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Abstract
Positron emission tomography/computed tomography (PET/CT) has shown prognostic significance in head and neck cancer 
patients. The underlying pathologic features that could explain the mechanisms associated with this observation are not clear. 
To analyze the correlation between 18-F-fluoro-2-deoxy-d-glucose (18F-FDG) uptake assessed by PET/CT in head and neck 
cancer and histopathologic prognostic factors. Ninety-nine patients with laryngeal and pharyngeal squamous cell carcinoma 
were retrospectively reviewed for pretreatment PET/CT measurements, namely standardized uptake value (SUV), metabolic 
tumor volume (MTV), and total lesion glycolysis (TLG). The corresponding histologic material was evaluated for tumor 
stroma-related prognostic factors such as the amount and type of stroma, lymphocytic response, tumor budding activity, and 
size of tumor cell nests in the tumor core area and tumor front. TLG and MTV were associated with tumor localization, as 
they were higher in oropharyngeal tumors. These values were also associated with tumor cell nest size in the tumor core 
with higher values corresponding to tumors with smaller nests. MTV40% was marginally associated with fibroblastic stroma 
type and higher budding activity. SUVmax was not associated with the histological factors in the whole sample, but higher 
values trended with higher tumor budding activity and stroma-rich tumors of the oropharynx. 18F-FDG PET measurements 
in head and neck squamous cell carcinomas are associated with prognostic histopathologic factors and suggest a possible 
correlation of glucose metabolism to epithelial-to-mesenchymal transition.
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Introduction

Analysis of microenvironments in head and neck cancer 
has revealed various histologic factors of prognostic sig-
nificance. For example, a favorable prognostic factor is the 
histologic finding of an intense lymphocytic reaction at the 

tumor front with high numbers of T lymphocytes, especially 
cytotoxic T lymphocytes [1–3]. Aggressive behavior is seen 
in tumors rich in fibroblastic stroma with smaller tumor cell 
nests and budding at the tumor front [4]. These important 
prognostic factors also have predictive value on the response 
to induction chemotherapy [1–4].

Similarly, PET evaluation performed upon diagnosis of 
head and neck cancer has prognostic significance. A recent 
meta-analysis studying the association between semiquan-
titative metabolic parameters and outcomes of patients with 
advanced head and neck squamous cell carcinoma (HNSCC) 
showed that high pretreatment metabolic tumor volume 
(MTV) was significantly associated with worse overall sur-
vival, progression-free survival, and locoregional control 
[5]. The standardized uptake value (SUV) did not show any 
association with outcome measures [5]. To the best of our 
knowledge, the relationship between PET values and his-
tologic characteristics with prognostic significance has not 
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been previously investigated in head and neck cancer. In 
other forms of cancer, a few studies do correlate histologic 
findings with PET values and suggest that high baseline 
18Ffluorodeoxyglucose (18FDG) uptake, as assessed by 
high SUV, may be associated with poor prognostic factors 
such as high histological grade in breast cancer [6].

Accordingly, PET may be used for diagnostic staging, 
evaluation or prediction of treatment response, and also as 
a prognostic method that, based on tumor glucose metabo-
lism, could predict tumor aggressiveness [7]. In the present 
study, we investigate the association between PET image 
parameters and histopathologic prognostic factors in head 
and neck cancer.

Material and Methods

Patients

A retrospective, single-center study of patients with primary 
HNSCC treated at the University Hospital of Saint-Etienne, 
France was conducted. The study was approved by the 
institutional review board with waivers of informed written 
consent given the retrospective nature of the study and the 
anonymization of all data (IRBN452018/CHUSTE).

We reviewed the pretreatment FDG PET/CT scans of 
HNSCC patients and the corresponding histology. Excision 
and biopsy specimens with adequate material were used. 
Pretreatment biopsies were used for patients treated with 
neoadjuvant chemoradiotherapy to avoid any treatment-
induced changes. All patients with a diagnosis of laryngeal 
or pharyngeal squamous cell carcinoma with sufficient histo-
logic material for review and an available PET/CT scan were 
included (n = 120). Cases where a biopsy was performed 
at least 6 days before the PET/CT were excluded in order 
to avoid biopsy-induced changes on the PET values. Cases 
where the delay between the PET/CT and the histologic 
evaluation was more than 45 days were also excluded to 
ascertain correspondence between histology and PET val-
ues. Finally, 99 patients were further analyzed.

PET/CT

FDG PET/CT was performed from 2010 to 2017 using the 
Biograph6® LSO PICO 3D PET/CT HI-REZ system (Sie-
mens Medical, Knoxville, TN, USA) as previously described 
[7]. All patients underwent 18F-FDG PET/CT for initial 
staging. PET/CT images were assessed visually and quanti-
tatively by a consensus of two experienced nuclear medicine 
physicians who were informed of all standard imaging as 

Fig. 1  a A squamous cell carcinoma composed of large tumor cell 
nests with scant intervening stroma (HES × 50). b Coronal and sagit-
tal CT and fused PET/CT measurements of TLG2.5 at 82.7. c Trans-

verse sagittal CT and fused PET/CT measurements of TLG40% at 
61.9 for the same patient
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well as clinical and laboratory findings. All patients fasted 
for at least 6 h before FDG PET/CT, and their serum glu-
cose levels at the time of FDG injection were < 150 mg/
dL. CT was performed 60 min after an injection of 4 MBq/
kg FDG: high-resolution head and neck acquisition com-
prised CT without contrast enhancement (85 mAs; 130 kV; 
slice thickness, 3 mm; pitch, 0.85; care dose) followed by 
two 16.2-cm PET steps of 10 min each, with arms along 
the body; thoracic-abdominal-pelvic acquisition comprised 
CT without contrast enhancement (52 mAs; 130 kV; slice 
thickness, 5 mm; pitch, 1.5; care dose) followed by 7 or 8 
16.2-cm PET steps of 6 min each with arms behind the head. 
The post-treatment console Leonardo; Siemens was used for 
image reading and processing (Figs 1, 2).

Standardized uptake values (SUV), metabolic tumor vol-
ume (MTV), and total lesion glycolysis (TLG) were defined 
according to guidelines as follows [8]: SUV: the concentra-
tion of FDG in a given region of interest (ROI) or volume 
of interest (VOI; expressed in kilobecquerels per millilitre) 
divided by the ratio between administered activity (corrected 
for radioactive decay at the time of scanning) and the body 
weight of the patient; SUVmax: the highest SUV of pixels 
(or voxels) in a given ROI (or VOI); TLG: the product of 
the SUV and the corresponding MTV. MTV was defined 
as the total tumor volume segmented via threshold. For 

determining the VOI boundary, fixed SUV values of 2.5 and 
a fixed threshold (40% of SUVmax) were adopted.

Histopathologic Parameters

Histologic evaluation was conducted as previously described 
[4]. Briefly, hematoxylin, eosin, saffron (HES) slides were 
evaluated, by the consensus of two pathologists (GK, JMD), 
for the following parameters: (a) keratinizing versus non-
keratinizing, (b) tumor budding activity (TBA), (c) tumor to 
stroma ratio (TSR), (d) cell nest size (CNS) at both the core 
and tumor front areas, (e) fibroblastic or fibrotic stroma type, 
and (f) the lymphocytic host response. Specifically, kerati-
nizing tumors showed keratin pearl formation, ‘mature’ 
eosinophilic cytoplasm, and polygonal-shaped cells with 
distinct borders and intercellular bridges. Non-keratinizing 
carcinomas comprised hyperchromatic cells with indis-
tinct cell borders that formed nests with pushing borders 
and showed absent or limited squamous maturation [3, 9]. 
Oropharyngeal tumors and a subset of the hypopharyngeal 
tumors (n = 31) were tested for HPV infection at the time of 
diagnosis and were all negative.

Tumor budding was defined as small tumor nests of 
less than 5 tumor cells invading surrounding tissue at the 
tumor front. The TSR classifies tumors as stroma-poor, 

Fig. 2  a A squamous cell carcinoma composed of small tumor cell 
nests with abundant intervening stroma (HES × 50). b Coronal and 
sagittal CT and fused PET/CT measurements of TLG2.5 at 185.8. c 

Transverse sagittal CT and fused PET/CT measurements of TLG40% 
at 104.9 for the same patient
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Table 1  Patients and tumors 
characteristics (n = 99) Patients characteristics

 Age (years)
  Range 42–84
  Median, mean (± SD) 62, 61.7 (± 10.2)

 Sex (n, %)
  Female 15, 15.1
  Male 84, 84.9

 Tumor localisation (n, %)
  Larynx 64, 64.6
  Oropharynx 16, 16.2
  Hypopharynx 19, 19.2

PET parameters
 Time interval between PET/CT and histology (days)
  Range − 28 to + 42
  Mean (± SD), median 6.6 (± 11.3), 5.6

 SUVmax
  Range 5.5–29
  Mean (± SD), median 16.3 (± 5.3), 15.5

 TLG40%
  Range 3.7–536.6
  Mean (± SD), median 115 (± 114), 78

 TLG2.5
  Range 3.7–829.6
  Mean (± SD), median 207.5 (± 180), 149.5

 MTV40%
  Range 1.1–62
  Mean (± SD), median 11.7 (± 10.3), 8.5

 MTV2.5
  Range 1.1–121.4
  Mean (± SD), median 34 (± 25.1), 28.3

Histopathologic factors
 Stroma-rich tumors (50% cut-off)
  No 78, 78.8
  Yes 21, 21.2

 Stroma-rich tumors (30% cut-off)
  No 52, 52.5
  Yes 47, 47.5

 Type of squamous cell carcinoma (n, %)
  Keratinizing 64, 64.7
  Non-keratinizing 35, 35.3

 Tumor budding (n, %)
  Yes 44, 44.4
  No 55, 55.6

 Cell nests size in tumor center (n, %)
  Small 10, 10.1
  Intermediate 45, 45.5
  Large 44, 44.4

 Cell nests size in tumor front (n, %)
  Small 44, 44.5
  Intermediate 41, 41.4
  Large 14, 14.1

 Type of tumor stroma (n, %)
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when the stroma consists of < 50% of the examined tumor 
field, or stroma-rich (≥ 50%). A cut-off value of 30% can 
be also used and both cut off values were used for statisti-
cal analysis [4]. Stroma is classified as fibroblastic when 
comprised of loose connective tissue or as fibrotic when a 
dense, homogeneous, collagenous stroma is present. Cell 
nests are defined as clusters of tumor cells surrounded by 
stroma, and they are classified as large cell nests when 
they contain > 15 tumor cells, intermediate when they 
include 5–15 tumor cells, and small cell nests when they 
contain 2–4 tumor cells. CNS was assessed at the invasive 
margin and separately in the tumor core area. Lympho-
cytic host response was evaluated at the tumor front as 
mild or absent when few or no lymphocytes were seen, 
moderate when some lymphoid nodules were seen at the 
advancing edge but not in all fields, and severe when a 
dense complete reaction with lymphoid nodules was seen.

Statistical Analysis

Data were analyzed using the StatView® software (Aba-
cus Concepts, Berkley, California). We used the factorial 
analysis of variances to consider the effect of at least 
one factor on a continuous parameter studied and sim-
ple regression analysis to explore a possible relationship 
between two continuous parameters. A p-value < 0.05 was 
considered statistically significant.

Results

The cohort included 99 patients with male predominance 
(84.8%) and a mean age of 61.7  years (range 42–84, 
median 62). Most tumors (68.6%) were laryngeal with 
16.2% localized to the oropharynx and 19.2% to the 
hypopharynx. Specimens included biopsies (n = 22) and 
resections (n = 77). No difference in PET values was seen 
between these two groups. Patients characteristics, PET 
values, and histologic features are shown in Table 1.

SUVmax was not associated with age (p = 0.7) while 
TLG40% was inversely associated with age (p = 0.01, 
 r2 = 0.05). Similarly, TLG2.5 also trended to an inverse 
association with age (p = 0.07,  r2 = 0.27), but this was not 

statistically significant. TLG40%, TLG2.5, MTV40%, 
and MTV2.5 were all associated with tumor localization 
(p = 0.01, p = 0.02, p = 0.001 and p = 0.01, respectively); 
these values were higher in oropharyngeal tumors followed 
by laryngeal and hypopharyngeal ones. TLG40%, TLG2.5, 
MTV40% and MTV2.5 were associated with tumor CNS 
in tumor cores, with higher values identified in tumors 
with smaller tumor cell nests (Table 2). MTV40% showed 
a strong trend (p = 0.05) to the fibroblastic stroma type. 
It also trended with higher TBA (p = 0.06) and lesser 
lymphocytic host response (p = 0.09). The same param-
eters were separately analyzed by tumor localization and 
showed further correlation in oropharyngeal tumors. 
Higher SUV max trended with non-keratinizing squamous 
cell type (p = 0.09), higher TBA (p = 0.07), and stroma-
rich tumors (p = 0.07).

Discussion

PET is an imaging technique based on the pharmacodynam-
ics of the 18F-FDG radiotracer metabolized by neoplastic 
cells [10]. SUV is the ratio between the amount of radi-
otracer taken up by a lesion and the amount of radiotracer 
that would hypothetically be present in a region of equal 
volume if the tracer was uniformly distributed throughout 
the body [10]. High SUV values are predictive of malig-
nancy. TLG is theoretically a superior measurement as it 
considers the level of glucose accumulation within the total 
volume of all the regions of interest [11]. PET is widely 
used for the evaluation of cancer patients, and interest for 
its use in the management of HNSCC patients was recently 
renewed following results from the PET-NECK trial [12]. 
This trial showed that post-treatment FDG PET scans have a 
high negative predictive value after primary chemoradiation 
and can be used to stratify patients for neck dissection [12].

The prognostic role of PET has been the subject of many 
studies for various forms of cancer over the last decade. 
Regarding HNSCC, SUV, MTV, and TLG are all shown to 
have prognostic significance [13-15]. Most of the studies 
examining the prognostic role of PET in head and neck can-
cer patients are retrospective with heterogeneous technical 
issues and values thresholds. This has prohibited set cut-off 
points, although it is suggested that volumetric parameters, 

Table 1  (continued)
  Fibroblastic 74, 74.7
  Fibrotic 25, 25.3

 Lymphocytic response (n, %)
  Absent/mild 56, 56.5
  Moderate 34, 34.3
  Severe 9, 9
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as opposed to SUV which is realized into only one pixel and 
thus non-representative of the whole lesion, have a more 
important prognostic role in this patient group and are more 
reproducible [5, 15].

In the current study, we directly compare PET values 
with well-established histopathologic prognostic factors in 
order to find a pathophysiological correlation between can-
cer cell metabolism, as assessed by PET imaging, and mor-
phologic features of aggressiveness as assessed by micros-
copy. We show that TLG and MTV are higher in tumors 
with aggressive histological characteristics, namely tumors 
with smaller CNS, stroma-rich tumors, and TBA. SUVmax 
also showed a marginal correlation with higher TBA and 
stroma-rich tumors but only in oropharyngeal carcinomas. 
These histopathologic factors have prognostic significance 
in HNSCC. We have recently shown that stroma-rich tumors, 
smaller CNS, and TBA are associated with advanced T stage 
in HNSCC and a worse overall and progression-free sur-
vival [4]. These factors can be considered the morphologic 
expression of epithelial-to-mesenchymal transition (EMT) 
and thus reveal a more aggressive and invasive tumor [4]. 
This may be explained by the upregulation of corresponding 
EMT genes [16]. The results of the current study show that 
higher glucose metabolism is associated with HNSCCs with 
a more aggressive, EMT-favoring phenotype.

The possible association of PET values with EMT has 
been recently suggested in other forms of cancer. In a study 
of 18 esophageal adenocarcinomas, tumors with high FDG-
uptake, as measured by SUVmax, showed significant upreg-
ulation of genes associated with extracellular matrix organi-
zation [17]. Similarly, esophageal squamous cell carcinomas 
with higher SUVmax were also associated with upregula-
tion of EMT genes [18]. A similar association between FGD 
uptake and EMT proteins has been found in hepatocellular 
carcinomas and non-small cell lung carcinomas [19, 20]. 
Thus, our results suggest an association of FDG uptake with 
morphologic features of EMT in HNSCC and reinforces 
these observations in other forms of cancer.

The possible association of PET parameters with histo-
pathologic prognostic factors in head and neck cancer has 
been never studied to the best of our knowledge. In a study 
of 44 patients suffering from HNSCC, FDG PET and MRI 
were performed to measure textural-based imaging param-
eters, like coarseness in PET and apparent diffusion coeffi-
cient (ADC) in MRI. The results showed that these measure-
ments are associated with stroma proportion [21]. In a study 
of 15 patients with HNSCC, higher SUV was associated 
with a lower rate of apoptosis and higher p53 and VEGF 
expression, resulting in a more aggressive phenotype [22]. 
The relationship between PET/CT values and histopatho-
logical prognostic factors has been mainly studied in breast 
cancer, where it is suggested that the accumulation of FDG 
depends on histologic type (ductal vs. lobular), microscopic B
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tumor growth pattern (nodular vs. diffuse), and Ki-67 index 
of tumor cell proliferation. Accumulation of FDG does not 
correlate with axillary lymph node status, tumor size, per-
centage of tumor cells, presence of inflammatory cells, his-
topathologic grading, or steroid receptor status [23]. PET/
MRI values in breast cancer seem to discriminate between 
luminal A and luminal B subtypes, with the lowest SUV 
values associated with the luminal A subtype, a subtype with 
better prognosis [24]. Increased SUV values are also associ-
ated with higher histologic grade in pulmonary tumors [10]. 
Our results in HNSCC are consistent with findings of other 
forms of cancer and show that higher PET measurements 
are indeed associated with aggressive histologic features.

This study has certain limitations. First, it is a retrospec-
tive study in a single institution and thus subjected to biases, 
but the same PET protocol has been used over the study 
period. Second, it enrolls a relatively low number of patients. 
Nevertheless, it the first study examining the association of 
PET with histopathologic factors.

In conclusion, we show that FDG PET measurements in 
HNSCCs are associated with prognostic histopathologic fac-
tors and suggest a correlation between glucose metabolism 
and epithelial-to-mesenchymal transition.
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