Original Article

The Impact of Induction and/or Concurrent Chemoradiotherapy
on Acute and Late Patient-Reported Symptoms in
Oropharyngeal Cancer: Application of a Mixed-Model Analysis of
a Prospective Observational Cohort Registry
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BACKGROUND: The goal of this study was to comprehensively investigate the association of chemotherapy with trajectories of acute
symptom development and late symptom recovery in patients with oropharyngeal cancer (OPC) by comparing symptom burden between
induction chemotherapy followed by concurrent chemoradiotherapy (ICRT), concurrent chemo-radiotherapy (CRT), or radiotherapy (RT)
alone. METHODS: Among a registry of 717 patients with OPC, the 28-item patient-reported MD Anderson Symptom Inventory-Head and
Neck Module (MDASI-HN) symptoms were collected prospectively at baseline, weekly during RT, and 1.5, 3 to 6, 12, and 18 to 24 months
after RT. The effect of the treatment regimen (ICRT, CRT, and RT alone) was examined with mixed-model analyses for the acute and
late period. In the CRT cohort, the chemotherapy agent relationship with symptoms was investigated. RESULTS: Chemoradiation (ICRT/
CRT) compared with RT alone resulted in significantly higher acute symptom scores in the majority of MDASI-HN symptoms (ie, 21 out of
28). No late symptom differences between treatment with or without chemotherapy were observed that were not attributable to ICRT.
Nausea was lower for CRT with carboplatin than for CRT with cisplatin; cetuximab was associated with particularly higher scores for acute
and late skin, mucositis, and 6 other symptoms. The addition of ICRT compared with CRT or RT alone was associated with a significant
increase in numbness and shortness of breath. CONCLUSION: The addition of chemotherapy to definitive RT for OPC patients was as-
sociated with significantly worse acute symptom outcomes compared with RT alone, which seems to attenuate in the late posttreatment
period. Moreover, induction chemotherapy was specifically associated with worse numbness and shortness of breath during and after
treatment. Cancer 2021;127:2453-2464. © 2021 The Authors. Cancer published by Wiley Periodicals LLC on behalf of American Cancer
Society. This is an open access article under the terms of the Creative Commons Attribution-NonCommercial License, which permits
use, distribution and reproduction in any medium, provided the original work is properly cited and is not used for commercial purposes.

LAY SUMMARY:

* Chemotherapy is frequently used in addition to radiotherapy cancer treatment, yet the (added) effect on treatment-induced over time
is not comprehensively investigated

¢ This study shows that chemotherapy adds to the symptom severity reported by patients, especially during treatment

KEYWORDS: chemotherapy, head and neck cancer, mixed models, patient-rated toxicities, radiation oncology, symptoms.

INTRODUCTION

The addition of chemotherapy to radiation for the treatment of head and neck squamous cell carcinoma (HNC) was
adopted after showing an improvement in absolute overall survival of 6.55 + 1.0% at 5 years." In recent years, the
overall survival of patients with head and neck cancer—and in particular, those with oropharyngeal cancer (OPC)—has
also improved due to the decrease of smoking-related human papillomavirus (HPV)-negative tumors and the increase
of HPV-positive OPC. Intrinsically, HPV-associated tumors have a better treatment responsez’5 and are recognized in
the 8th edition of the American Joint Committee on Cancer staging system.® The increased survival of HPV-positive
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OPC patients and the focal shift of oncological treat-
ment to spare normal tissue have invoked the demand
to better understand symptom development and pre-
vention. Consequently, the relative, as-yet-unquantified
potential benefits associated with chemotherapy for HPV-
positive OPC patients””® may be offset by the increase in
chemotherapy-attributable symptom burden in survivors.

Although level 1 evidence regarding the acute tox-
icities that can be attributed to the addition of chemo-
therapy to radiation for HNC has been established via
multiple phase 3 prospective trials, a full multisymptom,
accurate depiction of longitudinal symptom burden in
OPC patients remains undefined,”'? especially for mild-
116 Chemo-radiotherapy phase
2/3 clinical trials are designed to investigate treatment

to-moderate symptoms.

effectiveness and feasibility, and routinely only report a
limited number of symptoms. These trials have not typi-
cally statistically compared toxicity ratings between treat-
ment regimens and have focused mainly on the maximum
physician-rated severe adverse effects during the chemo-
therapy/radiation timeframe or shortly thereafter.!’!¢
Therefore, they do not provide robust information about
the effects of chemotherapy on treatment-induced symp-
tom development over time, leaving the community chal-
lenged in estimating the added effects of chemotherapy
on overall symptom burden. For instance, aggregated
mild- to moderate-intensity symptoms may alter quality
of life, even if no severe toxicity is recorded. The current
literature lacks sufficient granularity to quantitate the ef-
fect of chemotherapy on quality of life.

Symptom development during HNC treatment
and in the recovery period after treatment is a dynamic
process that can be reported/observed via a dynamic
trajectory of symptoms over time. Mixed-effect models
can adequately deal with repeated measures, permitting
the investigation of treatment-related adverse effects as
trends over time (ie, without reducing this to a single
time point or dichotomized endpoint [symptom pres-
ent/not present]).

We developed and implemented a novel index to
measure the overall burden of treatment-induced symp-
toms over time: the area under the symptom trajectory
curve (AUCSympmm
to compare trajectories of acute symptom develop-

). The major goal of this study was

ment and late symptom recovery among OPC patients
who received induction plus concurrent chemotherapy
(ICRT), concurrent chemotherapy (CRT), or radio-
therapy (RT) alone with mixed-model analyses and
AUC comparisons.

symptom
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MATERIALS AND METHODS

Registry Description

Patient symptom, tumor, and clinical data were collected
prospectively as part of an active standardized follow-
up registry study that was approved by The University
of Texas MD Anderson Cancer Center (MDACC)’s
Institutional Review Board (PA14-0947 data collection,
PA11-0809 analysis). This registry enrolls patients at
MDACC who are evaluated for a suspected or confirmed
pathologic diagnosis of carcinoma of the oropharynx,
including tonsil, base of tongue, or HNC of unknown
primary origin.

For this study, sequential OPC patients that received
RT with curative intent between February 2015 and
January 2020 at MDACC were included. Patients who
received radiation in the head and neck region before or
during the start of symptom collection were excluded.
Additionally, participants needed to have reported symp-
tom scores for at least 2 time points. Surgery was not an
exclusion criterion. The inclusion criteria are summarized
in Supporting Figure S1.

Patients were classified based on their treatment
regimen (ICRT, CRT, or RT alone). Rare cases of pa-
tients who received induction chemotherapy followed
by RT alone (IRT) (n = 23) were excluded. The addi-
tion of chemotherapy, induction and/or concurrent, to
RT was recommended after careful consideration by a
multidisciplinary team on a per-patient basis as part of
standard clinical practice.

Patient-Reported Outcomes: MD Anderson
Symptom Inventory-Head and Neck Module
Prospectively surveyed patient-reported outcomes in-
cluded MD Anderson Symptom Inventory—Head and
Neck Module (MDASI-HN) questionnaires collected
by the MD Anderson Oropharynx Program Patient
Reported Outcomes/Function Core via all available
means in the clinic (via Epic or paper surveys) and
supplemented with research survey administration via
REDCap' or paper at baseline, weekly during RT, and
at 6 weeksand 3 to 6, 12, and 18 to 24 months after RT."®
The MDASI-HN is a validated head and neck—specific
symptom questionnaire consisting of 28 questions on a
scale of 0 to 10, where 0 indicates no complaints and 10
represents the worst imaginable symptom severity. For
this study, symptoms were assigned 3 distinct categories:
1) interference, which indicates general health/emo-
tional status (eg, mood, activity, distress, enjoyment);
2) systemic (eg, constipation, fatigue, numbness); and
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than

symptom

of a patient who has higher acute symptom scores but recovers after treatment (blue line, 32%).

3) loco-regional symptoms (eg, dry mouth, swallowing
dysfunction, taste).

Time points were established as time in weeks from
start of RT (ie, week 1 = 0; week 2 = 1... week 6 =5; 6
weeks post-RT = 12; 3-6 months = 30; 12 months = 54;
18-24 months = 78) for all statistical analysis; Supporting
Table S1 details specific time interval constraints. Mixed-
model analyses were conducted separately for acute
symptoms during the therapeutic phase (ie, RT weeks 1-
7), which represent the upward slope of symptom devel-
opment, and the late symptom period, which represents
the downward slope of the recovery phase (including 6
weeks post-RT as the initial start of this symptom recov-
ery phase).

Statistical Analysis: Mixed-Model Analyses

Mixed models were constructed for each individual
MDASI-HN symptom using time and treatment regi-
men (ICRT, CRT, or RT alone) as fixed effects, with the
individual patient’s categorical identifier as a random
effect. Because most of the symptom scores did not ex-
hibit a linear relation over time, a fixed second-order time
component was added to the models. In addition, the de-
mographic variables T stage, N stage, and tumor subsite
were introduced as fixed terms if identified as significant
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on multivariable analysis. Mixed-model analysis was per-
formed using restricted maximum likelihood estimation
(R package Ime4 [v1.1-23]). Differences between treat-
ment cohorts (ie, ICRT-CRT, ICRT-RT, and CRT-RT)
were analyzed with simultaneous tests for general linear
hypotheses based on least-squares means (R packages
multcomp [v1.4-13] and Ismeans [v2.27-2]), which were
corrected for multiple testing using the Bonferroni-Holm
method."’

Time-Weighted Symptom Burden: AUC ...,
The AUC is a representation of the overall cu-
symptom
mulative time-weighted symptom burden. It reduces
the symptom trajectory for a patient to a single measure
without discarding temporal information, as it weighs
the symptom scores by the duration patients experience
them. The AUC
symptom
ing the available scores, which are plotted over time in
weeks, and calculating the area between the x-axis and the

symptom curve, and subsequently dividing it by the theo-

is calculated by linearly connect-

retical maximum area (ie, a score of 10 for all time points).
Consequently, late symptom scores were weighted more
heavily, as they are more relevant for long-term quality of
life.>*" A visual representation of AUC,iom is depicted
in Figure 1. The AUC analyses were performed for

symptom
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acute symptoms at an interval between RT weeks 1 to 7
and 6 weeks post-RT and for late symptoms between 3-6
months to 18-24 months post-RT. To ensure reliable cal-
culation of the AUCsymptom,
burden analysis was performed on a subset of patients

the time-weighted symptom

who had scores at 1) start or week 2; 2) week 5 or 6 or
end of treatment; and 3) at least week 2 time points in
follow-up after treatment.

A heatmap was created that includes all individual
AUCSymptom with treatment regimen categorizations while
sorting the summed AUC___ per symptom over pa-
tients (columns) and per patient over symptoms (rows).
Multivariable linear regression was performed on the av-
erage AUCSympmm
relation with treatment regimen (using CRT as a reference)
while correcting for clinical variables (ie, T stage = 1, 2, 3, 4;
N stage = 1, 2, 3; the reference for tumor site was “BOT”).
Individual symptom comparison for AUC__  was per-
formed with a Mann-Whitney U test for ICRT-CRT and
CRI-RT.

as a dependent variable to test the cor-

RESULTS

Demographics

The average trajectories of the 28 symptoms for all 717
patients with OPC who were included in this study are
provided in Figure 2. Symptom reporting compliance
rates were 88% at baseline, 85% for any score during
treatment, and on average 57% (44%-71%) after treat-
ment (Supporting Fig. S2). Demographics are tabulated
in Table 1, where tumor subsite and T and N stage dis-
tributions were distinct between the ICRT, CRT, or RT
alone cohorts (chi-square test; P < .001).

The majority of CRT patients (62%) received weekly
cisplatin (40 mg/m?), and the second most common reg-
imen (28%) was weekly cetuximab (400 mg/m2 loading
dose, followed by 250 mg/m?). The most common induc-
tion chemotherapy agent combination was TPF (51%):
docetaxel (75 mg/m* on D1), cisplatin (75 mg/m* on
D1) with or without 5-fluouracil (1000 mg/m* on D1-
D4), administered every 3 weeks for typically 3 cycles;
followed by PCC (36%): paclitaxel (135 mg/mz), carbo-
platin (AUC 2) and cetuximab (400 mg/mz, followed by
250 mg/m”) administered weekly for typically 6 weeks.
Carboplatin was used more frequently as a concurrent
agent in the ICRT (44%) cohort compared with CRT
(9%) (Table 1). The anti-PD1 nivolumab (ICRT, 7%;
CRT, <0.5%), other agents such as the PD-L1 inhibitor
durvalumab (ICRT, 6%; CRT, 1%), or a second concur-
rent agent (~5%) were also administered sporadically.

2456

Mixed-Model Analysis

All 28 MDASI-HN symptoms showed a significant
increase in symptom scores over time (P < .001) during
RT; as well as significant recovery over time posttreat-
ment (P < .03), except for choking (P = .93), numb-
ness (P = .62), and memory (P < .001; for increase).
The model curves over time per treatment regimen are
depicted in Supporting Figure S3, illustrating the model
fit and to the data per symptom for the acute develop-
ment and late recovery symptom phase.

T stage was a significant multivariable factor for
acute general activity, walking, fatigue, appetite, memory,
mucus, mucositis, pain, swallowing, choking, teeth, and
voice and late general activity, walking, relations, consti-
pation, appetite, and all late local symptoms, except for
shortness of breath, skin, dry mouth, and taste. N stage
was a significant factor for acute mood, enjoyment, sad-
ness, and appetite. Tumor site was significant for acute
choking and teeth and late choking and skin. Models

were corrected for these confounders accordingly.

Ad(dition of Induction to Concurrent
Chemoradiotherapy (ICRT vs CRT/RT)

Numbness and shortness of breath increased significantly
during and after treatment in patients who were treated
with ICRT compared with CRT and RT alone (see P val-
ues in Fig. 3). The results suggest a specific association
with induction chemotherapy, as no significant difference
was observed between CRT and RT alone. Additionally,
acute taste and late dry mouth were significantly higher
in patients who were treated with ICRT compared with
those treated with RT alone. Late work was significant in
comparisons of both ICRT/CRT and ICRT/RT alone.
The model effect sizes demonstrated that for all signifi-
cant comparisons, ICRT showed worse symptom scores
than CRT or RT alone (Supporting Tables S3 and $4).
The visualization of the models in Supporting Fig. S3
also show the effect size of the treatment regimen, which
shows that for all significant symptoms, the curve is high-
est (ie, worst symptom severity) for ICRT, followed by
CRT and subsequently RT alone.

Addition of Chemotherapy to RT Alone (ICRT/
CRT vs RT Alone)

Compared with regimens that included chemotherapy
(ICRT or CRT), RT alone showed significantly lower
acute interference symptoms (general activity, mood,
relations, and work). After correction for T stage and

N stage, walking and enjoyment were not signifi-
cantly different between ICRT/CRT and RT alone.
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Figure 2. Average patient-reported outcome scores trajectory and 95% Cl weekly during treatment and 6 weeks, 3 to 6 months, 12
months, and 18 to 24 months after treatment for all 28 symptoms included in this study among all patients. numb, numbness; sob,

shortness of breath.

Chemotherapy significantly increased all acute systemic
symptoms, except memory (Fig. 3). The acute local-
regional symptoms for which concurrent chemother-
apy (CRT) showed significantly higher trajectories for
mucus, dry mouth, mucositis, pain, swallowing, skin,
voice, but T stage eliminated the significance to treat-
ment regimen for choking in this dataset. No late differ-
ences were observed between treatment regimens with
and without chemotherapy that could not be attributed
to induction chemotherapy specifically. The model effect
sizes demonstrated that for all significant comparisons,
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RT alone showed better symptom scores that ICRT or
CRT (Supporting Tables S3 and S$4).

To illustrate the severity, the moderate-to-severe inci-
dences, which are defined as MDASI-HN symptom score
5 or higher, are shown for different time points in Figure 4.

Symptom Trajectory Comparison

The trajectory analyses were performed on a subset of 336
patients that had sufficient time points (ie, at the start of
RT, the end of RT, and at least 2 follow-up time points)
to reliably calculate the AUC

symptom*
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TABLE 1. Characteristics of Patients Included in
Mixed-Model Analyses

ICRT CRT RT Alone

Characteristic (n=131) (n=462) n=124) P

Sex .376
Women 11 (8) 48 (10) 17 (14)

Men 120 (92) 414 (90) 107 (86)

Tumor site <.001

BOT 69 (53) 219 (47) 47 (38)
NOS 8 (6) 22 (5) 23 (19)
Pharynx wall 3(2) 7(2) 0 (0)
Soft palate 0(0) 7 (2) 2(2)
Tonsil 51 (39) 207 (45) 52 (42)

T stage <.001
TO 7 (5) 21 (5) 23 (19)
™ 15 (12) 137 (30) 66 (53)

T2 34 (26) 184 (40) 33 (27)
T3 28 (21) 75 (16) 1(1)
T4 47 (36) 45 (10) 1(1)

N stage <.001

NO 6 (5) 43 (9) 21 (17)
N1 25 (19) 160 (35) 69 (56)
N2a 7 (5) 27 (6) 10 (8)
N2b 39 (30) 182 (39) 24 (19)
N2c 40 (31) 46 (10) 0 (0)

N3 14 (11) 4(1) 0(0)

p16 HPV-positive .702
Positive 93 (71) 351 (76) 95 (77)
Negative 10 (8) 36 (8) 8(7)

Unknown 28 (21) 75 (16) 21(17)

Technique 197
3D CRT 1(1) 3(1) 1(1)

IMPT 25 (19) 78 (17) 23 (19)
IMRT 9(7) 79 (17) 18 (15)
VMAT 96 (73) 302 (65) 82 (66)

Surgery primary <.001
No 127 (97) 436 (94) 89 (72)

TORS 4 @) 25 (5) 34 (27)
Open 0 (0) 1(0) 1(1)

Neck dissection <.001
No 121 (92) 421 (91) 83 (67)

Yes 10 (8) 419 41 (33)

Age, y .865

<60 44 (34) 185 (40) 46 (37)
60-70 58 (44) 175 (38) 50 (40)
70-80 26 (20) 88 (19) 24 (19)

>80 3(2) 14 (3) 4 @)

Agents -
Cisplatin 59 (45) 287 (62) 0(0)
Cetuximab 14 (11) 128 (28) 0(0)
Carboplatin 58 (44) 40 (9) 0(0)

TPF 67 (51)2 0 (0) 0(0)
PCC 47 (36)° 0 (0) 0(0)
Nivolumab 9 (7)2 2 (0) 0(0)
Other 8 (6)* 5(1) 0(0)

Abbreviations: 3D, 3-dimensional; BOT, base of tongue; CRT, concurrent
chemoradiation; HPV, human papillomavirus; ICRT, induction chemotherapy
plus concurrent chemoradiation; IMPT, intensity-modulated proton therapy;
IMRT, intensity-modulated radiotherapy; NOS, not otherwise specified; PCC,
paclitaxel, carboplatin and cetuximab; RT, radiotherapy alone; TORS, trans-
oral robotic surgery; TPF, docetaxel, cisplatin with or without 5-fluouracil;
VMAT, volumetric-modulated arc therapy.

All data are presented as n (%).

#Induction agent.

The heatmaps demonstrate that the overall cumu-
lative time-weighted symptom burden is higher for pa-
tients that receive chemotherapy (ICRT/CRT) compared

2458

with RT alone (Fig. 5). Multivariable analyses on the
average AUCSymp om
alone yielded a significantly lower acute symptom burden
compared with the reference CRT (Table 2). For the late
phase, ICRT was correlated with higher symptom burden
than the reference CRT (Table 2). For the overall burden,
no clinical variables were significant (Table 2).

For individual symptoms, this AUCSymptom differ-
ence between CRT and RT was significant for 25 of
the 28 reported acute symptoms (Fig. 5, bottom). For
late symptoms, this seemed less evident, as the results
were consistent with those of the mixed-model analysis

over all symptoms revealed that RT

(before correcting for T stage) in that only mucus was
significant. Also in line with the mixed-model analyses,
the addition of induction significantly increased the
AUCSymlDtom of acute and late numbness, shortness of
breath, and choking. In contrast, late teeth, voice, skin,
and pain were significantly different for the AUC_
analyses.

Impact of Chemotherapy Agents

No significant difference was observed in acute and late
MDASI-HN scores over time between carboplatin and
cisplatin with mixed-model analyses, except for acute
nausea, where cisplatin administration resulted in higher
symptom scores (P = .008). The largest effect of cetuxi-
mab compared with either carboplatin or cisplatin was
observed for acute and late skin and mucositis. Significant
levels are depicted in Supporting Table S2; cetuximab ver-
sus cisplatin showed significantly higher symptom scores
for acute memory, distress, dry mouth (also cetuximab
vs carboplatin), swallow, teeth, and pain, as well as late
dry mouth, enjoyment (also cetuximab vs carboplatin),
drowsy, and mucus.

DISCUSSION

Given the improved disease prognosis of HPV-
associated OPC,*>%? symptom burden considerations
are more pressing now than previously with more ag-
gressive HNC with shorter survivorship.”**%® To our
knowledge, this is the first study to comprehensively
compare symptom trajectories comparing patients with
OPC who were treated with RT with and without chem-
otherapy using prospectively collected longitudinal
scaled multisymptom data, hereby addressing the dearth
of knowledge of the (added) effect of chemotherapy
in developing symptoms.”'® Our results demonstrate
that the addition of chemotherapy cither as induction
and/or concurrently with RT (ICRT/CRT) was asso-
ciated with significantly worse MDASI-HN symptom
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Figure 3. Mixed-model analysis of treatment results without (left columns) and with (right columns) inclusion of confounders. Red
symbols indicate acute symptoms; blue symbols indicate late symptoms (*T stage; 'N stage; *tumor site). Triangle corners indicate
loss of significance after multivariable adjustment. P values were corrected for multiple testing. The effect sizes of these model
comparisons indicate that for all significant comparisons, the scores were highest for ICRT, followed by CRT and subsequently RT
alone (see Supporting Tables S3 and S4 or Supporting Fig. S3). CRT, concurrent chemoradiation; ICRT, induction chemotherapy plus
concurrent chemoradiation; RT, radiotherapy alone.
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work| 12 10 10 31 17 10 12 7 7 9 4 8 6 5 4
drowsy| 10 8 7 25 14 11 8 8 10 5 6 4 8 6 7
enjoy| 17 10 1" 29 15 9 13 10 6 8 4 10 8 4 6
mood| 15 9 7 35 35 20 23 1 10 5 7 9 13 2 3 4 4 4
choke| 7 2 3 ¢ 1 5 4 14 7 2 7 5 7 10 6 7
skin| 5 2 2 13 5 3 0 1 1 2 1 1 0 1 0
voice| 8 3 2 13 7 3 13 4 5 7 2 10 6 5 6
constipation| 13 5 2 11 8 6 11 5 5 2 4 4 6 4 2
teeth) 5 3 2 7 5 7 5 4 5 2 3 7 6 6 4
walking| 8 5 4 13 8 9 9 4 7 10 3 6 0 2 9
distress| 12 18 10 9 7 4 5 7 3 6 4 2 I
nausea| 7 5 4 3 1 2 2 3 1 3 2 1 4
relations| 10 15 7 6 3 4 3 I 1 4 2 3 7
numb| 3 13 5 4 15 2 6 17 2 4 10 4 4
memory| 6 5 4 4 3 5 3 12 8 7 6 5 6
sad| 9 17 8 6 (5) 5 6 3 2 4 4 1 6
sob| 5 9 4 7 3 1 3 5 2 3 2 0 4
vomit| 1 7 4 1 0 0 0 0 0 0 0 0 0

Figure 4. Moderate-to-severe symptom (MD Anderson Symptom Inventory-Head and Neck Module score >5) prevalence map in
percentage (%). The maximum score reported during radiotherapy was used for computing prevalence (see “During RT” column).

trajectories compared with RT alone during radiation
treatment. After treatment, these individual symptom
differences between treatment regimens seemed to re-
solve, except for numbness, shortness of breath, and dry
mouth. However, overall symptom burden of the late
symptoms was higher for ICRT compared with CRT,
and in the acute phase RT alone was correlated to lower
symptom burden than CRT (Table 2). As expected, the
maximum symptom burden was during treatment for
all cohorts, with gradual recovery for most symptoms
back to baseline levels (Fig. 2), which was most rapid
for the RT alone cohort (Fig. 4).

Concurrent cisplatin chemoradiotherapy is the
current standard of care for locally advanced HNC,
but alternative strategies such as induction chemo-
therapy for higher-risk disease and RT alone for earlier
stage low-risk disease are used in selective cases after
careful multidisciplinary consideration. The induction
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chemotherapy cohort in our study showed higher acute
and late overall cumulative symptom burden (Table 2),
as well as significantly higher symptom trajectories for
numbness and shortness of breath with the mixed-
model analyses. At 1 year post-RT, numbness had a
higher rate of moderate-to-severe symptom scores in
the induction group (17%) compared with CRT (2%)
and RT alone (4%) (Fig. 4). Peripheral neuropathy is
a well-known dose-limiting toxicity for platinum and
taxane chemotherapy agents.”” However, the majority
of induction TPF studies have not emphasized the rates
of late neuropathy for patients who tolerate the regi-
men.'>1>28 Because of the nature of the survey, other
manifestations of neuropathy such as hearing loss,
motor, and autonomic toxicities were not investigated.
Our findings highlight the importance of careful fol-
low-up of the neurotoxicity signs and symptoms for pa-
tients treated with induction chemotherapy regimens.
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Figure 5. Heat maps representing the area under the PRO-over-time curves for acute and late phase. Toxicities on the x-axis are
sorted on overall severity (ie, summed PRO over all patients). The colors represent the percentage of the maximum area under the

curve (ie, score of 10 of for all symptoms).

TABLE 2. Multivariable Linear Regression With
Overall AUC (Average of All Symptoms) as

symptom
Dependent Variable
Acute Symptoms Late Symptoms
Multivariable Linear
Model B P B P
Intercept 0.22 .00 0.05 .02
Treatment (CRT is
reference)
RT alone —-0.08 <.0001* 0.02 .23
ICRT 0.01 .68 0.04 .03*
T stage 0.01 42 0.01 .36
N stage 0.00 .82 0.01 A7
Tumor site (BOT is
reference)
Tonsil 0.00 .84 0.02 13
Unknown 0.03 .30 0.03 A7
Soft palate 0.05 .60 0.03 .64
Pharyngeal wall 0.02 .75 0.05 .35

Abbreviations: AUC, ..., area under the symptom trajectory curve; ICRT,
induction chemotherapy plus concurrent chemoradiation; RT, radiotherapy.
The reference for tumor site was the base of the tongue, and the reference for
treatment was concurrent chemoradiation.

* significance level P value < .05.
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As anticipated, systemic symptoms such as nausea,
vomiting, and constipation were affected by the addition
of chemotherapy; this finding is in line with those of pre-
vious studies, 2?31 yet these symptoms are frequently
not reported.’”?** While local-regional symptoms are
attributed to RT, our analysis shows that the majority of
these symptoms (eg, dry mouth, mucositis, pain, swallow-
ing) in the acute setting were significantly higher for CRT
compared with RT alone. This alludes to the amplified
or added damage of chemotherapy combined with RT to
the epithelium, as it is likely related to the release of cyto-
kines, which exacerbate tissue response.” This is in con-
cert with the significant difference in grade 3/4 mucositis
and dermatitis in chemoradiation patients observed in
previous trials.'>*"##3%3¢ Finally, interference symptoms
are a complex and patient-specific composite of multiple
symptoms, providing insight into overall quality of life.
General activity, work, mood, and relations showed sig-
nificantly higher trajectories in the chemotherapy cohorts,
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suggesting the impact of chemotherapy on quality of life
during treatment and on work after treatment.

The subanalyses of the chemotherapy agents
demonstrated that the effect of concurrent systemic ther-
apy was larger for cetuximab compared with both car-
boplatin and cisplatin for symptoms skin and mucositis.
In a phase 3 trial by Mehanna et al’’ comparing severe
sequelae between RT combined with cisplatin versus
cetuximab regimen, cetuximab did not show reduced
toxicity, while showing more unfavorable survival rates
for HPV-positive patients who have OPC. Interestingly,
similar to our result, much higher skin symptoms were
observed for cetuximab (50%) versus cisplatin (4%).
Additionally, significantly higher scores for mucositis,
dermatitis, fatigue, and hypokalemia were reported in a
phase 3 trial comparing cetuximab plus cisplatin (n =
444) CRT compared with cisplatin CRT (n = 447)%8
Subsequent studies have reported conflicting data on
whether significantly higher acute gastrointestinal toxic-
ity was associated with cisplatin39 or cetuximab,” while
other symptoms were not significantly different, includ-
ing acute mucositis.

This study predominantly evaluated patients with
nonsurgically treated OPC with a large-scale prospec-
tive collection of symptom data, and it is inherenty
biased by the clinical considerations that go into the se-
lection for patients who will receive induction systemic
therapy before concurrent chemoradiation. Although
this was partly mitigated by correcting for treatment-
dictating clinical confounders (eg, T stage, tumor site)
in the mixed-model analyses, this was not done for the
AUC, mptom analyses; therefore, the mixed-model anal-
yses sﬁould be considered the leading results in this re-
search. The confounders in the mixed-model analyses
eliminated the significant treatment regimen compar-
isons for some symptoms (triangle corners in Fig. 3),
which can indicate that chemotherapy acts as a surrogate
for clinical variables, but it may also be that the data are
insufficient to demonstrate the treatment regimen effect.
Moreover, other unidentified confounders could exist.
For example, tumor recurrence could affect the symp-
tom scores. In this cohort, only 23 (3.2%) patients pre-
sented with a local-regional recurrence in follow-up, and
11 (1.5%) patients presented with residual disease at ~6
months that resolved. Excluding these patients, showed
no change in significance levels for the late confounder-
corrected mixed model analyses, except for symptom
work, which was significant for comparisons of ICRT/
CRT and CRT/RT alone. Another issue that may influ-
ence the prevalence/severity of the symptom burden is
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the proactive supportive care that was also routine in this
study interval, including referrals to registered dietitians,
speech pathologists, oral/dental oncologists, pain man-
agement and other supportive care disciplines that could
have influenced the symptom trajectories. Nevertheless,
this care was not different between patients who were
treated with different regimens.

Another limitation is the disproportionate number
of patients in the ICRT (n = 131) and RT alone (n =
124) cohorts compared with the CRT (n = 462) cohort.
Consequently, the ICRT/RT alone comparison was sta-
tistically less powered than the CRT/RT or ICRT/CRT
comparisons. Finally, clinician-rated toxicities, number
of chemotherapy cycles (which was not shown significant
previously24), blood biomarkers, comparison between ra-
diation techniques, and the effect of surgery were beyond
the scope of this analysis but would be valuable future
work.

In conclusion, our results demonstrate that the addi-
tion of chemotherapy to RT for the treatment of patients
with OPC is associated with a significantly worse acute
symptom burden as demonstrated by higher MDASI-HN
symptom trajectories compared with that found for pa-
tients who were treated with RT alone. For most symp-
toms, no significant individual symptom difference
between treatment regimens was observed after treatment,
except for numbness and shortness of breath, which were
more severe in patients receiving induction and concurrent
chemotherapy. We developed a new measure of overall cu-

mulative symptom burden, AUC , which provides

symptom
a quantitative composite score that represents a patient’s

overall symptom burden throughout the duration of treat-
ment and during the posttreatment period, which showed
higher rates for both acute and late time points for reg-
imens that included chemotherapy. The negative impact
of chemotherapy on the overall symptom burden expe-
rienced by patients with OPC must be considered when
assessing the overall benefits of chemotherapy.
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