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Abstract

A cohort study was undertaken to analyze the risk of recurrence among 1616 patients with
primary squamous cell carcinoma of the larynx from 1983 to 2010 at a single, tertiary aca-
demic center in Oslo, Norway. The cohort was followed from the date of diagnosis to Sep-
tember 2011. Competing risk regression analysis assessed the association between
various risk factors and the risk of recurrence, where death was considered a competing
event. Recurrence was observed in 368 patients (23%) during the study period. The major-
ity (71%) of recurrences involved the location of the primary tumor. The overall risk of recur-
rence during the first three years after initiating treatment was 20.5%. Increased risk of
recurrence was observed in patients with supraglottic cancer, younger patients, those with
T2-T3 tumors and in patients treated in the earlier part of the study period. Significant fac-
tors for recurrence in glottic carcinomas were age, treatment in the earlier part of the study
and T-status, whereas age was a significant factor in supraglottic cancer. N-status
appeared less significant. In conclusion, follow-up of laryngeal squamous cell carcinoma
should place particular emphasis on the site of the primary tumor, younger patients, cases
of supraglottic cancer and T2-T4 primary tumors, especially during the first three years
after treatment. More studies are needed to assess the impact of surgical versus non-surgi-
cal treatment, and eventually the significance of recurrence, for disease-specific and overall
survival in cases of advanced laryngeal squamous cell carcinoma.

Introduction

Laryngeal squamous cell carcinoma (LSCC) accounts for approximately 17% of all primary
head and neck cancers (HNSCC) in Norway, with an age-standardized incidence rate (ASR)
for laryngeal cancer of 1.4 per 100,000 in 2014 [1]. Males with glottic cancer predominate, but
during the last three decades the proportion of females has increased significantly [2].

The treatment of early and advanced stage laryngeal cancer has been subject to a substantial
development during the last three decades. The objective of LSCC management is cure with
preserved laryngeal function. To achieve this, it is vital to assess the risk of recurrent disease in
each case. The risk of recurrence varies considerably with the modality of treatment, as with
subsite, N-status and T-status [3, 4]. Early stage laryngeal cancer is generally associated with
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high local control rates and a favorable outcome [5]. However the recurrence rates of advanced
stage LSCC have been reported to range between 25-50% [6]. Moreover, previous studies have
shown that laryngeal recurrences primarily develop in the region of the primary tumor and
within three years after the primary therapy [7].

Early detection of recurrent disease in LSCC is an important contributor to a successful dis-
ease outcome [8]. Thus, identification of prognostic factors for recurrence would be highly rele-
vant to the clinician. The objective of this study was to analyze the subsite-specific risk factors
for recurrence in patients treated for LSCC.

Materials and Methods

All patients diagnosed with primary LSCC at the Department of Otorhinolaryngology, Oslo
University Hospital, Rikshospitalet during 1983-2010 were included in the study. The Privacy
and Data Protection Office, CEO Executive Staff, Oslo University Hospital approved the study
and data collection was authorized by the Norwegian Data Protection Authority. Written con-
sent was collected from each patient at the time of diagnosis. Baseline data on gender, smok-
ing/alcohol status, age, subsite and TNM status at diagnosis as well as date of diagnosis, date of
primary treatment, modality of treatment and follow-up were obtained from the hospital rec-
ords and compiled in a database. Information about deaths (or date of emigration) was
obtained from the hospital patient registration system, which is updated regularly from the
Cause of Death Registry. The data were linked through unique personal identification num-
bers, which are assigned to every individual in Norway. Longitudinal follow-up of the cohort
was continued until 30 September 2011. The Ministry of Health approved the study and data
collection was authorized by the Norwegian Data Inspectorate.

After clinical and radiological examination, all patients were evaluated by a multidisciplinary
tumor board of head and neck surgeons and oncologists from the Norwegian Radium Hospital.
The final management was performed in accordance with the Danish Head and Neck Cancer
Group (DAHANCA) guidelines, which have been applied since 1995 [9]. Between 1983-1995,
T1ANOMO glottic carcinomas were treated with conventional RT (66 Gy, 2 Gy per fraction, 5
fractions/week), but since 1 January 1996, TLM has been the standard treatment for these tumors.
From 1983, early and intermediate stage laryngeal cancer was managed by a conventional RT
scheme (68-70 Gy, 5 fractions/week) but during1995-2000 an accelerated protocol (6 fractions/
week) was gradually introduced according to DAHANCA guidelines [10]. Concomitant CRT
was introduced as standard treatment for advanced stages in 2002, whereas T4a laryngeal cancers
continued to be treated with TLAR and post-operative RT (50 Gy). Partial laryngectomy is not
part of standard treatment at our center and has only been performed in a few selected cases.

Regardless of stage and treatment modality, all patients were evaluated clinically 4-6 weeks
after primary treatment. Before 1990, endoscopy was performed with a mirror or Hopkins rod
and after 1990 by means of flexible videolaryngoscopy, supplemented with stroboscopy as
appropriate. A computed tomographic (CT) scan of the neck was performed before the first
consultation for all patients (except T1a glottic cancer treated by TLM) and was repeated annu-
ally and/or when required for a complete assessment. Initially, conventional chest x-ray was
performed regularly but was stopped halfway through the study due to the low detection rate
for metastases and secondary malignant tumors. Ultrasound examination of the neck with
fine-needle cytology and/or micro-laryngoscopy with a biopsy was performed when required.
Patients were seen every 8—12 weeks during the first year and 2-3 times during the second and
third years post-treatment. Thereafter the surveillance was continued by the local Ear, Nose
and Throat Department in the majority of cases. Any suspicion of recurrence during follow-up
led to immediate referral to our institution for further examination and treatment.
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As per the department protocol, first follow-up consultations were carried out by the senior
staff member, who was responsible for the initial TNM classification and the primary treat-
ment decision. Our database is updated continuously regarding the site of recurrence and
occurrence of death. The date of recurrence was defined at the date of histological verification.
Recurrences were categorized as local, regional, loco-regional or metastases at distant sites. In
case of simultaneous recurrence in more than one site, both sites were registered. Recurrence
in the stoma in patients subjected to primary total laryngectomy was defined as local-stoma.

The cohort was categorized by gender, smoking/alcohol (ever, never, unknown), age (<59,
60-69 and >70 years), subsite (glottic, supraglottic or subglottic) and stage of disease. All
tumors were classified in accordance with the UICC TNM staging system and the AJCC TNM
(stage I-IV), where early stage (I+1I) is defined as T1-T2NOMO, and advanced stage (III+IV) is
defined as T3-T4a/b and any TN+, M+. The cohort was divided into four time periods accord-
ing to the year of initial management (1983-1989, 1990-1996, 1997-2003, 2004-2010) and cat-
egorized by one of the treatment modalities: RT, TLM, TLAR, CRT or palliative/no treatment.

Statistics

Descriptive statistics are presented as frequencies and proportions. The cohort was followed up
longitudinally from the date of primary diagnosis, whereas the date of initiated treatment was
applied as start point in the risk analysis. Due to the possibility of death during the follow-up
period, death as a competing event was incorporated into the analysis. Thus, the patients were
followed to the date of histologically verified recurrence or censored at the date of study closure
(30 September 2011), or considered as a competing event at the time of death (from any cause),
whichever occurred first. The cumulative risk of recurrence, which describes the absolute risk
over the time course, was plotted during 10 years of follow-up and is presented as risk estimates
at three years after treatment of LSCC. The Pepe and Mori test was performed to compare the
cumulative risk of glottic versus supraglottic cancer [11]. Univariate and multivariate compet-
ing risk analyses, using the model of Fine and Gray [12], were performed to evaluate the effect
of potential risk factors for recurrence during 10 years of follow-up after treatment of LSCC.
Stage could not be included in the model due to high correlation with T- and N-status. Smok-
ing/alcohol was omitted from the multivariate model due to lack of detailed data on consump-
tion. Risk estimates are presented as sub-distribution hazard ratios (SHR) with accompanying
95% confidence intervals (CI) and p values. The analyses are stratified by subsite to meet the
model assumptions of proportional hazards. Only glottic and supraglottic carcinomas had a
sufficient number of patients for analysis. Sensitivity analyses were conducted by restricting the
follow-up to three years after initiation of treatment, due to the low number of cases followed
beyond three years (11%).

P-values <0.05 were regarded as statistically significant. Data analysis was performed using
SPSS [13] and Stata [14].

Results

In total, 1616 patients were diagnosed with primary LSCC during the study period. One patient
was excluded since he died on the day of diagnosis, such that 1615 patients were included in
the analysis. The long-term descriptive trends of the study cohort have been published previ-
ously [2].

Among these 1615 cases, 368 (23%) patients developed recurrent disease. Death as a com-
peting event occurred in 674 (42%) patients. The median follow-up time for the whole cohort
was 3.2 years (range 0-28.3 years). Patients with and without recurrent disease had a median
follow-up of 1.0 years and 5.2 years, respectively. Ninety-eight percent of patients (n = 1583)
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were treated with curative intent, while 2% (n = 32) were considered medically or mentally
unfit for curative treatment or the patients abstained from treatment.

Patient and disease characteristics are summarized in Table 1. In the first period (1983-89)
the risk of recurrence was 28% (113/402), after which the risk declined gradually to 17% (73/
434) in the last period (2004-10). The cumulative risk of recurrence for the whole cohort at 1,
3, 5 and 10 years of follow-up was 11.3%, 20.5%, 22.5% and 23.6%, respectively, while the risk
of death increased steadily over time (Fig 1). The risk of recurrence tended to be more striking
in supraglottic versus glottic carcinomas over the 10 years following treatment, although this
was not statistically significant (p = 0.09, Fig 2).The three-year risk of recurrence decreased by
age at diagnosis and period of treatment (Table 2). Furthermore, the three-year risk was lowest
for T1 (11%) and T4 (21.1%) laryngeal cancer, while T2 (27.3%) and particularly T3 (35.8%)
laryngeal cancer were associated with higher risks for recurrence. The risk of recurrence
increased with increasing nodal involvement and stage (early versus advanced) (Table 2).
Among patients with T1a glottic cancer, the risk of recurrence was similar in patients treated
with RT (three-year cumulative risk 8.7%, 95%CI 5.6-12.7%) or TLM (8.7%, 5.9-12.3%).

When a competing risk regression model was used to study the association between poten-
tial factors and the risk of recurrence in glottic cancer (Table 3), the risk decreased significantly
for patients treated in the last period compared to the first period (SHR 0.5, 95% CI 0.3-0.8).
The risk of recurrence was significantly lower for patients aged >70 years compared to <60
years (SHR 0.6, 95% CI 0.5-0.9), and in patients with T'1a carcinomas compared to T1b-T4
carcinomas (Table 3). Involvement of two or more regional neck nodes increased the risk of
recurrence in glottic cancer but not significantly (SHR 1.5, 95% CI 0.9-2.7). The results of uni-
variate and multivariate analysis were of the same magnitude except for TLM and T3-4, which
increased the risk of recurrence in multivariate analysis.

Table 4 present the risk of recurrence in supraglottic cancer. Patients aged >70 years had a
significantly lower risk of recurrence than patients aged <60 years (SHR 0.6, 95%CI 0.4-0.9).
In contrast to glottic cancer, female gender showed a tendency to increase the risk of recurrence
in supraglottic cancer compared to males (p = 0.08). Nodal involvement did not increase the
risk of recurrence among supraglottic cancer patients. Unlike the case in glottic cancer, there
was no significant difference in the risk of recurrence between study periods.

Sensitivity analyses restricted to three years of follow-up gave similar results (SHRs) to
those observed from the full follow-up analyses (data not shown).

The majority (71%) of recurrences involved only the site of the primary tumor (Table 5).
The three-year cumulative risks for local and regional recurrence were 14.1% and 3.1%, respec-
tively. Distant recurrences were relatively rare, and most often of pulmonary origin (6%). The
site of recurrence differed significantly between subsite (p<<0.01) (Table 4). Local recurrence
predominated for all subsites, but regional relapses were more frequent among supraglottic
carcinomas. Among patients treated with TLAR, the three-year cumulative risk of stoma recur-
rence was 6.7% and primarily related to recurrence of a glottic cancer.

Discussion

This study of 1615 LSCC patients represents approximately 60% of all patients diagnosed with
LSCC in Norway between 1983 and 2010. Slightly less than one-quarter of our cohort developed
recurrent laryngeal cancer during 10 years of follow-up, corresponding to findings in the literature
[15, 16]. Recurrent disease occurred early and predominantly at the site of the primary tumor,
and the risk of recurrence was associated with age, subsite, stage and the modality of treatment.
Encouragingly, we observed a significant drop in the rate of glottic LSCC recurrence during
the more recent study periods. This is probably due to several factors, but improvement in the
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Table 1. Patient and disease characteristics and number of recurrences during 10 years’ follow-up
of 1615 patients with laryngeal squamous cell carcinoma treated during 1983-2010.

Recurrence n = 368

Non-recurrence n = 1247

n % n %
Sex
Male 322 88 1081 87
Female 46 12 166 13
Smoking
Ever 326 89 1108 89
Never 30 8 67 5
Unknown 12 3 72 6
Alcohol
Ever 61 17 162 10
Never 213 58 715 60
Unknown 94 25 370 30
Age (years)
0-59 130 35 328 26
60-69 131 36 411 33
>70 107 29 508 41
Subsite
Glottic 243 66 884 71
Supraglottic 113 31 324 26
Subglottic 12 3 39 3
T-status
T1 90 24 577 46
T2 120 33 267 21
T3 85 23 146 12
T4 73 20 257 21
N-status
NO 300 82 1043 84
N1 23 6 76 6
N2+ 45 12 128 10
M-status
MO 368 100 1233 99
M1 0 0 14 1
Stage
Early stage 194 53 789 63
Advanced stage 174 47 458 37
Stage I-IV
| 87 24 563 45
Il 107 29 223 18
I 76 21 146 12
\Y 98 26 315 25
Treatment modality
Radiotherapy 271 74 737 59
Transoral lasermicrosurgery 38 10 294 24
Total laryngectomy 41 11 138 11
Chemo-radiotherapy 18 5 37 3
Palliative/ no treatment 0 0 41 3

(Continued)

PLOS ONE | DOI:10.1371/journal.pone.0164068 October 7, 2016

5/15



o @
@ : PLOS | ONE Risk of Recurrence in Laryngeal Cancer

Table 1. (Continued)

Recurrence n = 368 Non-recurrence n = 1247
n % n %
Period of treatment
1983-1989 113 31 289 23
1990-1996 89 24 288 23
1997-2003 93 25 309 25
2004-2010 73 20 361 29
Length of follow-up
<1year 183 50 222 18
1-2 years 143 39 239 19
3-5years 34 9 237 19
6—-10 years 8 2 549 44

doi:10.1371/journal.pone.0164068.t001

initial staging and hence the choice of primary management is likely to have contributed.
Moreover, since this improvement only applied to glottic cancer, recognition of early onset
symptoms (hoarseness) may have had an impact on the course of the disease. The information
on smoking and alcohol use prior to the diagnosis of LSCC, during treatment or follow-up in
our cohort, could only be presented as ever, never or unknown. Nevertheless, as the number of
daily smokers in Norway has decreased from 42% in 1973 to 13% in 2014, smoking cessation
could be a possible confounder to our findings.

Outcomes in patients with HNSCC have been studied extensively at our institution and else-
where [17]. Consistent with the studies of Boysen et al [7] and Kothari ef al [18], we have

057 — Recurrence
— Death
0.4+
X
0
= 0.3
o
=
©
o
& 0.2
= |
(@)
0.1+
0.0
I l I T | I l | T i |
0 1 2 3 4 5 6 7 8 9 10

Time since diagnosis (years)

Fig 1. Cumulative risk of recurrence and death during 10 years’ follow-up among patients with laryngeal
squamous cell carcinoma.

doi:10.1371/journal.pone.0164068.9001
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Fig 2. Cumulative risk of recurrence by subsite of laryngeal squamous cell carcinoma during 10 years’ follow-up. P value is achieved from the
Pepe and Mori test comparing the cumulative risk of glottic versus supraglottic cancer.

doi:10.1371/journal.pone.0164068.9002

demonstrated the importance of clinical follow-up for at least three years, since almost 90% of
LSCC recurrences observed over a 10-year period were confirmed by year 3 after the beginning
of treatment. The fact that 50% of our patients experienced relapse within 12 months strongly
supports the need for frequent follow-up (every 6-8 weeks) and exclusively at high-volume
specialist centers, at least for the first year. Intensive follow-up is also more likely to reduce the
risk that the patients will ignore symptoms which indicate recurrence, thereby improving com-
pliance [19]. We recommend that the senior laryngologist, or the head and neck surgeon
responsible for the initial classification and management, performs the early follow-up consul-
tations and subsequently supervises post-treatment examinations. Moreover, we acknowledge
the necessity of individualized follow-up regimens for a subgroup of patients, as identified by
Lester and Wight [20].

Regardless of subsite, most recurrences were found to develop locally. Supraglottic cancer
presented more often with regional involvement both at diagnosis and at recurrence in our
material. Nevertheless positive N-status at diagnosis did not increase the risk of recurrence in
supraglottic cancer, as it did among glottic cancer. Of the 368 patients with recurrent disease,
271 (74%) were managed by RT as primary treatment. Endoscopic evaluation of an irradiated
larynx, with local edema, fibrosis and necrosis of the mucosa and cartilage, is a well-known
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Table 2. Cumulative risk of recurrence by patient and disease characteristics at 3 years’ follow-up among patients with laryngeal squamous cell

carcinoma.

n 3-year risk 95% Confidence interval
Overall 326 20.5 18.6 22.5
Sex
Male 283 20.5 18.4 22.6
Female 42 20.8 15.5 26.5
Smoking
Ever 295 21.1 19.0 23.3
Never 22 24.3 16.2 33.4
Unknown 9 12.0 6.2 20.0
Alcohol
Ever 57 26.3 20.7 32.2
Unknown 77 171 13.8 20.7
Age (years)
0-59 114 25.2 21.3 29.3
60-69 121 22.7 19.2 26.3
70+ 91 15.1 12.3 18.1
Subsite
Glottic 208 18.7 16.5 21.1
Supraglottic 107 25.1 21.0 29.3
Subglottic 11 21.7 11.6 33.8
T-status
T 72 11.0 8.8 13.6
T2 104 27.3 22.9 31.9
T3 81 35.8 29.6 42.1
T4 69 21.1 16.9 25.7
N-status
NO 260 19.7 17.6 21.9
N1 23 23.4 15.6 32.1
N2+ 43 25.5 19.2 32.3
Stage
Early stage 161 16.7 14.4 19.1
Advanced stage 165 26.6 23.2 30.1
Stage I-IV
| 69 10.9 8.6 13.4
Il 92 28.2 23.4 33.1
1] 73 33.6 27.4 39.9
I\ 92 22.6 18.7 26.8
Treatment modality
Radiotherapy 238 23.8 21.2 26.5
Transoral lasermicrosurgery 31 9.6 6.7 13.1
Total laryngectomy 39 21.9 16.2 28.3
Chemo-radiotherapy 18 36.6 234 49.9
Period of treatment
1983-1989 103 25.6 21.5 30.0
1990-1996 75 19.9 16.0 241
1997-2003 80 19.9 16.2 23.9
2004-2010 68 16.8 13.3 20.7

doi:10.1371/journal.pone.0164068.t002
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Table 3. Competing risk regression model to evaluate the effect of selected covariates on the risk of recurrence among patients with glottic

laryngeal squamous cell carcinoma during 10 years’ follow-up (n = 1127; 243 recurrences and 425 deaths). SHR, sub-distribution hazard ratios; Cl,

confidence interval.

Sex

Male

Female

Age (years)

0-59

60-69

70+

T-status

T1a

T1b

T2

T3

T4

N-status

NO

N1

N2+

Stage I-IV

|

I

1]

\Y

Treatment modality
Radiotherapy
Transoral lasermicrosurgery
Total laryngectomy
Chemo-radiotherapy
Period of treatment
1983-1989
1990-1996
1997-2003
2004-2010

doi:10.1371/journal.pone.0164068.t003

Univariate analysis

Multivariate analysis

SHR (95% Cl) P value SHR (95% Cl) P value
1 1

0.67 (0.40-1.11) 0.12 0.66 (0.39-1.13) 0.13

1 1

0.79 (0.59-1.07) 0.12 0.83 (0.61-1.12) 0.23
0.57 (0.42-0.79) <0.01 0.62 (0.45-0.85) <0.01
1 1

3.46 (1.99-6.01) <0.001 3.93 (2.14-7.21) <0.001
3.52 (2.54-4.88) <0.001 4.04 (2.65-6.17) <0.001
4.39 (3.03-6.37) <0.001 5.79 (3.55-9.44) <0.001
1.88 (1.21-2.93) <0.01 2.67 (1.39-5.12) <0.01
1 1

1.12 (0.56-2.24) 0.74 0.90 (0.43-1.87) 0.77
1.65 (0.96-2.85) 0.07 1.52 (0.85-2.72) 0.16

]

3.06 (2.25-4.18) <0.001

3.54 (2.46-5.10) <0.001

1.81 (1.22-2.69) <0.01

1 1

0.43 (0.30-0.61) <0.001 1.58 (0.93-2.71) 0.09
0.85 (0.55-1.31) 0.46 0.79 (0.45-1.40) 0.43
2.14 (1.07-4.31) 0.03 1.92 (0.89-4.16) 0.10

1 1

0.79 (0.56-1.11) 0.18 0.80 (0.57—1.15) 0.23
0.75 (0.53-1.04) 0.09 0.68 (0.47—1.00) 0.05
0.59 (0.41-0.85) <0.01 0.50 (0.33-0.77) <0.01

challenge [21]. Repeated endoscopic, radiological and histological procedures are non-specific
examinations, and residual tumor manifestations or recurrent disease may be overlooked [15,
22]. The fact that the biopsy itself can aggravate post-RT conditions is well-recognized.
Although CT or MRI examinations are frequently inconclusive with regard to residual tumor
or loco-regional recurrence, we have thus far relied on direct laryngoscopy and a CT scan of
the neck. Use of a 18F-FDG-PET scan to verify loco-regional recurrent LSCC has shown prom-
ising results and may prove a more accurate modality [23, 24, 25].

There were significant differences in the cumulative incidence of recurrence according to T-
status, confirmed by multivariate analysis, with T2 and T3 LSCC being the least favorable. Sev-
eral studies have pointed out the heterogeneous nature of T2 glottic cancer [26, 27]. A SEER-
based study by Chen et al [28], and a follow-up study from the Netherlands [29], has shown
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Table 4. Competing risk regression model to evaluate the effect of selected covariates on the risk of recurrence among patients with supraglottic
laryngeal squamous cell carcinoma during 10 years’ follow-up (n = 437; 113 recurrences and 227 deaths). SHR, sub-distribution hazard ratios; Cl,

confidence interval.

Univariate analysis

Multivariate analysis

SHR (95% CI) P-value SHR (95% Cl) P-value
Sex
Male 1 1
Female 1.36 (0.90-2.07) 0.14 1.46 (0.95-2.24) 0.08
Age (years)
0-59 1 1
60-69 0.97 (0.63-1.50) 0.90 1.02 (0.65-1.59) 0.94
70+ 0.56 (0.35-0.89) 0.01 0.58 (0.37-0.92) 0.02
T-status
T1 1 1
T2 1.34 (0.71-2.53) 0.37 1.19(0.61-2.29) 0.61
T3 2.02 (1.06-3.82) 0.03 1.67 (0.86-3.24) 0.13
T4 1.24 (0.67-2.31) 0.50 1.20 (0.61-2.38) 0.60
N-status
NO 1 1
N1 0.79 (0.44-1.41) 0.42 0.73 (0.40-1.33) 0.30
N2+ 0.88 (0.57-1.35) 0.56 0.91 (0.56-1.49) 0.70
Stage I-IV
| 1
1] 1.46 (0.70-3.04) 0.31
Il 1.72 (0.84-3.50) 0.14
\Y 1.34 (0.70-2.57) 0.38
Treatment modality
Radiotherapy 1 1
Total laryngectomy 0.75 (0.42-1.33) 0.33 0.69 (0.37-1.29) 0.25
Chemo-radiotherapy 0.97 (0.53-1.77) 0.91 0.88 (0.46-1.66) 0.69
Period of treatment
1983-1989 1 1
1990-1996 0.85 (0.51-1.40) 0.51 0.82 (0.48-1.40) 0.46
1997-2003 0.87 (0.52-1.45) 0.60 0.90 (0.52-1.58) 0.72
2004-2010 0.62 (0.36-1.08) 0.09 0.63 (0.33-1.21) 0.16

doi:10.1371/journal.pone.0164068.t004

Table 5. Type of recurrence stratified by subsite at diagnosis. Chi-square test, used to determine
whether the site of recurrence differed between subsites, yielded p<0.01.

Type of recurrence Overall Glottic Supraglotttic Subglottic

n % n % n % n %
Local 261 70.9 190 78.2 64 56.7 7 58.4
Regional 50 13.6 25 10.3 24 21.2 1 8.3
Loco-regional 13 3.5 2.9 6 5.3 0 0
Local stoma 13 3.5 9 3.7 3 2.7 1 8.3
Distant pulmonary 22 6.0 3.3 12 10.6 2 16.7
Loco-regional+ distant 9 2.5 4 1.6 4 3.5 1 8.3

Total 368 243 113 12
doi:10.1371/journal.pone.0164068.t005
PLOS ONE | DOI:10.1371/journal.pone.0164068 October 7, 2016 10/15
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similar results regarding the impact of T2 tumors on local control. In both reports, the authors
sub-classified T2 glottic cancer into T2a (preserved vocal cord mobility) and T2b (impaired
vocal cord mobility), and highlighted the negative impact T2b tumors may have on outcome.
We do not differentiate between T2a and T2b glottic tumors but cannot discount a possible
unfavorable impact of T2b tumors on the risk of recurrence in our population. In a study by
Haapaniemi et al [30] about laryngeal cancer in Finland, T2 glottic and T2 supraglottic cancer
showed unexpectedly inferior disease-specific survival. The authors had no clear explanation
for this outcome, but misclassification between T2-T3 tumors and lack of surgical intervention
during management were proposed as possibilities. Although the results from Finland were
based on Kaplan-Meier estimates, the high proportion of disease relapses among T2-T3 glottic
carcinomas is in line with our results. We agree with Chen et al that future studies should strive
to improve treatment of T2 glottic cancer.

Adoption of TLM as the standard treatment for T'la glottic cancer in 1996 (approximately
midway through the study) coincided with a gradual increase in the proportion of early stage
glottic cancer, classified here as T1a glottic carcinomas [2]. Early stage (T1a) glottic cancer was
associated with a lower risk of recurrence. We found no difference in risk when comparing the
cumulative incidence of recurrent T1a glottic cancer treated with RT (before 1996) or TLM
(after 1996). This is consistent with findings from the study from Finland [30]. Moreover, it
corresponds with the difference in effect of TLM on the risk of recurrence shown in our uni-
and multivariate analyses. Nevertheless, we support the view put forward by Jackel et al [31]
and others [32, 33], that primary TLM offer the possibility of re-resection, after which there
should be close follow-up. In addition, by using TLM as primary intervention, RT is kept in
reserve as a salvage option. Further studies must clarify the role of TLM as primary interven-
tion for intermediate and advanced LSCC as well as the salvage rates after TLM re-resection of
recurrent glotttic carcinomas.

At our center, concomitant CRT has been part of the standard treatment for advanced
LSCC (T1-2N+, T3, T4b) since 2002, but TLAR is still regarded as the primary approach for
T4a tumors. Of the 179 TLAR patients in this cohort, less than one-fifth developed recurrent
disease. Recurrence primarily involved the stoma or the regional neck nodes, to the same
extent. The majority of the T3 tumors received either RT or CRT as primary combined treat-
ment and primary TLAR was performed only in the event of tumor growth through the thyroid
cartilage (T4a). In a recent study by Elegbede et al [34], non-surgical and surgical treatment of
advanced supraglottic cancer was compared. Despite preservation of the larynx and similar
overall survival, non-surgical treatment of advanced supraglottic cancer was associated with a
higher rate of recurrence. Nguyen-Tan et al have reported promising results which favor sur-
gery (TLAR and supraglottic laryngectomy) for achieving loco-regional control in advanced
T3-T4 glottic and supraglottic LSCC [35]. This is supported by a survey conducted over three
decades by Rosenthal et al concerning the long-term surgical and non-surgical outcomes for
T4 LSCC [36]. Due to the relatively small number of cases treated with concomitant CRT in
our study, comparisons of surgical and non-surgical management of advanced LSCC should be
treated with caution, but calls for future studies. Regarding partial laryngectomy, alone or in
combination with radiotherapy as primary treatment for advanced LSCC, it has only been
applied exceptionally at our department. However, primary as well as salvage partial laryngec-
tomy it is a well adapted procedure in line with TLAR in many institutions worldwide [37, 38].

Women in our cohort presented more often with a primary supraglottic carcinoma [2].
Among females with recurrent disease, two-thirds were treated for an advanced supraglottic
carcinoma. In glottic cancer, female gender tended to decrease the risk of recurrence compared
to men (SHR 0.66), while in supraglottic cancer female gender seemed to increase the risk of
recurrence (SHR 1.46). Despite the non-significant nature of this effect of gender, the actual

PLOS ONE | DOI:10.1371/journal.pone.0164068 October 7, 2016 11/15



@° PLOS | ONE

Risk of Recurrence in Laryngeal Cancer

difference in the SHR-estimates between glottic and supraglottic cancer makes this finding
interesting. Moreover, the fact that supraglottic cancer appeared more prone to recur than glot-
tic cancer in our study, the possible association between female gender and subsite require
closer scrutiny during future follow-up.

A possible disadvantage by our study could lie in its retrospective nature and the potential
of inadequate information. This was unfortunately the case with respect to detailed smoking
and alcohol consumption data. However, we have no indications that recurrences have been
missed but the risk of delay or lack of verification of recurrences is present as some patients
were transferred for further follow-up outside our institution. To avoid such pitfalls, we
emphasize our very close cooperation with the referring entities during follow-up. The strength
of our study lies in the large cohort and the uniform clinical investigation and treatment. Addi-
tionally, the absolute and relative risk of recurrence was analyzed by both cumulative risk esti-
mates and competing risk regression analysis. The advantage of competing risk analysis,
compared to the widely used Kaplan-Meier method, is that competing risk of death during fol-
low-up is incorporated into the assessment of the impact of risk factors of recurrence [39].

In conclusion, recurrent laryngeal cancer developed locally and predominantly within the
first three years of follow-up. The significant reduction in number of recurrences during the
latter part of the study is encouraging but intermediate T-status (T2/T3) was surprisingly unfa-
vorable regarding the risk of recurrence. Positive N-status increased the risk of recurrence
among patients with glottic cancer but had an unexpectedly low impact on risk among supra-
glottic cancer patients. Older age (>70 years) decreased the risk of recurrence significantly in
both glottic and supraglottic cancer, whereas female gender seemed to increase the risk only
when treated for a supraglottic cancer. Moreover, supraglottic LSCC presented more frequently
with recurrence than glottic LSCC and often with a loco-regional involvement, which is why
this subgroup should be carefully monitored. Whether these findings indicate that the manage-
ment of supraglottic cancer and T2-T3 tumors should be intensified is not yet clear. The low
risk of recurrence was equivalent for T1a glottic cancers treated with RT or TLM and ongoing
studies are evaluating a potential role for TLM as a salvage option. More studies are needed to
assess the impact of surgical versus non-surgical treatment, and eventually the significance of
recurrence, for disease-specificand overall survival in cases of advanced LSCC.

Supporting Information

S1 Fig. Cumulative risk of recurrence and death during 10 years' follow-up among patients
with laryngeal squamous cell carcinoma.
(DOCX)

$2 Fig. Cumulative risk of recurrence by subsite of laryngeal squamous cell carcinoma dur-
ing 10 years' follow-up. P value is achieved from the Pepe and Mori test comparing the cumu-
lative risk of glottis versus supraglottic cancer.

(DOCX)

Acknowledgments

The authors would like to thank Andrea Qiestad, MD, Vestre Viken Hospital, Baerum, for her
help in collecting the data.

Author Contributions
Data curation: JBB RSE.

PLOS ONE | DOI:10.1371/journal.pone.0164068 October 7, 2016 12/15


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0164068.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0164068.s002

@° PLOS | ONE

Risk of Recurrence in Laryngeal Cancer

Formal analysis: JBB RSE

Investigation: JBB RSF MB KB.

Methodology:JBB RSF JFE MB KB.

Project administration: JBB RSF KB.

Software: JBB RSE

Supervision: JBB RSF JFE MB KB.

Validation: JBB RSF JFE MB KB.

Visualization: JBB RSF MB KB.

Writing - original draft: JBB RSF KB.

Writing - review & editing: JBB RSF JFE MB KB.

References

1.

10.

11.

12

13.
14.
15.

Cancer Registry of Norway. Cancer in Norway 2014—Cancer incidence, mortality, survival and preva-
lence in Norway. Oslo: Cancer Registry of Norway, 2015

Brandstorp-Boesen J, Falk RS, Boysen M, Brondbo K (2014) Long-term trends in gender, T-stage,
subsite and treatment for laryngeal cancer at a single center. Eur Arch Otorhinolaryngol 271:3233—
3239. doi: 10.1007/s00405-014-3100-9 PMID: 24871863

Ganly |, Patel SG, Matsuo J, Singh B, Kraus DH, Boyle J et al. Predictors of outcome for advanced-
stage supraglottic laryngeal cancer. Head Neck 2009 31:1489-1495. doi: 10.1002/hed.21113 PMID:
19408292

Burke L.S.; Greven K.M.; McGuirt W.T.; Case D.; Hoen H.M.; Raben M. Definitive radiotherapy for
early glottic carcinoma: prognostic factors and implications for treatment. Int.J.Radiat.Oncol.Biol.Phys.
38.5(1997): 1001-06. doi: 10.1016/s0360-3016(97)00150-8 PMID: 9276365

Barthel S. W. and Esclamado R. M. Primary radiation therapy for early glottic cancer. Otolaryngol.
Head Neck Surg. 124.1 (2001): 35-39. doi: 10.1067/mhn.2001.112574 PMID: 11228449

Hinerman R.W.; Mendenhall W.M.; Morris C.G.; Amdur R.J.; Werning J.W.; Villaret D.B. T3 and T4
true vocal cord squamous carcinomas treated with external beam irradiation: a single institution’s 35-
year experience. American Journal of Clinical Oncology 30.2 (2007): 181-85. doi: 10.1097/01.coc.
0000251368.57302.cc PMID: 17414468

Boysen M.; Lovdal O.; Tausjo J.; Winther F. The value of follow-up in patients treated for squamous
cell carcinoma of the head and neck. Eur.J.Cancer 28.2—-3 (1992): 426—30. doi: 10.1016/s0959-8049
(05)80068-1 PMID: 1591057

Brenner B, Marshak G, Sulkes A, Rakowsky E (2001). Prognosis of patients with recurrent laryngeal
carcinoma. Head Neck 23:531-535. doi: 10.1002/hed.1074 PMID: 11400240

DAHANCA Radiotherapy Guidelines 2013—English version 2.0. December 2015. www.dahanca.
oncology.dk. Accessed 19 January 2016.

Lyhne NM, Primdahl H, Kristensen CA, Andersen E, Johansen J, Andersen LJ et al. The DAHANCA 6
randomized trial: Effect of 6 vs 5 weekly fractions of radiotherapy in patients with glottic squamous cell
carcinoma. Radiother Oncol 117:91-98. doi: 10.1016/j.radonc.2015.07.004 PMID: 26255764

Pepe MS, Mori M (1993) Kaplan-Meier, marginal or conditional probability curves in summarizing com-
peting risks failure time data? Stat Med 12:737-751. doi: 10.1002/sim.4780120803 PMID: 8516591

Fine J, Gray RJ (1999) A proportional hazards model for the subdistribution of a competing risk. J Am
Stat Assoc 94:496-509. doi: 10.1080/01621459.1999.10474144

IBM Corp. Released 2013. IBM SPSS Statistics for Windows, Version 22.0 Armonk, NY: IBM Corp
StatCorp. 2013. Stata Statistical Software: Release 13. College Station, TX: StataCorpLP.

Jung YH, Song CM, Park JH, Kim H, Cha W, Hah JH et al (2014). Efficacy of current regular follow-up
policy after treatment for head and neck cancer: Need for individualized and obligatory follow-up strat-
egy. Head Neck 36:715-721. doi: 10.1002/hed.23364 PMID: 23616261

PLOS ONE | DOI:10.1371/journal.pone.0164068 October 7, 2016 13/15


http://dx.doi.org/10.1007/s00405-014-3100-9
http://www.ncbi.nlm.nih.gov/pubmed/24871863
http://dx.doi.org/10.1002/hed.21113
http://www.ncbi.nlm.nih.gov/pubmed/19408292
http://dx.doi.org/10.1016/s0360-3016(97)00150-8
http://www.ncbi.nlm.nih.gov/pubmed/9276365
http://dx.doi.org/10.1067/mhn.2001.112574
http://www.ncbi.nlm.nih.gov/pubmed/11228449
http://dx.doi.org/10.1097/01.coc.0000251368.57302.cc
http://dx.doi.org/10.1097/01.coc.0000251368.57302.cc
http://www.ncbi.nlm.nih.gov/pubmed/17414468
http://dx.doi.org/10.1016/s0959-8049(05)80068-1
http://dx.doi.org/10.1016/s0959-8049(05)80068-1
http://www.ncbi.nlm.nih.gov/pubmed/1591057
http://dx.doi.org/10.1002/hed.1074
http://www.ncbi.nlm.nih.gov/pubmed/11400240
http://www.dahanca.oncology.dk
http://www.dahanca.oncology.dk
http://dx.doi.org/10.1016/j.radonc.2015.07.004
http://www.ncbi.nlm.nih.gov/pubmed/26255764
http://dx.doi.org/10.1002/sim.4780120803
http://www.ncbi.nlm.nih.gov/pubmed/8516591
http://dx.doi.org/10.1080/01621459.1999.10474144
http://dx.doi.org/10.1002/hed.23364
http://www.ncbi.nlm.nih.gov/pubmed/23616261

@° PLOS | ONE

Risk of Recurrence in Laryngeal Cancer

16.

17.

18.

19.

20.

21.

22,

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Brouwer J, Bodar EJ, de Bree R, Langendijk JA, Castelijns JA, Hoekstra OS et al (2004). Detecting
recurrent laryngeal carcinoma after radiotherapy: room for improvement. Eur Arch Otorhinolaryngol
261:417-422. doi: 10.1007/s00405-003-0708-6 PMID: 14625779

de Visscher AV, Manni JJ (1994). Routine long-term follow-up in patients treated with curative intent
for squamous cell carcinoma of the larynx, pharynx, and oral cavity. Does it make sense? Arch Otolar-
yngol Head Neck Surg 120:934-939. doi: 10.1001/archotol.1994.01880330022005 PMID: 8074820

Kothari P, Trinidade A, Hewitt RJ, Singh A, O’Flynn P (2011) The follow-up of patients with head and
neck cancer: an analysis of 1,039 patients. Eur Arch Otorhinolaryngol 268:1191-1200. doi: 10.1007/
s00405-010-1461-2 PMID: 21193920

Haas |, Hauser U, Ganzer U (2001) The dilemma of follow-up in head and neck cancer patients. Eur
Arch Otorhinolaryngol 258:177-183. doi: 10.1007/s004050100333 PMID: 11407449

Lester SE, Wight RG (2009) 'When will | see you again?’ Using local recurrence data to develop a regi-
men for routine surveillance in post-treatment head and neck cancer patients. Clin Otolaryngol
34:546-551. doi: 10.1111/j.1749-4486.2009.02033.x PMID: 20070764

Bahadur S, Amatya RC, Kacker SK (1985) The enigma of post-radiation oedema and residual or recur-
rent carcinoma of the larynx and pyriform fossa. J Laryngol Otol 99:763-765. doi: 10.1017/
s0022215100097620 PMID: 4020272

Zbaren P, Nuyens M, Curschmann J, Stauffer E (2007) Histologic characteristics and tumor spread of
recurrent glottic carcinoma: analysis on whole-organ sections and comparison with tumor spread of
primary glottic carcinomas. Head Neck 29:26-32. doi: 10.1002/hed.20502 PMID: 17103406

Brouwer J, Hooft L, Hoekstra OS, Riphagen Il, Castelijns JA, de Bree R et al (2008). Systematic
review: accuracy of imaging tests in the diagnosis of recurrent laryngeal carcinoma after radiotherapy.
Head Neck 30:889-897. doi: 10.1002/hed.20790 PMID: 18213716

de Bree R, van der Putten L, van Tinteren H, Wedman J, Oyen WJ, Janssen LM et al (2015). Effective-
ness of an F-FDG-PET based strategy to optimize the diagnostic trajectory of suspected recurrent
laryngeal carcinoma after radiotherapy: The RELAPS multicenter randomized trial. Radiother Oncol
[Epublication ahead of print].

Zbaren P, de BR, Takes RP, Rinaldo A, Ferlito A (2013) Which is the most reliable diagnostic modality
for detecting locally residual or recurrent laryngeal squamous cell carcinoma after (chemo)radiother-
apy? Eur Arch Otorhinolaryngol 270:2787-2791. doi: 10.1007/s00405-013-2564-3 PMID: 23689805

Ambrosch P (2007) The role of laser microsurgery in the treatment of laryngeal cancer. Curr Opin Oto-
laryngol Head Neck Surg 15:82—-88. doi: 10.1097/MOO.0b013e3280147336 PMID: 17413407

McCoul ED, Har-El G (2009) Meta-analysis of impaired vocal cord mobility as a prognostic factor in T2
glottic carcinoma. Arch Otolaryngol Head Neck Surg 135:479-486. doi: 10.1001/archoto.2009.47
PMID: 19451470

Chen JJ, Stessin A, Christos P, Wernicke AG, Nori D, Parashar B (2015) Differences in survival out-
come between stage | and stage |l glottic cancer: A SEER-based analysis. Laryngoscope 125:2093—
2098. doi: 10.1002/lary.25338 PMID: 26109043

Al-Mamgani A, van Rooij PH, Woutersen DP, Mehilal R, Tans L, Monserez D et al (2013). Radiother-
apy for T1-2NO glottic cancer: a multivariate analysis of predictive factors for the long-term outcome in
1050 patients and a prospective assessment of quality of life and voice handicap index in a subset of
233 patients. Clin Otolaryngol 38:306—312. doi: 10.1111/coa.12139 PMID: 23731781

Haapaniemi A, Koivunen P, Saarilahti K, Kinnunen |, Laranne J, Aaltonen LM et al. Finnish Head and
Neck Oncology Working Group (2016) Laryngeal cancer in Finland—a five-year follow-up study of 366
patients. Head Neck 38:36—43. doi: 10.1002/hed.23834 PMID: 24996171

Jackel MC, Ambrosch P, Martin A, Steiner W (2007) Impact of re-resection for inadequate margins on
the prognosis of upper aerodigestive tract cancer treated by laser microsurgery. Laryngoscope
117:350-356. doi: 10.1097/01.mlg.0000251165.48830.89 PMID: 17204985

Grant DG, Salassa JR, Hinni ML, Pearson BW, Hayden RE, Perry WC (2008) Transoral laser micro-
surgery for recurrent laryngeal and pharyngeal cancer. Otolaryngol Head Neck Surg 138:606—613.
doi: 10.1016/j.0tohns.2007.12.046 PMID: 18439466

Roedel RM, Matthias C, Wolff HA, Christiansen H (2010) Repeated transoral laser microsurgery for
early and advanced recurrence of early glottic cancer after primary laser resection. Auris Nasus Larynx
37:340-346. doi: 10.1016/].anl.2009.07.004 PMID: 19700251

Elegbede Al, Rybicki LA, Adelstein DJ, Kaltenbach JA, Lorenz RR, Scharpf J et al (2015). oncologic
and functional outcomes of surgical and nonsurgical treatment of advanced squamous cell carcinoma
of the supraglottic larynx. JAMA Otolaryngol Head Neck Surg 141:1111-1117. doi: 10.1001/jamaoto.
2015.0663 PMID: 25950990

PLOS ONE | DOI:10.1371/journal.pone.0164068 October 7, 2016 14/15


http://dx.doi.org/10.1007/s00405-003-0708-6
http://www.ncbi.nlm.nih.gov/pubmed/14625779
http://dx.doi.org/10.1001/archotol.1994.01880330022005
http://www.ncbi.nlm.nih.gov/pubmed/8074820
http://dx.doi.org/10.1007/s00405-010-1461-2
http://dx.doi.org/10.1007/s00405-010-1461-2
http://www.ncbi.nlm.nih.gov/pubmed/21193920
http://dx.doi.org/10.1007/s004050100333
http://www.ncbi.nlm.nih.gov/pubmed/11407449
http://dx.doi.org/10.1111/j.1749-4486.2009.02033.x
http://www.ncbi.nlm.nih.gov/pubmed/20070764
http://dx.doi.org/10.1017/s0022215100097620
http://dx.doi.org/10.1017/s0022215100097620
http://www.ncbi.nlm.nih.gov/pubmed/4020272
http://dx.doi.org/10.1002/hed.20502
http://www.ncbi.nlm.nih.gov/pubmed/17103406
http://dx.doi.org/10.1002/hed.20790
http://www.ncbi.nlm.nih.gov/pubmed/18213716
http://dx.doi.org/10.1007/s00405-013-2564-3
http://www.ncbi.nlm.nih.gov/pubmed/23689805
http://dx.doi.org/10.1097/MOO.0b013e3280147336
http://www.ncbi.nlm.nih.gov/pubmed/17413407
http://dx.doi.org/10.1001/archoto.2009.47
http://www.ncbi.nlm.nih.gov/pubmed/19451470
http://dx.doi.org/10.1002/lary.25338
http://www.ncbi.nlm.nih.gov/pubmed/26109043
http://dx.doi.org/10.1111/coa.12139
http://www.ncbi.nlm.nih.gov/pubmed/23731781
http://dx.doi.org/10.1002/hed.23834
http://www.ncbi.nlm.nih.gov/pubmed/24996171
http://dx.doi.org/10.1097/01.mlg.0000251165.48830.89
http://www.ncbi.nlm.nih.gov/pubmed/17204985
http://dx.doi.org/10.1016/j.otohns.2007.12.046
http://www.ncbi.nlm.nih.gov/pubmed/18439466
http://dx.doi.org/10.1016/j.anl.2009.07.004
http://www.ncbi.nlm.nih.gov/pubmed/19700251
http://dx.doi.org/10.1001/jamaoto.2015.0663
http://dx.doi.org/10.1001/jamaoto.2015.0663
http://www.ncbi.nlm.nih.gov/pubmed/25950990

@° PLOS | ONE

Risk of Recurrence in Laryngeal Cancer

35.

36.

37.

38.

39.

Nguyen-Tan PF, Le QT, Quivey JM, Singer M, Terris DJ, Goffinet DR et al (2001). Treatment results
and prognostic factors of advanced T3—4 laryngeal carcinoma: the University of California, San Fran-
cisco (UCSF) and Stanford University Hospital (SUH) experience. Int J Radiat Oncol Biol Phys
50:1172-1180. doi: 10.1016/s0360-3016(01)01538-3 PMID: 11483326

Rosenthal DI, Mohamed AS, Weber RS, Garden AS, Sevak PR, Kies MS et al (2015). Long-term out-
comes after surgical or nonsurgical initial therapy for patients with T4 squamous cell carcinoma of the
larynx: A 3-decade survey. Cancer 121:1608-1619. doi: 10.1002/cncr.29241 PMID: 25586197

Ferlito A, Silver CE, Howard DJ, Laccourreye O, Rinaldo A, Owen R. The role of partial laryngeal
resection in current management of laryngeal cancer: a collective review. Acta Otolaryngol 2000;
120:456-465. doi: 10.1080/000164800750045938 PMID: 10958395

Ganly |, Patel SG, Matsuo J, Singh B, Kraus DH, Boyle JO et al. Results of surgical salvage after failure
of definitive radiation therapy for early-stage squamous cell carcinoma of the glottic larynx. Arch Oto-
laryngol Head Neck Surg 2006; 132:59—66. doi: 10.1001/archotol.132.1.59 PMID: 16415431

Kim HT (2007) Cumulative incidence in competing risks data and competing risks regression analysis.
Clin Cancer Res 13:559-565. doi: 10.1158/1078-0432.CCR-06-1210 PMID: 17255278

PLOS ONE | DOI:10.1371/journal.pone.0164068 October 7, 2016 15/15


http://dx.doi.org/10.1016/s0360-3016(01)01538-3
http://www.ncbi.nlm.nih.gov/pubmed/11483326
http://dx.doi.org/10.1002/cncr.29241
http://www.ncbi.nlm.nih.gov/pubmed/25586197
http://dx.doi.org/10.1080/000164800750045938
http://www.ncbi.nlm.nih.gov/pubmed/10958395
http://dx.doi.org/10.1001/archotol.132.1.59
http://www.ncbi.nlm.nih.gov/pubmed/16415431
http://dx.doi.org/10.1158/1078-0432.CCR-06-1210
http://www.ncbi.nlm.nih.gov/pubmed/17255278

