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Abstract

Objectives—A previous study proposed that serial full-thickness excisional biopsies of vocal
fold leukoplakia therapeutically decreased dysplasia grade. The current investigation aimed to 1)
analyze the pathological evolution and natural history of these lesions and 2) re-examine the role
of serial excisions on dysplasia grade regression in long-term follow-up.

Study Design—Retrospective case series

Methods—~Patients treated for vocal fold dysplasia (1994 — 2013) with serial full-thickness
microflap-type excisions were identified and followed longitudinally. Excluded were those with
one excision, invasive cancer at initial excision, or history of laryngeal cancer or radiation. Data
from surgical procedures, associated pathology, and patient characteristics were recorded.
Weighted repeated measures ordinal logistic regression measured associations with pathology
findings.

Results—Of 55 patients [median age 65 (interquartile range 54 - 73), 89% male, 63% ever
smokers, 27% alcohol users], 31 met inclusion criteria. During the study period, patients had two
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to 44 excisions with median time between excisions of 4.0 months. Each additional excision
increased odds of higher-grade pathology by 4% (odds ratio 1.04, 95% confidence interval 1.01 —
1.06; p=0.007). A transition model demonstrated patients with moderate dysplasia, severe
dysplasia, or carcinoma in situ on a prior biopsy had 2.64-, 5.64-, and 8.73-times increased odds of
the same or higher pathology grade at the next excision.

Conclusions—Data does not support the hypothesis that serial full-thickness excisions decrease
dysplasia grade. Progression of dysplasia appears to be non-linear, but higher-grade dysplasia is
more likely to progress to malignancy.
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INTRODUCTION

Vocal fold leukoplakia is the clinical finding of an epithelial white-plaque whose prevalence
in the U.S. is estimated at 10.2 and 2.1 per 100,000 in males and females, respectively.!
Hoarseness is the most common presenting complaint; however, it can be asymptomatic.
Pathologic correlation is important because leukoplakia exists on a spectrum from benign
hyperkeratosis to premalignant dysplasia to invasive squamous cell carcinoma.
Approximately half of biopsied laryngeal leukoplakia is found to represent dysplasia or
invasive carcinoma.2:3 Of premalignant dysplastic lesions, the reported malignant
transformation rate in the literature range from 1% to 40%, with an apparent increased risk
among lesions with higher dysplasia grades.

As such, most surgeons are reluctant to manage newly diagnosed leukoplakia with watchful
waiting, preferring instead to biopsy and obtain pathologic examination that can distinguish
benign from dysplastic and malignant lesions.! Accurate diagnosis requires that the biopsy
contain all epithelial layers including the basement membrane in order to determine both
degree of differentiation and depth of invasion. Leukoplakia found on biopsy to represent
hyperkeratosis or non-malignant epithelial changes are at low risk for malignant
transformation and often only require surveillance and reassurance.* When biopsy results
are consistent with invasive malignancy, treatment options consist primarily of surgical
excision or radiation.’

As stated, there is little controversy over the treatment of non-dysplastic benign lesions or
invasive carcinoma. In contrast, the management of intervening grades of dysplasia (i.e.
mild, moderate, severe) and carcinoma in situ (CIS) is less clear. Dysplastic leukoplakia
typically recurs after excisional biopsy(s), presumably due to field cancerization,® and
without histological examination, there is no means to assess whether transformation to
worse degrees of dysplasia or to frank malignancy has occurred. Moreover, there is a lack of
evidence surrounding the natural history of laryngeal dysplasia and this uncertainty begets
practice variability. Specifically, most surgeons offer patients varying degrees and frequency
of surveillance and have differing thresholds for repeat biopsy. Others defer serial biopsy
opting instead for repeated ablation of dysplastic leukoplakia (e.g., potassium-titanyl-
phosphate [KTP] laser) or use a combination of excisional and ablative approaches.
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A prior study suggested that serial full-thickness excision has a therapeutic effect on
dysplastic leukoplakia. Specifically, data promulgating this approach derived from a case-
series of 54 patients with laryngeal dysplasia or CIS who were managed with serial full-
thickness excisions.” In it, only 5% of patients with severe dysplasia or CIS developed
invasive carcinoma, a markedly lower rate than 15.7% to 54.5% seen in other studies that
followed severe dysplasia and CIS with different forms of intervention.® Regression in the
dysplasia grade was also observed, to which the lower rate of malignant transformation was
partially attributed. It concluded that serial full-thickness excision offers an optimal
combination of disease control and preservation of function.

Careful analysis of this study, however, reveals several methodological limitations related to
the study design and its non-continuous, dichotomous analysis (i.e., only comparing first to
last pathology). The assumption was made that dysplasia progresses linearly; that is, mild
dysplasia, if untreated, will naturally devolve into moderate, severe, CIS and, ultimately
invasive carcinoma. While plausible, a different paradigm is that vocal fold dysplasia is a
dynamic, time-varying process where dysplasia grade fluctuates in severity over time. If the
second hypothesis is true, then comparing initial pathology to final pathology without
considering the intervening pathologic grades may misrepresent the disease process and the
therapeutic effect of serial excisional biopsy. To this end, a cohort of patients managed over
a 19-year period using identical methodology as in the aforementioned study was identified.
Using this cohort allowed 1) analysis of the pathological evolution and natural history of
these lesions and 2) the ability to re-examine the effect of serial excisions on dysplasia grade
regression.

METHODS

This retrospective case series was approved by the Institutional Review Board
(IRB#130408) and is in compliance with Principles of Good Clinical Practice and the
Declaration of Helsinki.

Study Population

Variables

Data from all patients presenting between 1994 and 2013 with vocal fold leukoplakia
diagnosed via laryngoscopy by the senior author (RHO) were captured. To be included in
the study, patients must have undergone greater than one biopsy during this period and had
pathologically confirmed laryngeal dysplasia as defined by the World Health Organization
classification (WHO)8 within at least one specimen. Excluded were patients with invasive
laryngeal cancer at initial excision, a history of laryngeal cancer, prior radiation therapy to
the head or neck, a history of vocal fold surgery (e.g., cordectomy, endoscopic partial
laryngectomy), or any type of open neck surgery.

Data were extracted from charts of patients meeting inclusion and exclusion criteria and
included patient age at diagnosis, gender (male/female), cigarette smoking history (yes/no);
alcohol use in the last six months (yes/no), date of initial excisional biopsy (“Time 0”),
interval between biopsies (months), highest pathologic dysplasia grade from each surgery
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(none, mild, moderate, severe, carcinoma in situ, invasive), and laterality of leukoplakia
over the study period (unilateral, bilateral). The highest pathologic grade from each surgical
date was used because patients often had more than one biopsy performed during a single
microdirect laryngoscopy.

Surveillance Algorithm

Analysis

As part of initial evaluation, all patients underwent videostroboscopic laryngeal
examination. Direct microlaryngoscopy with full-thickness excision or biopsy was
performed on all with leukoplakia. Patients with pathologically confirmed dysplasia were
placed under serial laryngeal surveillance with videostroboscopy at three-month intervals.
Changes in color, vibratory parameters, lesion size, ulceration, or thickness triggered return
repeat excisional biopsy in the operating theater. Changes in vocal fold leukoplakia
characteristics were considered in the context of the previous pathology with higher-grade
dysplasia (severe dysplasia or CIS) prompting a lower threshold for repeated biopsy.

All biopsies were performed using a standardized and consistent approach involving a full-
thickness, microflap-type excisional technique described previously.® In brief, this process
involves direct microlaryngoscopy with a sickle knife incision lateral to the lesion, elevation
of the affected epithelium beneath the basement membrane using a laryngeal microflap
elevator, and excision of the lesion with micro-scissors. If multiple or bilateral vocal fold
lesions were identified, each was biopsied using this method.

Descriptive data on patient and disease characteristics were summarized using median, 25t
and 75" percentile (interquartile range [IQR]) for continuous variables, and percentages for
categorical variables. Pathology was assessed multiple times per patient, and we estimated
within-subject changes in in dysplasia grade (none, mild, moderate, severe, CIS, invasive)
over time using ordinal logistic regression. The ordinal regression model was weighted to
give each subject equal influence, and the robust sandwich estimator clustering on subject
identifier was used to account for repeated observations on the same patient. Separate
univariable models were fit to estimate odds of higher dysplasia grades from time from first
biopsy (Time 0), number of surgeries, whether the next dysplasia grade was conditional on
the previous pathology, and whether the final grade was conditional on the baseline
dysplasia grade.

Multivariate models were pre-specified to adjust for smoking status and age at presentation.
Patient-level and cumulative trends in dysplasia grade were depicted graphically with 95%
confidence intervals. We also considered a transition model to test if pathology from the
prior excisional biopsy was associated with pathology from the subsequent biopsy.
Specifically, the odds of the same or worsened relative to a lower pathologic grade at the
next excision were estimated. Results are reported as odds ratios (OR) with 95% confidence
intervals (CI).
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RESULTS

Of 55 patients who underwent microflap excisional biopsy for leukoplakia during this time
interval [median age at presentation 65 years (interquartile range 54 - 73), 89% male, 64%
ever smokers, 27% alcohol users], 31 met inclusion criteria (Figure 1). There was no
significant difference in characteristics between included and excluded patients (Table 1).
Reason for exclusions were: 1) only one excisional biopsy [CIS or invasive disease with
subsequent treatment (e.g. radiation therapy)] (n=14), 2) loss to follow up (n=1), 3) non-
dysplastic leukoplakia with no further biopsies (n=4), 4) were diagnosed with oropharyngeal
cancer (treated with radiation) (n=1), 5) dysplastic leukoplakia with no evidence of disease
on clinic follow-up (n=3), or 6) no dysplasia within the leukoplakia on any excisional biopsy
(n=1). Several patients met greater than one of the exclusion criteria.

Included patients had between two and 44 excisions during the study period with a median
time between excisions of 4.0 months (IQR 2.2 — 8.3). Overall, 13 patients had unilateral
vocal fold dysplasia (i.e. present on the same vocal fold throughout follow-up), whereas 18
patients initially had or developed bilateral dysplasia (i.e. originating from either unilateral
or bilateral dysplasia at initial biopsy).

Serial pathologic dysplasia grades from surgical biopsies for the 31 included patients are
shown in Figure 2. This illustrates that trends in dysplasia grade widely fluctuate within an
individual, and overall, generally worsen over time. In all, four had no dysplasia on initial
biopsy (12.9%), while the remainder had varying degrees of dysplasia [mild: 4 (12.9%),
moderate: 6 (19.4%), severe: 6 (19.4%), and CIS: 11 (35.5%)]. Overall, eleven had
dysplastic lesions that transformed into invasive cancer (35.5%): two from an initial biopsy
showing no dysplasia, one from mild dysplasia, two from moderate dysplasia, three from
severe dysplasia, and three from CIS. Three patient's leukoplakia regressed to no dysplasia
(9.7%): one from mild dysplasia and two from CIS. One patient had no dysplasia at initial
and last pathologic evaluation.

Regression Analyses

Two independent regression analytic models were used to examine 1) the affect of follow-up
time and 2) surgical sequence/number of surgeries performed, in order to determine whether
these factors affected dysplasia grade (Table 2). Longer follow-up time was significantly
associated with greater odds of worse dysplasia (OR 1.09, CI 1.05 - 1.14, p<0.001).
However, in stratified analysis, patients followed for 1 — 3 years had 41% reduced odds of
dysplasia progression compared to those followed for less than 1 year (OR 0.59, Cl 0.43 -
0.83, p=0.002).

The analysis using surgical sequence in lieu of follow-up time demonstrated similar results.
More surgeries were associated with increased odds of disease progression (OR 1.04, CI
1.01 - 1.06, p=0.007). However, when compared to those who had 0 — 5 surgeries, those
who had 5 - 10 had 40% decreased odds of worsened dysplasia (OR 0.60, Cl 0.43 — 0.84,
p=0.003). In contrast, those who underwent greater than 10 surgeries had 77% increased
odds of having a worsened degree of dysplasia (OR 1.77, Cl 1.04 — 2.99, p=0.034).
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A transition model was used to test if previous pathology outcome predicted the subsequent
biopsy pathological outcome. It found patients with moderate dysplasia, severe dysplasia, or
CIS on a prior biopsy had 2.64-, 5.64-, and 8.73-increased odds of the same or worse status
after the following surgery (p<0.05) (Figure 3).

DISCUSSION

The pathologic evolution and natural history of laryngeal dysplasia is not well understood. It
may present as vocal fold leukoplakia, which is traditionally biopsied to determine its
significance. Management is varied among surgeons when pathology reports dysplasia.®
This study took advantage of a 19-year longitudinal experience treating patients with vocal
fold dysplastic leukoplakia who were managed consistently with serial full-thickness
mucosal excisional biopsies. A previous study suggested that such serial biopsies were
associated with dysplasia regression, thus implying a possible therapeutic effect. The present
study sought to re-examine the effectiveness of serial excision on dysplasia grade regression
and to capture the pathological evolution and natural history of dysplastic vocal fold
leukoplakia.

Serial Excision Did Not Reverse Dysplasia Progression

This study did not find evidence that serial excision reduced vocal fold dysplasia grade. To
the contrary, it found that longer duration of follow-up and more excisions were both
associated with worsening grades of dysplasia. Specifically, for every additional year of
follow-up, odds of worsened dysplasia increased by 9%. In fact, each additional excision
was associated with 4% increased odds of worsened dysplasia. These analyses were highly
correlated because of the interdependence of follow-up time and number of surgeries.
Nonetheless, the analysis indicates that repeated excisions do not appear to reverse dysplasia
progression. Available data is not sufficient to determine whether excision slows the natural
history of these lesions. However, the results herein directly contrast with those from the
previous study on serial excision that reported a therapeutic regression of dysplasia with this
approach.’

A transition model was also used to examine whether the previous pathology was predictive
of the pathologic grade of the next subsequent excision. Odds of having the same or worse
pathologic grade at the next excision were significantly increased when the prior pathology
was moderate or severe dysplasia, or CIS. Moreover, odds increased incrementally with the
previous pathology grade: 2.64- 5.64- and 8.73-fold for moderate and severe dysplasia and
CIS, respectively. This analysis further emphasizes that serial excision does not appear to
have the therapeutic effect of decreasing vocal fold dysplasia grade. It does, however, argue
for increased vigilance of lesions as dysplasia grade increases, since there is increased
likelihood that it will worsen toward malignant transformation. These findings add to the
literature that worse degrees of dysplasia have higher rates of malignant transformation.2-3.10

The results generally show that moderate to higher grades of dysplasia tends to progress. In
fact, 6 of 17 (35%) patients initially diagnosed with severe dysplasia or CIS progressed to
invasive cancer over time and repeated excisions. This rate is within the range reported by
previous studies (15.7 — 54%), which had different timeframes and types of
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intervention.11-13 It is also higher than the 5% rate of progression to invasive disease from
severe dysplasia or CIS noted in the study by Schweinfurth et al. that used a similar cohort
of patients as the present study.” Discrepancy in transformation rate is likely the result
longer follow-up, and the use of a different analytic approach that incorporated all
longitudinal pathology results from each patient rather than only the first and last
pathologies.

Dysplasia May Not Be Linear Process

Limitations

It was also observed from Figure 2 that dysplasia progression is not a linear process. The
grade of dysplasia worsened and improved longitudinally in many patients. While it is
possible that excisions affected these fluctuations, it is also possible that these are the natural
history of dysplasia. There is evidence from other fields that dysplasia may resolve
spontaneously without treatment, which is in contradistinction to our understanding that the
process of malignant transformation is linear, progressing from mild to severe dysplasia,
CIS and ultimately to invasive cancer. For example, 50% and 62% of patients with cervical
cytologically diagnosed mild and moderate dysplasia respectively have been observed to
undergo spontaneous regression without major treatment.1415 Barrett's esophagus has also
been observed to spontaneously regress in some patients without the need for antireflux
surgery.16

Another possible explanation for the non-linear progression of dysplasia could relate to
variability in the reading pathologists or sampling error. In this study, all specimens were
examined by pathologists specialized in head and neck diseases; however, even within this
group there is likely some inter-rater variability. In fact, 30 different pathologists contributed
reports in the 19-year period of this study. While inter-rater reliability of reading
pathologists was not within the scope of the study, a post hoc analysis did not demonstrate
intra-rater propensity toward reporting more or less malignant transformation or any
particular pathologic grade. Fleskens et al. have suggested it may be advisable for more than
one pathologist to evaluate suspect cases of dysplasia or carcinoma.l” This practice should
be given careful consideration before recommending more invasive surgery or radiation
therapy.

This study harnesses 19-years of experience treating patients with vocal fold dysplasia with
serial full-thickness excision and provides interesting insights into the disease process. It
does have limitations beyond those inherent in retrospective reviews. In particular, there was
not a control group, which limits the ability to compare this serial excisional approach to any
other treatment modality. Therefore, the comparative effectiveness of this technique for
treatment of dysplasia cannot be assessed. Furthermore, insights into the natural history of
this condition can only be made if the excisional biopsies did not alter the disease process.
While assumed, this cannot be definitely confirmed without inclusion of a watchful waiting
(i.e. no treatment) or natural history comparison group. Finally, current smoking status and
intensity during this period was inconsistently documented; therefore, smoking status was
dichotomized in ever/never smokers for analysis. Despite these issues, the present study

Laryngoscope. Author manuscript; available in PMC 2017 April 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Ahn etal. Page 8

does provide a window into the longitudinal disease course in this unique patient population
and into the role the role of serial full-thickness excision of vocal fold dysplasia.

CONCLUSION

Vocal fold dysplasic leukoplakia is often recurrent even after excision. Data does not
support the hypothesis that serial full-thickness excisions decreases dysplasia grade. Vocal
fold dysplasia appears to be a dynamic, time-varying process where dysplasia grade
fluctuates in severity over time. Lesions may regress or progress to higher pathologic states.
Higher-grade dysplasia is more likely to undergo malignant transformation and should be
closely surveilled. Full-thickness epithelial biopsies are an important diagnostic modality in
the surveillance of dysplastic leukoplakia.
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Overall (blue line) and individual patient (black lines) trends in dysplasia grades by follow-
up time (Grey area represents 95% confidence interval of overall trend line)
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Comparison of patient characteristics among included and excluded patients

Table 1

Characteristics Included (n=31) Excluded (n=24) P

Age, median years (IQR) 61 (52-72) 72 (57 -176.5) 0.07

Gender Male 83.9% 95.8% 0.16
Female 16.1% 4.2%

Ever smokers  Yes 61.3% 66.7% 0.68
No 38.7% 33.3%

Alcohol use Yes 19.4% 33.3% 0.49
No 74.2% 62.5%
NR* 6.4% 4.2%

*
NR: not recorded
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Table 2

Odds of higher pathologic grade of dysplasia based on follow-up time and number of surgeries performed,
adjusted for age and smoking status.

Adjusted Odds Ratio 95% CI P-value

Time (years) 1.09 1.05-1.14 <0.001

Surgeries 1.04 1.01-1.06 0.007
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