TABLE 3. Continued

crit o crit 1 crit2 crit3 crit4 crit 5 crit6 crit7 crit8
neither
a of o if decreased o mean proportion proportion floor sum  min. 5 >=
hypothesized hypothesized item if item > of scores 3/4 of nor % <5% % <5%  proportion >95% crit  of crit proportion 10%
item Nr  wording scale scale removed removed? mean 1.57 scores3/4 >50%7  scores 1/2 ceiling range range upsetting upsetting difficult difficult complete complete? 1t07 1107? relevant relevant Decision
q87 Haveyouuseda FE na. na. 1 1.6 1 0.20 0 0.78 1 1-4 1 0.00 1 0.02 1 0.98 1 6 1 0.04 0 remove
feeding tube? *
q88  Have you lost WL 0.82 0.87 0 1.8 1 0.22 0 0.77 1 1-4 1 0.00 1 0.01 1 0.98 1 6 1 0.05 0 remove
weight? *
q89  Have youworried WL 0.82 0.66 1 15 0 0.12 0 0.86 1 1-4 1 0.00 1 0.00 1 0.98 1 5 1 0.03 0 keep
about your
weight being
too low?
q90  Hasweightloss WL 0.82 0.74 1 1.4 0 0.09 0 0.88 0 1-4 1 0.01 1 0.01 1 0.97 1 4 0 0.01 0 remove
been a prob-
lem for you?

Abbreviations: LY, lymphedema; WOU, problems with wound healing; SKIN, skin probiems; NEU, neurological problems; HEAR, problems with hearing; SP, speech problems; SHO, shoulder problems; TE, problems with teeth; PC, physical contact; SC, social contact; B, body image; ANX,
anxiety; PA, pain; SW, problems with swallowing; OM, opening mouth; DR, dry mouth and sticky saliva; SE, problems with senses; CQ, coughing; Fl, feeling ill; SO, social eating; PK, pain killers; NU, nutritional supplements; FE, feeding tube; WL, weight loss.

Note: When a criterion was fulfilled, the item is label with “1” in contrast to “0” if it was not fulfilled.

*ltem was part of the previous module version QLQ-H&N35.
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with less formal education did not report more difficulty
in completing the questionnaire than others.

The QLQ-H&N43 is now ready for wider use. After
completing phase I, EORTC QLQ modules can be used
free of charge for academic research upon request at the
EORTC Quality of Life Department and by sending an e-
mail to the principal investigator.

We would like to confirm that the QLQ-H&N35 can
still be used in ongoing or future trials if the investigators
prefer to keep this head and neck module version. In
studies investigating multimodal treatment or targeted
therapies, however, the QLQ-H&N43 might be more suit-
able to detect differences between patient groups; it is
therefore possible to use this version for future protocols.
Both versions, the QLQ-H&N35 and the QLQ-H&N43,
have overlapping items and scales; hence if clinicians
wish to use the updated module in the future, existing
data from the previous head and neck module can be
used.

Investigators should be aware that, after completion of
the final phase IV validation study, the QLQ-H&N43 may
be further shortened based on psychometric characteristics.
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Introduction

Various treatment strategies are used to improve outcome in
patients with squamous cell carcinoma of the head and neck.
Selection of appropriate treatment strategies and prognostication
remain difficult for clinicians, despite careful evaluation of clinical
factors, TNM staging, and anatomic subsite. Identification of
novel pretreatment imaging biomarkers that would potentially
predict long-term outcome would be clinically significant.

With the use of '®F-fluorodeoxyglucose (FDG), a glucose
analog, positron emission tomography (PET) allows non-invasive
assessment of glucose metabolism in a wide variety of tumor types
including head and neck cancer. Tumor FDG uptake has been
associated with various cellular characteristics such as cell viability
and proliferation activity [1,2]. Thus, analyses of metabolic
parameters, which are independent of morphologic changes, are

PLOS ONE | www.plosone.org

expected to offer an important opportunity to predict individual
tumor behavior.

Although several studies have found that metabolic activity
evident FDG-PET in patients with a variety of head and neck
cancer subtypes (i.e. nasopharynx, oropharynx, hypopharynx,
larynx, oral tongue, gum, buccal mucosa, mouth floor) has
progunostic significance [3,4], the prognostic value of FDG-PET for
squamous cell carcinoma of head and neck cancer remains
controversial. Moreover, there is no information on the prognostic
value of FDG-PET in only laryngeal cancer, and it remains
uncertain whether FDG-PET in patients with laryngeal cancer
actually yields prognostic information. We performed a retrospec-
tive review of 51 patients with laryngeal cancer who underwent
FDG-PET at initial presentation to determine whether FDG
uptake by the primary tumor and neck lymph nodes is correlated
with recurrence.
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Materials and Methods

Patient

Written prior informed consent to undergo FDG-PET imaging
and receive treatments was obtained from all patients. The
institutional review board (Kobe University Hospital, Japan)
approved this retrospective study (No 1401); patient informed
consent for inclusion in this study was waived. To protect patient
privacy, we removed all identifiers from our records at the
completion of our analyses. Our primary selection criteria for
patients included those who underwent FDG-PET scan as a
pretreatment staging examination at our institution within 2 weeks
before treatment for biopsy proven squamous cell laryngeal
carcinoma, between October 2006 and September 2011, On the
basis of these primary criteria, 60 consecutive patients were
selected. Of these, 9 were excluded because of (a) a follow-up
duration of less than 6 months (n=6), and (b) presence of distant
metastasis (n=3). A total of 51 patients (46 males, 5 females;
average age at diagnosis 69.1 years, range 56--86 years) meeting
the eligibility criteria for this study were included in the analysis.

Pretreatment systematic evaluations were performed along with
a routine physical examination, laryngoscopy and tissue biopsy,
serum chemistry, chest radiography, contrast-enhanced CT or
MRI of the head and neck, and FDG-PET scan. Clinical staging
and treatment choices were decided using the information derived
from these ecxaminations at the Head and Neck Cancer Board
conference of Kobe University Hospital which consisted of head
and neck surgeons, radiation oncologists, medical oncologists and
radiologists.

Clinical assessment of prognostic factors was performed
retrospectively in all 51 patients with laryngeal cancer, in a
subgroup of 30 patients who underwent definitive radiotherapy
(RT) with or without chemotherapy (RT group), and in a
subgroup of 21 patients who underwent radical surgery and neck
dissection with or without adjuvant chemoradiation therapy
(surgery group). Subsequent follow-up included physical exami-
nation, laryngoscopy, contrast-enhanced CT, and FDG-PET.

FDG-PET study

All whole-body FDG-PET scans were acquired with a PET
scanner (Philips Allegro, Philips Medical System, Best, the
Netherlands) that provided 45 trans-axial images at 4-mm
intervals over a distance of 18.0 cm. After at least 6 h of fasting,
patients received an intravenous injection of 222 to 333 MBq (6 to
9 mCi) of FDG. After positioning the patient, a static emission
scan was performed with 2.5 to 3 min of acquisition in each bed
position, covering the upper thigh to the ear with a total of 9-10
bed positions. Then, a transmission scan using a '>’Cs ring was
performed over the same area for 23 s per bed position. Three-
dimensional acquisition was performed and PET images were
reconstructed using an ordered-subset expectation maximization
iterative reconstruction algorithm (RAMLA). The field of view and
pixel size of the reconstructed images were 57.6 ¢cm and 4.0 mm,
respectively, with a matrix size of 128 x128.

After the FDG-PET scan had been completed, patients were
moved to the CT room. The CT device was a multi-detector row
CT system with an acceleration voltage of 120 kVp and a current
of 80 mA. Both reconstructed PET and CT data were transferred
to a workstation running viewing-dedicated software (Syntegra;
SUN Microsystems, Milpitas, CA, USA) to create fused PET and
CT images.
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Image analysis

PET images were retrospectively interpreted by two experi-
enced nuclear medicine physicians. For semiquantitative analysis
of FDG uptake, regions of interest (ROIs) were defined on the
target lesions (primary lesion and neck lymph node) on the
transaxial PET images. The maximum standardized uptake value
(SUV) was calculated for quantitative analysis of tumor FDG
uptake, as follows:

SUV =C(kBq/ml)/ID(kBq)/body weight(kg),

where C is the tissue activity concentration measured by PET and
ID is the injected dose.

For nodal discase, the highest SUVmax was used for subsequent
correlation with clinical outcomes.

Statistical analysis

The actuarial progression-free survival (PFS), local control (LC),
nodal progression-free survival (NPFS), and distant metastasis-free
survival (DMFS) rates were calculated using the Kaplan-Meier
method. The duration was calculated from the initial date of
treatment to the date of an event or the last follow-up visit. PFS
was defined as absence of death due to any cause or recurrence.
LC was defined as only primary site control. NPFS was defined as
any regional nodal failure after treatment as an event. DMFS was
defined as the absence of any distant metastasis.

Survival data were analyzed using Kaplan—Meier plots and the
log-rank test. The prognostic value of individual variables was
evaluated using Cox proportional hazards logistic regression. We
determined the statistically significant SUV  cutoff value for
survival analysis using the log-rank test and receiver operating
characteristic (ROC) curve analysis.

Univariate Cox proportional hazards modeling was used to
quantify the risk for recurrence of the following variables: age,
treatment strategy, T status, N status, tumor TNM stage, primary
tumor SUVmax, and nodal SUVmax. Subsequently, the signifi-
cant or borderline univariate variables (p<<0.1) were entered into
multivariate analysis. The results from the Cox models were
expressed as hazard ratios with 95% confidence intervals, and p
values of <0.05 were considered to indicate statistical significance.
All analyses were performed using SAS software version 9.2 (SAS
Institute, Gary, NC).

Results

Patient characteristics

Patient demographics and clinicopathologic variables are
demonstrated in Table 1. With regard to the distribution of
TNM stages in the 51 patients, eight were at stage I, 17 were at
stage I, 12 were at stage 1II, and 14 were at stage IV.

In the RT group (n = 30), 20 patients received only RT at doses
of 66.0 to 744 Gy and 10 received RT (66.0-73.2 Gy)
concomitant with chemotherapy, generally two or three cycles of
cisplatin with or without continuous infusion of 5-flurouracil and/
or docetaxel. In the surgery group (n=21), all patients underwent
radical surgery with neck dissection. Moreover, 4 received
adjuvant chemoradiation therapy and 1 received radiotherapy.

Prognostic factors in the patients overall

After a median follow-up of 48.6 months for the patients overall,
11 (21.6%) of the 51 patients had recurrence. Among these 11
patients, four developed local recurrence, two neck nodal
recurrence, and five lung metastasis. The median overall follow-
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Table 1. Patient characteristics.
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RT group

Median age, years (range) 67 (58-83)

T status

TNM stage (AJCC)

Median (range) 2.85 (1.2-8.52)

1.45 (0.8-9.29)

Median {range)

Surgery group Total

69 (56-86) 69 (56-86)

8.6 (3.6-16.65) 4.25 (1.2-16.65)

2.0 (1.0-14.76) 1.75 (0.8-14.76)

RT: radiotherapy.

n: number of patients.

AJCC: American Joint Committee on Cancer.
SUV: standardized uptake value.
doi:10.1371/journal.pone.0096999.t001

up duration was 53.5 months (range 17.6 to 82.1 months) for the
40 patients without recurrence, and 21.3 months (range 8.0 to 43.4
months) for the 11 patients with recurrence at follow-up.

The median primary tumor SUVmax was 4.25 (range 1.2-
16.65). Using best discriminative cut-off for the primary tumor
SUVmax (4.6) to establish two groups based on ROC curve
analysis, the high SUVmax (>4.6) subgroup showed a shorter
median PFS time than the low SUVmax (<4.6) subgroup, but the
difference did not reach statistical significance (42.7 vs. 57.3
months; p = 0.66) (Fig 1). The 4-year PFS rates were 44.0% versus
53.8%, respectively. The median nodal SUVmax was 1.75 (range
0.8-14.76). Using the best cut-off for nodal SUVmax (4.0) based
on the ROC curve analysis, the high SUVmax (>4.0) subgroup
showed a significantly shorter median PFS time than the low
SUVmax (<4.0) subgroup (30.4 vs. 52.2 months; p<<0.0001)
(Fig 2). The 4-year PFS rates were 22.2% versus 54.8%,
respectively. Univariate analysis showed that nodal SUVmax
(p<<0.0001), N status (p=0.0099, Fig 3), and tumor TNM stage
(p=0.015, Fig 4) were significantly related to PFS, whereas
primary tumor SUVmax (p=0.66), age (p=0.11), treatment
strategy (p=0.71), and T status (p=0.53) were not (Table 2).
Multivariate analysis showed that only nodal SUVmax (risk ratio
0.54, 95% confidence interval [CI] 0.38-0.87, p=10.029) was an
independent predictor of PFS.

As shown in Table 2, no factors were found to affect LC. Nodal
SUVmax, N status, and tumor TNM stage were significantly
related to NPFS and DMFS, whereas primary tumor SUVmax,

PLOS ONE | www.plosone.org

age, treatment strategy, and T status were not. Multivariate
analysis showed that only nodal SUVmax (risk ratio 0.51, 95% CI
0.34-0.81, p=0.023) was an independent predictor of NPFS.
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Figure 1. The high SUVmax (>4.6) subgroup showed a slightly
shorter median progression-free survival time than the low

SUVmax (<4.6) subgroup (42.7 vs. 57.3 months; p=0.66).
doi:10.1371/journal.pone.0096999.g001
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Figure 2. The high SUVmax (>4.0) subgroup showed a
significantly shorter median progression-free survival time
than the low SUVmax (<4.0) subgroup (30.4 vs. 52.2 months;
p<0.0001).

doi:10.1371/journal.pone.0096999.g002

Prognostic factors in the RT group

Six (20.0%) of the 30 RT patients suffered recurrence: local
recurrence in three, neck nodal recurrence in one, and lung
metastasis in two. The median overall follow-up duration was 53.5
months (range 17.6 to 82.1 months) in the 24 patients without
recurrence, and 25.0 months (range 8.0 to 43.4 months) in the six
patients with recurrence at follow-up.

The median SUVmax values for the primary tumor and neck
nodes were 2.85 (range 1.2-8.52) and 1.45 (range 0.8-9.29),
respectively. Using a best discriminative SUVmax cut-off of 4.0 for
the primary tumor, the high SUV (=4.0) subgroup showed a
shorter median PFS time than the low SUV (<4.0) subgroup, but
the difference did not reach statistical significance (38.6 vs. 57.3
months; p=0.63). The 4-year PFS rates were 37.5% versus
54.5%, respectively. Using a best cut-off nodal SUVmax value of
4.0, the high SUVmax (>4.0) subgroup showed a significantly
shorter median PFS time than the low SUVmax (<4.0) subgroup
(19.2 vs. 50.9 months; p<<0.0001). The 4-year PFS rates were 0%
versus 53.6%, respectively. Univariate analysis showed that nodal
SUVmax (p<<0.0001), N status (p = 0.018), and tumor TINM stage
(<0.0001) were significantly related to PFS, whereas primary
tumor SUVmax (p =0.63), age (p=0.31), and T status (p=0.12)
were not (Table 3). Multivariate analysis revealed no factors that
were related to PFS.

As shown in Table 3, none of the examined factors affected LC.
Nodal SUVmax, N status, and tumor TNM stage were
significantly related to NPFS and DMFS, whereas primary tumor
SUVmax, age, treatment strategy, and T status were not.
Multivariate analysis showed that only nodal SUVmax (risk ratio
0.48, 95% confidence interval [CI] 0.32-0.78, p=0.018) was an
independent predictor of NPFS.

Prognostic factors in the surgery group

Five (23.8%) of the 21 surgery patients suffered recurrence: local
recurrence in one, neck nodal recurrence in one, and lung
metastasis in three. The median overall follow-up duration was
55.4 months (range 29.6 to 80.8 months) in the 16 patients without
recurrence, and 14.2 months (range 11.5 to 31.3 months) in the
five patients with recurrence at follow-up.

The median SUVmax values for the primary tumor and neck
nodes were 8.6 (range 3.6-16.65) and 2.0 (range 1.0-14.76),
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Figure 3. The positive lymph node status (N1-3) subgroup
showed a significantly shorter median progression-free sur-
vival time than the NO subgroup (31.3 vs. 50.9 months;
p=0.0099).

doi:10.1371/journal.pone.0096999.g003

respectively. Using a best discriminative SUVmax cut-off of 9.8 for
the primary tumor, the high SUVmax (= 9.8) subgroup showed a
shorter PFS time than the low SUVmax (<9.8) subgroup, but the
difference did not reach statistical significance (42.7 vs. 47.3
months; p=0.50). The 4-year PFS rates were 50.0% versus
46.7%, respectively. Using a best nodal SUVmax cut-off of 4.0,
the high SUVmax (>4.0) subgroup showed a significant shorter
median PFS time than the low SUVmax (<4.0) subgroup (30.7 vs.
60.5 months; p =0.013). The 4-year PFS rates were 28.6% versus
57.1%, respectively. Univariate analysis showed that only nodal
UVmax (p=0.013) had a significant relationship with PFS,
whereas primary tumor SUVmax (p=0.50), age (p=0.17), T
status (p=0.56) N status (p=0.12), and tumor TNM stage
(p=0.29) did not (Table 4). Multivariate analysis showed that
none of the examined factors affected PFS.

As shown in Table 4, none of the factors examined were related
to LC. Nodal SUVmax and N status were significantly related to
DMFS, whereas primary tumor SUVmax, age, T status and
tumor TNM stage were not. Multivariate analysis showed that
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Figure 4. The high stage (stage IV) subgroup showed a
significantly shorter median progression-free survival time
than the lower stage (stage I-lll) subgroup (35.1 vs. 54.3
months; p=0.015).

doi:10.1371/journal.pone.0096999.g004
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Table 2. Univariate analysis of clinicopathological factors associated with clinical outcome in the patients overall (n=51).

Characteristics n

Age at diagnosis (years)

Nodal SUVmax

RT group 30 0.71

T status

13-4 20

NO 38

NM stage (AJCQ)

Stage IV 14

0.0099

p-value (log-rank)

0.0018

n: number of patients.

PFS: progression-free survival.

LC: local control.

NPFS: nodal progression-free survival.

DMFS: distant metastasis-free survival.
SUVmaximum: maximum standardized uptake value.
RT: radiotherapy.

AJCC: American Joint Committee on Cancer.
doi:10.1371/journal.pone.0096999.t002

none of these factors was related to DMFS.

Discussion

To our knowledge, this is the first study to have evaluated the
clinical usefulness of FDG-PET for providing prognostic informa-
tion on patients with only squamous cell laryngeal carcinoma.
Although several studies have demonstrated that metabolic activity
evident on FDG-PET has prognostic significance in patients with a
variety of head and neck cancer subtypes (i.e. nasopharynx,
oropharynx, hypopharynx, larynx, oral cavity) [3,4], the various
primary tumor burdens may differ, thus affecting FDG uptake,
treatment response and survival, all of which could cause potential
biases.

In our series, nodal SUVmax rather than the primary tumor,
was significantly associated with PFS and NPFS. A similar
tendency has also been reported in three previous studies [5-7].
Demirci et al. [5] demonstrated that a nodal SUV exceeding 4.45
posed a greater risk of recurrence in 64 patients with various head
and neck cancers including those of the nasopharynx (n=29),
larynx (n=16), oropharynx (n=13), or hypopharynx (n=6)
treated by radiotherapy or surgery. Inokuchi et al. [6] reported
that a nodal SUV exceeding 6.0 posed a greater risk of poor
outcome (in terms of DFS, NPFS, and DMFS) in 178 patients with
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various head and neck cancers including those of the oral cavity
(n=61), nasopharynx (n = 38), oropharynx (n = 34), hypopharynx
(n=27), larynx (n=13), or nasal sinus (n=35) treated using
chemoradiation. They also showed that among the patients with a
greater nodal SUVmax (>6.0), those who underwent planned
neck dissection had longer NPFS than those in the observation
only group. Kubicek et al. [7] showed that a nodal SUV exceeding
10.0 posed a greater increased risk of distant failure in 212 patients
with various head and neck cancers including those of the
oropharynx (n=289), larynx (n=54), oral cavity (n=29), salivary
gland (n=13), nasal sinus (n=9), hypopharynx (n=3), or
unknown primary (n = 5) managed using various types of therapy.
We suggest that high FDG uptake in neck nodes is correlated with
poor outcome, and that such patients should receive more
aggressive treatment combinations.

The prognostic value of primary tumor SUVmax in patients
with head and neck cancer remains controversial, and many
reports have indicated that it has positive [8] or negative [9]
associations with outcome. Allal et al. [8] demonstrated that a
primary tumor SUV exceeding 4.76 posed a greater risk of poor
outcome in 120 patients with various head and neck cancers
including those of the oropharynx (n=46), oral cavity (n=32),
larynx (n = 26), hypopharynx (n = 13), or unknown primary (n = 3)
managed by radiotherapy or surgery. Tang et al. [9] showed that
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Table 3. Univariate analysis of clinicopathological factors associated with clinical outcome in the RT group (n=30).

Characteristics n

p-value (log-rank)

Age at diagnosis (years)

0.33 0.075 0.46

<0.0001

<0.0001

RT: radiotherapy.

n: number of patients.

PFS: progression-free survival.

LC: local control.

NPFS: nodal progression-free survival.

DMFS: distant metastasis-free survival.
SUVmaximum: maximum standardized uptake value.
AJCC: American Joint Committee on Cancer.
doi:10.1371/journal.pone.0096999.t003

primary tumor SUV was not significantly associated with survival
in 83 patients with various head and neck cancers including those
of the oropharynx (n=45), nasopharynx (n=22), hypopharynx
(n=8), oral cavity (n=4), larynx (n=4), or unknown primary
(n =2) managed by radiotherapy.

As is the case for all novel biomarkers, there are also potential
limitations and concerns regarding the widespread applicability of
SUV. For example, it has been demonstrated that SUV varies with
respect to time after injection of FDG [10]. The exact plasma
glucose value may also affect SUV, even in the absence of frank
hyperglycemia/diabetes [11]. The body habitus of the patient
(independent of his/her actual weight) may also affect SUV,
because fatty tissue shows relatively low FDG uptake. Finally,
there are a number of technical factors that can affect SUV, as has
been reviewed in a comprehensive editorial by Keyes [12]. These
factors include the recovery coefficient (the ratio of the measured
activity of a ROI relative to its true activity) and partial volume
averaging, which are affected by individual nuances of the
hardware and software of the PET scanner, the size and geometry
of the lesion, and respiratory motion [13].

Moreover, although convenient to measure and widely used,
SUVmax has a disadvantage. It is a single-pixel value representing
the most intense FDG uptake in the tumor and may not represent
total uptake for the whole tumor mass, as well as being vulnerable
to statistical noise, which might explain the current results.
Recently, volume-based metabolic parameters measured by FDG-
PET have emerged as new prognostic factors. Metabolic tumor

PLOS ONE | www.plosone.org

volume (MTV) is defined as the volume of FDG activity in the
tumor, and total lesion glycolysis (TLG) as the summed SUV
within the tumor. Unfortunately, in our series, we were unable to
measure MTV and TLG due to technical limitations of the PET
machine. This is one of several limitations to our present study.

There were other limitations. First, it was a retrospective study
performed at a single institution with a relatively small number of
patients, especially in surgery group. Second, FDG-PET was not
performed initially for every patient with laryngeal cancer, as only
selected patients were referred for PET scanning. The use of FDG-
PET in only selected patients might have introduced bias and
influenced the results, which may therefore not be generalizable to
all subjects. Third, the volumetric analyses such as MTV and TLG
were not undertaken because of PET technological problem.
Finally, we were unable to analyze overall survival because there
were only three disease-related deaths among the study popula-
tion,

Conclusions

Laryngeal cancer patients showing high FDG uptake in neck
nodes should be considered at increased risk of poor outcome and
may benefit from more aggressive multimodality treatment
combinations. These results remain to be confirmed in a larger
prospective and more homogeneous study.
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Table 4. Univariate analysis of clinicopathological factors associated with clinical outcome in the surgery group (n=21).

Age at diagnosis

Characteristics n

(years)

' T1-2 6

n: number of patients.

PFS: progression-free survival.

LC: local control.

NPFS: nodal progression-free survival.

DMFS: distant metastasis-free survival.
SUVmaximum: maximum standardized uptake value.
AJCC: American Joint Committee on Cancer.
doi:10.1371/journal.pone.0096999.t004
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Abstract

Our aim was to evaluate the feasibility of salvage operations for patients with persistent or recurrent cancer of the maxillary sinus after
superselective intra-arterial infusion of cisplatin with concurrent radiotherapy. We retrospectively analysed the records of 61 patients with
cancer of the maxillary sinus who were treated in this way. Chemotherapy comprised 100-120 mg/m? superselective intra-arterial infusions
of cisplatin given a median of 4 times weekly (range 2-5). Concurrent radiotherapy was given in a median dose of 65 Gy (range 24-70 Gy).
Persistent or recurrent cancer of the maxillary sinus was found in 17 patients, of whom 11 had salvage surgery. The disease was controlled
in 8 of the 11, and 7 of the 11 survived with no evidence of disease. Their 5-year overall survival was 61%. Two of the 11 developed serious
operative complications. Salvage surgery for patients with persistent or recurrent cancer of the maxillary sinus treated by superselective
chemoradiotherapy is both safe and successful. Salvage surgery is a good option when this sort of persistent or recurrent cancer is followed
up after the regimen of chemoradiotherapy described.
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Introduction

Cancer of the maxillary sinus is rare. It comprises only about
3% of cancers of the head and neck and about 0.5% of all
malignant disease.! The annual incidence is 0.5-1.0/100,000
population, and squamous cell carcinoma is the most com-
mon histological type, being found in over half of all patients
with the disease.!™

Many authors have recommended combined treatments
consisting of en bloc radical resection together with
irradiation.*® However, the cosmetic problems for patients
who have en bloc resection are considerable, so multi-
ple treatments have been introduced to avoid cosmetic
problems and to preserve ocular function and improve
outcomes. In Japan, superselective intra-arterial cisplatin
infusion with concurrent radiotherapy has been introduced
to preserve the orbital contents and ocular function in
patients with advanced cancers of the maxillary sinus.”-®
This non-surgical treatment is both safe and highly effec-
tive.

Salvage surgery is generally attempted when localised per-
sistent or recurrent primary tumours are found after initial
chemoradiotherapy.”~!> However, we know of no reports of
salvage surgery for patients with persistent or recurrent can-
cer of the maxillary sinus after intensive chemoradiotherapy
to date. The purpose of this study was to evaluate the feasi-
bility of salvage surgery and to assess its efficacy for patients
with persistent or recurrent cancer of the maxillary sinus after
chemoradiotherapy.

Method
Patients

We retrospectively analysed the records of 61 patients with
squamous cell carcinoma of the maxillary sinus who had
superselective intra-arterial infusion of cisplatin with con-
current radiotherapy at Hokkaido University Hospital, Japan
between September 1999 and July 2012. T and N stages
were classified according to the American Joint Committee
on Cancer (AJCC) staging system 2010. Details of patients
are shown in Table 1.

Radiotherapy

The irradiation plan during the period 2006-2012 was 40 Gy
in 20 fractions of 2Gy over four weeks for the primary
site and involved nodal areas, immediately followed by a
boost of 30 Gy in 15 fractions to the primary cancer over
an additional three weeks (total dose 70 Gy). Between 1999
and 2005, involved nodal areas and the primary site were
irradiated with 40 Gy in 16 fractions of 2.5 Gy over four
weeks, with a boost irradiation of 25 Gy in 10 fractions to
the primary tumour over an additional 2.5 weeks (total dose
65 Gy).

Table 1
Details of the 61 patients. Data are expressed as number (%) unless otherwise
stated.

Variable
Sex
Male 50 (82)
Female 11 (18)
Age (years)
Median (range) 61 (34-74)
Duration of follow up (months)
Median (range) 64 (9-143)
T classification
T2 1(1)
T3 17 (28)
T4a 30 (49)
T4b 1321)
N classification
NO 49 (80)
NI 7(11)
N2b 509
Chemotherapy

Chemotherapy comprised 100-120 mg/m? superselective
intra-arterial cisplatin given a median of 4 times weekly
(range 2-5). At the same time, sodium thiosulphate was given
intravenously (24 g/body weight) to effectively neutralise the
cisplatin.

Salvage surgery

Patients who were not given a full course of irradiation
(<65 Gy) were referred for salvage surgery at the end of the
course of radiotherapy. Patients given a full course of irradia-
tion (>65 Gy), had a computed tomographic (CT) or magnetic
resonance (MR) scan, or both, taken within 3 months of
the completion of treatment. If there was persistent primary
disease we attempted to biopsy it, and salvage surgery was
recommended if viable tumour cells were found.

Patients were usually monitored monthly for recur-
rence during the first year, every 2 months during the
second year, and every 6 or 12 months thereafter until
death or the data were censored. CT or MR scans were
taken routinely every 3 months during the first year, and
every 6 or 12 months thereafter. Surgical complications
were graded using the Common Terminology Criteria
for Adverse Events (NCI-CTCAE) Version 4.0.(from
National Cancer Institute web site http://evs.nci.nih.gov/
fipl/CTCAE/CTCAE_4.03.2010-06- 14_QuickReference
5x7.pdf, National Cancer Institute, US)

Statistics

The Kaplan-Meier test was used to compare survival and
local control from the start of treatment to death or failure.
Probabilities of less than 0.05 were accepted as significant.
The software IMP Pro 10.0.2 statistical software (SAS Insti-
tute, Cary, NC) was used to aid the statistical analysis.
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Radiotherapy and cisplatin
chemotherapy (n=61)

I
v v

No persistent/recurrent Persistent/recurrent
primary disease primary disease

(n=44) (n=17)
Salvage surgery No salvage surgery
(n=11) (n=6)
No evidence || Dead of Dead of Alive with Dead of
of disease distant disease || primary primary primary
(n=7) (n=1) disease disease disease
(n=3) (n=1) (n=5)

Fig. 1. Clinical outcomes in 61 patients with cancer of the maxillary sinus
after intra-arterial infusion of cisplatin with concurrent radiotherapy.

Results
Chemoradiotherapy

A median of 4 doses of intra-arterial chemotherapy was
given (range 2-5). The median irradiation dose was 65 Gy
(range 24-70 Gy) Fifty-eight patients (95%) had a full course
of irradiation (>65 Gy). In one patient, chemoradiotherapy
was cancelled because of severe neutropenia and sepsis after
the second intra-arterial infusion of cisplatin, and palliative
treatment was given. In another patient, ischaemic colitis
developed after the first intra-arterial infusion of chemother-
apy, which was therefore suspended, and he was treated with
50 Gy of radiotherapy followed by salvage surgery. In the
final patient, intra-arterial chemotherapy was given 4 times.
However, the patient chose to suspend the subsequent radio-
therapy after being given 48 Gy of irradiation because he had
concerned about possible late complications.

Clinical outcomes

‘We found persistent or recurrent cancer of the maxillary sinus
in 17 patients (28%), and salvage surgery was used in 11 of
the 17. Three patients developed local recurrence at a median
(range) of 5(2-22) months after the operation. All 3 patients
died of their primary disease. Another patient developed dis-
tant metastasis 15 months after salvage surgery and he died
of distant disease 20 months later. The remaining 7 patients
survived with no evidence of disease (Fig. 1). Persistent or
recurrent primary disease was controlled in 8/11 patients who
had salvage surgery, and 7 of the 17 with persistent or recur-
rent disease survived with no evidence of disease after salvage
surgery.

Of the 17 patients with persistent or recurrent primary
disease, we did not operate on 6 patients (Table 2). Various
types of chemotherapy were used for 3 of them depending
on their general condition. Only one of the 3, who was given
adjunctive chemotherapy, remains alive with primary disease.

1.0
| Local control (n=61) 81%
084 = 1o e et T
5 i
§ 0.6 Overall survival (n=61) 68%
< -
s
s 0.4+
a J
0.2
0.0 — T T
0 2 4 6 8 10 12
Time (years)

Fig. 2. Overall survival curve and local control curve of all 61 patients with
cancer of the maxillary sinus after intra-arterial infusion of cisplatin with
concurrent radiotherapy.

The 5-year overall survival of all 61 patients was 68%.
The 5-year local control by our regimen of chemoradiother-
apy and salvage surgery was 81% (Fig. 2). Fig. 3 shows
the overall survival curves for the 17 with persistent or
recurrent primary disease, the 11 patients who had salvage
surgery, and the 6 patients who did not. The 5-year over-
all survival of the 11 patients who had salvage surgery was
61%.

Salvage surgery

Salvage surgery was done for 11 patients at a median of
4 months (range 1-46) after the completion of chemora-
diotherapy (Table 3). Two patients developed postoperative
complications in the form of deep vein thrombosis in one and
local infection and sepsis in the other.

Discussion

For most squamous cell carcinomas of the maxillary sinus
the standard treatment is a combination of radical surgery

0.8+ -'_'—'_i Salvage surgery (n=11) 60%

] L i
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0.2 L B _m_ax_illary cancer (n=17)40%

1
: No salvage surgery (n=6) 0%
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0 1 2 3 4 5 6 7 8

Time (years)

Fig. 3. Overall survival curves of the 17 patients with persistent or recurrent
maxillary cancer, 11 patients who had salvage surgery and 6 patients who
did not.
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Table 2
Details of the 7 patients who did not have salvage surgery.

Case no Age Sex Classification Radiation No of cycles of Reason for not Additional Outcome (observation
(years) dose (Gy) chemotherapy having salvage treatment period after
surgery recurrence (months))
T N

1 72 M 4b 0 65 3 Poor general Chemotherapy Died of disease (11)
condition

2 68 M 3 0 65 3 Poor general Palliation Died of disease (12)
condition

3 57 M 4b 2b 65 4 Tumour Chemotherapy Died of disease (7)
unresectable

4 70 M 4b 0 70 4 Poor general Palliation Died of disease (1)
condition

5 72 M 3 0 70 2 Refused Chemotherapy Alive with disease (3)

6 73 M 4a 0 24 2 Poor general Palliation Died of disease (3)
condition

and preoperative or postoperative irradiation. Total maxil-
lectomy, with or without orbital exenteration, is the most
common operation for these cancers. However, functional
and cosmetic outcomes after surgical treatment for patients
with advanced tumours are far from satisfactory. In our
hospital superselective chemoradiotherapy was attempted to
preserve ocular function and avoid cosmetic problems for
patients who hoped to have non-surgical treatment. In par-
ticular, we think that the unresectable tumours or tumours
with orbital invasion may be good indications for chemora-
diotherapy. In Japan it has been reported to be both safe and
effective for patients with cancer of the maxillary sinus.”®
However, additional treatment is often problematic when
the tumour is persistent or recurrent. We therefore focused
on salvage surgery for patients with persistent or recur-
rent disease after chemoradiotherapy, and evaluated the
results of salvage surgery in terms of morbidity and sal-
vage.

The complication rate of salvage surgery after intensive
chemoradiotherapy for patients with head and neck cancer
has been reported to be 11%~63%.°-'% In 1998, Curran et al.
reported salvage surgery after radiotherapy for patients with
paranasal malignancies,'® and reported their complication
rate to be 24% of 34 patients undergoing salvage surgery.
Our postoperative complication rate was 2/11, which is com-
parable to those published in recent reports. Salvage surgery
after intensive chemoradiotherapy is therefore both safe and
feasible.

Intensive chemoradiation such as ours is used to avoid
surgical stress. However, salvage surgery may be almost the
only alternative for the treatment of persistent or recurrent
primary disease after intensive chemoradiation. It has been
reported that salvage surgery for persistent or recurrent can-
cers of head and neck can be difficult in terms of surgical
technique, and have not only high morbidity but also low
rates of salvage.!*!> In addition, salvage surgery for patients
with recurrent cancers of the upper aerodigestive tract may

often cause fistulas to form, or lead to severe infective com-
plications that may cause bleeding from the carotid artery or
prolong the stay in hospital. In cases of persistent or recurrent
cancer of the maxillary sinus we think that salvage surgery is
safer, as there is no potential for fistulas to form associated
with maxillectomy.

Persistent or recurrent primary disease was controlled in
8/11 patients who were treated by salvage surgery. Seven
of the 17 patients with persistent or recurrent cancer of the
maxillary sinus survived with no evidence of disease after
salvage surgery. The reason for this favourable salvage rate
may be that persistent or recurrent primary disease is often
localised and oncologically resectable after chemoradiother-
apy in patients with cancer of the maxillary sinus.

In conclusion, salvage surgery for patients with per-
sistent or recurrent maxillary cancer after superselctive
chemoradiotherapy is safe and successful. We also con-
sidered that the overall survival of patients undergoing
salvage surgery is favourable and that it is therefore a
good option in such cases. It is also important to recognise
persistent or recurrent primary disease as soon as possi-
ble so that we do not miss the opportunity for salvage
surgery.
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Table 3

Details of the 11 patients who had salvage surgery.

Caseno Age (years) Sex Classification Radiation dose (Gy)  No of cycles of Type of Reconstruction for ~ Orbital exenteration  Complications  Outcome (postoperative
chemotherapy operation palatal defects observation period)*
T N
1 60 M 4a 0 65 | Total STSG + prothesis + - Dead of primary disease (13
maxillectomy months)
2 69 F 3 0 65 3 Frontal cran- None + - No evidence of disease (4)
iotomy +ESS
3 67 M 4a O 50 2 Total STSG + prothesis - - No evidence of disease (6)
maxillectomy
4 48 M 4b 0 48 4 Partial None - - No evidence of disease (5)
maxillectomy
5 37 M 4a 0 70 4 Partial STSG + prothesis + - No evidence of disease (4)
maxillectomy
6 73 M 4a 1 64 4 Total VRAM flap + Sepsis (Gr3) No evidence of disease (4)
maxillectomy
7 64 M 3 1 70 4 Total STSG + prothesis - DVT (Gr2) Dead of distant disease (20
maxillectomy months)
8 62 M 4a 1 70 5 Total STSG +prothesis ~ + - Dead of primary disease (3
maxillectomy 1/2)
9 63 M 4da 0O 70 5 Partial None - - No evidence of disease (2)
maxillectomy
10 60 M 4a 0 50 1 Total STSG + prothesis - - No evidence of disease (2)
maxillectomy
11 60 M 4a  2b 70 4 Total Prothesis + - Dead of primary disease (7

maxillectomy

months)

ESS = endoscopic sinus surgery, STSG = split thickness skin graft, VRAM = vertical rectus abdominis myocutaneous flap, DVT = deep vein thrombosis.
4 Years, unless otherwise stated.
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Abstract The suprasternal space is a narrow space
between the superficial and deep layers of the investing
layers of the deep cervical fascia above the manubrium of
the sternum. The suprasternal space has been paid little
attention as a space with the potential for lymph node
metastasis from both thyroid cancer and head and neck
cancer. We experienced 2 patients who were found to have
a lymph node in the suprasternal space preoperatively.
Both of them had well-differentiated thyroid papillary
carcinomas and level III and IV lymph node metastases as
well as metastasis in the suprasternal space. We have not
previously dissected the suprasternal space prophylacti-
cally in other patients with thyroid papillary cancer, but no
patient has developed metastasis in this space to date. The
suprasternal space is not usually dissected in patients with
thyroid cancer. However, suprasternal space metastasis has
been reported to occur occasionally in patients with lymph
node metastases in levels III and IV. We consider that
dissection of the suprasternal space, which is not routinely
performed, should be done when preoperative examination
suggests lymph node metastasis in the suprasternal space as
dissection of this space is less invasive, easy to achieve,
and is not time consuming. Greater attention should be paid
to the suprasternal space as an area with the potential for
lymph node metastasis from thyroid cancer.
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Introduction

The suprasternal space, which is also known as the ‘Bumns
space’, is a narrow space between the superficial and deep
layers of the investing layers of the deep cervical fascia
above the manubrium of the sternum (Fig. 1). According to
Gray’s anatomy, it contains a small amount of areolar
tissue, the lower parts of the anterior jugular veins and the
jugular venous arch, as well as the sternal heads of the
sternocleidomastoid muscles and sometimes a lymph node
[1].

Little attention has been paid to date to the suprasternal
space as an area with the potential for lymph node
metastasis from either thyroid cancer or head and neck
cancer. Sun et al. [2] first reported lymph node metastasis
between sternocleidomastoid and sternohyoid muscles
(LNSS) in clinically node-positive papillary thyroid carci-
noma (Fig. 2). They mentioned that the space is part of the
suprasternal space. We read with great interest the paper by
Sun et al. and herein report two cases of lymph node
metastasis in the suprasternal space from thyroid papillary
cancer, and discuss the importance of the suprasternal
space in thyroid papillary cancer.

Case 1

A 54-year-old female patient visited Hokkaido University
Hospital complaining of lumps in the left lower neck of
1.5 years duration. CT scans and ultrasound examination
showed a small nodule in the left lobe of her thyroid,
several lymph nodes, of which the largest is 2.1 cm in
diameter, at levels IIl and IV in her left neck, and a lymph
node of 1 cm in diameter in the left suprasternal space
[TINIbMO (UICC 7th) stage IVA, Fig. 3]. Fine needle
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