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Abstract

Purpose: The incidence of oropharyngeal squamous cell carcinoma continues to rise with the
majority of patients receiving definitive or adjunctive radiation. For patients with locoregional
recurrence after radiation, optimal treatment involves salvage surgery. The aim of this study is to
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identify factors that predict survival in order to ultimately improve patient selection for salvage
surgery.

Methods: Retrospective cohort study at an NCI-designated cancer center. We analyzed patients
with a history of head and neck radiation who presented with persistent/recurrent or second
primary disease requiring salvage oropharyngeal resection from 1998-2017 (n=120). Patients were
stratified into three classes based on time to recurrence and presence of laryngopharyngeal
dysfunction. Primary outcomes were five-year overall survival (OS) and disease specific survival
(DSS).

Results: Median OS was 27 months (median follow-up 20 months). Five-year OS was 47% for
class I (recurrence > 2 years), 26% for class Il (recurrence < 2 years), and 0% for class I11
(recurrence < 2 years and laryngopharyngeal dysfunction), (p<0.0001). Five-year DSS showed
significant differences between classes (p<0.0001). On multivariate analysis, class remained
predictive of OS (p=0.04-<0.001) and DSS (p=0.04-0.001). Adjuvant radiation after salvage
surgery with negative margins showed superior OS (71% vs. 28%, p=0.01) and DSS (83% vs 37%,
p=0.02) compared to surgery alone and was a significant predictor of improved survival on
multivariate analysis (HR — 0.1, p=0.04).

Conclusion: This study identified a subset of patients with oropharyngeal cancer recurrence
within two years of initial treatment and with laryngopharyngeal dysfunction who have poor
outcomes with salvage surgery.

Keywords

Oropharyngeal Cancer; salvage surgery; radiation; patient selection; laryngopharyngeal
dysfunction

Introduction:

Oropharyngeal squamous cell carcinoma (OPSCC) previously accounted for a quarter of all
head and neck cancer [1] and the incidence has continued to rise over the past three decades
[2-4]. Despite the improved outcomes among patients with HPV associated OPSCC,
recurrence rates remain between 15-36% [5-8]. Even with the advent of novel transoral
surgical options, radiation remains a mainstay of primary and adjuvant treatment for patients
with locally advanced OPSCC, and the majority (80%) of patients with primary OPSCC will
receive radiation as part of their initial treatment [9,10].

Salvage surgery is the preferred treatment for selected patients with recurrent disease or in
those who develop a second primary after radiation [11-17]. Re-irradiation is a possible
treatment modality as well, but is associated with considerable risk and lower salvage rates
[17,18]. Despite improved salvage outcomes in HPV-associated OPSCC locoregional
failures, treatment of recurrent OPSCC has high morbidity, suboptimal 5-year OS (24-43%)
[12, 19-22] and a formidable burden and cost [19]. Thus, careful patient selection is
becoming increasingly important in treatment planning.

Recent studies have identified prognostic factors among patients undergoing treatment for
recurrent OPSCC [18, 23-25]. Both time to recurrence and comorbidity status have been
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consistently recognized as predictors of survival in this setting [17, 18, 20, 23-25]. Further,
while comorbidity scores such as Charlson comorbidity index (CCI) or Eastern Cooperative
Oncology Group (ECOG) performance score have been used to predict prognosis [25], in
recurrent head and neck cancer patients, laryngopharyngeal dysfunction, defined as pre-
treatment tracheostomy or feeding tube dependence, represents a unique marker of
functional status that is often predictive of poor outcomes [18, 23-26]. A recent study by
Ward et al evaluated patient outcomes stratifying by disease free interval and
laryngopharyngeal dysfunction in patients undergoing re-irradiation with significant
separation of the survival curves [18]. No analogous analysis has evaluated risk stratification
in a salvage surgical cohort.

This study aims to identify factors predictive of poor outcomes in patients undergoing
salvage oropharyngeal resection after prior head and neck radiation to inform decision-
making for patients and clinicians. We hypothesize that a modified class stratification can
improve patient selection for surgery or alternative treatment approaches in the recurrent
OPSCC setting.

Patient Population:

This study was approved through the University of Michigan IRBMED (HUMO00081554).
Inclusion criteria stipulated a history of head and neck radiation, with subsequent
oropharyngeal resection for recurrent/persistent disease or a second primary between 1998-
2017. Patients with a history of laryngectomy were excluded. Clinical and oncologic data
including patient age, sex, body mass index (BMI), primary tumor site, primary and
recurrent TNM stages, initial treatment, time to recurrence, smoking status, alcohol use, pre-
operative tracheostomy and gastrostomy tube (G-tube) use, HPV status, margin status, and
adjuvant therapy for recurrent disease were collected by two independent reviewers. Staging
was based on American Joint Committee on Cancer (AJCC) 71" edition [27]. HPV status
was determine from path reports and clinical documentation. We used p16 status was used as
a proxy for HPV status when available. Overall and disease specific survival time was
defined a priori as time from salvage surgery to date of death from any cause, or date of
death due to disease, respectively. Disease free survival was determined from date of salvage
surgery to date of recurrence (as determined by biopsy if available, or clinical/radiographic
evidence) or death of any cause.

Patients were characterized into a modified three class stratification system based on prior
studies by Ward et al [18]. Class | was defined as patients with an initial disease free interval
greater than 2 years, class Il was defined as patients with a disease free interval less than or
equal to 2 years without laryngopharyngeal dysfunction (pre-salvage tracheostomy and/or
feeding tube dependence), and class I11 was defined as patients with a disease free interval
less than or equal to 2 years and laryngopharyngeal dysfunction.
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Statistical Analysis:

Results:

Overall survival, disease specific survival and disease-free survival were calculated for the
total population. Stratification by class and additional clinical variables was performed using
Prism 8 (GraphPad Software Inc; San Diego, CA). Comparison of survival outcomes was
completed with cox-log rank comparison. Multivariate analysis was performed using a
backward selected cox regression model. Factors with a p-value < 0.1 in KM analysis were
included in the model. Cox-log rank and multivariate analyses were performed with SPSS
version 26 software (IBM; Armonk, NY).

Clinical and Oncologic Characteristics:

A total of 120 patients were identified and included. The majority of patients in this cohort
were men (69%) with a median age of 61 years at time of treatment (range 31-84 years).
The majority, 61%, of the cohort received radiation for primary OPSCC (74/120), 18%
(21/120) for primary oral cavity tumors and the remaining 21% (25/120) for other tumors
(i.e. parotid, larynx). HPV status was available for 46% (39/84) of oropharyngeal
recurrences. All patients underwent oropharyngeal resection for recurrent/persistent disease
or second primary tumors with involvement of the oropharynx.

The median duration between initial radiation treatment and surgery for recurrent disease
was 20 months (range 2 months-22 years). Fifty-four percent of patients had stage 1V
recurrent disease at the time of presentation and 30% had clinically evident nodal disease.
All patients underwent salvage oropharyngectomy and the median follow up time was 20
months (range 4 months-14 years). Patient and disease characteristics are delineated in Table
1.

Survival Outcomes:

At five years there were a total of 75 deaths (63%) and 62 recurrences (52%). The five-year
overall survival for the cohort was 31% with a median survival time of 27 months. Five-year
disease specific survival was 42% (median survival time 42 months) and five-year disease-
free survival was 25% (median of 16 months). Kaplan-Meier analysis was performed
stratifying by primary tumor site, initial stage (overall and T,N stages), primary neck
dissection, recurrent stage (overall and T,N stages), smoking status, alcohol use, body mass
index (BMI), margin status, HPV status, and use of adjuvant radiation. Five-year overall
survival and or five-year disease specific survival were found to be significant when
stratifying by primary neck dissection vs. no neck dissection (OS: 50%, 95% CI 32-66% vs.
23%, 95% CI 14-34, p=0.009, DSS: 54%, 95% CI 34-71% vs. 34%, 95% CI 21-48%,
p=0.08), positive verses negative recurrent nodal disease (OS: 21%, 95% CI 8-37% vs. 36%,
95% CI 25-47%, p=0.02, DSS: 24%, 95% CI 10-42% vs. 49%, 95% CI 35-36%, p=0.004),
never smoker vs. current or former smoker (OS: 56%, 95% CI 32—-75% vs. 25%, 95% ClI
16-35%, p=0.01, DSS: 64%, 95% CI 38-82% vs. 35%, 95% CI 23-47%, p=0.05) , and BMI
above or below 20 (OS: 39%, 95% CI 28-50% vs. 10%, 95% CI 2-27%, p<0.001, DSS:
46%, 95% CI 33-58% vs. 22%, 95% CI 5-46%, p=0.04) as shown in Supplemental Figures
la—d. Further, patients who underwent adjuvant radiation after salvage surgery with negative
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margins (n=10) had significantly improved five-year overall survival (71%, 95% CI 26-92%
vs. 28%, 95% CI 19-38%, p=0.01) and five-year disease specific survival (83%, 95% CI 27—
97 vs. 37%, 95% CI 26-49, p=0.02) compared to patients who did not receive adjuvant
radiation (n=106) or who received radiation after salvage surgery with positive margins
(n=2) (Supplemental Figure 1e). Stratification by HPV status was performed and showed no
significant difference in five year overall survival (50%, 95% CI 27-70% vs. 34%, 95% ClI
13-57%, p=0.30) or disease specific survival (50%, 95% CI 27-70% vs. 46%, 95% CI 17—
71%, p=0.96) between patients with HPV positive and HPV negative disease (supplemental
figure 2). Stratification by primary site of recurrent tumor was also performed and revealed
no difference in overall survival rates between oral cavity, oropharynx or other sites
(supplemental figure 3). The remaining clinical variables (primary stage, alcohol use, and
margin status) also did not show significant survival differences.

Patterns of Failure:

Sixty-two patients developed recurrent disease after salvage surgery. Forty-eight patients
developed locoregional recurrence (LR) and 24 patients developed distant disease. The two
and five-year LR control rates were 59% (95% CI 14-33%) and 48% (95% CIl 36-59%)
respectively. There was no significant difference in LR control rates when stratifying by use
of adjuvant radiation (45% vs. 49%, p=0.26), supplemental figure 4.

Stratification by Class:

Overall, disease specific, and disease-free survival were then calculated stratifying by
recurrent class status as shown in Figure 1. Five-year overall survival was 47% (95% CI 32 -
61%), 26% (95% CI 14 — 40%) and 0% for class I, Il and 111 respectively. There was a
statistically significant difference in overall survival between class | and class 11 (p=0.034)
and between class 11 and class 111 (p=0.001) as well as between class | and 111 (p<0.001) by
log rank analysis. Five-year disease specific survival was 57% (95% CI 39 — 71%), 36%
(95% CI 20 — 52%) and 0% for class I, 11 and 111 respectively. Again there were significant
differences between classes (p=0.046, 0.001 and <0.001). Five-year disease-free survival
was 38% (95% CI 24 — 52%), 19% (95% CI 8.5-32%) and 0% for class I, Il and 111
respectively. There were significant differences between each class (p=0.037, 0.007 and <
0.001).

Multivariate analysis:

A multivariate, backward selected binary logistic regression model was then performed.
Variables with a p-value < 0.1 on KM analysis were entered into the model and included
history of neck dissection for initial disease, smoking status, BMI, recurrent nodal stage, use
of adjuvant radiation after salvage surgery, and recurrent class status. Significant predictors
of five-year overall and disease specific survival included tobacco use and class status (Table
2). Patients with current or past tobacco use did significantly worse than patients with no
history of tobacco use (OS - HR 2.3, 95% CI 1.1-4.6, p=0.03 and DSS - HR 2.3, 95% ClI
1.1-5.3, p=0.04). Class remained a significant predictor of both OS and DSS. Patients in
class 11 did significantly worse compared to patients in class Il (OS - HR 2.9, 95% CI 1.5-
5.5, p=0.001 and DSS - HR 3.1, 95% CI 1.5-6.5, p=0.002) and compared to patients in class
| (OS- HR 3.7, 95% CI 1.9-7.3, p<0.001 and DSS- HR 4.1, 95% CI 1.8-9.4, p=0.001).
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Patients in class 1 also did worse than patients in class | (OS -HR 1.3, 95% CI 0.7-2.3,
p=0.43 and DSS - HR 1.3, 95% CI 0.7-2.7, p=0.44), however this was not statistically
significant. Use of adjuvant radiation after surgery with negative margins, recurrent nodal
status, BMI, and primary neck dissection were not found to be independent predictors of
survival on multivariate analysis. As this cohort represents a heterogenous group of patients,
a subgroup analysis was performed for patients with primary disease of the oropharynx
treated with radiation (without or without surgery) who developed secondary disease
(recurrence or second primary) requiring oropharyngectomy. Smoking status, adjuvant
radiation with negative margins, recurrent nodal disease and class status were included in the
multivariate model and all variables including class status remained independent predictors
of OS and DSS in this subgroup (Supplemental Table 1).

Discussion:

While survival for patients with recurrent OPSCC has improved over the past three decades,
likely secondary to a rise in HPV mediated disease, two and five year overall survival for
this cohort remains low [19, 20, 28]. A meta-analysis performed by Goodwin et al evaluated
studies between 1980 and 1990 and revealed a weighted five-year overall survival of 26%
for patients with recurrent OPSCC [19]. A more recent systematic review of the literature
performed by Kao et al published in 2018 found a five-year OS rate of 30% [20]. Our cohort
was comprised of a more heterogenous group of patients with recurrent or second primary
disease in the oropharynx or adjacent sites requiring salvage oropharyngectomy, and found a
similar median five-year overall survival rate of 31%.

While salvage surgery was traditionally the primary treatment option for patients with
recurrent disease in the oropharynx, recent improvements in radiation techniques have
allowed for the possibility of re-irradiation in the setting of recurrent disease [17, 18, 29,
30]. There are no published randomized control trials comparing re-irradiation to salvage
surgery and data is limited to comparisons of retrospective cohort studies [17]. However, the
recent study by Ward et al suggests that patients who undergo salvage surgery with negative
margins followed by adjuvant radiation have the best outcomes. In our surgical cohort,
adjuvant radiation in patients who obtained negative margins also portended improved
survival on Kaplan-Meier analysis however was not statistically significant on multivaraite
cox regression analaysis, likely due to the low number of patients in the radiation group
(n=10).

Regardless of treatment approach, both salvage surgery and re-irradiation result in
significant morbidity and mortality. Goodwin summarized the incidence of minor and major
operative complications at 39% and 27%, respectively [19]. Risk of peri-operative mortality
is significantly higher in salvage surgery setting compared to primary surgery with rates
cited between 1.8-8% [12, 19]. The economic burden of salvage treatment is also
significant, and has been found to increase with increasing stage of recurrent disease [19].

Given the poor survival outcomes, significant morbidity, and cost of salvage surgery or
reirradiation, it has become increasingly important to identify factors that more reliably
predict outcomes in this cohort. There have been numerous studies focused on identifying
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predictive factors in order to improve patient counseling and selection. Disease factors
including advanced overall and T stage [19, 20, 24, 29, 31, 32], as well as histological grade
[33], and close or positive margins [14, 21] have been associated with worse outcomes.
Patient factors including male sex [19], older age [17], and alcohol abuse [21] have also
been associated with worse survival outcomes. In this study, multivariate analysis revealed
tobacco use (past or present) was associated with both worse overall survival and disease
specific survival, consistent with existing published data. While results of the Ward et al
study showed that surgery with negative margins and adjuvant radiation also predicted
improved LR control compared to re-irradiation alone, we did not find similar results when
comparing adjuvant radiation to salvage surgery alone, suggesting surgical treatment may be
associated with improved LR control.

In the primary setting, HPV status is a significant predictor of survival for OPSCC and is
thought to continue to predict improved survival in patients with recurrent disease [34].
However, in our cohort, HPV status did not significantly predict five-year overall or disease
specific survival on Kaplan-Meier survival analysis.

Three additional variables that consistently predict poor survival are time to recurrence,
comorbidity scores and functional status [17, 18, 20, 22—-25]. Laryngopharyngeal
dysfunction as measured by tracheostomy or feeding tube dependence is a unique predictor
of poor outcomes among patients with recurrent head and neck malignancy [18, 25]. Ward et
al used recursive partitioning analysis to define three classes of patients with recurrent
OPSCC undergoing re-irradiation [18]. Survival was shown to be significantly different
between each class with class 111 (defined as recurrence less than 2 years with evidence of
laryngopharyngeal dysfunction) performing the worst. In this study, we used a modification
of this class system to evaluate survival outcomes in the salvage oropharyngectomy setting.
The three classes were defined as class | (recurrence greater than 2 years after initial
radiation), class Il (recurrence less than or equal to 2 years without laryngopharyngeal
dysfunction) and class 111 (recurrence less than or equal to 2 years and evidence of
laryngopharyngeal dysfunction). Class status predicted five year overall, disease specific and
disease-free survival with class 111 having the worst survival outcomes followed by class Il
and then class 1. On multivariate analysis class status continued to be an independent
predictor of overall survival and disease specific survival even when history of neck
dissection, recurrent nodal stage, adjuvant radiation, tobacco use, and BMI were taken into
account. These findings are similar to the results from the Ward et al study evaluating re-
irradiation [18]. These two studies bring into question the benefit of aggressive salvage
treatment for patients with oropharyngeal recurrences within two years from initial treatment
who have tracheostomy or feeding tube dependence pre-salvage.

The decision to proceed with salvage surgery in patients with poor prognosis head and neck
SCC, including salvage oropharyngectomy, is complex and should involve shared decision
making among patient and surgeon. A careful assessment of patient-centered goals and the
likelihood of achieving these goals is necessary. In the era of precision oncology, systemic
therapies and clinical trials as alternative therapy could be considered. For patients who are
deemed surgical candidates, an informed discussion of anticipated outcomes goes beyond an
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understanding of the general risks and alternatives of the procedure, and instead requires
patient specific risk stratification [35-37].

Limitations:

This study is subject to the biases inherent to any retrospective review. We were unable to
obtain radiation doses or fields for primary or recurrent disease in the cohort, and therefore
this was not included in the analysis. We also included second primaries in addition to
recurrent disease which may portend improved prognosis compared to recurrent disease
alone [30]. This cohort included patients with recurrent disease in the oropharynx or
adjacent subsite with extension requiring salvage oropharyngectomy. As oral cavity,
oropharynx and hypopharynx or larynx often portend different prognoses [38], we evaluated
overall survival stratifying by recurrent tumor site and found no difference in survival
outcomes suggesting the recurrent nature in a previously irradiated bed may play a more
important role than recurrent primary site. Additionally, subgroup analysis of only patients
with primary oropharynx disease showed similar outcomes to the overall cohort. Further,
HPV status was only known for 46% (39/84) of oropharyngeal recurrences. The lack of
available HPV status data may explain why HPV status did not reveal to be a significant
predictor of survival in our recurrent cohort.

Conclusion:

Patients with recurrent head and neck cancer requiring salvage oropharyngectomy who are
within two years of initial treatment and who experience pre-salvage laryngopharyngeal
organ dysfunction demonstrate very poor outcomes. Patients who are able to achieve salvage
surgery with negative margins and undergo adjuvant radiation may have improved survival
outcomes. These findings can inform more accurate patient selection, risk stratification, and
shared decision-making for individuals contemplating salvage oropharyngectomy.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1:

Five-Year Overall Survival (OS), Disease Specific Survival (DSS) and Disease Free Survival

(DFS) by Class
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Table 1:
Patient Demographics by Class Status
_ Class | (n=54 Class 1l (n=47 Class Il (n=19
All (n=120) Count (%) Count((%) ) Count((%) ) Count ((%) )
Age Mean (yr) 61 +/-10 64 +/-9 58 +/- 10 57 +/-10
s Male 83 (69) 40 (74) 31 (66) 12 (63)
& Female 37 (31) 14 (26) 16 (34) 7(37)
Oral Cavity 21 (18) 8(15) 10 (21) 3(16)
Primary Tumor Site Oropharynx 73 (61) 28 (52) 33 (70) 12 (63)
Other 25 (21) 18 (33) 4(9) 3(16)
1 9(8) 3(6) 6(13) 0(0)
1 14 (12) 4(7) 7(15) 3(16)
Primary Overall Stage
i 33(28) 17 (26) 10 (21) 6 (32)
v 49 (41) 18 (33) 23 (49) 8(42)
TOor1 20 (17) 11 (20) 9(19) 0(0)
. 1 38(32) 14 (26) 17 (36) 7(37)
Primary T Stage
1l 23 (19) 11 (20) 7(15) 5(26)
v 23 (19) 5(9) 12 (26) 6 (32)
. cNO 34 (28) 11 (20) 17 (36) 6 (32)
Primary cN Stage
cN+ 69 (58) 29 54) 29 (62) 11 (58)
No 82 (68) 29 (54) 34(72) 19 (100)
Primary Neck Dissection
Yes 37(31) 24 (44) 13 (27) 0(0)
Definitive 92 (77) 38 (70) 37 (79) 17 (89)
Initial Radiation
Adjuvant 28 (23) 16 (30) 10 (21) 2(11)
No 43 (36) 20 (37) 19 (40) 4(21)
Initial Chemotherapy
Yes 77 (64) 34 (63) 28 (60) 15 (79)
1 19 (16) 9(17) 10 (21) 0(0)
1 23 (19) 9(17) 13 (28) 1(5)
Recurrent Overall Stage
1l 13 (11) 6(11) 3(7) 4(21)
v 65 (54) 30 (56) 21 (45) 14 (74)
TOor1l 23 (19) 10 (19) 12 (26) 1(5)
1 30 (25) 10 (19) 18 (38) 2(11)
Recurrent T Stage
i 10 (8) 6(11) 0(0) 4(21)
\Y] 57 (48) 28 (52) 17 (36) 12 (63)
Negative 85 (71) 44 (81) 30 (64) 11 (58)
Recurrent cN Stage
Positive 35 (29) 10 (19) 17 (36) 8(42)
No 106 (88) 44 (81) 44 (94) 18 (95)
Adjuvant RT (Recurrent)
Yes 12 (10) 9(17) 2(4) 1(6)
Never 24 (20) 13 (24) 8(17) 3(16)
Tobacco Former 70 (58) 33 (61) 24 (51) 13 (68)
Current 26 (22) 8(15) 15 (32) 3(16)
No 77 (64) 35 (65) 32 (68) 11 (58)
Alcohol Use
Yes 32 (27) 15(27) 11 (23) 6 (32)
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Al cou o CESIOSD Casienm Clin oo
Negative 28 (23) 17 (31) 4(9) 6(32)
HPV Positive 23 (19) 10 (19) 11 (23) 2(11)
Unknown 70 (58) 27 (50) 32 (68) 11 (58)
<20 20 (17) 3(6) 12 (26) 5(26)
BMI >20 92(77) 49(91) 30(64) 13(68)
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Table 2:
Multivariate Analysis for 5-year OS and DSS
(O8] DSS
Parameter HR (95% CI) p-value HR (95% CI)  p-value
Never Smoker (reference) - -
Tobacco
Former or Current Smoker 2.3 (1.1-4.6) 0.032 2.3(1.1-5.3) 0.042
. o No -
Adjuvant Radiation™ 015(0.02-1.1) 007  0.15(0.02-1.1)  0.07
¢ cNO (reference) - -
cN (Recurrence) N+ 17(0.92-32) 0.9
BM|d >20 - -
<20 17(0.94-3.1)  0.08
Class 1 (reference) - -
Class Il 1.3 (0.7-2.3) 0.43 1.3(0.7-2.7) 0.44
Class Class I 37(19-73)  <9go1? 41(18-94) (001?
Class Il (reference) - -
Class I 29(15-55) ggo1? 31(L565)  (002%

asignificance based on p-values < 0.05

bAfter salvage surgery with negative margins

COS: Recurrent cN and primary neck dissection excluded from final model

a

DSS: BMI and primary neck dissection excluded from final model
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