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Abstract

Purpose: A better understanding of the relationship between the spread of head and neck
squamous cell carcinoma (HNSCC) to regional lymph nodes (LNs) and the frequency and manner
of treatment failure should help design better treatment intensification strategies. In this study, we
evaluated the relationship between recurrence patterns, mortality, and number of pathologically
positive (+) LNs in HNSCC in 3 prospective randomized controlled trials.

Methods and Materials: We performed a secondary analysis of 947 patients with HNSCC
enrolled in RTOG 9501 (n = 410), RTOG 0234 (n = 203), and EORTC 22931 (n = 334)
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undergoing surgery and postoperative radiation = systemic therapy. Multivariable models were
constructed for overall survival (OS), disease-free survival (DFS), locoregional relapse (LRR), and
distant metastases (DM). Restricted cubic splines were used to model the nonlinear relationship
between +LN number and outcomes.

Results: In multivariable analysis, OS and DFS decreased with each +LN without plateau, most
pronounced up to 5 +LNs (OS: hazard ratio [HR], 1.21 per +LN; 95% confidence interval [CI],
1.10-1.34; P<.001; DFS: HR per +LN, 1.19; 95% ClI, 1.08-1.30; A< .001) and more gradually
beyond this (OS: HR per +LN, 1.02; 95% CI, 1.01-1.06; A< .001; DFS: HR per +LN, 1.04; 95%
Cl, 1.02-1.06; P< .001). In contrast to LRR risk, which increased sharply up to 5 +LNs (HR per
+LN, 1.28; 95% CI, 1.10-1.50; P < .001) but plateaued beyond this (HR per +LN, 1.00; 95% ClI,
0.96-1.04; P=.98), DM risk increased continuously with increasing +LNs (<5 +LNs: HR per
+LN, 1.10; 95% ClI, 1.01-1.20; P=.04; >5 +LNs: HR per +LN, 1.05; 95% Cl, 1.02-1.08; P=
.003).

Conclusions: In high-risk resected HNSCC, increased mortality was associated with increased
+LN count. LRR and DM risk both increased in parallel up to 5 +LNs, but only DM continued to
increase for further +LN increases. These differing recurrence patterns can help inform design of
future treatments.

Introduction

Regional lymph node (LN) metastases are associated with increased mortality in head and
neck squamous cell carcinoma (HNSCC).1 However, there is substantial heterogeneity in

outcomes based on specific nodal features. For example, the eighth edition of the American
Joint Committee on Cancer staging manual (AJCC 8E) pathologic nodal classification

for HNSCC not related to human papillomavirus (HPV) uses a variety of nodal factors,
including size, laterality, and extracapsular extension, to stratify patient prognosis.23

There is mounting evidence that the absolute number of pathologically positive (+) LNs may

be more important for prognosis than other factors.*-8 Several studies have suggested that

quantitative nodal burden can be used to create a simple, objective, and more accurate nodal

classification system than the current AJCC system for oral cavity,? larynx/hypopharynx,*
oropharynx,8 and salivary cancers.6 However, these studies were retrospective, using
national cancer registry data. Moreover, these studies do not provide information regarding

patterns of recurrence. Therefore, they cannot tell us if the increased mortality observed with

increasing +L.N number is related to increased locoregional recurrence (LRR), increased
distant metastasis (DM), both, or another unidentified factor. Understanding these patterns

of recurrence is consequential for designing clinical trials testing novel treatment strategies,

given differing strategies likely are needed to reduce LRR and DM.

In this study, we analyzed data from 3 prospective, randomized clinical trials investigating
postoperative radiation with or without systemic therapy in surgically resected high-risk

HNSCC, Radiation Therapy Oncology Group (RTOG)-9501, RTOG-0234, and European
Organization for Research and Treatment of Cancer(EORTC)-22931,912 to better evaluate
the effect of numerical LN burden on survival and patterns of failure in HNSCC.
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Methods and Materials

Patient selection and study design

This study was a secondary analysis of NRG Oncology’s RTOG 9501 and RTOG 0234,

and EORTC 22931. Clinical trial data were obtained through approved data sharing
agreements and we received access to individual patient-level clinical trial data directly
from the EORTC and NRG Oncology. These 3 trials were selected because they are

the only randomized trials that involve upfront surgery and postoperative radiation

therapy for head and neck cancer available from EORTC and NRG Oncology that

have been published to date. Information about the data sharing process is available

at https://www.nrgoncology.org/Resources/Ancillary-ProjectsData-Sharing-Application and
https://www.eortc.org/data-sharing. Although data were prepared by EORTC and NRG
Oncology, and data and results were reviewed by an NRG Oncology statistician (P.A.T-S),
all analysis was performed at Cedars-Sinai Medical Center. Full details of patients enrolled
in these trials and inclusion and exclusion criteria have been published previously.?11.12 All
3 studies were randomized trials of patients with HNSCC (oropharynx, oral cavity, larynx,
and hypopharynx subsites) with “high-risk” features undergoing postoperative radiation after
surgical resection and neck dissection. RTOG 9501 and EORTC 22931 randomized patients
to adjuvant radiation therapy with or without concomitant cisplatin, whereas RTOG 0234
randomized patients to adjuvant cetuximab together with either cisplatin or docetaxel-based
chemoradiation. All patients signed informed consent to enroll in the trials. Given this was a
study using deidentified patient data, our institutional review board deemed it exempt from
review.

The major differences between the trials were differing definitions of “high-risk” disease,
primary endpoints, and countries where the trials were conducted. RTOG 9501 included
patients with 2 or more histologically +LNs, extracapsular extension of nodal disease,
and/or positive margins and had a primary endpoint of locoregional control. RTOG 0234
was a phase Il trial enrolling patients with extranodal extension, 2 or more +LNs, or
positive margins, and the primary endpoint was disease-free survival (DSF). EORTC
22931 enrolled patients with pT3-4 (except T3NO larynx), positive margins, extranodal
extension, perineural involvement, or vascular tumor embolism, and the primary endpoint
was progression-free survival.

Statistical analysis

Baseline patient characteristics among patients across the 3 randomized trials RTOG 9501
and RTOG 0234, and EORTC 22931 were compared using the Kruskal-Wallis test and the
Pearson’s ;(2 test for continuous and categorical variables, respectively. Trials were used as a
covariate in the multivariable models. Survival functions were estimated using Kaplan-Meier
method, and comparisons of survival curves were evaluated with the log-rank test.1® Rates
of LRR and DM were estimated with the cumulative incidence function using competing
risks methodology and compared using the K-sample test as proposed by Gray.14

Missing data were imputed using predictive mean matching from the multivariate imputation
by chained equations (MICE) algorithm as developed by Buuren.1> Overall survival (OS)
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was defined as the time from randomization to death or last follow-up. For disease-free
survival (DFS), failure was defined as local, regional, or distant progression, second primary
tumor, or death. LRR was defined as the time from randomization to local or regional
relapse, death, or last follow-up. DM was defined as the time from randomization to DM,
death, or last follow-up. For LRR and DM, any death was considered a competing risk.

The univariate and multivariable analysis for OS and DFS was performed using a Cox
proportional hazards model, and LRR and DM were analyzed using the Fine and Gray
competing risks model. The number of histologically involved LN metastases was modeled
in multivariable analysis as a restricted cubic spline function with 3 knots corresponding

to the 10th, 50th, and 90th quantiles, as proposed by Harrell.16 The choice of modeling

LN metastases as a restricted cubic spline function allowed us to avoid the assumption

of linearity in the effect of increasing LN metastases with the outcome of interest. The
choice of the number of knots was determined based on optimizing for Akaike information
criterion, where the locations of the knots were prespecified in fixed quantiles of the
variable’s marginal distribution. The location of the knots in these fixed quantiles ensures
enough data are available in each interval and prevents outliers from overly influencing
knot placement. Estimates from the multivariable model as presented are the averaged
estimates after fitting the models on 5 imputed complete data sets with variance equal to the
imputation-corrected variance-covariance matrix.1” The identification of the change points
in the log relative hazard of increasing number of +LNs was determined using a piecewise
linear regression model.18.19 Interaction between nodal count and systemic therapy was fit
using a 2 degrees-of-freedom continuous nonlinear spline of the number of +LNs (given the
nonlinear relationship between +LN number and outcomes) with 3 knots and the categorical
radiation versus chemoradiation variable.2? The test of interaction was performed using a
multivariable model with a joint Wald’s test. Test of interaction between +LN number and
radiation dose was also performed.

All statistical analyses were performed using R statistical software (version 4.0.3; R
Foundation for Statistical Computing, Vienna, Austria) with 2-sided tests and a significance
level of 0.05. The statistics were also reviewed by the statistician who prepared the data for
RTOG.

Patient cohort

Overall, 947 patients were included (RTOG 9501: n = 410; RTOG 0234: n = 203; EORTC
22931: n = 334). The median follow-up was 7.4 years (95% confidence interval [CI], 7.0-
7.6). Comparisons of baseline characteristics of patients across the 3 trials are shown in
Table 1. The mean number of examined LNs was 33 (standard deviation, + 20), and the
mean number of +LNs was 4.2 (standard deviation, + 4.4). Overall, there were 552 deaths,
238 LRR events, and 259 DM events.

Multivariable survival analyses

In multivariable analysis, increasing number of +LNs was strongly associated with worse
OS (P<.001) (Table 2). Because +LN number and mortality have been reported to have
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a nonlinear relationship,*%:8 we modelled this with a restricted cubic spline function. Five
+LNs was determined mathematically to be the optimal cut-point across all outcomes using
a piecewise linear regression based on use of a restricted cubic spline function adjusted

for other variables of interest in multivariable analysis. For OS (Fig. 1A, Table 3), the
association of increasing number of +LNs with increased mortality was strongest up to the
change point in the slope of the spline at 5 +LNs (hazard ratio [HR] per +LN, 1.21; 95%

Cl, 1.10-1.34; P<.001). Beyond this, overall mortality continued to increase with each +LN
without plateau but at a more gradual rate (HR per +LN, 1.02; 95% CI, 1.01-1.06; £<.001).
DFS followed an almost identical pattern (Fig. 1B), with continuous increase in risk with
increasing LN number that was more pronounced for the first 5 +LNs (HR per +LN, 1.19;
95% ClI, 1.08-1.30; A< .001) in comparison with +LNs beyond 5 (HR per +LN, 1.04; 95%
Cl, 1.02-1.06; < .001).

Given the limited information regarding HPV status, which is a strong prognostic factor for
oropharyngeal cancer, we performed a sensitivity analysis excluding oropharynx patients. As
in the main cohort, +LN number was associated with worse OS, DFS, LRR, and DM, with a
cut-point determined to be 5 +LNs (Tables E1 and E2).

Patterns of recurrence

When examining patterns of recurrence, LRR and DM demonstrated somewhat differing
relationships with number of +LNSs. Parallel to mortality, both LRR risk and DM risk
increased with each +LN up to 5 (Fig. 1C, 1D). Notably, the relationship between +LN
number and LRR risk (subdistributional HR [sHR] per +LN, 1.28; 95% Cl, 1.10-1.50; P<
.001) was somewhat stronger than for DM risk (sHR per +LN, 1.10; 95% ClI, 1.01-1.20; P
=.028) in this +LN range. By contrast, for each LN beyond 5 +LNs, there was no additional
risk of LRR (sHR per +LN, 1.00; 95% CI, 0.96-1.04; £=.98), but DM risk continued to
increase significantly without plateau (sHR per +LN, 1.05; 95% Cl, 1.02-1.08; £=.003).
(Table 3).

We analyzed the influence of systemic therapy on these results There was no statistically
significant interaction between +LN number and delivery of systemic therapy for OS (P=
.161), DFS (P=.45), DM (P=.802), or LRR (£ =.07). Thus, there was no detectable
difference in the association of +LN and outcomes in patients receiving chemoradiation
versus those receiving radiation alone. There was also no significant interaction between
+LN and radiation dose on LRR (P=.11).

Composite nodal burden and oncologic outcomes

Given the change point identified at 5 +LNs, we compared outcomes for patients with <5
LNs versus >5 +LNs to describe the absolute differences in outcomes between these groups.
There were marked differences in 5-year outcomes for OS (54% vs 32%, P< .001), DFS
(47% vs 27%, P<.001), LRR (21% vs 32%, P=.003), and DM (22% vs 38%, P < .001)
when comparing patients with <5 and >5 +LNs, respectively (Fig. 2A-D).

Int J Radiat Oncol Biol Phys. Author manuscript; available in PMC 2023 July 15.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Luetal.

Page 6

Discussion

Using data from 3 prospective, randomized controlled clinical trials, we confirmed the
importance of the number of +LNs on outcomes in an international cohort of patients
with high-risk HNSCC uniformly treated with surgery, neck dissection, and postoperative
radiation. Although this has been shown in prior National Cancer Database (NCDB)/
Surveillance, Epidemiology, and End Results (SEER) analyses, this is the first study using
a prospective collection of data and multi-institutional centers to validate these findings.
The association of +LN on outcomes was strongest up to 5 +LNs, with each metastatic
LN being associated with an independent additional 19% increased risk of death. Each
subsequent +L.N beyond 5 continued to be associated with an increased risk of death,

but at a more gradual rate of 2% per +LN. This pattern was seen both in patients who
received postoperative radiation therapy alone and in those who received radiation therapy
and systemic therapy. Notably, low-risk patients not needing postoperative radiation were
excluded from these studies. Because of this, there is underrepresentation of low-nodal
burden patients in our analysis of these trials, and our results may not apply to low-risk
situations.

Our results from multiple prospective trials validate previous retrospective studies in
HNSCC that have consistently demonstrated an association between number of +LNs

and survival outcomes. Higher +LN burden has been associated with worse survival in
these studies in various head and neck cancers,?! including oral cavity,>22 larynx and
hypopharynx, salivary gland cancers,® and oropharyngeal cancer.8:23 Moreover, all of these
studies observed similar mortality risk curves as a function of +LN count as this study,
with each +LN conveying a 19% to 34% increase in mortality up to a change point of 4

to 5 +LN, followed subsequently by a more modest increase in mortality for each +LN
beyond this in all studies. The notable consistency of these findings across various data
sets, treatment paradigms, and head and neck cancer subsites, suggests these findings may
represent a fundamental relationship between +LN count and outcomes in head and neck
cancer, although the underlying biologic mechanisms remain unclear. Nevertheless, the
number of +LNs should be considered for a key component of future staging systems.
AJCC 8E pathologic nodal staging does use +LN count as the backbone for p16-positive
oropharyngeal cancer, which may represent a model for other pathologic nodal staging
systems for other head and neck cancer subsites.

Our results show that outcomes are extremely poor for patients with high quantitative
metastatic nodal burden. Patients who had more than 5 +LNs had a 5-year DFS of 27%.
Our findings demonstrate both LRR and DM play a role in these outcomes, although their
relative contributions vary with number of +LNs. For patients with lower nodal burden

(<5 +LNs), increased risk of both LRR and DM play major roles, with LRR risk (28%

per +LN) increasing more sharply with each additional involved node than DM risk (10%
per +LN). By contrast, for patients with higher nodal burden (>5 +LNs), only DM risk
continued to increase without plateau for each additional +LN (5% per +LN), paralleling
overall mortality, whereas LRR risk was essentially constant. A higher number of +LNs may
be a surrogate for overall volume of cancer, or it may be possible that a tumor capable of
seeding 5 or more nodal metastases has inherently higher biologic metastatic potential than

Int J Radiat Oncol Biol Phys. Author manuscript; available in PMC 2023 July 15.
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one that seeds fewer nodes. It is unclear why LRR risk plateaus beyond 5 +L.Ns whereas
DM does not. One possible factor could be that adjuvant radiation, which was delivered

to the locoregional sites of disease in all patients in this study, flattened the risk curve for
LRR. There is a natural reduction in the slope of the risk curves for OS, DFS, and DM
beyond 5 +LNs (2%-5% per LN), and it is possible that radiation further alters this slope
from what would naturally be seen for LRR without adjuvant treatment to a flat line. In any
case, given the poor outcomes and high absolute risk of recurrence in the high nodal burden
group, in future studies, +LN number should be explored as a factor that may predict greater
absolute benefit from concomitant chemotherapy or other treatment intensifications such as
immunotherapy and DNA damage repair pathway inhibitors. Notably, novel therapies will
need reduce DM in order to strongly influence outcomes in those with high metastatic LN
counts.

This study has several limitations. It was an unplanned secondary analysis with data derived
from 3 randomized trials enriched for patients at high risk of recurrence, and patients with
low-risk disease are not represented. Thus, our data may actually underestimate the effect
of increasing nodal burden, given that the patients with 0 and 1 +LN in these studies,

the reference cohort for comparison, all had other high-risk features and had higher risk

of adverse outcomes than the vast majority of 0 to 1 +LN patients with head and neck
cancer. By contrast, all patients with 2 or more +LNs were eligible for RTOG 9501 and
RTOG 0234, and thus this cohort much more accurately represents the entire spectrum of
disease for these patients. Another limitation is that these databases have limited information
regarding laterality of LNs, nodal level, or size of LNs. Some studies suggest these factors
have limited independent prognostic effect when accounting for number of +LNs,*5 but
this could not be validated with the data available for our study. Future studies with

detailed anatomic nodal information are needed to better understand how nodal factors
interact. Information regarding lymphovascular invasion and perineural invasion was also
not available for 2 of the 3 trials. Similarly, we were not able to report on local and regional
recurrence separately because only 1 of the 3 trial databases reported these separately.
Thus, although we think it is probable that most, if not all, of the increase in locoregional
recurrence with increasing +LN number is due to regional, rather than local, recurrence
risk, this remains speculative. In addition, there were limited HPV data available for
patients with oropharyngeal cancer, and this could act as an unmeasured confounder in our
analysis given the strong prognostic importance of HPV. Moreover, it has been hypothesized
that the number of +LNs has less prognostic effect in HPV-positive versus HPV-negative
oropharyngeal cancer, and the AJCC 8E clinical and pathologic nodal staging systems for
these diseases use this factor very differently. However, a recently published study refuted
this hypothesis, demonstrating that HPV-positive and HPV-negative tumors have remarkably
similar relationships between metastatic LN count and outcome.8 Additionally, we note
that only about one-third of patients in this study had oropharyngeal cancers, and the
prevalence of HPV-related cancers was relatively low at the time the majority of these
patients were enrolled. We conducted a sensitivity analysis excluding oropharyngeal cancer
patients, which demonstrated very similar to the results in the overall cohort, including the
multivariable analysis, cut point, and HRs. Taken together, although it is uncertain how
applicable our data are to HPV-positive patients, we also believe that HPV is unlikely to
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represent a major confounding factor undermining our results. In addition, our results should
not be extrapolated to clinical staging for patients treated nonsurgically, given the potential
confounding of false negative LNs on imaging and greater difficulty identifying extranodal
extension with imaging. Lastly, our study could be considered a “mini-meta-analysis,” and
biases of this study design should be considered. One such potential source of bias is if
there is a lack of transparency regarding how researchers decide when to stop conducting
further replications.2 As an example, researchers could theoretically combine studies up
until the point that they achieved their desired outcome and then choose not to add data from
additional studies. This is not relevant to our project, however, as our decision to include
these 3 trials was decided upfront based on data availability without any analysis of the data.
We sought to include only randomized controlled trials for patients with HNSCC undergoing
surgery included in international cooperative groups with robust data sharing policies given
the importance of individual patient level data on cancer-specific outcomes for this type

of analysis. We acknowledge that there may be other relevant studies performed in other
settings that were not included in our analysis.

Conclusions

Using data sets from cooperative group prospective randomized controlled trials enrolling
an international cohort of patients with high-risk HNSCC, we validated increasing number
of +LNs as an independent factor associated with increasing overall mortality. These data
strongly demonstrate the influential role of +LN number and support its use to refine
future staging for HNSCC and provide better risk stratification. Additionally, we found
both LRR and DM contribute to increasing mortality at modest +LN counts, but DM is
the predominant factor that increases without plateau for very high nodal burden patients.
These unique patterns of recurrence may help us better understand the mechanisms of
metastasis and their influence on current outcomes and suggest risk-directed strategies for
future clinical trials.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1.
The natural logarithm of the adjusted hazard ratio of risk/event as a nonlinear function of the

number of positive lymph nodes, with 0 positive lymph nodes as a reference for (A) overall
survival, (B) disease-free survival, (C) locoregional recurrence, and (D) distant metastasis.
The gray area represents the 95% pointwise confidence interval of the natural logarithm of
the predicted hazard ratios. The black curve represents the smoothed restricted cubic spline
plot of the natural logarithm of the predicted adjusted hazard ratio versus the number of
positive lymph nodes. The black vertical dotted line represents the calculated change point.
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(A) Kaplan-Meier estimate of overall survival. (B) Kaplan-Meier estimate of disease-free
survival. (C) Cumulative incidence of locoregional recurrence. (D) Cumulative incidence of
distant metastases. All outcomes are stratified by the change point of <5 versus >5 lymph

nodes.
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Table 3

Summary of HRs for number of +LNs stratified by change point of 5 +LNs for overall survival and disease-
free survival and subdistributional HRs for locoregional recurrence and distant metastases

HR/SHR  95% CI P value

Overall survival
0-5 +LNs 121 1.1,1.34 <.001
>6 +LNs 1.02 1.01,1.06  <.001
Disease-free survival
0-5 +LNs 1.19 1.08,1.30  <.001
>6 +LNs 1.04 1.02,1.06  <.001
Locoregional recurrence
0-5 +LNs 1.28 1.10, 1.50 <.001
>6 +LNs 1.00 0.96, 1.04 .98
Distant metastasis
0-5 +LNs 1.10 1.01,1.20 .028
>6 +LNs 1.05 1.02,1.08 .003

Abbreviations: Cl = confidence interval; HR = hazard ratio (expressed as 1 unit increment); LN = lymph node; sHR = subdistributional HR.
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