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ABSTRACT

Objective: This scoping review evaluates the current literature on tumor growth rate in head and neck cancer patients and its
potential prognostic value on survival, loco-regional control and recurrence (PROSPERO registration CRD42022370828).
Review Methods: PubMed, Embase, and Scopus were searched for publications between 1990 and November 5th 2025. Studies
providing measures of treatment-naive HNSCC tumor growth, estimated from tumor volume derived from two pre-therapeutic
scans and/or related outcome evaluations, were included. The risk of bias was assessed using the QUIPS tool. Data analysis was
summarized in tables and reported following the PRISMA-ScR recommendations.

Results: Thirteen papers met the inclusion criteria. Among them, eight provided an actual growth rate, and nine conducted a
statistical analysis of survival outcomes. There was significant heterogeneity in study design, imaging technique, volume meas-
urement, growth rate calculation, confounding factors, and prognostic impact. Overall, despite some studies suggesting a corre-
lation between tumor kinetics and survival and loco-regional control, there is insufficient data to conduct a proper meta-analysis
or to confirm tumor growth rate as a valid predictor.

Conclusion: Tumor kinetics could influence treatment planning and therapy for HNSCC patients in a more personalized way.
However, even though some authors have shown a significant impact of Tumor-specific growth rate (TSGR) on survival and
loco-regional control, important heterogeneity across articles on this topic fails to yield consistent results, making it difficult to
achieve good risk stratification. Recommendations for future research were summarized.

Level of Evidence: NA.
1 | Introduction difficult to predict at the time of diagnosis. Although the Tumor
Node Metastasis (TNM) staging system remains the primary
Head and neck cancer ranks as the fifth most common cancer, prognostic tool—drawing on clinical, radiological, and patho-
with approximately 140,000 new cases and 70,000 deaths re- logical data—its ability to accurately predict tumor progression

ported annually in Europe. Approximately 90% of these cases and treatment response is often limited due to the significant
are squamous cell carcinomas (HNSCC) [1]. Despite recent heterogeneity of these cancers. However, there is still no consen-
progress, their evolution and patients' clinical outcomes are sus on establishing proper risk stratification.
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To address this gap, various predictive markers from diagnos-
tic imaging techniques (CT, MRI, PET) have been investigated.
Among them, nodal status is well validated, and extranodal ex-
tension was recently incorporated into the TNM staging. Tumor
volume (TV) also has a predictive value for radiotherapy (RT)
response in locally advanced HNSCC [2-4]. However, there
is still no consensus on establishing proper risk stratification.
Metabolic parameters derived from FDG-PET, such as meta-
bolic TV or total lesion glycolysis, are also promising predictive
factors [5, 6]. Recently, MRI parameters (diffusion/perfusion)
and quantitative imaging (radiomics) have also been investi-
gated as potential predictors. Despite recent advancements,
most of these imaging parameters remain debated and have not
been validated for clinical routine [7, 8]. Predicting disease pro-
gression and clinical outcome with precision remains a consid-
erable challenge.

In recent decades, expanding indications for RT and multimodal
treatments, along with the increasing number of diagnostic
tests, have extended the time-to-treatment initiation (TTI) in
many countries [9]. This delay has raised concerns that it could
affect the prognosis of patients with rapidly growing tumors.
A systematic review and meta-analysis confirmed that a pro-
longed waiting time before RT significantly increases the risk of
local recurrence [10]. Accelerating treatment planning to avoid
upstaging of HNSCC during TTI remains a major consideration
[11]. In addition, clinicians frequently encounter tumors with
highly variable growth patterns. Tumor growth (TG) rate is pre-
sumably an in vivo reflection of in vitro aggressiveness mark-
ers, such as high proliferation capacity, increased angiogenesis,
and increased glucose uptake, but also depends on anatomical
constraints in the head and neck area. Determining in vivo
tumor kinetics (TK) could be a key to improving patients’ risk
stratification in the era of personalized medicine, allowing de-
intensification protocols for slow-growing tumors or fast-track
treatment planning for aggressive tumors. It could also help
better determine the place of induction therapy in the treatment
of HNSCC.

This scoping review aims to identify and synthesize the avail-
able literature on the prognostic relevance of imaging-based
TK in patients with head and neck squamous cell carcinoma
(HNSCC).

2 | Methods

This scoping review was primarily designed and registered as a
systematic review (PROSPERO registration CRD42022370828).
Given the limited number of studies and significant method-
ological heterogeneity, the research team decided to present the
information in a scoping review. It is reported in accordance
with the PRISMA-ScR guidelines (Appendix 1).

To comprehensively map and evaluate the existing evidence,
this scoping review is structured around two complementary
research questions:

1. “Whichimaging-based methods have been used to quantify
tumor kinetics in patients with squamous cell carcinoma of
the oral cavity, oropharynx, larynx, and hypopharynx?”

2. “What is the prognostic value of imaging-derived tumor
kinetics in these patients?”

A comprehensive search was conducted through Pubmed,
Embase, and Scopus for articles in English or French published
from 1990 to 5 November 2025. Search equations are detailed
in Appendix 2. Included studies addressed either the estimated
TG rate/velocity in HNSCC or the predictive performance of TG
rate on survival and loco-regional control in treatment-naive
patients (oral cavity, larynx or pharynx). These had to measure
changes in tumor size between two imaging acquisitions, in-
cluding volumetric measures from CT, MRI or PET-CT.

The following were excluded:

— Unreviewed papers, narrative reviews, conferences, case
reports, abstracts, posters, technical notes.

— Tumors from other head and neck sites (thyroid, salivary,
nose and paranasal sinuses, cutaneous, nasopharynx,
esophagus).

— Animal studies.

— Patients treated before or between both acquisitions.

Two authors (F.J. and G.D.) independently screened articles,
resolving disagreements by consensus or with a third reviewer
(SV.d.V). The selection process is detailed in a PRISMA flow-
chart (Figure 1).

Quality and risk of bias (RoB) were evaluated using an adapted
QUIPS tool [12] (Table 1 and Appendix 3). The authors applied
it to the original article's main topic—not specifically to the
TGR evaluation—to assess the general quality of the papers.
Disagreements were resolved by consensus or by a third review-
er's (S.V.d.V) input.

Data extraction encompassed study type, population charac-
teristics, imaging parameters (modality, injection, acquisition
equivalence, delay, and interobserver agreement), tumor size
measurement (technique and results), TG kinetics (TK) (e.g.,
tumor-specific growth rate [TSGR] and doubling time [DT])
and their prognostic relevance, and statistical analysis. Data
were extracted by a first author and validated by a second
author.

3 | Results

Results are summarized (Table 2), and complete data extraction
is disclosed in supplemental materials (Appendix 4).

3.1 | Studies Selection, Quality Assessment,
and Population

The search was complex due to the lack of a standardized vo-
cabulary and inconsistency in TK parameters (TG velocity,
TSGR, tumor DT ...) in the literature. The search in PubMed,
Embase, and Scopus yielded in 22,019 articles, of which 4421
duplicates, 2611 non-English/French records, and 97 ineligible
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Records included in review
(n=13)

Records identified (1990 — Records removed before screening:
s November 5, 2025) : - Duplicate records removed (n =4421)
= - Language other than french or english (n
o Databases (n = 3) - 5 =2611)
Z'g Embase (n = 12404) - Records marked as ineligible by
8 Pubmed (n = 5716) automation tools ; study types : retracted
= Scopus (n = 3899) publications, book chapters, comments,
TOTAL (n = 22019) letters, conference abstracts, video-audio
media (n = 97)
Records excluded (no automation tools)
Records screened .
(n=14890) (n = 14868)
o .
£ Records sought for retrieval
c .
o - > Records not retrieved (n = 3
g (n=22) ( )
(77}
“Grey literature” reference checking
47
- added reports (n = 1)
Records assessed for eligibility Records excluded (n = 7) : reasons :
(n=20) - 2 versions of the same study (n = 3)
- Wrong study type : conference abstract
(1), case series (1)

- Wrong measurement technique (imaging
vs pathology specimen volumes) (n = 1)

- wrong population : recurrent disease
(n=1)

FIGURE1 | Selection flowchart. Flow diagram of studies selection and eligibility assessment.

study types (retracted publications, book chapters, comments,
letters, conference abstracts, video-audio media) were removed
using automation tools, leaving 14,890 for screening. After a title
and abstract review by both authors, 22 articles were shortlisted.
Further full-text analysis allowed the exclusion of three stud-
ies for which full-text couldn't be obtained. Seven other studies
were excluded: three were second unpublished versions of a se-
lected study, one was a conference abstract observing patients
with relapsing HNSCC receiving immunotherapy [26], one com-
pared imaging volumes to pathological specimen volumes [27]
and the last two didn't match the study type criteria (one was
a conference abstract [28] and the other was a case series [29]).

One additional paper [17] was identified by reference checking
(grey literature) and added, resulting in a final selection of 13
studies.

The 13 studies, published between 2003 and 2024 were predom-
inantly retrospective cohort studies, except for one retrospective
diagnostic test accuracy study [16] and one prospective observa-
tional cohort study [14]. All were single-centre studies.

During the RoB evaluation, six studies were classified as
low risk-of-bias [13, 15, 16, 20, 22, 24|, six as moderate risk
[14, 17, 18, 21, 23, 25], and one as high risk [19] (Appendix 3).
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* e = . . . .
E =1 — kS — T — kS culations. We noticed that the RoB evaluation was also higher
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Values for absolute and relative TG rates showed high variability
between patients across studies. Median values were also het-
erogeneous, with median relative growth rates ranging from
0.65% to 1.84% per day, while DT ranged from 19 to 286 days for
PTV and from 41 to 99 days for NTV. In studies with only oro-
pharyngeal tumors, the growth rate was around 1% with a DT of
around 100days. Progression was evaluated according to TNM
staging systems or RECIST criteria in two papers, showing 17 to
26% TNM upstaging and 30% to 73% volume increase according
to RECIST (> 20% progression in TTV over 5 main targets).

3.3 | Prognostic Impact and Stratification

Nine studies evaluated prognostic outcomes, with follow-up pe-
riods ranging from 22 to 59 months, as reported in five papers.
Various cut-off values of TK parameters were used to assess the
prognostic significance:

— Dejaco et al. [18] found no significant correlation between
TSGR and OS or progression-free survival (PFS), using
stratification between slow (<0.3%/day), intermediate (be-
tween 0.3% and 3%/day), and fast (>3%/day) growing
HNSCC.

— Perni et al. [22] found in univariate analysis that the linear
TGV of OPSCC at a cut-off value of 1%/day (DT =80days)
was the only predictor of the 5years OS (HR 10.1), Syears
LRC (HR 16.9), and 5years metastasis-free survival (HR
5.24). In multivariate regression, TGV > 1%/day remained
the only significant predictor of local control and the
strongest independent predictor of metastasis-free survival.

— Delahaut et al. [17], applying the same TGV formula and
cut-off as Perni to 19 OPSCC patients, did not find a sig-
nificant correlation with disease-free survival (DFS) and
disease-specific survival (DSS).

— Roldan et al. [21] stratified TSGR on its median (0.93%/day)
and its 75th percentile (2.18%/day). Only the latter had a
significant association with 2-, 3- and 5-year OS (HR 2.12)
and a non-significant trend with DFS. It wasn't correlated
to local recurrence-free survival (RFS).

— Zumer et al. (excluding T0O/T1 glottic SCC) could not find
any significant association between the linear relative in-
crease rate with a cut-off at 1%/day and LRC, DSS and DFS.

— Murphy et al. [13] reported in OPSCC that TSGR at 0.74%/
day correlated with 3-year OS and DFS in OPSCC patients
in uni- and multivariate analysis.

— Van Bockel et al. [20] found that TGR was significantly
correlated to OS and DFS in laryngeal SCC patients when
treated as a continuous variable but lost significance when
adjusted for N-stage.

— Zhang et al. [24] identified a significant correlation between
survival- and recurrence-related TGR and both overall
survival (OS) and RFS, using cut-off values of >0.036 and
> 0.085mL/day, respectively, for population stratification.

— Fujima et al. [25] reported a statistical correlation between
their version of relative tumor increase and DFS but not
with OS.

When a positive correlation with TGR was found, it was gener-
allywith OS. Given the heterogeneity of the parameters analyzed
and the stratification used, no meta-analysis could be performed
based on these results. We can infer that studies with positive
correlations were more likely to be withdrawn from RCTs with
larger sample sizes, lower RoB scores, and proper segmentation
and calculation methodology.

Several factors correlated with TK, although results were incon-
sistent across studies. Notable covariates included proliferation
markers (e.g., Ki-67, EGFR, CD44), initial tumor and nodal vol-
umes, time interval between scans, laryngeal subsites in LSCC,
N-stage, T-stage, tobacco use, p16 status, RTOG 0129 risk groups
and tumor differentiation. These factors showed varying de-
grees of influence on TK, with contradictory results.

4 | Discussion

Reviewed studies span the past 20years, reflecting a growing
interest in TK as imaging technologies and RT have become
more prevalent. Ethical challenges in studying cancer treatment
delays contribute to the scarcity of prospective or randomized
studies on this topic. To overcome these limitations, this scoping
review aims to discuss the limitations of existing literature and
the different aspects to consider in the design of future work in
this field.

The sample size was generally small, even with extended re-
cruitment periods, due to challenges such as unavailable compa-
rable imaging or difficulties in defining TVs because of unclear
boundaries or imaging artifacts. Defining the target popula-
tion—general HNSCC patients versus those undergoing RT or
chemoradiotherapy (RCT)—is essential for future studies. To
date, most studies have focused on RT-selected patients, taking
advantage of a second acquisition opportunity for simulation
CT. This results in an overrepresentation of higher-stage tu-
mors and an under-representation of oral cavity squamous-cell
carcinomas (OCSCC) due to fewer RT indications. Moreover,
small tumors (e.g., T1-T2 glottic cancers) are inherently more
challenging to detect and delineate. That represents a possible
selection bias that may affect TG. If possible, every measurable
tumor should be included to better understand TK in the gen-
eral population. More generally, TK in surgical or metastatic
patients could be evaluated if they benefit from a second set of
imaging before treatment initiation, even if that condition could
also raise some ethical limitations. Tumor sub-site in the head
and neck was used in many studies as an inclusion or exclusion
criterion. Tumor location might also represent a potential con-
founder as subsites may influence prognostic. In few studies,
Sino-nasal and salivary SCC and carcinomas of unknown pri-
mary were part of the cohort. These are rare entities that should
be treated in a subgroup or excluded from further study. For oro-
pharyngeal cancers (OPSCC), HPV status must be included in a
subgroup analysis, as it is a crucial prognostic factor influencing
overall and PFS [30].

Whatever imaging modality (CT, MRI, PET/CT) is used, in-
creasing reproducibility and improving comparability between
acquisitions requires standardizing imaging protocols across
institutions and, if possible, using the same scan in a fixed
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position. Despite these efforts, random measurement errors are
an unavoidable reality in TV delineation. Interobserver and in-
traobserver variability are well-known and studied parameters
in gross TV and organs at risk delineation. Although guidelines
exist [31], inconsistencies persist, even among experienced pro-
fessionals [32, 33]. As mentioned, unresolved issues remain re-
garding spatial resolution, measurement errors, and the actual
TG rate. Currently, it is challenging to determine the minimal
interval between scans needed to distinguish random measure-
ment variability from actual progression. Combining the obser-
vations of at least two qualified observers with verification by a
radiologist or radiation oncologist appears to be the most reli-
able approach. Future studies should compare this method with
automated or semi-automated delineation tools to establish the
most accurate technique. While time-consuming, the “slice-by-
slice summation” technique is the most accurate for evaluating
TV, especially in head and neck cancers.

Although the study by Dejaco et al. [16] demonstrated its ac-
curacy in the head and neck, the ellipsoid approximation—
developed for more uniform TG in abdominal and pulmonary
areas—could apply less to the head and neck region due to the
irregular growth patterns of the tumors in this area, constrained
by natural barriers. It could be useful clinically as it is easier and
quicker than the slice-by-slice delineation technique. Its valid-
ity should be further confirmed. Heterogeneity in measurement
methods prevented a meaningful meta-analysis of TV increase
across studies.

Although some studies also measured NTV because of its prog-
nostic relevance, factors such as hemorrhage, necrosis, and
inflammation can skew these measurements by overestimat-
ing the actual viable neoplastic tissue [34]. Until nodal volume
assessments become more accurate, it is advisable to rely on
N-stage or RECIST criteria rather than nodal volume when
studying TK.

Variability in growth calculations was notable, as many stud-
ies employed linear rather than exponential models. The latter
are more accurate for evaluating three-dimensional TG. Among
proposed TK formulas, Mehrara's TSGR offers a more accurate
reflection of exponential growth patterns than DT, which can
be distorted by short intervals or measurement uncertainties
[35]. If DT is calculated, median values are more suitable than
averages. Although tumor expansion is related to the number
of proliferating cells, there are additional roles for anatomical
constraints, the tumor microenvironment (including necrosis
and nutrient intake), and the immune response in cancer pro-
gression, which induce uncertainties and fluctuations in the
calculation of TG rates that mathematical models cannot fully
account for. Even if they are less accurate, linear models are
easier to use and allow a good approximation of TG at a spe-
cific point in cancer evolution. In every model, prolonging the
time interval and increasing measurement precision yield better
growth rate estimates.

In addition to the heterogeneity in mathematical models, dis-
crepancies in population and measurement methods have
rendered comparisons of TGR between studies meaningless.
Nevertheless, the authors highlight the need for subgroup anal-
ysis by location and for HPV-positive patients with OPSCC.

Regarding the potential prognostic impact of TGR, analyses re-
vealed significant variability, likely due to differences in popu-
lation characteristics and methodological heterogeneity. Despite
these inconsistencies, most high-quality and high-volume stud-
ies reported a negative impact of rapid TG on local recurrence
control (LRC), OS, and DFS. In those studies, results were more
significant when stratifying by high-risk tumors or combining
them with validated risk scales (e.g., the RTOG 0129 study's risk
groups [36]).

However, prognostic analysis revealed considerable heterogene-
ity across studies, complicating the interpretation of the data.
Different TK calculation methods and inconsistent outcome
measures (e.g., survival vs. local control) hindered comparabil-
ity. Currently, the available data are insufficient to confirm a
predictive impact of TGR on oncological outcomes.

Several studies have also evaluated confounders and other fac-
tors that may correlate with TGR. Key factors that may correlate
with TSGR include initial tumor stage and volume, tobacco use,
age, and HPV status (in OPSCC). One study also found a cor-
relation between TGR and Ki67, a well-known histopathological
marker of cell proliferation [18]. Nevertheless, inconsistent re-
sults across studies necessitate more controlled trials to confirm
these associations.

TGR as a prognostic tool shows promising results in many stud-
ies with appropriate methodology, but these studies suffer from
major heterogeneity in their design. Aside from the design, we
also outlined many limitations in the calculation of TGR it-
self and in the arbitrary choice of its cut-off in the evaluation
of its prognostic impact in the previous paragraphs. Let's recall
the lack of data on p16 status, the selection bias towards large-
volume tumors due to the majority of patients treated with ra-
diation, which may have a strong impact on tumor biology, the
lack of standardization in imaging acquisition that may hinder
comparability between scans, the variability in segmentation,
and the delay before treatment, all of which are confounding
factors that must be part of further investigation.

Identifying factors correlated with TK is crucial for devel-
oping a robust prediction tool based on multiple parameters.
Moreover, TK are currently available only after a time inter-
val. If any predictive capacity is demonstrated, their clinical
use would be more appreciated at the time of diagnosis, be-
fore the treatment decision. Using those parameters, alone or
in combination, to predict TG and aggressiveness could be a
step forward in personalized cancer care. Those factors, avail-
able at diagnosis, could include imaging parameters (such as T
volume, MRI diffusion parameters, radiomics algorithms, and
metabolic parameters), biological parameters (Ki-67, differenti-
ation, p16, and genomics), or clinical data (age, tobacco use, and
T-stage). More research is needed in the future to investigate
these elements.

5 | Conclusion
This scoping review revealed significant heterogeneity in study

design, imaging techniques and volume measurement for
TK in HNSCC. These discrepancies do not allow results to be
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synthesized and a systematic review and meta-analysis con-
ducted. Despite some studies suggesting a potential impact of
TK on survival and loco-regional control, there is currently in-
sufficient evidence to use TGR to predict treatment outcomes or
guide personalized treatment planning. It is therefore necessary
to conduct more high-quality, controlled trials and, eventually,
prospective studies with large sample sizes to be more definitive
about the role of TK in HNSCC.

To achieve this, the authors
recommendations:

propose the following

« Standardization of Imaging Protocols: Consistent im-
aging techniques across institutions are essential for
comparability.

» Accurate Volume Measurement: The slice-by-slice sum-
mation technique should be preferred, despite its time-
consuming nature, because of its accuracy. The ellipsoid
approximation of TV requires further validation in con-
trolled studies due to its convenience for clinical use.

« Interobserver Agreement: Aim for consensus among mul-
tiple qualified observers, with verification by experienced
radiologists or oncologists.

« Subgroup analysis is crucial for OPSCC (HPV), as it signifi-
cantly influences prognosis.

» Stratified Analysis: High-risk tumors should be identified
using established risk scales, and TSGR should be the pre-
ferred metric to DT.

« Study of Prognostic Factors: Future studies should investi-
gate the impact of TK on outcomes, adjusting for variables
such as T-stage, TV, tobacco use, age, and P16 status.
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