to IC,

the 5-year DSS probabilities were 0% (95% CI, 0% to 4%) in patients who were treated with concurrent CRT after

IC and 39% (95% CI, 30% to 46%) in patients who were treated with surgery plus radiotherapy or CRT (adjusted

hazard ratio of 5.68 [95% CI, 2.89 to 9.36]).

CONCLUSION In patients who achieve a favorable response to IC, definitive CRT results in improved survival

compared with those who undergo definitive surgery. In patients who do not achieve a favorable response to IC,

surgery when feasible seems to provide a better chance of disease control and improved survival.

J Clin Oncol 37:504-512. © 2019 by American Society of Clinical Oncology

INTRODUCTION

Sinonasal undifferentiated carcinoma (SNUC) is a

rare, high-grade carcinoma that originates from the

epithelium of the nasal cavity and paranasal sinuses,

displaying large, undifferentiated cells with some im-

munohistochemical or ultrastructural evidence of

neuroendocrine differentiation.1 SNUC demonstrates

characteristic hypercellular proliferation, with a tra-

becular growth pattern lacking squamous and glan-

dular differentiation. The tumor cells have medium- to

large-sized pleomorphic and hyperchromatic nuclei

surrounded by a small amount of eosinophilic cyto-

plasm, resulting in a high nuclear-to-cytoplasmic ratio.

SNUC is typically positive for pancytokeratin and

negative for synaptophysin, lymphoid markers, S100,

and HMB45. Because of its aggressive biologic be-

havior, with a propensity to early invasion (40% to

50%) of vital structures such as the orbit, skull base,

and brain, in addition to its high risk of distant

metastasis (20% to 30%), SNUC poses a unique

therapeutic challenge to clinicians.2-6 Management

decisions are further complicated by the rarity of this

entity and the resulting lack of consensus regarding

the optimal treatment regimen.

Most published studies report the outcomes of patients

treated surgically, with or without postoperative radio-

therapy (RT); some case series delineate the outcomes

of patients treated with preoperative RT followed by

surgery, induction chemotherapy (IC) followed by de-

finitive RT with concurrent chemotherapy7,8, or de-

finitive RT with concurrent chemotherapy and reserving

surgery to salvage therapy.5,9,10 Most of these studies

suffer from a small number of patients and inconsistent

treatment strategies. Although there is agreement that

multimodal therapy is needed, the optimal sequence

and combination of treatment modalities is not known.

The purpose of this study was to assess the role of IC in

the selection of patients with SNUC who are most likely
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to experience a response to concurrent chemoradiotherapy

(CRT) and thus guide the selection of subsequent locore-

gional therapy.

METHODS

Eligibility Criteria and Patient Population

Institutional review board approval was obtained before the

start of this study (protocol RCR04-0636). One hundred

thirty-seven consecutive patients diagnosed with SNUC were

treated between 2001 and 2018 at The University of Texas

MD Anderson Cancer Center. The patient inclusion criteria

were as follows: patients had to (1) be previously untreated

and have histologically confirmed SNUC, (2) be candidates

for treatment with curative intent, (3) have available detailed

treatment and follow-up data. Patients with distant metas-

tasis, recurrent disease after prior treatment, or a Karnofsky

performance score of less than 60 were ineligible. Patient

demographics (age, sex, diagnosis date, treatment date,

smoking history, and alcohol intake), disease stage, tumor

characteristics (epicenter, skull base, orbit, dura, and brain

invasion), treatment modalities, pathologic data (neuroen-

docrine markers, mitotic rate, and surgical margins), and

clinical outcomes were collected from patients’ records.

Staging included flexible nasal endoscopy (FNE), computed

tomography (CT), magnetic resonance imaging (MRI), and,

when indicated, a positron emission tomography–computed

tomography (PET-CT). All staging was completed according

to the guidelines of the American Joint Committee on Cancer,

7th edition.11 All cases were presented at a multidisciplinary

conference. After completion of IC, the tumor response was

evaluated clinically and radiographically, and the patients

were reintroduced in a multidisciplinary planning meeting.

Treatment group schemes and responses to treatment are

presented in Fig 1.

Treatment Plan

IC. For IC, patients received a platinum-based doublet

chemotherapy regimen consisting of cisplatin (60 to 80 mg/m2

on day 1) and etoposide (100 to 120 mg/m2 [n = 74]) or

docetaxel (75 mg/m2 [n = 21]) on days 1 to 3, administered

intravenously every 21 days. For patients with renal in-

sufficiency (creatinine clearance, 60 mL/min), significant

hearing loss, or peripheral neuropathy (n = 20), carboplatin

area under the curve 5 to 6 was used instead of cisplatin.

Granulocyte colony-stimulating factor was given to the

majority of patients who were older than 65 years of age.

The median number of chemotherapy cycles administered

in the IC setting was three (range, one to five).

Concurrent CRT. Concurrent CRT began within 4 weeks

after IC. Patients received two additional doses of platinum

and etoposide chemotherapy concurrent with radiation

therapy. The National Cancer Institute Common Toxicity

Criteria (version 2) were used for the classification of ad-

verse events.12 Radiation was administered once per day

for 5 days each week. The dose administered to the gross

disease and 1- to 2-cm margins was 66 to 70 Gy at 2 Gy/

fraction, as defined by clinical examination, head and neck

CT or MRI, and, when indicated, PET-CT. Tissue volumes

at risk of harboring subclinical disease, including the bi-

lateral neck, received 59 to 63 Gy at 1.7 to 1.8 Gy/fraction of

intensity-modulated RT.

Surgery. Surgical resection included open craniofacial

resection, endoscopic endonasal resection, or endoscop-

ically assisted craniofacial resection, depending on the

extent and location of the disease. Neck dissections were

performed in patients with clinically positive (N+) lymph

node metastasis.

Tumor Assessment. Both before treatment and at 3 weeks

after IC, we performed bi-dimensional measurements of the

Assessable patients

(n = 137)
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FIG 1. Treatment group schemes and responses to treatment. Flowchart describing patient response to therapy and definitive treatment

disposition. CR, complete response; CRT, chemoradiotherapy; PR, partial response; RT, radiotherapy.
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primary tumor by FNE and cross-sectional imaging (CT or

MRI) and in some cases a PET-CT (Fig 2), using the Re-

sponse Evaluation Criteria in Solid Tumors Group criteria

version 1.1.13

Tumor Assessment After Definitive Treatment. Eight weeks

after CRT, we performed an FNE and cross-sectional

imaging (CT or MRI). Patients with residual resectable

disease at the primary site underwent salvage surgical

resection.

Statistical Analysis

The primary outcome measure was disease-specific sur-

vival (DSS), which was defined as the time that had elapsed

between the start of treatment and SNUC-related death.

Patients who were alive at last follow-up or who had died as

a result of something other than SNUC were censored.

Secondary outcomes were overall survival (OS), disease

recurrence, and organ preservation, which was defined as

conservation of intact brain tissue, orbital contents, and

CR CR

PR

SD

PD

PR

SD

PD

Preinduction Postinduction

FIG 2. Response to therapy and survival outcomes. T1 gadolinium–enhanced magnetic resonance images demonstrating complete response (CR), partial

response (PR), stable disease (SD), and progressive disease (PD).
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hard palate. The time period between the start of treatment

and death or recurrence was used to calculate the OS and

disease recurrence rates, respectively.

The Kaplan-Meier method and the log-rank test were used

to test for differences in the survival functions between

strata, as defined by clinical variables. To identify predictors

of outcome, we performed a univariable analysis for each of

the following variables: age, sex, T stage, N stage, site (ie,

nasal, paranasal, or nasopharynx), perineural invasion,

lymphovascular invasion, adjacent structure invasion (ie,

skull base, orbit, dura, brain, bone, fat, muscle, and car-

tilage), and treatment group stratified by response to IC (ie,

responders to IC treated with CRT, responders to IC treated

with surgery followed by RT or CRT, nonresponders to IC

treated with CRT, and nonresponders to IC treated with

surgery followed by RT or CRT). We applied a process of

several steps to develop a final model. The first step was to

study the correlation between DSS and OS, and each

covariable, via a univariable followed by a preliminary

multivariable Cox proportional hazards regression model.

Thus, covariates with a univariable P, .2 were included in

a preliminary multivariable Cox proportional hazards re-

gression model. Variables that remained statistically sig-

nificant (P , .05) were included in the final multivariable

model.

All statistical testing was two tailed. Alpha was set at 0.05 for

significance. All statistical testing was completed using SAS

JMP Pro software version 12.1.0 (SAS Institute, Cary, NC)

and the R language environment for statistical computing

version 3.1.3 (open source).

RESULTS

Patients

One hundred thirty-seven patients diagnosed with SNUC

were treated at The University of Texas MD Anderson

Cancer Center (Houston, TX) between 2001 and 2018. Of

the 137 patients, 42 (31%) had undergone definitive

treatment before their presentation to MD Anderson, either

with surgery or with concurrent CRT, or had distant me-

tastasis at presentation and were excluded. The baseline

clinical and pathologic characteristics of the 95 patients

who met the inclusion criteria and were included in this

analysis are listed in Table 1. Of all the patients, 66 (69%)

were classified as having T4 disease, 16 (17%) as having

T3 disease, and 13 (14%) as having T2 disease. Nodal

metastasis (N+) was present in 14 patients (14%). Overall

stage was stage IV in 74 patients and stages III and II in 13

and eight patients, respectively.

Chemotherapy

Ninety-five treatment-naı̈ve patients were treated with IC;

of these, 62 patients (64%) completed at least two cycles

of IC and 33 patients completed one cycle (range, one to

five cycles; median, three cycles); the rate of adverse

events possibly related to IC was 60%. The rate of grade 3

or 4 hematologic toxicity was 34% (32 of 95): neutropenia,

20%; thrombocytopenia, 11%; and febrile neutropenia,

3%. Grade 3 or 4 nonhematologic events occurred in

26% of patients and included nausea and vomiting

(18%), pulmonary embolism (3%), deterioration in re-

nal function (3%), and acute myocardial infarction

(2%). Hearing impairment was documented in 24 of 70

patients (25%).

TABLE 1. Patients’ Demographic and Clinical Characteristics

Variable

IC Followed

by CRT

IC Followed by Surgery and

Postoperative RT or CRT P

No. (%) 63 (64) 32 (36)

Age, years,

mean 6 SD

53 6 3 55 6 5 .61

Sex .23

Male 45 (73) 21 (67)

Female 18 (27) 11 (33)

Smoking .42

Never 14 (22) 8 (25)

Former 22 (35) 14 (44)

Current 27 (43) 10 (31)

Alcohol .77

Never 14 (22) 7 (22)

Occasionally 32 (51) 19 (59)

Daily 17 (27) 6 (19)

Primary site .58

Nasal cavity 25 (40) 10 (31)

Paranasal

sinuses

34 (54) 20 (62)

Nasopharynx 4 (6) 2 (7)

T classification .79

2 8 (13) 5 (16)

3 9 (14) 7 (21)

4 46 (73) 20 (63)

N classification .86

Negative 53 (84) 28 (88)

Positive 10 (16) 4 (12)

Skull base invasion .38

No 21 (36) 14 (44)

Yes 42 (64) 18 (56)

Follow-up of all

patients,

months

.12

Mean 6 SD 56 6 8 39 6 16

Median 32 19

Range 7-249 6-85

NOTE. Data are presented as No. (%) unless indicated otherwise.

Abbreviations: CRT, chemoradiotherapy; IC, induction chemotherapy;

RT, radiation therapy.
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After IC, radiologic assessments indicated that 64 patients

experienced a response (response rate, 67% [95% CI,

36% to 78%]), including six complete responses (6%) and

58 partial responses (61%). Stable disease was reported in

22 patients (23%), and disease progression was reported in

nine patients (10%).

Surgical Procedures

After completion of IC, 63 of the 95 patients (66%) were

treated with CRT, and 32 (34%) underwent surgery. Of the

patients who underwent surgery (n = 32), 18 underwent

craniofacial resection, 11 underwent endoscopic endo-

nasal resection, and three underwent endoscopically

assisted craniofacial resection. Complete resection with

microscopically negative margins (R0) occurred in 19 of

the 32 (61%); the remaining patients had either micro-

scopically (n = 3, R1) or macroscopically (n = 6, R2)

positive margins of resection; four patients had un-

determined margin status. All surgically treated patients

were treated with subsequent adjuvant radiation; most of

them, 88% (28 of 32), received concurrent chemotherapy

as well (Fig 1). Surgery resulted in organ loss in nine pa-

tients (28%): three underwent hard palatectomy; three,

brain parenchyma resection; two, orbital exenteration; and

one, hard palatectomy with orbital exenteration. Func-

tionally, orbital exenteration resulted in loss of vision in the

resected orbit; all patients who underwent hard palatec-

tomy required outpatient dental, speech, and swallow re-

habilitation. No cognitive deficits were recorded in the

patients who underwent brain parenchyma resection;

however, one patient experienced slurred speech, gait

disturbances, and sensory loss. No organ loss occurred in

the patients who underwent IC followed by CRT (66% [63 of

95]).

Treatment Outcomes

The 5-year DSS and OS probabilities for the entire cohort

were 59% (95% CI, 53% to 66%), and 56% (95% CI, 51%

to 61%), respectively. Survival analysis stratified by

locoregional treatment after IC revealed that the 5-year DSS

probability was 66% (95% CI, 57% to 72%) in patients who

were treated with definitive concurrent CRT after IC com-

pared with 50% (95% CI, 41% to 60%) in patients who

were treated with definitive surgery after IC (P = .106, Fig

3). The 5-year OS probability was 66% (95% CI, 57% to

74%) in patients who were treated with concurrent CRT

after IC compared with 43% (95% CI, 34% to 48%) in

patients who were treated with surgery after IC (P = .0204).

Figure 4 summarizes the DSS and OS rates in responders

and nonresponders according to definitive locoregional

treatment group. The 5-year DSS probabilities in patients

who experienced a response to IC were 81% (95% CI, 69%

to 88%) after treatment with definitive concurrent CRT after

IC and 54% (95% CI, 44% to 61%) after definitive surgery

and postoperative RT or CRT after IC (log-rank P = .001, Fig

4A). In patients who did not experience a response to IC,

the 5-year DSS probability was 0% (95% CI, 0% to 4%) in

patients who were treated with concurrent CRT after IC,

compared with 39% (95% CI, 30% to 46%) in patients who

were treated with surgery plus RT or CRT (Fig 4A, log-rank

P = .001). The 5-year OS probabilities in patients who

experienced a response to IC after definitive concurrent

CRT or surgery were 81% (95% CI, 74% to 90%) and 49%

(95% CI, 37% to 64%; Fig 4B, log-rank P , .0001), re-

spectively. In patients who did not experience a response to

IC, the 5-year OS probability was 0% (95% CI, 0% to 6%) in

patients who were treated with concurrent CRT, compared

with 39% (95% CI, 32% to 48%) in patients who were

treated with surgery plus RT or CRT (log-rank P , .001).

To adjust the risk associated with treatment groups, we

introduced variables with prognostic potential, as indicated

by univariable analyses, to a multivariable model (Table 2).

The adjusted hazard ratio (HR) of 4.19 (95% CI, 1.14 to

9.94; P , .001) for DSS and 3.43 (95% CI, 1.37 to 6.38;

P , .001) for OS significantly favored the use of CRT in
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treated with concurrent chemoradiotherapy (CRT; blue) and surgery followed by radiotherapy (RT) or concurrent CRT (red).
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patients who experienced a response to IC. In patients who

did not experience a response to IC and were treated with

CRT only, the adjusted HR of 12.4 (95% CI, 5.09 to 22.09;

P , .001) for DSS and 12.03 (95% CI, 4.96 to 20.49; P ,

.001) for OS significantly favored the use of surgery followed

by CRT (adjusted HR of 5.68 [95% CI, 2.89 to 9.36; P ,

.001] for DSS and 4.20 [95% CI, 1.64 to 10.70; P , .001]

for OS).

Finally, we analyzed the patterns of treatment failure in

patients who experienced a response to IC. The 5-year

disease-free survival of this patient group was 53% (Ap-

pendix Fig A1A, online only). In patients who experienced a

response to IC, the 5-year disease-free survival rate was 57%

after treatment with concurrent CRT and 38% after surgery

plus RT or CRT (log-rank P = .149; Appendix Fig A1B). The

5-year locoregional recurrence-free survival rate was 74%

after treatment with concurrent CRT after IC and 55% after

surgery plus RT or CRT after IC (log-rank P = .184; Appendix

Fig A1C). The 5-year distantmetastasis-free survival rate was

83% after treatment with concurrent CRT after IC and 59%

after surgery plus RT or CRT after IC (log-rank P = .032;

Appendix Fig A1D). Amultivariable analysis revealed that the

adjusted HR for distant metastasis was 2.96 (95% CI, 1.1 to

8.21; P = .031; Appendix Table A1, online only) in patients

who experienced a response to IC and were treated sub-

sequently with surgery, compared with patients treated with

concurrent CRT after IC.

DISCUSSION

The treatment of patients with SNUC is challenging be-

cause of its aggressive biologic behavior, the advanced

stage at presentation, the early invasion of critical structures

such as the eye and the brain, and its propensity to distant

metastasis. To date, most published data support the

multimodality approach, including surgery and RT, with or

without chemotherapy.5,10,14 Although there seems to be

general consensus regarding the need for multimodality

therapy, there is significant variation in the choice and

sequence of such treatment modalities.15 Primary surgical

resection is advocated by many on the basis of results of

A

0.2

0.4

0.6

0.8

1.0

0 10 20 30 40 50 60

Time (months)

D
is

e
a

se
-S

p
e

c
if

ic
 S

u
rv

iv
a

l 

(p
ro

b
a

b
ili

ty
)

P = .001

48

16

15

16

41

8

3

11

40

8

0

7

Responders to IC treated with surgery plus RT or CRT

Responders to IC treated with CRT

Nonresponders to IC treated with surgery plus RT or CRT

Nonresponders to IC treated with CRT

No. at risk:

B

0.2

0.4

0.6

0.8

1.0

0 10 20 30 40 50 60

Time (months)

O
ve

ra
ll 

S
u

rv
iv

a
l (

p
ro

b
a

b
ili

ty
)

P < .0001

48

16

15

16

41

7

3

11

39

7

0

7

Responders to IC treated with surgery plus RT or CRT

Responders to IC treated with CRT

Nonresponders to IC treated with surgery plus RT or CRT

Nonresponders to IC treated with CRT

No. at risk:

FIG 4. Survival outcomes according to

definitive locoregional treatment by re-

sponse to induction chemotherapy (IC).

(A) Disease-specific and (B) overall

survival in patients who responded to IC

and were treated subsequently with

concurrent chemoradiation (CRT; blue)

or surgery followed by radiotherapy (RT)

or concurrent CRT (red), and in patients

who did not respond to IC and were

treated subsequently with concurrent

CRT (green) and surgery followed by RT

or concurrent CRT (orange).
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limited case series or systematic reviews of such studies.10,15-18

However, the processbywhichpatients are selected for primary

surgery is not well defined in these reports, and selection is

inherently biased by surgical resectability favoring earlier-

stage disease, which is uncommon.19 Even with radical

surgery, the achievement of tumor-free margins is diffi-

cult, locoregional recurrence is common, and the reported

5-year DSS in most reports and systematic reviews for

surgically treated patients is less than 50%.10,15,20 Other

studies favored the use of primary radiation with, in most

TABLE 2. Multivariable Analysis of Prognostic Factors for Overall and Disease-Specific Survival (n = 95)

Variable

Overall Survival Disease-Specific Survival

Univariable P

Final Multivariable Model

Univariable P

Final Multivariable Model

aHR (95% CI)* P aHR (95% CI)† P

Age .456 .499

Sex .210 .221

T classification .031 .028

2

3

4

N classification .867 .710

Site .342 .393

Lymphovascular invasion .433 .805

Skull base invasion .361 .602

Dural invasion .174 .409

Absent

Present

Brain invasion .257 .399

Bone invasion .332 .740

Fat invasion .122 .162

Absent

Present

Muscle invasion .146 .197

Absent

Present

Cartilage invasion .037 .027

Absent

Present

Orbit invasion .027 .033 .102

Absent 1

Present 2.68 (0.91 to 8.03)

Neural invasion .030 .028 .020 .014

Absent 1 1

Present 11.57 (1.58 to 36.50) 10.45 (1.28 to 34.01)

Response to IC and definitive treatment , .001 .001 , .001 , .001

IC responder + CRT 1 1

IC responder + surgery 3.43 (1.37 to 6.38) 4.19 (1.14 to 9.94)

IC nonresponder + CRT 12.03 (4.96 to 20.49) 12.4 (5.09 to 22.09)

IC nonresponder + surgery 4.20 (1.64 to 10.70) 5.68 (2.89 to 9.36)

Abbreviations: aHR, adjusted hazard ratio; CRT, chemoradiotherapy; IC, induction chemotherapy; N/A, not applicable.

*Final multivariable model for overall survival included response to IC and definitive treatment and neural invasion.

†Final multivariable model for disease-specific survival included response to IC and definitive treatment, orbit invasion, and neural invasion.
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cases, concurrent chemotherapy, and surgery is reserved

for salvage in patients with persistent disease.5,13,21 One

disadvantage to this approach is that surgical salvage of

patients not responding to high-dose definitive concurrent

chemoradiation is rarely successful and is associated with

increased surgical complications. A recent review dem-

onstrated a significant role for such a combined modality

treatment, with improved local control rates; however, the

authors documented a high rate of severe late toxicity and

permanent vision loss.10 In addition, it was not clear if

the improvement in local control translated into a DSS

benefit.12,22

For many years, our approach to patients with SNUC has

been to incorporate IC before definitive locoregional ther-

apy. The rationale for this approach is the relatively high risk

of distant metastasis and the known value of IC in reducing

such risk.2-6 Another advantage to IC is its potential role in

predicting radiation sensitivity when choosing a primary

treatment modality.23 At MD Anderson, treatment recom-

mendations are made by our multidisciplinary team, and

final treatment plans are decided by the treating physician.

In the current study, most of the patients who had a fa-

vorable response to IC (either partial response or complete

response) were treated with CRT. The rationale for this is

the known sensitivity to concurrent CRT in patients who

respond to IC.23,24 A minority of patients who had a fa-

vorable response to IC were treated surgically. This may

have been because of the limited nature of the disease, or

because of the preference of the treating clinician. In

contrast, in patients with less than a partial response to IC

who had resectable disease, a surgical approach aiming to

achieve gross total resection followed by concurrent CRT

was favored. Patients with unresectable disease were

treated with CRT because surgery was not an option.

In reviewing the results of our study of this treatment ap-

proach, several observations can be made. First, patients

with a favorable response to IC have improved DSS and OS

compared with those without a favorable response to IC.

This is consistent with other studies of IC in sinonasal

cancers.17,25,26 Second, in patients with a favorable re-

sponse, CRT seems to provide better survival outcomes and

organ preservation than does surgery. A possible expla-

nation for such an improvement may be that patients with

an inherent sensitivity to radiation-based treatment were

selected. It is possible that in such patients, surgery may

delay definitive treatment with radiation. Another possible

explanation is the reduced dose of radiation typically given

in the postoperative adjuvant setting compared with pri-

mary definitive radiation. In contrast, patients who fail to

achieve a favorable response to chemotherapy seem to

have better survival if they are treated with surgery and

postoperative radiation with or without chemotherapy,

compared with those who are treated with CRT. A possible

explanation is that these potentially resistant tumors are not

likely to be responsive to radiation-based treatments and

are best treated with surgical resection. In fact, in our study,

none of the patients who did not respond to IC and were

treated with primary CRT survived their disease. Taken

together, these observations suggest that IC may help guide

the selection of definitive locoregional therapy and optimize

the overall treatment strategy.

Despite the limitations inherent to a single-institution ret-

rospective design, the strength of our study is that, to our

knowledge, it represents the largest cohort of patients with

SNUC treated with a uniform and consistent treatment

strategy using IC. Our findingsmust be further validated in a

prospective study that will likely need multi-institutional

participation because of the rarity of this disease. There

is also a critical need to identify molecular markers of re-

sponse to treatment to further guide the selection of therapy

and perhaps provide targets for novel therapies for patients

with SNUC.
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FIG A1. (A) Disease-free survival of patients who responded to induction chemotherapy (IC), and (B) disease-free survival, (C) locoregional-free survival,

and (D) distant metastasis–free survival according to the definitive locoregional treatment in patients who responded to IC. CRT, chemoradiotherapy; RT,

radiotherapy.
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TABLE A1. Multivariate Analysis of Prognostic Factors for Overall and Disease-Specific Survival in Responders to Chemotherapy (n = 64)

Variable

Locoregional-Free Survival Distant Metastasis–Free Survival

HR (95% CI) P HR (95% CI) P

Age, years 0.98 per year (0.94 to 1.01) .255 1.005 per year (0.97 to 1.03) .743

Sex

Female 1 .54 1 .063

Male 1.42 (0.47 to 4.98) 2.8 (0.94 to 8.12)

T classification

2 1 1

3 3.19 (2.00 to 10.51) .012 0.63 (0.007 to 5.70) .304

4 9.85 (0.66 to 13.69) .097 1.06 (0.14 to 21.92) .953

N classification

Negative 1 1

Positive 2.92 (0.88 to 9.13) .078 1.29 (0.28 to 4.29) .704

Skull base invasion

Negative 1 1

Positive 1.40 (0.48 to 4.52) .542 1.20 (0.34 to 3.61) .754

Treatment

IC + CRT 1 1

IC + surgery 2.34 (0.86 to 6.25) .092 2.96 (1.10 to 8.21) .031

Abbreviations: CRT, chemoradiotherapy; HR, hazard ratio; IC, induction chemotherapy.
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