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ABSTRACT

Background: Quality of life (QoL) in head and neck cancer (HNC) is influenced by complex biopsychosocial factors, yet few
longitudinal studies have examined these relationships immediately post-treatment.

Methods: In this prospective study, 232 patients newly diagnosed with primary HNC completed psychometric assessments, clin-
ical interviews, and medical chart reviews at baseline, 3, 6, and 12 months. QoL was measured using the Functional Assessment
of Cancer Therapy—-HNC module. A two-step cluster analysis identified distinct biopsychosocial subgroups, and mixed ANOVA
tested QoL trajectories across time.

Results: Three clusters emerged: (1) early-stage disease with low treatment intensity; (2) high psychological burden and (3) ad-
vanced disease with high treatment intensity. These were associated with highest QoL, persistently lowest QoL (p <0.001), and
intermediate QoL that improved over time respectively.

Conclusions: Psychological distress exerted a stronger influence on QoL than medical burden. Early identification and interven-
tion for psychosocial risk factors may optimize recovery in HNC patients.

1 | Introduction link between negative psychological factors, such as the pres-

ence of clinical depression, and decreased survival in HNC pa-

Head and neck cancer (HNC) and its treatments are known to
impact quality of life (QoL) and functioning, significantly im-
pacting bodily processes and structures, activities of daily liv-
ing, and participation in life roles [1]. HNC can affect functional
aspects such as food intake, breathing, speech, pain, mood, and
shoulder-neck mobility, with long-term changes continuing to
negatively impact QoL after cancer remission [2]. Moreover, the

tients has been well established in the literature [3].

Few studies have longitudinally investigated a comprehensive
model of biopsychosocial risk factors leading to QoL compromise
immediately post-treatment in patients with HNC. QoL predictors
identified in previous longitudinal studies include medical comor-
bidities [4, 5], marital status [4], age [5], smoking status [4], alcohol
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[4], depression [6], physical functioning [6], tumor stage [4, 6, 7],
lower socio-economic status [5], unemployment [5], and feeding
tube dependency [5]. On the other hand, physically active patients,
and patients with a stable weight were less likely to experience dys-
phagia and eating restriction [8]. Large contemporary longitudi-
nal cohorts have further demonstrated substantial heterogeneity
in quality-of-life trajectories among patients with head and neck
cancer. Studies from the Head and Neck 5000 cohort in the United
Kingdom have shown that symptom burden, particularly cancer-
related fatigue, peaks in the early post-treatment period and are
strongly influenced by baseline depression, smoking status, dis-
ease stage, and multimodal treatment [9]. Similarly, the NET-
QUBIC cohort in the Netherlands has highlighted the persistent
role of psychological factors, coping styles, and social resources in
shaping long-term supportive care needs, which are closely linked
to overall quality of life, alongside clinical disease characteristics
[10]. While these studies have identified important predictors of
quality of life using predominantly variable-centered approaches,
less is known about how constellations of interacting biopsychoso-
cial factors define distinct patient profiles with differential quality-
of-life trajectories in the early survivorship period. The complex
management of HNC with intent to improve quality of life may
benefit from the further characterization of biopsychosocial risk
profiles. Such profiles would identify patient groups who may be
especially vulnerable to poor quality of life due to their combina-
tion of predisposing medical and psychosocial factors and may
lead to the development of personalized interventions to mitigate
risk and promote illness adaptation.

To guide this work, we used a conceptual model based on the
Wilson-Cleary model of QoL and the diathesis-stress model. The
Wilson-Cleary model integrates psychological and biological
domains, positing that QoL is determined by a complex array of
biopsychosocial factors [11]. The diathesis-stress model suggests
that health is a result of an interaction between pre-existing [12]
vulnerabilities, or diathesis, and environmental stressors [13]. Our
conceptual model included biomedical variables, present and past
mental health, personality traits, sleep quality, and social support.

This study aimed to delineate biopsychosocial risk profiles as-
sociated with compromised QoL during the first year following
a first occurrence of HNC. We used an unsupervised, machine
learning, clustering algorithm to detect the presence of distinct
patient profiles. We then examined these clusters concerning
their trajectories of QoL over time and their relationship to med-
ical and psychological factors. We hypothesized that psycho-
logical factors would be strongly associated with longitudinal
QoL outcomes and would identify a subgroup of patients with
persistently compromised QoL across the first year following di-
agnosis, independent of medical disease burden, based on our
recent work within this population [14-16].

2 | Materials and Methods
2.1 | Design
This study employed a multicenter prospective longitudinal

design. Structured Clinical Interviews for DSM-IV Diagnoses
(SCID-I) [17] assessed major depressive disorder, anxiety

disorders, and alcohol use disorder at baseline, 3-month fol-
low-up, and lifetime pre-cancer. Self-administered psychomet-
ric measures were completed pre-treatment (< 2 weeks of cancer
diagnosis), and at 3, 6, and 12months. This study received eth-
ical approval from the McGill University Faculty of Medicine
Institutional Review Board and recruiting hospitals (#A05-B24-
10B). All participants provided informed consent.

2.2 | Study Participants

Patients were eligible if they were adults (> 18years), diagnosed
with a primary HNC (TNM Classification System) [18] within
2weeks of referral to study, and alert and capable of providing
free and informed consent. They were ineligible if they pre-
sented an upon enrollment Karnofsky Performance Scale [19]
score of less than 60 or a prognosis of less than 6 months accord-
ing to medical judgment.

2.3 | Procedure

Patientswererecruited from the Departmentof Otolaryngology—
Head and Neck Surgery at two teaching hospitals affiliated with
McGill University: the Jewish General Hospital and McGill
University Health Centre in Montreal, Canada. A consecutive
record was maintained to track enrollment and participation
over time. Following written informed consent, patients com-
pleted baseline questionnaires and were scheduled for an indi-
vidual SCID-I interview. Follow-up questionnaires were sent via
email with three weekly reminders, along with a self-addressed,
pre-stamped envelope.

2.4 | Outcome Measure

The Functional Assessment of Cancer Therapy—General and
Head and Neck Module (FACT-HN) [20] evaluated participants'
QoL over the past week (internal validity: 0.89; test-retest reli-
ability: 0.92).

2.5 | Predictor Measures

The initial intake questionnaire captured basic sociodemo-
graphic information at baseline (i.e., age, sex, education, marital
status, living alone), cigarette smoking and prior suicidal ide-
ation/attempts. Medical variables were assessed through med-
ical chart reviews at every timepoint throughout the study (i.e.,
cancer stage, cancer site, anticancer treatment including free
tissue transfer flap, radiation dose and chemotherapy agent,
HPV-status, ECOG Performance Status [19], PEG tube, disease
recurrence or progression, time since last treatment).

Abuse in childhood (i.e., before age 12; physical, psychological,
and sexual abuse, and neglect) was collected with questions
from the Canadian Incidence Study of Reported Child Abuse
and Neglect [21].

The SCID-I assessed major depressive disorder, anxiety disorders,
and alcohol use disorder at baseline, as well as lifetime pre-cancer.
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The inter-rater reliability for symptoms is 0.75, while the inter-rater
reliability for diagnoses, when training is provided, is 0.90 [17].

The Eastern Cooperative Oncology Group (ECOG) Performance
Status [22] evaluated functional status. The Hospital Anxiety
and Depression Scale (HADS) [23] measured psychological
distress (internal consistency 0.78-0.93; test-retest reliability
> 0.80). The Functional Assessment of Chronic Illness Therapy,
Spiritual Wellbeing Scale (FACIT-Sp) [24] assessed spiritual-
existential wellbeing (internal consistency >0.74; test-retest
reliability 0.91). The Brief COPE Scale [25] denial subscale was
used to evaluate illness-specific coping based on denial (inter-
nal consistency 0.84; test-retest reliability 0.72). The Eysenck
Personality Questionnaire—Neuroticism Subscale (EPQ-N)
[26] measured neuroticism (internal consistency 0.83; test-retest
reliability 0.92). The Social Support Questionnaire (SSQ) [27] as-
sessed satisfaction and number of social supports (internal con-
sistency 0.57; test-retest reliability 0.90).

The Social Readjustment Rating Scale (SRRS) [28] assessed the im-
pact of major life events in the past year on participant. The Rapid
Alcohol Problems Screen—Quantity Frequency (RAPS4-QF) [29]
assessed risk for alcohol-related problems. The Body Image Scale
(BIS) [30] measured body image symptoms (internal consistency
0.86-0.96; test-retest reliability > 70). The Pittsburgh Sleep Quality
Index (PSQI) [31] measured sleep quality over the past month (in-
ternal consistency 0.79; test-retest reliability 0.91). The Charlson
Comorbidity Index (CCI) [32] assessed the burden of comorbid
conditions (internal consistency 0.63; test-retest reliability 0.91).

2.6 | Statistical Analysis

Data were analyzed using SPSS Statistics (version 29.0). Data distri-
butions respected parametric statistical assumptions. Expectation
maximization was used to impute missing data on predictive
measures; quality-of-life outcome data were not imputed using
this single-imputation approach. Longitudinal analyses of qual-
ity of life were conducted using linear mixed-effects models with
maximum likelihood estimation, which incorporate all available
observations and do not require complete data at all timepoints.
This approach allows participants with partially observed quality-
of-life data to contribute information under a missing-at-random
assumption [33]. Selection of variables for clustering was based on
a backward elimination approach, using univariate tests (T-tests,
ANOVA, or Spearman'’s rho) with p<0.01 as the significance cri-
terion, with QoL at 3month as the outcome variable. Variables
demonstrating significance below cut-off were considered for clus-
tering. We used a two-step cluster analysis to accommodate the
mixture of categorical and continuous variables. This technique
is versatile and widely used to identify subgroups of individuals
based on distance measures and model-based criteria. The two
steps involve an initial pre-clustering in many small subgroups,
followed by merging these subclusters into a solution with an
optimal number of clusters. Clinical variables with multiple cat-
egories (e.g., treatment modality, ECOG performance status, and
cancer stage) were included in the unsupervised clustering al-
gorithm as categorical indicators reflecting overall disease bur-
den and treatment intensity. These variables were not entered as
dummy-coded predictors in regression or longitudinal models, but
were used to characterize cluster composition descriptively rather

than to support inferential comparisons at the level of individual
categories.

After cluster identification, a mixed effects ANOVA was con-
ducted testing for cluster differences over time in quality of
life. Quality-of-life trajectories were examined as a function of
cluster membership, not individual clinical subgroups. With a
significant Cluster X Time effect, we then tested pairwise com-
parisons between clusters at each time point to explore the pat-
tern of QoL differences across baseline, 3-, 6-, and 12-month
follow-ups.

3 | Results
3.1 | Study Participants

Two-hundred and thirty-two out of 313 eligible patients partic-
ipated (74% participation); and completed the FACT-G and HN
Module. Reasons for declining participation included insuffi-
cient time (33%), competing priorities (24%), and emotional- or
time-related concerns (39%). Attrition with time was not signifi-
cantly impacted by sex, cancer stage, or baseline psychological
distress on the HADS. Our study population represented 69.9%
male, with a mean age of 63years (range 30-101). Sixty percent
were married, 30.5% living alone, and 35.1% obtained a univer-
sity education. They mostly were diagnosed with advanced stage
cancer (67.4%), with most predominant cancer sites being oro-
pharynx (34.3%), oral (19.2%), larynx (15.5%), and hypopharynx
(9.2%). Medical co-morbidities were assessed and accounted for
as confounders in our analyses. Other characteristics including
medical treatments received can be found in Table 1.

3.2 | Cluster Definition

Table 1 provides an overview of sample characteristics and their
associations with 3-month QoL. Variables that met a thresh-
old of p<0.01 were include in the subsequent cluster analysis
[32]: cancer stage, functional status, treatment modality, use of
chemotherapy, radiation dose, feeding tube dependency, time
elapsed since treatments, major depressive disorder at diag-
nosis, anxiety symptoms (HADS anxiety subscale), depressive
symptoms (HADS depression subscale), psychological distress
(HADS Total), neuroticism, sleep quality, denial, substance use,
body image, and spirituality. The cluster analysis produced a
three-cluster solution (see Table 2 for cluster characterization).

3.2.1 | Cluster 1—Early Stage and Low
Intensity Treatment

Cluster 1 (N=73) included 31.5% of patients and stood out as
marked by early-stage disease, low-intensity treatment, and
fewer psychological disturbances. These individuals repre-
sented 95% of Stage 1 cancer. None of the patients in this cluster
needed chemotherapy, 86% did not require a feeding tube, and
their mean radiation dose was significantly lower than clusters
2 and 3 (p<0.05) contributing to their low-intensity treatment
profile. Additionally, major depression upon diagnosis was ab-
sent within this cluster.
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TABLE1 | Sociodemographic, medical, and clinical characteristics of patients newly diagnosed with a first occurrence of head and neck cancer
and their association with quality of life at 3 months post-diagnosis.

Association with
quality of life
Variables N (%) Mean (SD) at 3months Direction of association
Age 63.28 (11.40) r=0.14 No clear direction
p=0.10
Marital status F=3.05 No clear direction
p=0.03*
Married or common-law 142 (61.2%)
Divorced or separated 56 (24.1%)
Single (never married) 22(9.5%)
Widowed 12 (5.2%)
Sex t=-0.09 No clear direction
p=0.93
Female 69 (39.7%)
Male 163 (70.3%)
Living arrangement t=-1.68 No clear direction
p=0.09
Living alone 69 (29.7%)
Living with someone 1663 (70.3%)
Charlson comorbidity index at baseline 3.89(1.15) r=0.12 No clear direction
p=0.15
HPV status t=1.49 No clear direction
p=0.139
Positive 90 (39.3%)
Negative 142 (60.7%)
Cancer site F=2.14 No clear direction
p=0.036*
Oral 44 (19.0%)
Nasopharynx 11 (4.7%)
Oropharynx 81 (34.9%)
Hypopharynx 22(9.5%)
Larynx 36 (15.5%)
Paranasal sinuses and nasal 502.2%)
cavity
Salivary glands 6 (2.6%)
Skin 15 (6.5%)
Thyroid 1(0.4%)
Unknown primary 11 (4.7%)
(Continues)
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TABLE1 | (Continued)

Association with
quality of life

Variables N (%) Mean (SD) at 3months Direction of association
Cancer stage F=6.56 | Stage III=1V > Stage I (Stage
p<0.001%* II not significantly different)
I 41 (17.7%)
I 36 (15.5%)
11T 36 (15.5%)
v 119 (51.3%)
Treatment type at 3months post diagnosis F=4381 I R+C=S+R+C>S (others
p<0.001+* not significantly different)
Surgery 3(1.3%)
Radiation 36 (15.5%)
Chemotherapy 22(9.5%)
Surgery + radiation 20 (8.6%)
Surgery + chemotherapy 23 (9.6%)
Radiotherapy + chemotherapy 99 (42.7%)
Surgery + 29 (12.5%)
radiation + chemotherapy
Education F=0.73 No clear direction
p=0.57
Elementary 19 (8.2%)
High School 72 (31.0%)
CEGEP/Vocational 60 (25.9%)
Undergraduate degree 40 (17.2%)
Graduate degree 41 (17.7%)
Feeding tube at 3months post diagnosis F=14.26 | NG=PEG> None
p<0.001%**
None 81 (34.9%)
Nasogastric (NG) tube 40 (17.2%)
Percutaneous endoscopic 111 (47.8)%
gastrostomy (PEG) tube
Parental bonding F=1.21 No clear direction
p=0.30
Optimal parenting 65 (28.0%)

Affectionate constraint

161 (69.4%)

Affectionless control 5(2.2%)
Neglectful 1(0.4%)
(Continues)
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TABLE1 | (Continued)

Association with
quality of life
Variables N (%) Mean (SD) at 3months Direction of association
Free flap t=0.04 No clear direction
p=0.97
Yes 28 (12.1%)
No 204 (87.9%)
Recurrent cancer at baseline t=0.76 No clear direction
p=0.45
No recurrence or progression 229 (98.7%)
Recurrence or progression 3(1.3%)
Cigarette in the last 30days t=2.172 No clear direction
p=0.031*
Yes 41 (17.7%)
No 191 (82.3%)
History of suicidal ideation t=1.64 No clear direction
p=0.1
Yes 23 (0.9%)
No 209 (90.1%)
History of major depressive disorder—SCID t=2.37 | Past MDD>No past MDD
p=0.019%
Yes 47 (20.3%)
No 185 (79.7%)
Mood, anxiety or substance use disorder at baseline—SCID t=1.91 No clear direction
p=0.058
Yes 69 (29.7%)
No 163 (70.3%)
Presence of major Depressive disorder at baseline—SCID t=2.67 | Current MDD>No
p=0.009%* current MDD
Yes 14 (6.0%)
No 218 (94%)
Type of chemotherapy t=3.99 | Strong Chemotherapy>Weak
D <0.001%**
Strong: Carboplatin, taxol, or, 106 (45.7%)
cisplatin
Weak: docetaxel, cetuximab, 126 (54.3%)
panitumumabe, erbitux,
mannitol
(Continues)
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TABLE1 | (Continued)
Association with
quality of life
Variables N (%) Mean (SD) at 3months Direction of association
ECOG F=5.85 Overall association;
p<0.001%* direction not resolvable
Fully active 149 (64.2%)
Restricted in physically 62 (26.7%)
strenuous activity
Unable to carry out any work 16 (6.9%)
activity
Capable of only limited 4(1.7%)
self-care
Cannot carry on any self-care 1(0.4%)
Total radiotherapy dose at 3months post 1414.05 r=-0.43 | Higher radiation dose
diagnosis (874.52) p<0.001%%
Pittsburgh sleep questionnaire 7.86 (3.04) r=-0.22 | Poorer sleep quality
p=0.01%*
Hospital anxiety and depression scale at baseline 9.59 (7.56) r=-0.49 | Greater psychological distress
p<0.001
Eysenck personnality inventory-neuroticism 7.45(6.07) r=-0.37 | Higher neuroticism
subscale p<0.001%*
COPE denial subscale 3.07 (1.58) r=-0.311 | Greater use of denial coping
p<0.001%**
COPE substance use subscale 2.30(0.91) r=-0.23 | Greater substance use coping
p=0.0068%*
Social support questionnaire—satisfaction with 33.15(5.32) r=0.22 1 Greater satisfaction
supports subscale p=0.009%* with social support
Body image scale 4.26 (5.54) r=-0.26 | Greater body image
p=0.002%* disturbance
FACIT—spiritual wellbeing 28.21(7.22) r=0.29 1 Greater spiritual wellbeing
p<0.001%**
Rapid alcohol problems screen 1.46 (1.34) r=0.03 No clear direction
p=0.74

Note: | indicates lower quality of life; “>” indicates worse quality of life at 3months; “=

»

indicates no significant difference between groups. 1 indidcates higher quality

of life. No clear direction indicates that although the omnibus test was statistically significant, no post hoc pairwise comparisons were significant after Bonferroni
correction. For ECOG performance status, post hoc pairwise comparisons were not performed due to sparse cell counts in higher ECOG categories (n <2 in at least one
group), precluding resolution of directionality (n=232). *p <0.05; **p <0.01; ***p <0.001.

Abbreviations: SCID, Structured Clinical Interview for DSM-IV Diagnoses; COPE, Coping Orientation to Problems Experienced Inventory; FACIT, Functional
Assessment of Chronic Illness Therapy; ECOG, Eastern Cooperative Oncology Group Performance Status.

3.2.2 | Cluster 2—High Psychological Burden

Cluster 2 (N=61) comprised 26.3% of the cohort, representing
patients with moderate-intensity disease and treatment indices,
coupled with elevated baseline psychological diagnoses and
higher psychological distress. Sixty-three percent presented

with early-stage cancer, 36% required chemotherapy, 43% a
nasal-gastric and 43% a percutaneous endoscopic gastrostomy
(PEG) feeding tube, contributing to the increased treatment in-
tensity as compared to cluster 1. Notably, 85% of those exhibiting
major depression at diagnosis were grouped within this cluster,
reflecting the effect of psychological distress in cluster identity.
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TABLE 2 | Key variables identified for cluster analysis and their respective average values across all patients of the three clusters.

Variable

Cluster 1 Cluster 2 Cluster 3
(High psychological
(Low intensity) risk) (High intensity)
Mean (SD) Mean (SD) Mean (SD)
N (%) N (%) N (%)
Characterized by low Characterized by
intensity treatment and Characterized by advanced disease

reduced psychological elevated psychological and elevated

risk factors risk factors treatment intensity

Total radiation dose at 3 months (Gy)

604.15 (704.07)

1465.89 (758.08) 1985.07 (874.52)

Time since last treatment (days) 57.78 (26.78) 47.95 (24.92) 24.30 (20.06)
HADS total score 6.33 (4.84) 17.92 (7.52) 6.84 (4.94)
HADS anxiety subscale 4.50 (3.47) 10.19 (4.46) 4.42 (3.31)
HADS depression subscale 1.83(1.96) 7.72 (3.98) 2.42(2.65)
EPQR neuroticism subscale 5.40 (4.65) 13.18 (6.19) 5.41 (4.46)
COPE denial subscale 2.66 (1.25) 3.98 (1.86) 2.81(1.41)
COPE substance use subscale 2.20(0.86) 2.45(0.78) 2.29 (1.00)
Social support questionnaire— 34.81 (2.87) 29.86 (6.75) 33.96 (4.84)
satisfaction with supports subscale
Body image scale 2.68 (3.37) 7.96 (7.13) 3.14 (4.23)
FACIT-spiritual wellbeing-total score 30.50 (6.23) 24.49 (7.11) 28.83(7.13)
Treatment at 3months post diagnosis
Surgery 3 (100%) 0 0
Radio 31 (86.1%) 5(13.9%) 0
Chemo 18 (81.8%) 4(18.2%) 0
S+R 0 18 (90%) 2 (10%)
S+C 20 (87%) 3(13%) 0
C+R 0 27 (27.3%) 72 (72.7%)
S+C+R 1(3.4%) 4 (13.8%) 24 (82.8%)
ECOG
0 63 (42.3%) 12 (8.1%) 74 (49.7%)
1 6 (9.7%) 37 (59.7%) 19 (30.6%)
2 3(18.8%) 8 (50%) 5(31.3%)
3 1(25%) 3(75%) 0
4 0 1 0
Feeding tube
No 63 (77.8%) 9 (11.1%) 9 (11.1%)
NG 8 (20%) 26 (65%) 6 (15%)
PEG 2(1.8%) 26 (23.4%) 83 (74.8%)
(Continues)
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TABLE 2 | (Continued)

Cluster 1 Cluster 2 Cluster 3
(High psychological
(Low intensity) risk) (High intensity)
Mean (SD) Mean (SD) Mean (SD)
N (%) N (%) N (%)
Characterized by low Characterized by
intensity treatment and Characterized by advanced disease
reduced psychological elevated psychological and elevated
Variable risk factors risk factors treatment intensity
SCID—Major depressive disorder at diagnosis
No 73 (33.5%) 49 (22.5%) 96 (44%)
Yes 0 (0%) 12 (85.7%) 2 (14.3%)
Chemotherapy type
Strong: Carboplatin, Taxol or 0(0%) 22(20.8%) 84 (79.2%)
Cisplatin
Weak: Docetaxel, Cetuximab, 73 (57.9%) 39 (31%) 14 (11.1%)
Panitumumabe, Erbitux, Mannitol
Cancer stage
1 39 (95.1%) 2 (4.9%) 0 (0%)
2 14 (38.9%) 21 (58.3%) 1(2.8%)
3 7(19.4%) 12 (33.3%) 17 (47.2%)
4 13 (10.9%) 26 (21.8%) 80 (67.2%)

Note: n=232 (Cluster 1 n=73, Cluster 2 n==61, Cluster 3 n=98).

Abbreviations: COPE, Coping Orientation to Problems Experienced Inventory; ECOG, Eastern Cooperative Oncology Group Performance Status; EPQ-R, Eysenck
Personality Questionnaire-Revised; FACIT, Functional Assessment of Chronic Illness Therapy; HADS, Hospital Anxiety and Depression Scale; SCID, Structured

Clinical Interview for DSM-IV Diagnoses.

3.2.3 | Cluster 3—Advanced Disease and High
Intensity Treatment

Cluster 3 (N=98) included 42.2% of study participants and was
characterized by advanced disease and high-intensity treatment.
A significant proportion (62.5%) had advanced-stage cancer in
this cluster and most required chemotherapy at some point in
their treatment regimen (86%), underlining the disease severity
and treatment intensity. This group exhibited the highest mean
radiation dose and 85% required a gastric feeding tube. However,
they shared similar psychological distress profiles as Cluster 1.

3.3 | Visualization of Cluster Profiles
and Predictor Importance

Figure 1A shows the predictor importance of each variable in de-
lineating cluster membership. A distinct set of variables emerged
as key drivers in shaping the clusters, underlining their roles
in characterizing patient subgroups. The variables exerting the
greatest influence on cluster formation in order of importance
were treatment type, feeding tube requirement, radiation dose,
psychological distress (HADS Total), chemotherapy utilization,
depressive symptoms (HADS depression subscale), and can-
cer stage.

The bubble map, Figure 1B, was used to visually represent the
three clusters across the identified key biopsychosocial dimen-
sions in Figure 1A and the key characteristics of each cluster.
This map illustrates the interplay of continuous and categorical
variable for cluster membership.

Cluster 1 (Gray) is positioned in the lower range of radiation
dose, psychological distress scores, and cancer stage. Cluster 2
(Orange) occupies a middle range of radiation dose and cancer
stage and has the highest psychological distress scores. Cluster
3 (Blue) is characterized by lower psychological distress scores,
advanced cancer stage, and high radiation dose.

Figure 1C.1,C.2 depicts the distribution of patients within each
cluster for individual variables, providing a snapshot of specific
characteristic prevalence within each cluster and further em-
phasizing the distinct profiles.

3.4 | Quality of Life Outcomes Over Time

Quality-of-life data were available for 210 participants at baseline,
140 at 3months, 136 at 6 months, and 108 at 12months. A mixed
effects ANOVA indicated a statistically significant Cluster x Time
interaction (F(6, 339)=4.672, p<0.001). Figure 2A,B summarizes
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the variable values within each cluster, with the cluster population show in dark red and the total population in pink. The x-axis represents the range
of variable values, while the y-axis represents the frequency or count of cases. For categorical variables, bar charts display the proportion or count of
each category within each cluster, with the cluster population show in dark red and the total population in pink. The x-axis represents the categories,
while the y-axis represents the proportion or count of cases in each category. Chemotherapy (C) S & R & C No Treatment Surgery (S) Radiation (R)
Chemotherapy (C) S & R R & C S& R & C; n=232. [Color figure can be viewed at wileyonlinelibrary.com]

total QoL scores per cluster at each time point; with significant QoL score observed at 3months. While Clusters 1 and 3 returned to
differences in QoL values between clusters at 3-(p<0.0001) and  healthy levels with time, Cluster 2 did not. These findings indicate
6-months (p<0.01), with most marked differences at 3months. that psychological variables are associated with persistently poorer
Significant differences in total QoL outcomes immediately post- quality of life across the first year following diagnosis, whereas the
treatment (i.e., 3months post-diagnosis) were observed between magnitude of acute QoL decline and subsequent recovery appears
all 3 clusters (Figure 2A). Cluster 3, characterized by the highest more closely aligned with treatment-related medical burden, par-
treatment intensity, displayed the most pronounced reduction in ticularly among patients receiving high-intensity therapy.

total QoL scores from baseline to 3months. Cluster 2, character-

ized by greater psychological risk factors, consistently exhibited =~ When sub-domains of QoL were investigated over time
the lowest QoL scores across all four time points, with its lowest (Figure 2C1-C5), QoL scores in Cluster 2 are consistently
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FIGURE2 | Quality of Life Per Cluster Over Time. (A) Total quality of life score at baseline, 3 months, 6 months and 1year after a newly diagnosed

head and neck cancer for each cluster. (B) Mean total quality of life scores per cluster at each time point. Mixed effects ANOVA with Bonferroni ad-

justed comparisons. (C): Mean quality of life subscale scores over time in relation to cluster membership at baseline, 3months, 6 months and 1year
after diagnosis for: Head and Neck Cancer Subscale (C1), Functional Wellbeing Subscale (C2), Physical Wellbeing Subscale (C3), Social Wellbeing
Subscale (C4) and Emotional Wellbeing Subscale (C5); n=232. [Color figure can be viewed at wileyonlinelibrary.com]|

lower in all areas and are not driven by a single factor, namely
in head and neck cancer related factors (Figure 2C1), func-
tional wellbeing (Figure 2C2), and domains of physical wellbe-
ing (Figure 2C3), social wellbeing (Figure 2C4), and emotional
wellbeing (Figure 2C5). For Cluster 3, the reduction in QoL at
3months was driven by the physical and the head and neck
sub-domains.

4 | Discussion

The present study aimed to delve into the dynamics of bio-
psychosocial factors and their influence on the QoL of indi-
viduals newly diagnosed with HNC. Examining data from a
longitudinal design with a clustering approach, we aimed to
improve our understanding of the interplay among medical,
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clinical, and psychosocial elements. These clusters show-
cased the diversity of individual contexts that people can
experience, which arises from the interaction between psy-
chosocial attributes and medical burden to affect healing and
recovery. Our findings revealed three distinct patient clusters:
Cluster 1 composed of Early-Stage Disease and Low Intensity
Treatment; Cluster 2 composed of High Psychological Burden;
and Cluster 3 composed of Advanced Disease and High
Intensity Treatment.

Cluster 1 members experienced the best quality of life through-
out the cancer trajectory. This was to be expected as they had
the lowest psychological and biomedical burden. However, in
comparing cluster 2 and cluster 3, an interesting distinction in
QoL outcomes was revealed. Indeed, while cluster 3 showed
the most intense treatment and medical burden of the three
clusters, it was cluster 2, characterized by substantial psycho-
logical difficulties, who consistently displayed the lowest QoL
across all time points despite lesser medical burden. Cluster 3
showed the largest reduction in QoL (but still maintaining an
absolute FACT-HN score greater than cluster 2) at 3months
post-diagnosis but was able to improve and reach a level of qual-
ity of life similar to Cluster 1 at 1year. An important distinction
emerging from these findings is between factors associated with
acute change in QoL versus those associated with persistent
impairment. Patients in Cluster 3, characterized by advanced
disease and high-intensity treatment, experienced the greatest
decline in QoL immediately post-treatment, consistent with the
well-established impact of treatment-related toxicity. However,
this group demonstrated substantial recovery across multiple
QoL domains over time. In contrast, Cluster 2 patients, charac-
terized by elevated psychological distress, showed consistently
lower QoL scores across all time points, with limited recovery,
despite a comparatively lower medical burden.

To further demonstrate this, we examined specific subcatego-
ries of QoL, including emotional, social, and physical wellbeing
aswell as factors related to head and neck function. Our analysis
at the 3-month timepoint revealed that physical wellbeing and
head and neck symptom burden were similar between cluster
2 and 3, while social and emotional wellbeing were statistically
different. In fact, social and emotional wellbeing showed very
little change as compared to baseline in cluster 3. This suggests
that cluster 3's improvement in QoL was due to their successful
coping in the social and emotional domains. Pre-existing psy-
chosocial risk may exacerbate the effects of physical and func-
tional deficits on the emotional and social aspects of quality
of life.

Our findings are consistent with, and extend, results from large
longitudinal cohort studies of head and neck cancer survivor-
ship. Data from the Head and Neck 5000 study showed that
quality-of-life-related symptoms such as cancer-related fatigue
worsen substantially in the early post-treatment period and are
independently associated with baseline depression, smoking,
advanced stage, comorbidity, and multimodal treatment [9].
Similarly, long-term follow-up from the NET-QUBIC cohort
demonstrated that psychological factors (including anxiety, de-
pression, fear of cancer recurrence, coping, and self-efficacy)
are among the most consistent determinants of persistent sup-
portive care needs several years after treatment [10]. Recent

longitudinal work also indicates that smoking status shapes
quality-of-life recovery, with continued smokers showing lim-
ited improvement over time [34].

Incontrast to these predominantlyvariable-centered approaches,
the present study used an unsupervised clustering framework to
identify distinct biopsychosocial profiles integrating psycholog-
ical vulnerability and medical burden. This approach revealed
that patients characterized by high psychological risk experi-
enced persistently poorer quality of life despite lower treatment
intensity, whereas patients with high medical burden but lower
psychological distress demonstrated substantial recovery over
time. Together, these findings suggest that psychological vul-
nerability is not only a predictor of quality-of-life outcomes, as
shown in prior cohorts, but may define a clinically meaningful
subgroup at risk for sustained impairment during early survi-
vorship. Notably, large cohort studies highlight strong contri-
butions of medical burden (stage, multimodal treatment) and
lifestyle factors (smoking) to longitudinal symptom and QoL
outcomes; our findings align in demonstrating marked early
decrements with higher treatment intensity, but suggest that
psychological vulnerability may be particularly relevant for per-
sistent impairment. Future work should validate these profiles
in large longitudinal cohorts and test whether adding key symp-
tom and lifestyle modifiers identified elsewhere (e.g., fatigue,
fear of recurrence, smoking) refines profile-based prediction of
persistent quality-of-life impairment and identifies actionable
targets for tailored prehabilitation interventions.

The existing literature has also shown that pre-treatment de-
pression and psychiatric history predicts post-treatment depres-
sion and future suicidal ideation [14, 35]. Our study supports
that such psychological vulnerabilities continue to contribute
beyond disease and treatment characteristics to distress and
quality of life outcomes in HNC. Psychological interventions
may therefore have the potential to modify the QoL trajectory,
potentially modifying disease recovery. QoL compromise has
been widely acknowledged for its far-reaching consequences
on patient recovery with distress being associated with malnu-
trition [36], unemployment [37], and suicidal ideation [35]. Our
findings resonate with these established connections, underlin-
ing the critical need for comprehensive psychosocial support as
an integral component of HNC patient care and as a prophylac-
tic treatment.

The development of targeted interventions could benefit from
further clarification of the underlying mind-body pathways
linking mental wellbeing, quality of life, and medical recovery.
Recent work has shown that polygenic risk factors for depres-
sion predict physical symptom burden in patients with HNC
(11). This finding aligns with hypotheses from psychoneuro-
immunology concerning the connection between depression
and pro-inflammatory cytokines such as interleukin-6 (IL-6)
and tumor necrosis factor-alpha (TNF-a) [38]. Chronic inflam-
mation has been linked to structural and functional changes
in brain regions involved in emotional processing and stress
regulation [39]. Lastly, one can foresee future studies of gut-
microbiome and gut dysbiosis mechanisms contributing to
mental health and quality of life in oncology, as dysregulation
of inflammation through gut dysbiosis has been shown to play
arole in depression, and human brain imaging studies confirm
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bidirectional communication between the gut and the brain,
with gut microbiota composition linked to neural activity and
brain structure [40]. These areas of scientific inquiry could lead
to therapeutic innovation to support individuals newly diag-
nosed with HNC in combination with psychosocial and support-
ive care intervention.

4.1 | Clinical Implications

Our study identifies three patient populations as it pertains to
the impact of HNC on quality of life. It highlights how psycho-
logical distress impacts quality of life to a significant degree,
such that patients report similar quality of life despite less in-
tense illness markers and treatments. There may be a need to
implement screening for distress protocols as well as integrated
psycho-oncology supports as part of pre-habilitative programs
to improve QoL outcomes in this patient population.

Such psychosocial assessments may be used to personalize inter-
ventions based on individual risks and needs. Tailoring support
to address psychological distress early in the treatment process
could potentially improve QoL outcomes and overall recovery.
This approach highlights the need for a more holistic treatment
strategy that considers not only the physical but also the psycho-
logical and social dimensions of patient care.

4.2 | Study Limitations

While this study makes an important contribution to the litera-
ture, several limitations should be acknowledged. First, attrition
was greater in Cluster 2, the subgroup characterized by elevated
psychological burden. This differential loss to follow-up may
have resulted in an underrepresentation of individuals with per-
sistent distress, potentially limiting generalizability and leading
to conservative estimates of quality-of-life impairment in this
group. Although attrition was greatest among participants in the
high psychological risk cluster, longitudinal mixed-effects mod-
els allowed inclusion of all available quality-of-life observations
and reduced bias associated with incomplete follow-up, under
the assumption that data were missing at random.

Second, the use of self-reported assessments, although common
in QoL research, is susceptible to response bias and may have
been affected by response shifts, where patients alter their defi-
nition of quality of life to adapt to the changes in their bodies.

4.3 | Future Directions

Future research should continue to explore the biopsychological
mechanisms underlying the relationship between psychological
factors and QoL, including the potential roles of inflammation,
gut-brain communication, and other emerging areas of psy-
choneuroimmunology. Understanding these connections could
lead to novel treatments aimed at enhancing mental health and
QoL in HNC patients. This study used a novel method to detect
and generate further hypotheses about moderating effects be-
tween biomedical and psychosocial domains, which would have
been challenging to detect using traditional statistical methods.

Future work may seek to further validate and improve upon this
approach to detect clinically meaningful profiles.

In conclusion, this study highlights the critical need for a bio-
psychosocial approach in managing HNC, emphasizing that
psychological support should be considered a cornerstone of
comprehensive cancer care to optimize patient outcomes.
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