
Abstract. Background/Aim: We aimed to explore the
prognostic value of metabolic heterogeneity of 18F-FDG uptake
in chemoradiotherapy-treated pharyngeal cancer patients.
Patients and Methods: This study included 52 consecutive
patients with pharyngeal cancer who underwent 18F-FDG
PET/CT before definitive chemoradiotherapy. The heterogeneity
factor (HF) was defined as the derivative (dV/dT) of a volume-
threshold function for primary tumors and metastatic lymph
nodes. The relationships between clinical parameters and HFs
of primary tumors (pHF) and metastatic lymph nodes (nHF)
were analyzed. Results: The pHF (range=–1.367 - –0.027;
median=–0.152) was significantly correlated with the maximum
standardized uptake value, metabolic tumor volume, and total
lesion glycolysis. Induction chemotherapy response was not
correlated with HF, whereas response to radiotherapy was

significantly better in patients with high pHF (low
heterogeneity). Consistently, the 2-year locoregional recurrence-
free survival was significantly better in patients with high pHF
(82.9% for pHF>–0.152 vs. 30.5% for pHF<–0.152, log-rank
p=0.009). The nHF (range=–1.067 - –0.039; median=-0.160)
was not correlated with response to radiotherapy and
locoregional recurrences. Conclusion: pHF, but not nHF, was
a significant predictor of response to radiotherapy and
locoregional recurrence in pharyngeal cancer. Thus, HF use
can prevent unnecessary treatment and surgical delays. 

Pharyngeal squamous cell carcinoma (SCC) patients have a
poor overall prognosis with a high likelihood of recurrence
at the primary site and metastatic involvement of the cervical
lymph nodes (LNs) (1). Different primary and metastatic
nodal characteristics may result in different responsiveness to
treatment (2). Therefore, it is important to identify patients
on the basis of their treatment responsiveness prior to
definitive chemoradiation (CRT) and induction chemotherapy.
Patients with pathological complete responses would have
favorable oncological outcomes, and identification of patients
who are likely to have poor responses could prevent
unnecessary chemotherapy, radiation, and delays in surgery.
Data suggest that traditional risk stratification variables, such
as T-category or N-category, have limited value as prognostic
and predictive indicators of treatment response or survival
(3). Diverse clinical and molecular predictors of treatment
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responsiveness have been investigated (4, 5), but no clear
consensus currently exists about reliable markers for tumor
response to CRT and induction chemotherapy.

In pharyngeal cancer patients, 18F-fluorodeoxyglucose
positron emission tomography/computed tomography (18F-
FDG PET/CT) has been used widely for staging work-ups, and
many ongoing studies have used PET/CT to predict patient
prognosis. The most commonly used PET parameter to indicate
the degree of 18F-FDG uptake is the standardized uptake value
(SUV), which is an independent prognostic factor in head and
neck cancer (6, 7). Recently, volumetric PET parameters such
as the metabolic tumor volume and total lesion glycolysis have
emerged as novel prognostic factors that may improve risk
stratification and the planning of individualized cancer
treatment protocols in patients with pharyngeal cancer (8).
Metabolic tumor volume and total lesion glycolysis are also
known to be predictive factors for prognosis in other head and
neck cancers (9). However, evaluations of these parameters
have yielded conflicting results. 

Intratumoral heterogeneity has been shown to be a strong
indicator of malignant transformation and different
characteristics of tumors (10-12). Therefore, the pattern of
intratumoral 18F-FDG uptake on PET may represent a
similarly useful parameter (13). A recent study revealed that
the intratumoral heterogeneity of 18F-FDG uptake in
nasopharyngeal and rectal cancer was significantly correlated
with tumor aggressiveness and was associated with various
outcome measures (14, 15). To the best of our knowledge,
no study has evaluated the predictive value of the
intratumoral heterogeneity of 18F-FDG uptake of primary
and/or nodal sites in pharyngeal cancer. Therefore, we
investigated the relationship between tumor heterogeneity
and various clinical and PET parameters of primary and/or
nodal sites and then evaluated the predictive value of
heterogeneity factors in locally advanced pharyngeal cancer.

Patients and Methods

Patients. From January 2012 to December 2014, 52 patients with
pharyngeal cancer who were treated with definitive CRT and/or
induction chemotherapy were enrolled in this study. Criteria for
eligibility also included measurable, histologically-confirmed
squamous cell carcinoma of the nasopharynx, oropharynx, or
hypopharynx without any evidence of distant metastasis; age
between 20 and 80 years; and Eastern Cooperative Oncology Group
(ECOG) performance status of 0-2. The patients had received no
prior chemotherapy, radiotherapy, or surgery. This study protocol was
approved by the Institutional Review Board and the requirement of
obtaining informed consent from patients was waived owing to the
retrospective medical record review. Patient follow-up lasted until
death or until the cut-off date of April 30, 2015. The median follow-
up interval was 39 months (range=5-54 months).

Follow-up studies and evaluation of treatment response. All patients
underwent contrast-enhanced neck CT and 18F-FDG PET/CT to

evaluate the initial disease stage. Additionally, neck ultrasonography
and neck magnetic resonance imaging (MRI) were performed if
clinically indicated. All patients were followed up for 4-6 weeks
after CRT treatment in the outpatient clinic. Further follow up was
performed at 3-month intervals for the first and second years, at 6-
month intervals for the third year, and yearly for the fourth and fifth
years. Locoregioanl recurrence of head and neck cancer after CRT
was defined as clinical and/or radiological evidence of persisting or
recurrent disease at the primary site or within the neck LNs.
Metastatic disease was determined using CT.

Definitive CRT. All patients underwent three-dimensional conformal
treatment planning using CT scan simulation. Radiation was
administered 5 days per week in daily fractions of 1.8-2 Gy, and the
total dose to the primary tumor was 70-74 Gy. Intravenous
chemotherapy (40 mg/m2 cisplatin) was administered once a week
during radiotherapy. 

Protocol for 18F-FDG PET/CT. Standard patient preparation
included at least 8 h fasting and a serum glucose level of less than
120 mg/dl before 18F-FDG administration. PET/CT imaging was
performed 60 min after injection of 370 MBq of 18F-FDG. Patients
were hydrated with 500 ml of water per orally before the PET/CT
imaging. At 60 min after administration of 18F-FDG, a CT scan was
performed first for attenuation correction, followed by an emission
scan from the skull base to the proximal thighs. PET images were
reconstructed using an iterative algorithm (ordered-subset
expectation maximization) with an image matrix size of 256×256.

Image analysis. Standardized uptake values (SUV) were calculated
as the tissue concentration of radioactivity (kBq/ml) divided by the
injected dose per weight (kBq/g). To measure the maximum SUV
(SUVmax), a volume of interest was selected on integrated PET/CT
images for tumor volume and metastatic LNs separately. Tumors
were delineated using thresholds of 40, 50, 60, 70, and 80% of
SUVmax, and metabolic tumor volume and mean SUV (SUVmean)
were measured. Total lesion glycolysis was calculated by
multiplying the SUVmean. The tumoral heterogeneity was
represented by the heterogeneity factor (HF) (Figure 1). The tumor
volume was determined with a series of SUV thresholds (40, 50, 60,
70, and 80% of SUVmax). The HF was sorted from the linear
regression line and calculated as the derivative (dV/dT) of the
volume-threshold function (16). It is shown as a negative value. 

Statistical analysis. Short-term outcome was assessed using both the
treatment response evaluation by RECIST and the recurrence event
during the follow-up. Consequently, treatment outcome was
categorized into complete response by RECIST and no recurrence
at the last follow-up (complete response/no recurrence group) and
partial response, stable disease, or progressive disease by RECIST
or recurrence during follow-up (residual disease/recurrence group).
Disease-free survival was defined as the time between the
completion of treatment and the first recurrence of the disease
(local, regional, and distant recurrence).

We used the Mann–Whitney test to compare HFs across different
clinical parameters. We used the chi-square test or Fisher’s exact
test to evaluate the response to induction chemotherapy or
radiotherapy. Spearman rank correlation test was conducted to
evaluate the correlation between HFs and other parameters of
PET/CT. To evaluate locoregional recurrences, we performed
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Kaplan–Meier analysis with the log-rank test. Software SPSS
Version 18 (SPSS, Inc., Chicago, IL, USA) was used for the
analyses. A p-value of less than 0.05 was considered statistically
significant.

Results

Tumor heterogeneity factors are associated with clinical
stages. Results of univariate analyses performed to evaluate
the association between clinical parameters and HFs of
primary tumors and metastatic LNs are shown in Table I.
Age and sex were not significantly correlated with HFs of
primary tumors and metastatic LNs. HFs of primary tumors
were significantly high in hypopharyngeal cancers compared
to those of other subsites of tumors, whereas HFs of
metastatic LNs were not correlated with tumor subsite. HFs
of primary tumors were significantly low in patients with
advanced-stage cancers (Table I, T3-4 vs. T1-2, p<0.001;
N2-3 vs. N0-1, p=0.032; Clinical stage III-IV versus stage
I-II, p=0.002), whereas HFs of metastatic LNs were
significantly low in patients with advanced nodal stage

cancers (Table I, N2-3 vs. N0-1, p=0.028; Clinical stage III-
VI vs. stage I-II, p=0.028). Clinical T stages were not
associated with HFs of metastatic LNs (p=0.217). 

Tumor HFs of primary tumors, but not of metastatic LNs, are
associated with other PET/CT parameters. SUVmax was not
significantly correlated with HFs of primary tumors and
metastatic LNs (Figure 2A and D). Metabolic tumor volume
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Figure 1. Graph shows representative volume-threshold function acquired
by plotting thresholds to volume. Heterogeneity factor (HF) was calculated
by finding the derivative (dV/dT) of the volume-threshold function for each
tumor (upper panel). Representative PET/CT images in nasopharyngeal
cancer using several threshold methods. Decreasing tumor volumes are
noted by 40% to 80% threshold of SUVmax (lower panel).

Table I. Relationship between heterogeneity factors and clinical
parameters.

Characteristics                                        Number           HF           p-Value
                                                             (Mean±SD)

HF of primary tumors (pHF), N=52                                 
Age                                                                                                    0.675
   <65                                                           31         –0.25±0.25
   ≥65                                                           21         –0.22±0.28
Gender                                                                                               0.569
   Male                                                         49         –0.24±0.27
   Female                                                       3          –0.30±0.24          
Tumor subsite                                                                                   0.014
   Nasopharynx                                            10         –0.34±0.36          
   Oropharnyx                                              19         –0.31±0.30          
   Hypopharynx                                           23         –0.14±0.11          
Clinical T classification                                                                  <0.001
   T1-2                                                          33         –0.14±0.11          
   T3-4                                                          19         –0.41±0.35          
Clinical N classification                                                                   0.032
   N0-1                                                         16         –0.15±0.13          
   N2-3                                                         36         –0.28±0.30          
Clinical stage                                                                                    0.002
   Stage I-II                                                  10         –0.09±0.07          
   Stage III-IV                                              42         –0.28±0.28          

HF of metastatic lymph nodes 
(nHF), N=41                                                  
Age                                                                                                    0.813
   <65                                                           23         –0.27±0.27          
   ≥65                                                           18         –0.21±0.15          
Sex                                                                                                     0.423
   Male                                                         38         –0.25±0.23          
   Female                                                       3          –0.13±0.06          
Tumor subsite                                                                                   0.558
   Nasopharynx                                             9          –0.35±0.32          
   Oropharynx                                              14         –0.23±0.22          
   Hypopharynx                                           18         –0.20±0.15          
Clinical T classification                                                                   0.217
   T1-2                                                          23         –0.20±0.16          
   T3-4                                                          18         –0.30±0.28          
Clinical N classification                                                                   0.028
   N0-1                                                          6          –0.10±0.07          
   N2-3                                                         35         –0.27±0.23          
Clinical stage                                                                                    0.028
   Stage I-II                                                   3          –0.06±0.07          
   Stage III-IV                                              38         –0.26±0.22

HF, Heterogeneity factor; SD, standard deviation. Bold numbers
indicate statistical significance (p<0.05).



and total lesion glycolysis showed statistically significant
and strong associations with HFs of primary tumors (Figure
2B-C, rho=–0.961, p<0.001 for metabolic tumor volume,
rho=–0.818, p<0.001 for total lesion glycolysis). However,
HFs of metastatic LNs were not significantly associated with
metabolic tumor volume and total lesion glycolysis (Figure
2E-F). Analyses of associations between HFs of primary
tumors and those in metastatic LNs revealed no significant
association between the two parameters (Figure 3,
rho=0.226, p=0.156).

HFs of primary tumors, but not of metastatic LNs, are
correlated with response to radiotherapy and are predictive
factors for locoregional recurrences. We assessed the
treatment response in primary tumors and LNs after
induction chemotherapy or radiotherapy (Table II). The
patients were divided into a high HF group and a low HF
group according to the criteria of median values of HFs
(median value of primary tumor HFs=–0.15, median value
of metastatic LN HFs=–0.16). Consequently, HFs of primary
tumors and metastatic LNs were not significantly associated
with treatment response after induction chemotherapy.
Importantly, response of primary tumors to radiotherapy was
significantly lower in patients with low HFs of primary
tumors (Table II, 92.3% [24/26] of patients experienced
complete remission in the high HF group versus 69.2%

[18/26] in the low HF group, p=0.035), whereas response of
LNs was not correlated with HFs of primary tumors. HFs of
metastatic LNs were not associated with response to
radiotherapy in both primary tumors and LNs. 

We further performed Kaplan–Meier analyses to evaluate
locoregional recurrences after treatment. The patients with
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Figure 2. Correlation between heterogeneity factors and other PET/CT variables including SUVmax (A and D), metabolic tumor volume (B and E),
and total lesion glycolysis (C and F). 

Figure 3. Correlation between heterogeneity factors in primary tumors
and those in metastatic lymph nodes. 



low HFs of primary tumors showed a lower locoregional
recurrence-free survival rate than those with high HFs of
primary tumors did (Figure 4A, 2-year locoregional
recurrence-free survival rates of 82.9% in the high pHF
group vs. 45.7% in the low pHF group, log-rank p=0.009).
HFs of metastatic LNs were not significantly predictive of
locoregional recurrence (Figure 4B, 2-year locoregional
recurrence-free survival rates of 68.6% in the high nHF
group vs. 44.4% in the low nHF group, log-rank p=0.417).

Discussion 

In the present study, we measured HFs of primary tumor
and metastatic LNs from PET/CT images, and evaluated
their clinical significance in parallel. The results showed
that HFs of primary tumors, but not of metastatic LNs,
correlated with other prognostic parameters and were
significant predictors of responses to radiotherapy and
locoregional recurrences. 
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Figure 4. (A) Locoregional recurrence-free survival according to heterogeneity factors in primary tumor (pHF). (B) Locoregional recurrence-free
survival according to heterogeneity factors in metastatic lymph nodes (nHF).

Table II. Response to induction chemotherapy and radiotherapy according to heterogeneity factors.

                                                                                    pHF (median –0.15)                                                                     nHF (median –0.16)

Treatment response                         High HF                       Low HF                    p-Value                     High HF                    Low HF                 p-Value
                                                          N (%)                           N (%)                                                          N (%)                        N (%)

Response to IC                                                                                                                                                                                                                 
  Primary tumor                                                                                                       1.000                                                                                          1.000
  CR/PR                                          17 (94.4)                      20 (90.9)                                                     14 (93.3)                   16 (94.1)                       
  SD/PD                                            1 (5.6)                           2 (9.1)                                                         1 (6.7)                       1 (5.9)                         
  Lymph nodes                                                                                                         0.427                                                                                          0.659
  CR/PR                                          16 (88.9)                      17 (77.3)                                                     13 (86.7)                   13 (76.5)                       
  SD/PD                                           2 (11.1)                         5 (22.7)                                                       2 (13.3)                     4 (23.5)                        
Response to RT                                                                                                                                                                                                                
  Primary tumor                                                                                                       0.035                                                                                          0.277
  CR                                                24 (92.3)                      18 (69.2)                                                     18 (85.7)                   14 (70.0)                       
  PR/SD/PD                                      2 (7.7)                          8 (30.8)                                                       3 (14.3)                     6 (30.0)                        
  Lymph nodes                                                                                                         0.109                                                                                          0.265
  CR                                                22 (84.6)                      17 (65.4)                                                     16 (76.2)                   12 (60.0)                       
  PR/SD/PD                                     4 (15.4)                         9 (34.6)                                                       5 (23.8)                     8 (40.0)                        

pHF, Heterogeneity factor in primary tumor; nHF, heterogeneity factor in metastatic lymph nodes; IC, induction chemotherapy; RT, radiotherapy,
CR, complete remission; PR, partial remission; SD, stable disease; PD, progressive disease. Bold numbers indicate statistical significance (p<0.05).



Recently, HFs of PET/CT, defined as the derivative (dV/dT)
of a volume-threshold function, have been reported to be a
clinically useful indicator in head and neck cancers. For
example, intratumoral heterogeneity has been suggested as a
significant prognostic factor in oral cavity, nasopharyngeal, and
sinonasal cancer (14, 17, 18). The HF has also been utilized as
a reliable and non-invasive method for differentiation of
malignant and benign parotid gland tumors(16). Consistent
with these results, our study demonstrated that the HFs of
primary tumors were significantly predictors of response to
radiotherapy and locoregional recurrences in pharyngeal
cancers treated with chemoradiotherapy. Thus, pHF could be a
useful prognostic parameter in pharyngeal cancer, and other
head and neck cancer subtypes. 

In case of pharyngeal cancers, tumor burdens of metastatic
LNs are frequently high despite the small primary tumor
sizes. Advanced metastatic LNs contribute to the failure of
radiotherapy. On the basis of these unique characteristics of
pharyngeal cancers, we initially hypothesized that the
metabolic heterogeneity of metastatic LNs might be a
predictor of outcomes in pharyngeal cancers. However, our
results indicate that the HFs of metastatic LNs are not
predictive of response to radiotherapy and the 2-year
locoregional recurrence rate, whereas the HFs of primary
tumors were significantly correlated with the prognoses. The
reason why the HFs of metastatic LNs were not correlated
with prognosis is not yet known. However, the differences
in tumor biology between primary tumors and metastatic
LNs may have resulted in the lack of correlation between
metabolic heterogeneity and prognosis. 

This work is significant because it provides a novel
predictive factor for 2-year treatment outcomes in patients
with pharyngeal cancers treated with chemoradiotherapy.
Although chemoradiation provide acceptable oncological
outcomes while minimizing morbidity, treatment failure often
elicits devastating results including progressive disease
requiring multiple salvage operations. For patients designated
as potential poor responders to chemoradiation, such as those
with T4a-stage-hypopharyngeal cancers, upfront surgery with
adjuvant therapy might improve treatment outcomes. It is
important to determine patient responsiveness prior to
definitive chemoradiation. Out data identify the HFs of
primary tumors as clinically useful indicators that are
predictive of response to radiotherapy and 2-year locoregional
recurrence in pharyngeal cancer. The use of HF as a
predictive factor will allow an optimal selection of treatment
strategies and prevent unnecessary treatment and delays in
surgical intervention in a significant number of patients.

This study has several limitations including its
retrospective nature and the potential for selection bias. Also,
a small number of patients(n=52) patients were enrolled.
Further large-scale prospective evaluations will be required
to resolve these deficiencies. Moreover, the primary tumor

HF was well correlated with other important prognostic
factors such as tumor stage and volume in this study,
suggesting that the primary tumor HF should be considered
only in conjunction with prognosticators and not as an
independent prognostic factor. Although the HF was found
to be correlated with other parameters such as SUVmax,
metabolic tumor volume, and total lesion glycolysis, it is
only one of many potential metabolism parameters and is not
fully representative of tumor heterogeneity. For a more
detailed evaluation of radiological heterogeneity, textural
parameters such as coarseness, busyness, complexity, and
contrast must be investigated (19).

In conclusion, HFs of primary tumors and metastatic LNs
have differential associations with prognosis in patients with
pharyngeal cancers treated with chemoradiotherapy. The HFs
of primary tumors were significant predictors of response to
radiotherapy and prognostic factors for locoregional
recurrence in pharyngeal cancer, whereas the HFs of
metastatic LNs were not significant prognostic factors. The
use of HF as a predictive factor will aid clinicians in
selecting the best treatment strategies, and prevent
unnecessary treatment and avoidable delays in surgical
intervention in patients with pharyngeal cancer.
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