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Simple Summary: Due to the overall favorable prognosis for pl16+ oropharyngeal squamous cell
carcinoma (OPSCC), de-escalation protocols are being implemented at a higher rate. However, there
remains uncertainty regarding the best candidates for de-escalation therapy. Currently, tumor stage,
p16 status, and history of smoking are widely accepted as influencing prognosis in OPSCC. Tumor
and lymph node growth rates could potentially add to this growing list of prognosticators. Thus
far, there is scant literature that defines tumor and nodal growth rate in OPSCC. In this study, we
utilize radiation oncology software and interval CT scans to both define these rates and analyze their
prognostic value. This analysis may offer a more comprehensive understanding of the natural course
of OPSCC growth and aid head and neck surgeons, medical oncologists, and radiation oncologists in
risk stratification.

Abstract: Though specific growth rate (SGR) has potential prognostic value for oropharyngeal
squamous cell carcinoma (OPSCC), there is sparse literature defining these rates. Our aims were
to establish the SGRs of primary tumors (PTs) and lymph nodes (LNs) in OPSCC and to correlate
SGR with oncologic outcome. A pilot study was designed with a retrospective analysis examining
54 patients from the University of California, Davis with OPSCC (diagnosed 2012-2019). Radiation
oncology software and pretreatment serial CT scans were used to measure PT and LN volumes
to calculate SGR and doubling time (DT). The mean PT-SGR was 1.2 £ 2.2%/day and the mean
LN-SGR was 1.6 &+ 1.9%/day. There was no statistically significant difference between slow-growing
and fast-growing cohorts in terms of age, gender, smoking status, tumor subsite, HPV status (as
determined with p16 staining), initial volume, or overall stage. SGR had no impact on 2-year overall
survival, disease-free survival, or disease-specific survival. We found the average daily growth rates
for OPSCC to be 1.2%/day and 1.6%/day. Our findings suggest PT- and LN-SGR are independent
factors, not heavily influenced by known biomarkers and patient characteristics, without a statistical
impact on prognosis. This information has value in patient counseling regarding tumor growth and
in providing patients worried about fast-growing tumors the appropriate reassurance.

Keywords: oropharyngeal; tumor growth; squamous cell carcinoma

1. Introduction

Head and neck squamous cell carcinoma (HNSCC) remains a challenging disease to
treat, particularly for aggressive subtypes. These cancers can have varying growth rates;
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however, in general they are considered fast-growing [1], which makes timely treatment
critical. Delays in diagnosis to treatment lead to higher staging and potentially worse
survival outcomes [2]. Specifically, in patients with oropharyngeal squamous cell carci-
noma (OPSCC), tumor volume has been shown to be an important prognosticator for
survival [3,4]. The median time to treatment initiation is around one month for patients
with HNSCC; those with more advanced disease and /or being treated with chemoradiation
often experience longer delays in care [5].

Despite this awareness of differing tumor growth rates, there are scant data that ade-
quately define and characterize OPSCC pretreatment tumor growth rates. Furthermore,
there are limited data investigating both primary cancer and metastatic nodal volume
changes and survival outcomes. Tumor-specific growth rates in OPSCC have been asso-
ciated with treatment failure and could potentially be used as a prognosticator, although
studies remain limited [5]. Prognosis for OPSCC is generally favorable compared with
other HNSCC subsites, particularly in p16+ OPSCC [6-8]. Due to this more favorable
prognosis, de-escalation protocols are being used at a higher rate [9]. However, there re-
mains uncertainty regarding the best candidates for de-escalation therapy, as some patients
have proved to be poor responders to these protocols [10,11]. There is a critical need to
identify patient and tumor characteristics and biomarkers that can predict poor responders
to therapy. Currently, p16 status, tumor stage, and history of smoking are widely accepted
as influencing prognosis in OPSCC [11]. Tumor and lymph node growth rates could poten-
tially add to this growing list of prognosticators and assist in identifying patients who are
appropriate for de-escalation protocols, or rather, intensification of treatment.

Questions remain as to who is more likely to develop fast-growing tumors and whether
they have worse clinical outcomes. It is not uncommon for patients to ask their providers
for specifics regarding how much a tumor will grow daily or in a set timeframe. There
is sparse literature that quantifies this rate. Understanding the natural course of OPSCC
primary tumors and lymph nodes can aid providers in counseling patients and planning
treatment [12]. Having a better knowledge of the growth patterns can assist in patient
education and reassurance—two important factors that lead to a strong patient-provider
relationship [13,14].

Herein, we aim to define the growth rates of OPSCC, assess the average daily growth
rates of both primary-site and metastatic nodal disease, characterize the heterogeneity of
tumor growth in this population, and to correlate primary cancer and metastatic nodal
volume with oncologic outcomes.

2. Materials and Methods
2.1. Patient Cohort

Fifty-four patients referred to the University of California, Davis Department of
Otolaryngology—Head and Neck Surgery between 2012 and 2019 with biopsy-proven
OPSCC (pl6+ and plé6—) were retrospectively evaluated. Inclusion criteria included
histologically proven OPSCC and the availability of both a diagnostic CT scan and a serial
CT scan before definitive treatment. Exclusion criteria included patients previously treated
for head and neck cancer, prior radiotherapy (RT) applied to the head and neck region,
and/or inadequate medical records.

Definitive treatment was defined as initiation of RT with or without concurrent
chemotherapy with curative intent based on tumor board recommendations and according
to national guidelines [15]. Patients treated primarily with surgery but who had two scans
with no interval therapy were included for tumor growth rate analysis, but not for oncologic
outcome analysis. Data collected included demographics, p16 status, smoking history, and
tumor stage. Tumors were staged according to the American Joint Committee on Cancer
(AJCC) 8th edition.

This study was conducted in accordance with the Declaration of Helsinki, and ap-
proved by the Institutional Review Board (or Ethics Committee) of University of California,
Davis (protocol code: 1506220 and date of approval: 14 October 2019).
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2.2. Imaging, Measurements, and Calculations

All CT scans were imported into MIM Maestro (MIM Software Inc, Cleveland, OH,
USA). Two radiation oncologists (YL and SR) contoured the primary tumor (PT) and nodal
disease in three dimensions to calculate volumes. Lymph nodes (LN) with minimal axial
diameter >1 cm, a central necrosis >3 mm, or if present in neck levels close to the primary
tumor in clusters of >3 were identified as pathological LNs [16]. All pathological LNs
were contoured together and expressed as one volume called LN volume while the PT was
expressed as PT volume.

Specific growth rate (SGR), defined as relative volume increase per unit of time,
was calculated for PTs and LNs and labeled PT-SGR and LN-SGR, respectively. The
equation SGR = In(2nd volume/1st volume)/(t; — t;) was used, which assumes growth
to be exponential and defined as relative volume change given in percent per day, and is
typically used to characterize tumor growth rate [17]. This measure uniformly estimates
growth rates throughout all ranges. Additionally, doubling time (DT) for both PTs and LNs
was calculated using the equation DT = (t; — t1)In2/In(2nd volume/1st volume), which is
expressed in days, and was used to compare our results with other studies [18]. Similar
to previously cited methods by Murphy and colleagues, slow-growing and fast-growing
cohorts were designated by utilizing the median SGR for the PT (1.2%/day) and LNs
(1.3%/day) [19].

2.3. Statistical Analysis

Primary outcomes included disease-free survival (DFS), disease-specific survival (DSS),
and overall survival (OS). All statistical analyses were performed using SAS® software
version 9.4 for Windows® (SAS Institute Inc., Cary, NC, USA). Chi-square, Fisher exact,
and one-way analysis of variance (ANOVA) tests were used to evaluate for significant
differences. Kaplan—-Meier curves and the log-rank test were performed to assess time-to-
event differences, and logistic regression was used to evaluate differences in 2-year OS,
DFS, and DSS. Disease-free survival was defined as complete and persistent elimination
of disease. Disease-specific survival was defined as the percentage of patients who have
not died from OPSCC. Follow-up was defined as the time between the initial scan and
most recent follow-up appointment or date of death. We considered p-values < 0.05 to be
statistically significant.

3. Results
3.1. Patient Characteristics

Fifty-four patients met our inclusion criteria and were included in the study. There
was one patient in which the primary tumor could not be clearly defined and therefore PT
volume was not measured. Two patients had NO-stage necks; therefore, no LN volume
was measured. Three patients treated primarily with surgery that had serial scans were
included for PT volume and LN volume measurements, but oncologic outcome measures
were not analyzed to maintain homogeneity in the treatment analysis. The average age
among the 54 patients was 62.3 £ 9.4 years (mean + standard deviation) and a majority
of patients were men (83.3%) and former or current smokers (66.7%) (Table 1). The most
common oropharyngeal tumor subsite was the base of the tongue (50%), followed closely
by the tonsils (48.1%). Most patients had p16-positive tumors (92.5%) and stage I disease
(40.7%), and underwent concurrent chemoradiation (CRT) as their definitive treatment
(88.7%) (Table 1).
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Table 1. A comparison of baseline patient characteristics between fast- and slow-growing cohorts.

PT-SGR < PT-SGR > . LN-SGR < LN-SGR >
All Patients 1 =54) | 100° "7 7 1.19% Ve 1.28% 1.28% p-Value
IR (n=27) (n = 26) (n =28)
Age (Years)
Mean + SD 623 +94 60.2+9.8 647 8.1 0.0813 62494 63 +9.5 0.6993
Gender (n, %)
Male 45 (83.3) 19 (73) 25 (92.6) 21 (80.7) 24 (85.7)
Female 9 (16.6) 7(26.9) 2(7.4) 0.0764 5(19.2) 4(14.3) 0.7237
Smoking (1, %)
Never 18 (33.3) 7(26.9) 11 (40.7) 9 (34.6) 9(32.1)
Former 26 (48.1) 14 (53.8) 12 (41.7) 14 (53.8) 12 (42.8)
Current 10 (18.5) 5(19.2) 4(14.8) 0.8395 3(11.5) 7 (25) 0.4317
Subsite (1, %)
Tonsil 26 (48.1) 10 (38.5) 15 (55.6) 10 (38.5) 16 (57.1)
Base of tongue 27 (50) 15 (57.7) 12 (44.4) 15 (57.7) 12 (42.9)
Soft palate 1(1.9) 1(3.8) 0(0) 0.3135 1(3.8) 0(0) 0.2658
Stage (1, %)
I 22 (41)/20 (38) 9(35) 13 (48) 12 (46) 8 (31)
I 17 (32)/17 (33) 9 (35) 8 (30) 0.328 6(23) 11 (42) 0.446
I 11 (21)/12 (23) 5(19) 6(22) ’ 7(27) 5(19) ’
v 3(6)/3(6) 3(11) 0(0) 1(4) 2(8)
P16 Status (1, %) *
Positive 49 (92.5) 23 (88.5) 26 (96.3) 24 (92.3) 25 (92.6)
Negative 4(7.5) 3(11.5) 13.7) 0.3507 2(7.7) 2(7.4) >0.99
Primary Therapy
(n, %) *
RT 5(9.4) 1(3.8) 4(14.8) 1(3.8) 4(14.8)
CRT 47 (88.7) 24 (92.3) 23 (85.2) 0.3517 25 (96.2) 22 (81.5) 0.3497
Follow-Up (Months)
Mean + SD 39 +28.6 33.9+26.6 4494289 35.84+27.0 40.5+28.9
Medjian (range) 37.5 (1-86) 33.5 (1-85) 39.5 (2-86) 0.157 22.5(1-77) 37.5 (2-86) 0.548

* There is one patient missing information in this category, making the total n = 53.

3.2. Tumor Volumes, Growth Rates, and Doubling Time

The median interval time between the diagnostic CT and the planning CT was
38.5 (ranging from 5 to 158) days. The mean initial volume for the PT was 16.8 & 12.6 mL
with a mean final volume of 26 £ 18.9 mL. The mean volume of the LNs from the diagnostic
CTs was 15.1 & 15 mL with a mean volume of 23.9 & 23.2 mL from the planning CTs. The
mean increase in volume during the interval period was significant for both PTs and LNs
(p =0.0038 and 0.0237, respectively) (Table 2). The median SGR was similar for the PT
cohort at 1.2%/day (25th percentile: 0.6; 75th percentile: 2.3) and the LN cohort at 1.3%/day
(25th percentile: 0.6; 75th percentile: 2.2) (Table 2). The mean doubling times for the PT and
LN cohorts were 71.7 4= 228.1 and 50.2 £ 286.4 days, respectively (Table 2).

Table 2. Primary tumor and lymph node volume and growth rates.

Initial Volume Final Volume Specific Growth ~ Doubling Time
(mL) (mL) Rate (%/day) (days)
Primary tumor 16.8 + 12.6 26 + 18.9 12 +22% 71.7 +228.1
(mean £ SD)
(Median, 25th; . .
75th porcentile) 1.2 (0.6;2.3) 36.5 (17.4; 74.5)
Lymph node 151+ 15 23.9 £ 23.2 1.6 +1.9% 50.2 - 286.4
(mean £ SD)
(Median, 25th; 13(0.6;22) 389 (21.6;91.5)

75th percentile)
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3.3. Slow-Growing Versus Fast-Growing Tumors

Patients were categorized into either the slow-growing PT cohort (PT-SGR < 1.19%/day)
or the fast-growing tumor cohort (PT-SGR > 1.19%/day) as well as the slow-growing LN
cohort (LN-SGR < 1.28%/day) or the fast-growing LN cohort (LN-SGR > 1.28%/day).
There was no statistically significant difference between slow-growing and fast-growing
PT cohorts in terms of age, gender, smoking status, tumor subsite, tumor p16 expression,
overall stage, or the primary therapy they eventually received. This was also true for the
slow-growing and fast-growing LN cohorts (Table 1). Additionally, there was no significant
difference in the time between follow-ups for slow-growing and fast-growing cohorts.

3.4. Factors Influencing SGR

The mean PT-SGR values for tumors of the tonsils, base of tongue, and soft palate were
2.2 +2.8%/day, 1.3 & 1.2%/day, and 0.5 &= 0%/ day, respectively. There was no statistically
significant association between PT-SGR and the oropharyngeal subsites (p = 0.2551). The
mean LN-SGR values for tumors of the tonsils, base of tongue, and soft palate were
2.0 +2.6%/day, 1.3 £ 1.1%/day, and 1.1 & 0%/day, respectively (Table 3). Similar to PT-
SGR, LN-SGR was not significantly associated with the primary tumor subsite (p = 0.4786).
Both PT-SGR and LN-SGR were not significantly associated with the initial volume of
the PT or LNs measured in the diagnostic CT (Table 3). Additionally, neither PT-SGR
nor LN-SGR were significantly associated with p16 expression (p = 0.7021 and 0.7456,
respectively) or overall stage (p = 0.300 and 0.753, respectively). Contrastingly, the time
interval between the diagnostic CT and the planning CT significantly influenced SGR for
both the PT and LNs (p = 0.0040 and 0.0042, respectively). The longer the time interval, the
lower the observed PT-SGR and LN-SGR (Table 3).

Table 3. The roles of different variables on the specific growth rate of the primary tumor and lymph nodes.

PT-SGR LN-SGR

N (%/Day) p-Value (%/Day) p-Value
Tumor Subsite
Tonsils 26 22+28 20+26
Base of tongue 27 13£12 1.3+£11
Soft palate 1 05+0 0.2551 1.1£0 0.4786
P16 Status
Positive 50 1.7£22 1.65+2.0
Negative 4 1.3+1.1 0.7021 1.32+0.6 0.7456
Time Between Scans (Days)
0-25 16 34+32 293 +3.0
26-50 24 1.1£1.0 1.14+0.8
>50 14 0.8+05 0.0040 1.00 £ 0.9 0.0042
Initial PT Volume
<15 mL 30 20+28 1.70 £ 24
>15mL 24 1.3+09 0.2322 153 +1.2 0.7530
Initial LN Volume
<15 mL 32 21+26 19+23
>15mL 22 1.1+11 0.0954 12+11 0.1912
Tumor Stage
I 20/22 1.3+09 1.8+18
II 17 23+3.0 0.300 19+31 0.753
II1 11/12 1.1£1.0 1.3£09
v 3 1.6 £0.5 0.8+21

3.5. Survival Analysis

The median time to death and time to recurrence were stratified by slow- and fast-
growing primary tumors and lymph nodes (Table 4). Growth rate did not have a significant
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effect on the time to death or recurrence in either of the primary tumor cohorts or lymph
node cohorts.

Table 4. Time to death and recurrence stratified by slow- and fast-growing lymph nodes and
primary tumors.

Time to Death Time to Recurrence
Mean Mean
n (SD) p-Value n (SD) p-Value

LN-SGR
<1.28% 10 241 (21.8) 3 9.7 2)
>1.28% 4 26.8 (18.9) 0.836 5 34.8 (27.5) 0.177
PT-SGR
<1.19% 9 26.8 (21.8) 3 38.3 (34.9)
>1.19% 4 20.5 (22.6) 0.644 3 227 (19.7) 0.536

p-values were obtained using independent Student’s t-test. Abbreviations: LN-SGR: lymph node-specific growth
rate; PT-SGR: primary tumor-specific growth rate.

The 2-year OSs for slow-growing and fast-growing PTs were 84.6% and 92.6%, respec-
tively (Figure 1a). This was comparable to the OSs for slow-growing and fast-growing LN,
which were 80.8% and 96.2%, respectively (Figure 2a). There was no significant difference
between 2-year overall survival for fast-growing and slow-growing PTs or LNs (p = 0.37
and 0.12, respectively). Similar to OS, there was no significant difference in either DFS or
DSS between slow-growing and fast-growing groups for the PT cohorts (Figure 1b,c) and
LN cohorts (Figure 2b,c).

Product-Limit Survival Estimates
104 + Censored
o4 7 =—+——t———— + 4 —+ —+
0.6
04 !
02 ) i
Median OS  2-Year OS )
<1.19% 68 months 84.6% :
>1.19% - 92.6% i
0.0 H
T T T T T
0 20 40 60 80
Months
[PT_SGR <L19% ——— >1.19%

()

Figure 1. Cont.
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(b) (0

Figure 1. The primary tumor-specific growth rate (PT-SGR) overall survival (a), disease-specific
survival (b), and disease-free survival (c). (a) Primary tumor overall survival (OS). Median overall
survival and two-year overall survival for the two groups are included. The dashed line corresponds
to the median time. p-values were obtained using the log-rank test. Logistic regression for two-year
overall survival had a p-value of 0.37. (b) Primary tumor specific growth rate (PT-SGR) disease
specific survival (DSS). p-values were obtained using the log-rank test. (c) Primary tumor specific
growth rate (PT-SGR) disease free survival (DFS). The dashed line corresponds to the median time.
p-values were obtained using the log-rank test.

Product-Limit Survival Estimates
S [ DO
L
l—e-— =H——<7
3
2
A~
= 1
g :
3 |
I
I
|
|
02 ) !
Median OS  2-Year OS I
<1.28% 68 80.8% i
>1.28% - 96.2% i
00 |
T T T T T
0 20 40 60 80
Months
[LN_SGR <128% ——— >128% |
(a)
Product-Limit Survival Estimates Product-Limit Survival Estimates
199 # + Censored 104 1 + Censored
L le—4h
[ - L e e lL—‘ »»»»» ey
084 08+ b — i +—
|
4 & !
% 061 P=0.807 g o I
s &
£ £ P=0.867
E 04 E 04
2 a
024 024
0.0+ 00 . . . - .
o 20 40 6 a;) 0 20 40 60 80
Months Months
LN_SGR <128% ——— >128% ] LN_SGR <128% ——— >128%
(b) (9

Figure 2. The lymph node-specific growth rate (LN-SGR) overall survival (a), disease-specific
survival (b), and disease-free survival (c). (a) Lymph node-specific growth rate (LN-SGR) overall
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survival (OS). Median overall survival and two-year overall survival for the two groups are included.
The dashed line corresponds to the median time. p-values were obtained using the log-rank test.
Logistic regression for two-year overall survival had a p-value of 0.12. (b) Lymph node specific
growth rate (LN-SGR) disease specific survival (DSS). p-values were obtained using log-rank test.
(c) Lymph node specific growth rate (LN-SGR) disease specific survival (DFS). p-values were obtained
using log-rank test.

4. Discussion

In this study, we identified the average SGRs of OPSCC primary tumors and lymph
nodes to be 1.2%/day and 1.6%/day, respectively. We found that age, gender, smoking
status, tumor subsite, HPV status, initial volume, and overall stage did not have a significant
role in determining if a patient had a fast-growing versus slow-growing tumor. Additionally,
we did not observe a correlation between SGR and survival. Although our study is limited
in its power, this information has potential value in both patient counseling and treatment
planning for OPSCC.

Due to the overall favorable prognosis of p16+ OPSCC, de-escalation protocols are
being implemented at a higher rate. However, a subset of these patients do not respond
well to treatment and would not be appropriate for de-escalation therapy, but perhaps
require intensified treatment regimens [11]. To date, there are no strong predictors of
which patients may be poor responders. We investigated whether SGR may be a predictive
biomarker in hopes of broadening the tools with which patients are stratified. Previous
literature has demonstrated the prognostic value of OPSCC tumor volume and growth
rates [3,19,20]. This is particularly important since traditional staging does not inform
prognosis for HPV-positive OPSCC as it does with other SCCs of the head and neck [21].
The present analysis did not find PT-SGR or LN-SGR to be predictive biomarkers for
survival in OPSCC.

In order to compare OPSCC growth rates with other solid tumors, we calculated DT.
The OPSCC mean PT-DT (71.7 days) was found to be greater than the HNSCC PT-DT
(43 days) reported by Dejaco and colleagues, but lower than the HNSCC PT-DT (99 days)
report by Jensen and colleagues [1,22]. Compared with other solid tumors such as breast
cancer, lung carcinoma, and pancreatic adenocarcinoma, OPSCC demonstrates a more rapid
growth (doubling time = 285 days, 181 days, and 144 days, respectively) [23-25]. To further
delineate the growth patterns of OPSCC, SGR was calculated, as it has been shown to be a
better marker of tumor growth rate and less affected by minor measurement uncertainties
than DT [17]. The mean PT-SGR for OPSCC was 1.2%/day (median: 2.2%/day), which is
less than the mean HNSCC PT-SGR of 1.8%/day reported by Dejaco et al. [1]. This was also
true for Murphy and colleagues, who found a median OPSCC PT-SGR of 0.74%/day [19].
This finding suggests a less aggressive tumor progression of OPSCC when compared
with other sites in the head and neck. In contrast to the PT, the median OPSCC LN-SGR
(1.3%/day) was slightly greater than the HNSCC LN-SGR (1.2%/day) observed by Dejaco
and colleagues [1].

Dejaco’s analysis allows us to compare our OPSCC growth rate with other sites in
the head and neck. OPSCC primary tumors demonstrate a slower growth when com-
pared with those in the oral cavity (2.4%/day) and hypopharynx (1.7%/day), but a faster
growth when compared with PTs of the larynx (1.0%/day) [1]. Contrastingly, the median
LN-SGR for OPSCC (1.3%/day) is slower than the rate in the hypopharynx (2.1%/day)
but faster than the rates in the larynx (0.8%/day) and oral cavity (0.8%/day) [1]. Of note,
the present analysis observed a PT-SGR that is slightly less than that of the LN-SGR. This
may be explained by the characteristically small tumor size and high nodal dissemina-
tion observed in HPV-positive OPSCC, which a vast majority of our patient population
expresses (92.5%) [26,27]. This characteristic of HPV may also explain the slowed PT-SGR
demonstrated by OPSCC in comparison with other sites in the head and neck which are
not considered HPV-mediated [28].
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A major aim of our study was to determine who is more likely to develop fast-growing
tumors and whether they have worse clinical outcomes. We utilized variables that are well-
known prognostic factors in OPSCC, such as smoking history and p16 expression [27,28].
Despite their well-defined prognostic value, neither p16 status nor smoking status in-
fluenced whether a patient had a slow-growing or fast-growing tumor. However, this
conclusion is limited by the small sample of patients with HPV-negative disease (n = 4),
which is increasingly infrequent within the current clinical setting. Similarly, age, gender,
tumor subsite, and overall stage did not have any influence on whether a patient belonged
to the fast-growing cohort (Table 1). These findings further inform pretreatment risk strati-
fication and provide clinicians with a more complete representation of the natural course
of tumor behavior.

In a similar analysis, we found that OPSCC PT-SGR and LN-SGR were independent
of tumor subsite, pl6 status, initial PT volume, initial LN volume, and overall stage
(Table 3). This differs from other HNSCC lymph node behaviors as observed by Dejaco
and colleagues, who found the HNSCC LN-SGR to be influenced by initial LN volume
and tumor subsite, specifically the larynx [1]. Similar to our analysis, Dejaco et al. found
no observed influence of initial volume on SGR within the oropharyngeal subsite [1].
Contrastingly, Murphy and colleagues demonstrated a significantly increased PT-SGR in
plé-negative OPSCC tumors and tumors with larger volumes [19]. Again, these conflicting
results may be secondary to the relatively small patient population with HPV-negative
tumors in our study (n = 4; 7.5%).

The previous literature has established a clear negative association between treatment
waiting time and outcomes in HNSCC [19,22,29,30]. Murphy and coauthors calculated
46 to 52 days to be the threshold, after which patients have decreased OS [30]. The median
time between the diagnostic CT and planning CT for the studied population was 38.5 days
(ranging from 5 to 158). This is similar to previously reported intervals and lies under the
threshold [1,19]. The present analysis found that the longer the interval between diagnostic
CT scans and planning CT scans, the significantly lower the OPSCC PT-SGR and LN-SGR
(p = 0.0040 and 0.0042, respectively). This was also demonstrated by Dejaco and colleagues
for LN-SGR in HNSCC, but not PT-SGR [1]. This suggests that there is not a significant
interval growth between diagnosis and treatment scans. This result supplements our
current understanding of OPSCC tumor behavior and aids otolaryngologists, radiation
oncologists, and medical oncologists in understanding the long-term impact of treatment
timing. This aids in both patient counseling for appropriate treatment timing and reassuring
patients on realistic timeframes.

A key aim of our study was determining if pretreatment growth rate is an important
prognosticator for OPSCC. Our survival analysis demonstrated that neither PT-SGR nor
LN-SGR had an impact on OS, DEFS, or DSS in OPSCC. This aligns with prior analyses,
specifically that of Dejaco et al., which demonstrated that SGR has no impact on OS in all
HNSCCs [1]. Alternatively, Davis and colleagues identified initial lymph node volume to
be negatively associated with DFS in p16-positive OPSCC [3]. This suggests that, perhaps,
initial volume is a better prognosticator than pretreatment growth rate. It is important
to note, again, that conclusions drawn from our analysis regarding OPSCC behavior are
limited by the disproportionate quantity of HPV-positive tumors, which are a biochemically
and clinically distinct entity. As the benefits of deintensified therapy come to light, risk
stratification remains a critical component of oncologic care for patients with OPSCC. This
study builds a scaffold on which larger, multi-institutional analyses can be built to help
answer this ongoing clinical controversy.

Several limitations in the present study should be acknowledged. The current analysis
carries the inherent limitations of a retrospective review and small sample size. Additional
studies in a larger, multi-institutional review fashion would be additive. Most patients
included in this analysis underwent radiation therapy as definitive treatment, and thus
tend to have more complex or advanced tumors than surgical candidates. Nonetheless,
our survival rates may be skewed based on this characteristic of the patients. To better
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strengthen the associations identified within our analysis, future studies should aim to
stratify patients based on p16 status. And lastly, our analysis is limited by inherent human
error that could have occurred during tumor contouring. Continued advancements in
imaging and artificial intelligence can aid in decreasing this component of our analysis.

5. Conclusions

As the emphasis on de-escalation therapy in OPSCC increases, the need to identify
biomarkers to stratify patients has become readily apparent. We identified the average
OPSCC SGRs of the primary tumor and lymph nodes to be 1.2%/day and 1.6%/day,
respectively. We did not find that age, gender, smoking status, tumor subsite, p16 status,
initial volume, or overall stage had a significant role in determining if a patient had a
fast-growing versus slow-growing tumor. Importantly, we did not observe a correlation
between SGR and 2-year overall survival, disease-free survival, or disease-specific survival.
The current analysis adds to the growing literature that suggests growth rate to be an
independent characteristic, not heavily influenced by known biomarkers and patient
characteristics, and an overall poor prognosticator. This information allows us to better
understand the natural course of OPSCC, which in turn will assist providers in both
stratifying their patients for the most appropriate treatment and counseling them on
expected outcomes.

Author Contributions: Conceptualization, N.LF,, ].C.,, M.W., A[FB., M.A. and A.C.B.; methodology,
Y.L.,, RN.S.,, M\W.,, A.EB,, S.R. and Y.R.; software, Y.L., S.R. and Y.R.; validation, M.W. and A.C.B;
formal analysis, Y.L., RN.S,, J.C, M\W,, SR. and A.C.B.; investigation, N.L.F,, Y.L., RN.S,, J.C., ZM.,,
M.W. and A.C.B.; resources, Y.L., S.R. and A.C.B.; data curation, Y.L., RN.S., S.R,, YR. and A.C.B,;
writing—original draft, N.LLF.,, RN.S. and ]J.C.; writing—review and editing, N.LF,, ZM., M.W,, S.R.
and A.C.B.; visualization, Z.M. and S.R.; supervision, N.L.E,, ZM., AFEB., M.A. and A.C.B.; project
administration, N.LE,, RN.S., A EB., M.A. and A.C.B. All authors have read and agreed to the
published version of the manuscript.

Funding: Yimin Li’s funding disclosure includes the following: the Key Medical and Health Projects
in Xiamen (grant number 3502Z20214ZD1004). Machelle Wilson’s funding disclosure includes the
following: National Center for Advancing Translational Sciences, National Institutes of Health,
through grant number UL1 TR001860.

Institutional Review Board Statement: This study was conducted in accordance with the Declaration
of Helsinki, and approved by the Institutional Review Board (or Ethics Committee) of the University
of California, Davis (protocol code: 1506220 and date of approval: 14 October 2019).

Informed Consent Statement: Patient consent was waived due to the deidentified nature of our project.
Data Availability Statement: Data are stored at UC Davis and available upon request.

Conflicts of Interest: The authors of this work have no declaration of interest.

References

1.

Dejaco, D.; Steinbichler, T.; Schartinger, V.H.; Fischer, N.; Anegg, M.; Dudas, J.; Posch, A.; Widmann, G.; Riechelmann, H. Specific
growth rates calculated from CTs in patients with head and neck squamous cell carcinoma: A retrospective study performed in
Austria. BMJ Open 2019, 9, e025359.

Schutte, H.W.; Heutink, F.; Wellenstein, D.].; van den Broek, G.B.; van den Hoogen, EJ.; Marres, H.A.; van Herpen, C.M.; Kaanders,
J.H.; Merkx, T.M.; Takes, R.P. Impact of time to diagnosis and treatment in head and neck cancer: A systematic review. Otolaryngol.
—Head Neck Surg. 2020, 162, 446-457. [CrossRef]

Davis, K.S.; Lim, C.M.; Clump, D.A.; Heron, D.E.; Ohz, ].P.; Kim, S.; Duvvuri, U.; Johnson, J.T.; Ferris, R.L. Tumor volume as
a predictor of survival in human papillomavirus—positive oropharyngeal cancer. Head Neck 2016, 38 (Suppl. 1), E1613-E1617.
[CrossRef]

Carpén, T.; Saarilahti, K.; Haglund, C.; Markkola, A.; Tarkkanen, J.; Hagstrom, J.; Mattila, P.; Mdkitie, A. Tumor volume as a
prognostic marker in pl6-positive and pl6-negative oropharyngeal cancer patients treated with definitive intensity-modulated
radiotherapy. Strahlenther. Onkol. 2018, 194, 759-770. [CrossRef]

Murphy, C.T.; Galloway, T.J.; Handorf, E.A.; Wang, L.; Mehra, R.; Flieder, D.B.; Ridge, ].A. Increasing time to treatment initiation
for head and neck cancer: An analysis of the National Cancer Database. Cancer 2015, 121, 1204-1213. [CrossRef]


https://doi.org/10.1177/0194599820906387
https://doi.org/10.1002/hed.24287
https://doi.org/10.1007/s00066-018-1309-z
https://doi.org/10.1002/cncr.29191

Cancers 2023, 15, 3865 11 of 11

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.
24.

25.

26.

27.

28.

29.

30.

Gillison, M.L.; Broutian, T.; Pickard, RK.; Tong, Z.-Y.; Xiao, W.; Kahle, L.; Graubard, B.I.; Chaturvedi, A K. Prevalence of oral HPV
infection in the United States, 2009-2010. JAMA 2012, 307, 693-703. [CrossRef]

Ang, K.K,; Harris, J.; Wheeler, R.; Weber, R.; Rosenthal, D.I.; Nguyen-Tan, P.F.; Westra, W.H.; Chung, C.H.; Jordan, R.C.; Lu, C.
Human papillomavirus and survival of patients with oropharyngeal cancer. N. Engl. J. Med. 2010, 363, 24-35. [CrossRef]
Fakhry, C.; Westra, WH.; Li, S.; Cmelak, A.; Ridge, J.A.; Pinto, H.; Forastiere, A.; Gillison, M.L. Improved survival of patients with
human papillomavirus—positive head and neck squamous cell carcinoma in a prospective clinical trial. J. Natl. Cancer Inst. 2008,
100, 261-269. [CrossRef]

Masterson, L.; Moualed, D.; Liu, Z.W.; Howard, J.E.; Dwivedi, R.C.; Tysome, ].R.; Benson, R.; Sterling, J.C.; Sudhoff, H.; Jani, P.
De-escalation treatment protocols for human papillomavirus-associated oropharyngeal squamous cell carcinoma: A systematic
review and meta-analysis of current clinical trials. Eur. J. Cancer 2014, 50, 2636-2648.

Mirghani, H.; Amen, E; Blanchard, P.; Moreau, F.; Guigay, ].; Hartl, D.; Lacau St Guily, ]. Treatment de-escalation in HPV-positive
oropharyngeal carcinoma: Ongoing trials, critical issues and perspectives. Int. |. Cancer 2015, 136, 1494-1503.

Durkova, J.; Boldis, M.; Kovacova, S. Has the time come for de-escalation in the management of oropharyngeal carcinoma?
Biomed. Pap. Med. Fac. Palacky Univ. Olomouc 2019, 163, 293-301. [CrossRef]

Rogers, S.N.; Vedpathak, S.V.; Lowe, D. Reasons for delayed presentation in oral and oropharyngeal cancer: The patients
perspective. Br. J. Oral Maxillofac. Surg. 2011, 49, 349-353. [CrossRef]

Baxi, S.S.; Shuman, A.G.; Corner, G.W,; Shuk, E.; Sherman, E.J.; Elkin, E.B.; Hay, J.L.; Pfister, D.G. Sharing a diagnosis of
HPV-related head and neck cancer: The emotions, the confusion, and what patients want to know. Head Neck 2013, 35, 1534-1541.
Prouty, C.D.; Mazor, K.M.; Greene, S.M.; Roblin, D.W.; Firneno, C.L.; Lemay, C.A.; Robinson, B.E.; Gallagher, T.H. Providers’
perceptions of communication breakdowns in cancer care. J. Gen. Intern. Med. 2014, 29, 1122-1130. [CrossRef]

Pfister, D. National comprehensive cancer network clinical practice guidelines in oncology. Head and neck cancers. |. Natl. Compr.
Canc. Netw. 2011, 9, 596-650. [CrossRef]

Van den Brekel, M.; Stel, H.; Castelijns, J.; Nauta, J.; Van der Waal, I; Valk, J.; Meyer, C.; Snow, G. Cervical lymph node metastasis:
Assessment of radiologic criteria. Radiology 1990, 177, 379-384. [CrossRef]

Mehrara, E.; Forssell-Aronsson, E.; Ahlman, H.; Bernhardt, P. Specific growth rate versus doubling time for quantitative
characterization of tumor growth rate. Cancer Res. 2007, 67, 3970-3975. [CrossRef]

Schwartz, M. A biomathematical approach to clinical tumor growth. Cancer 1961, 14, 1272-1294. [CrossRef]

Murphy, C.T.; Devarajan, K.; Wang, L.S.; Mehra, R.; Ridge, ].A.; Fundakowski, C.; Galloway, T.J. Pre-treatment tumor-specific
growth rate as a temporal biomarker that predicts treatment failure and improves risk stratification for oropharyngeal cancer.
Oral Oncol. 2015, 51, 1034-1040. [CrossRef]

Chao, K.C.; Ozyigit, G.; Blanco, A.I; Thorstad, W.L.; Deasy, ].O.; Haughey, B.H.; Spector, G.J.; Sessions, D.G. Intensity-modulated
radiation therapy for oropharyngeal carcinoma: Impact of tumor volume. Int. J. Radiat. Oncol. Biol. Phys. 2004, 59, 43-50.
Huang, S.H.; Xu, W.; Waldron, J.; Siu, L.; Shen, X.; Tong, L.; Ringash, J.; Bayley, A.; Kim, J.; Hope, A. Refining American Joint
Committee on Cancer/Union for International Cancer Control TNM stage and prognostic groups for human papillomavirus-
related oropharyngeal carcinomas. J. Clin. Oncol. 2015, 33, 836-845. [CrossRef]

Jensen, A.R.; Nellemann, H.M.; Overgaard, J. Tumor progression in waiting time for radiotherapy in head and neck cancer.
Radiother. Oncol. 2007, 84, 5-10. [CrossRef]

Steel, G.; Lamerton, L. The growth rate of human tumours. Br. ]. Cancer 1966, 20, 74. [CrossRef]

Mehrara, E.; Forssell-Aronsson, E.; Ahlman, H.; Bernhardt, P. Quantitative analysis of tumor growth rate and changes in tumor
marker level: Specific growth rate versus doubling time. Acta Oncol. 2009, 48, 591-597. [CrossRef]

Kay, K.; Dolcy, K.; Bies, R.; Shah, D.K. Estimation of solid tumor doubling times from progression-free survival plots using a
novel statistical approach. AAPS J. 2019, 21, 27. [CrossRef]

Goldenberg, D.; Begum, S.; Westra, W.H.; Khan, Z.; Sciubba, J.; Pai, S.I.; Califano, J.A.; Tufano, R.P.; Koch, W.M. Cystic lymph
node metastasis in patients with head and neck cancer: An HPV-associated phenomenon. Head Neck . Sci. Spec. Head Neck 2008,
30, 898-903.

Taberna, M.; Mena, M.; Pavén, M.; Alemany, L.; Gillison, M.; Mesia, R. Human papillomavirus-related oropharyngeal cancer.
Ann. Oncol. 2017, 28, 2386-2398. [CrossRef]

Slootweg, PJ.; Bishop, J.A. Oral and oropharyngeal cancer: Pathology and genetics. In Encyclopedia of Cancer; Elsevier: Amsterdam,
The Netherlands, 2018; pp. 124-130.

Stefanuto, P.; Doucet, J.-C.; Robertson, C. Delays in treatment of oral cancer: A review of the current literature. Oral Surg. Oral
Med. Oral Pathol. Oral Radiol. 2014, 117, 424-429. [CrossRef]

Murphy, C.T.; Galloway, T.].; Handorf, E.A.; Egleston, B.L.; Wang, L.S.; Mehra, R.; Flieder, D.B.; Ridge, ].A. Survival impact of
increasing time to treatment initiation for patients with head and neck cancer in the United States. J. Clin. Oncol. 2016, 34, 169.
[CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1001/jama.2012.101
https://doi.org/10.1056/NEJMoa0912217
https://doi.org/10.1093/jnci/djn011
https://doi.org/10.5507/bp.2019.059
https://doi.org/10.1016/j.bjoms.2010.06.018
https://doi.org/10.1007/s11606-014-2769-1
https://doi.org/10.6004/jnccn.2011.0053
https://doi.org/10.1148/radiology.177.2.2217772
https://doi.org/10.1158/0008-5472.CAN-06-3822
https://doi.org/10.1002/1097-0142(196111/12)14:6&lt;1272::AID-CNCR2820140618&gt;3.0.CO;2-H
https://doi.org/10.1016/j.oraloncology.2015.09.001
https://doi.org/10.1200/JCO.2014.58.6412
https://doi.org/10.1016/j.radonc.2007.04.001
https://doi.org/10.1038/bjc.1966.9
https://doi.org/10.1080/02841860802616736
https://doi.org/10.1208/s12248-019-0302-5
https://doi.org/10.1093/annonc/mdx304
https://doi.org/10.1016/j.oooo.2013.12.407
https://doi.org/10.1200/JCO.2015.61.5906

	Introduction 
	Materials and Methods 
	Patient Cohort 
	Imaging, Measurements, and Calculations 
	Statistical Analysis 

	Results 
	Patient Characteristics 
	Tumor Volumes, Growth Rates, and Doubling Time 
	Slow-Growing Versus Fast-Growing Tumors 
	Factors Influencing SGR 
	Survival Analysis 

	Discussion 
	Conclusions 
	References

