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Abstract

Purpose The purpose of this study was to evaluate the
prognostic value of metabolic tumor volume (MTV) and
metabolic index (MI) from fluorine-18-fluorodeoxyglucose
positron emission tomography/computed tomography
("|E-FDG PET/CT) in patients with nasopharyngeal car-
cinoma (NPC).

Methods From October 2002 to July 2004, 41 patients
with NPC who underwent '®F-FDG PET-CT scan before
and after radiotherapy were reviewed retrospectively.
All patients received intensity-modulated radiotherapy
using 6MV X-rays. We examined the association of MTV
and the results of long-term follow-up of the patients.
Results Patients having tumors with an MTV below
30 cm® had significantly better 5-year overall survival (OS)
(84.6:46.7%, P = 0.006) and disease-free survival (DFS)
(73.1:40.0%, P = 0.014) than patients with an MTV of
30 cm® or greater. And the patients with MI below 130 had
significantly higher 5-year OS (88.0:43.8%, P = 0.002)
and DFS (76.0:37.5%, P = 0.005) than other patients.
In the Cox multivariate analysis, MI and metabolic
response (MR) were predictive of DFS, and we did not find
a significant relationship between standard uptake value
(SUV) and OS or DFS.
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Conclusions The present study shows that tumor volume
parameters, especially the combination of MTV and SUV
in the “metabolic index”, are valuable for predicting long-
term survival. High MI may be useful for identifying
patients requiring more aggressive treatment.
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Introduction

The mainstay treatment for nasopharyngeal carcinoma
(NPC) has been radiotherapy as NPC is sensitive to
radiotherapy. However, there is a significant rate of local
failures and distant metastases (Yeh et al. 2005). Although
traditional prognostic factors may provide some useful
clinical information, they cannot predict treatment outcome
reliably. Therefore, substantial research efforts have
focused on the identification of novel prognostic factors to
further stratify risk groups with the goal of developing
individualized treatment strategies for these patients.

Fluorine-18-fluorodeoxyglucose  positron  emission
tomography with computed tomography (‘*F-FDG PET/
CT) is now widely used with promising results in the
initial diagnosis, staging workup, and early detection of
recurrence in many kinds of cancer (Tsai et al. 2002;
Kao et al. 2002). Furthermore, some studies have shown
that tumor FDG uptake may have prognostic significance,
in that patients with high FDG uptake generally have less
favorable outcomes (Xu et al. 2008; Lin et al. 2007,
Allal et al. 2004). Though many studies about the use-
fulness of FDG uptake have been made, the prognostic
value of metabolic tumor volume (MTV) is still under
investigation.
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In the present study, we used '*F-FDG PET/CT scan
MTV and metabolic index (MI) to determine whether
'"SE_.FDG uptake could be used as a prognostic marker of
overall survival (OS) and disease-free survival (DFS) in
patients with NPC who received definitive radiotherapy.

Patients and methods
Patients

We retrospectively analyzed the medical records of 41
patients with stage I-IV locally NPC who underwent
"E_.EDG PET/CT before and after radiotherapy and were
referred for definitive radiotherapy to the Department of
Radiation Oncology, Shandong Tumor Hospital and Insti-
tute, Jinan, China, between October 2002 and July 2004.
Eligible patients were those with biopsy-proven carcinoma,
including those with differentiated non-keratinizing carci-
nomas and undifferentiated carcinomas, who had received
definitive radiotherapy. Patients in a poor condition
(Karnofsky index < 70%) were excluded. All patients were
initially evaluated with a complete medical history and
physical examination, complete blood count, baseline
serum biochemistry, fiberoptic nasopharyngoscopy with
nasopharyngeal biopsy, and pre-treatment whole-body
"E_.FDG PET/CT scan. Other routine imaging modalities
included chest radiography, CT scan or MRI of the head
and neck, abdominal ultrasonography, and whole-body
bone scan. Tumors were staged according to the American
Joint Committee on Cancer (AJCC) staging system.

PET imaging

All patients were fasted for at least 8 h prior to 'SF-FDG
PET/CT scanning, and their blood glucose level was
measured. All patients were rested for at least 1 h before
PET/CT scan. '*F-FDG (5.55-7.40 MBq/kg), of radio-
pharmaceutical purity >95%, was injected intravenously.
After 1 h, images were acquired in 2D mode on a Dis-
covery LS PET/CT, GE. The maximal standard uptake
value (SUV,,.,x) in each region of interest (ROI) was
determined using the whole-body attenuation corrected
image and the formula, tissue concentration of BE_FDG
measured by PET/the injected dose/body weight. All the 41
patients underwent the pre- and post-treatment whole-body
"SE.FDG PET/CT scan as part of routine follow-up of
2-3 months after treatment completion (Greven et al. 2001).

MTYV and MI calculation

First, the PET area was delineated on the FDG-PET
images as any place with SUV of 2.5 in the tumor. This
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means that the PET area was delineated by a circle
encompassing regions equal or greater than SUV 2.5.
Of note, the cavity in tumors, when present, is excluded
as part of the MTV. The metabolic tumor volume of each
slice was then determined by multiplying the area within
the thresholded margin by CT interval. The final meta-
bolic tumor volume was calculated by adding all meta-
bolic tumor volumes of each slice. Maximum and mean
SUV within the MTV were calculated automatically. And
MI was calculated by multiplying the metabolic tumor
volume by the mean SUV. The formulas of calculating
MTV and MI are as follows:

MTV = Zn:S,- xd
i=1

13

MI = MTV; x SUVmean;

n

i=1

S;: the area with abnormal metabolism of each slice;
d: the interval of CT scan;

MTYV;: the metabolic tumor volume of each slice;
SUVmean;: the mean SUV of each slice;

n: the number of slices with abnormal metabolism.

Treatment

All patients received definitive intensity-modulated
radiotherapy (IMRT), or combined with concomitant and
adjuvant platinum-based chemotherapy. During treatment
planning and radiotherapy, each patient was immobilized
in the supine position, using a custom-made thermoplastic
mask encompassing the entire head and neck. The CT
simulation was performed with administration of intra-
venous contrast in all patients, and images were acquired
at intervals of 3-5 mm from the skull base to the level of
the carina using a Philips Brilliance CT simulator (Philips
Medical Systems) and transferred to Varian Eclipse 3D
Treatment Planning System (Varian Medical Systems).
The target volume was defined according to International
Commission on Radiation Units (ICRU) publications 50
and 62. The adjacent critical organs were delineated on
the same CT slices. In the planning procedure, 5-9
coplanar or non-coplanar fields were usually selected for
adequate coverage of the target volume. Radiotherapy
was administered as 1.8-2.0 Gy daily fractions using
6 MV photon beams (CLINAC 2100C, Varian), 5 days
per week, for a total dose of 70-72 Gy for gross target
volume (GTV), 60-66 Gy for clinical target volume
(CTV) of high risk, and elective nodal irradiation
involved radiation doses of 50-60 Gy. For concomitant
chemotherapy, Fluorouracil (500 mg/m? day, days 1-5)
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and Cisplatin (12-15 mg/m? day, days 1-5) were given
every 4 weeks on day 1 and day 29. For adjuvant che-
motherapy, Fluorouracil (600 mg/m” per day, days 1-5)
and cisplatin (80 mg/m?, day 1) were given every
3 weeks.

Study design and statistical analysis

Recurrence was histologically confirmed when patients
developed clinically symptomatic recurrent disease.
To evaluate the prognostic value of PET/CT, OS and
DFS were chosen as endpoints, and were measured from
the date of radiotherapy initiation to the date of death or
recurrence. We used SPSS statistical software, version
13.0, for statistical analysis. The differences of MTV, MI
and MR among pathologic subtypes were tested using
one-way analysis of variance (ANOVA) or Kruskal—-
Wallis test. The survival function was estimated using
the Kaplan-Meier method. The difference in survival
rates between groups was tested for significance using
the logrank test. Receiver operator curves (ROC) were
determined to assess the area under curve (AUC) and the
optimal cutoff value for predicting survival. Multivariate
analysis was performed to identify the prognostic factors
influencing OS and DFS using Cox proportional hazards
regression model. All statistical tests were conducted at a
two-sided level of significance of 0.05.

Results
1. Patient characteristics are shown in Table 1. Median

follow-up for surviving patients was 62 months (range
13-75 months). Twenty-nine patients were alive at

Table 1 Patients characteristics

Characteristics No. of patients Constituent ratio (%)
Age
Median 42 (age)
Range 19-64 (age)
Gender
Male 31 76
Female 10 24
Pathology classification
Non-keratinizing 24 59
Undifferentiated 17 41
AJCC stage
Stage 1 2 5
Stage 11 12 29
Stage 111 18 44
Stage IV 9 22

last follow-up and 12 had died. All 41 patients had
abnormal FDG uptake before treatment. The median
of pre-treatment SUV . was 7.3, ranged from 3.2 to
20.7. Of the 41 patients, 12 (29.3%) had local
recurrence during the observation period, 4 (9.8%)
showed distant metastases, and the rest displayed no
recurrence or metastases. All of the 41 patients’
treatment response was evaluated by '*F-FDG
PET/CT scan. The post-treatment PET/CT scan did
not show any abnormal FDG uptake (SUV .« < 2.5,
metabolic complete response, MCR) in 26 patients.
Persistent abnormal FDG uptake (SUV .. = 2.5,
metabolic partial response, MPR) was found in 15
patients.

The differences of MTV (F = 2.097, P = 0.137), MI
(F=1.933, P =0.159) and MR (X* = 1.533, P =
0.465) among pathologic subtypes (differentiated non-
keratinizing carcinoma, vesicular nucleus cell carci-
noma, and other undifferentiated carcinomas) are all
not significantly in this study.

Five-year overall survival rate (OS) and disease-free
survival (DFS) rate of all patients were 70.7 and
61.0%, respectively. As shown in Table 2, patients
who showed with MPR had significantly lower 5-year
0S (X° = 11.005, P = 0.001) and DFS (X* = 9.084,
P = 0.003) than patients with MCR.

The ability of MTV and MI to predict prognosis were
depicted by ROC curve. Areas under the curve (AUC)
are 0.759 and 0.779, respectively. Figure 1 shows the
ROC curve of MI. And the best cutoff values are 30 and
130 cm?, respectively. Patients having tumors with an
MTV below 30 cm?® had significantly better 5-year OS
(84.6:46.7%, P = 0.006) and DFS (73.1:40.0%, P =
0.014) than patients with an MTV of 30 cm® or greater.
And the patients with MI below 130 had significantly
higher 5-year OS (88.0:43.8%, P = 0.002) and DFS
(76.0:37.5%, P = 0.005) than other patients, as shown
in Figs. 2 and 3.

The mean MI at which there was no evidence of
recurrence or metastasis in 5 years was 90.09 (range
8.16-306.28), compared with the mean MI of the
recurrent or metastatic patients, which was 234.89
(range 4.42-927.18) (Mann—Whitney U = 116.00,
P = 0.025), as shown in Fig. 4.

A Cox proportional hazards multivariate model
of DFS outcome was constructed to evaluate the
pre-treatment tumor stage, tumor size, nodal status,
SUViax, MTV, MI and post-treatment metabolic
response as predictors of disease progression and
survival. The results indicated that only meta-
bolic response and MI were the significant predictors
of DFS in our patient population, as shown in
Table 3.
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Table 2 Logrank test for

2 j 2
5-year OS and DFS 5-year OS (%) X P 5-year DFS (%) X P
MR
MCR 88.5 11.005 0.001 76.9 9.084 0.003
MPR 40.0 333
MTV
MTV < 30 cm® 84.6 7.453 0.006 73.1 6.007 0.014
MTV > 30 cm® 46.7 40.0
MI
MI < 130 88.0 9.597 0.002 76.0 7.905 0.005
MI > 130 43.8 375
1.0
1.0 —H
0.8 0.8 —
™
% 0.6
2 06— 5
2 @
= E 04—
5 O
N 04—
0.2 A
0.2 — 0.0 A
T T T T T
0.00 20.00 40.00 650.00 80.00
Time(month)
00 | T T T
00 02 04 06 08 1.0 Fig. 2 DFS according to MTV. Disease-free survival for patients
1 - Specificity with lower metabolic tumor volume (top line MTV < 30 cm3) on pre-

Fig. 1 ROC curve using MI to predict OS. Area under the curve
(AUC) is 0.779, and the best cutoff value is 130

Discussion

Treatment outcomes in NPC remains heterogeneous;
therefore, identification of novel prognostic factors that
potentially predict outcome is of great interest.

It has been reported that prognostic factors can be
identified by immunohistochemical staining of tumor tis-
sue. However, biopsy samples do not represent the genetic
information or protein expression of the entire tumor (Lee
et al. 2005; Krishna et al. 2006; Nakao et al. 2006; Wang
et al. 2006). Functional imaging, such as '"*F-FDG PET or
PET/CT, may provide metabolic information on the entire
tumor. Additionally, accumulating data suggested that
FDG PET may serve as a non-invasive method, which can
indirectly measure the expression of various biologic
markers of tumor aggressiveness (Allal et al. 2004).
Therefore, the SUV which represent the FDG uptake may
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treatment 'F-FDG PET/CT scan and those with higher MTV (bottom
line MTV 2 30 cm’; P = 0.014)

become one of the potential prognostic factors. Patients
with high concentrations of tumor cells or highly metabolic
tumor cells would be expected to have poorer prognosis
(Huang 2000). At present, besides providing useful diag-
nostic information regarding pre-treatment staging and
post-treatment follow-up (Spiro et al. 2008; Wong et al.
2002; van Tinteren et al. 2002), intensity of FDG uptake is
emerging as a valuable predictive factor regarding treat-
ment outcome.

Recently, the degree of tumor uptake of FDG on PET as
assessed by the SUV was shown to be an independent
prognostic factor in NPC and other tumors (Lee et al. 2008;
Chan et al. 2009; Sasaki et al. 2005; Eschmann et al. 2006).
However, there have been conflicting results and some
studies have not found a significant association between
SUV and prognosis (Lee et al. 2007). Thus, more effective
ways are needed to identify patients at high risk who may
be candidates for more aggressive initial treatment.
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104 Table 3 Results of Cox multivariate analysis

HR Chi-square P
0.8 MI 3.224 5.024 0.025
MR 3.538 5.906 0.015
2 o054

% exception of the brain, and it provides information that is
E g4 unavailable by MRI or CT imaging. A recent study by La
o (La et al. 2009) evaluated the usefulness of tumor volume
measurement with PET in patients with head and neck
02+ cancer. Therefore, instead of measuring tumor volume
based on MRI or CT imaging, we used FDG-PET/CT
0.0 imaging to determine MTV, which may be a more direct
and reliable method of quantifying tumor burden because it

0.00 20.00 40.00 60.00

Time(manth)

80.00

Fig. 3 DFS according to MI. Disease-free survival for patients with
lower metabolic index (top line MI < 130) on pre-treatment E_FDG
PET/CT scan and those with higher metabolic index (bottom
line MI > 130; P = 0.005)

Currently, stage is the most prognostic factor in
predicting the outcomes of patients with malignant tumors
(van Rens et al. 2000). However, stage may simply be a
surrogate for or correlate with the underlying tumor bur-
den, which may be a more direct predictor of disease
progression and survival (Lee et al. 2007). Until recently, it
has been difficult to quantify tumor burden directly and
systematically. Therefore, a more objective measuring tool
is necessary to accurately assess tumor volume.

Fortunately, it has been reported that tumor burden
reflected by the volume of tumor tissue demonstrating
increased FDG uptake on PET, or metabolic tumor volume
(MTV), is a novel potential prognostic factor (Lee et al.
2007). PET scans tend to be whole-body studies, allowing
a comprehensive assessment of tumor burden, with the

Fig. 4 Metabolic index
according to disease. The mean
MI at which there was no
evidence of recurrence or
metastasis in 5 years was lower
than that of the recurrent or
metastatic patients (P = 0.025)

incorporates functional criteria. In our long-term follow-up
analysis with 41 NPC patients, we discovered that 30 cm®
was the most discriminative cutoff of MTV. With fur-
thermore analysis, patients having tumors with lower MTV
had higher 5-year OS and DFS than patients with higher
MTYV, although there is no statistical significance in mul-
tivariate analysis. Similar results have been reported in
lung cancer and lymphoma where MTV was shown to be
highly prognostic for disease progression and death, inde-
pendent of other established prognostics factors (Lee et al.
2007; Grow et al. 2005).

Interestingly, both SUV and MTV are predictive of
survival in patients with NPC. However, SUV can only
represent metabolic extent, and MTV represents the size of
high metabolic tumor cells only. Thus, it is reasonable to
suspect that it may be an even more effective predictor
when SUV and MTV are combined. This, indeed, was
found to be the case. A principal find of this study is that
MI is strongly correlated with DFS and OS in patients with
NPC treated by radiotherapy, and thus it is a better pre-
dictor of long-term survival than MTV and SUV alone.
We also confirmed that patients who presented with local

400.00
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Metabalic Index
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recurrence or distant metastasis within 5 years had a
significantly higher MI than the remaining patients. It
suggests the intimate correlation between the primary MI
and tumor recurrence or metastasis. In our opinion, high
MI represents its high activity, thus these tumors maybe
more aggressive in metastasizing or because of relative
growth conditions. Roedl et al. (2009) observed the similar
results using “diameter-SUV index” to predict prognosis.

Quite a number of malignant tumors can result in clin-
ical complete response via appropriate treatment, but it
does not mean that the treatments destroyed all tumor cells.
It was suggested that FDG uptake value could be a pre-
dictor of pathologic response. It has been suggested in
previous studies that a metabolic decrease in the FDG
uptake of the tumor (decrease in the SUV) between pre-
and post-radiotherapy scans is associated with a histo-
pathologic response of the tumor (Song et al. 2005;
Swisher et al. 2004; Wieder et al. 2005; Lordick et al.
2007; Cunningham et al. 2006). The metabolic response to
therapy as determined by FDG PET has been shown to be
predictive of survival outcome after treatment completion
for several tumors, including lymphoma, non-small-cell
lung cancer and anal cancer (Nahmias et al. 2007; Schwarz
et al. 2008; Cheson et al. 2007; Juweid et al. 2007). In this
study, we have found that metabolic response is an effec-
tive prognostic factor in NPC patients. In our opinion,
tumor MCR of post-treatment represented its high sensi-
tivity to radiotherapy, as a result of high response and
favorable prognosis. Patients with no evidence of residual
PET activity during the course of their therapy may be
candidates for dose alterations that could potentially
translate into reduced acute and late toxicity.

In multivariable analysis, MI and MR were the most
significant independent factor for DFS and OS. Of note,
stage (AJCC), which is the most important conventional
measure of tumor burden, was not prognostic in our study
population (it does not include the new progress in NPC
staging, e.g. China 2008 Staging). This is likely because of
the heterogeneity of stages (for example, there were only 2
patients of stage I) in this cohort of patients. However, it
remains need further investigations to achieve a certain
conclusion.

The main limitations of our study are the relatively low
number of patients in our cohort, the heterogeneity of the
patients and treatments, and the retrospective design.
However, despite these limitations, the present study is
able to demonstrate that tumor metabolic parameters,
especially the tumor metabolic response and the combi-
nation of tumor volume and SUV in the “metabolic index”
are accurate predictors of treatment response and tumor-
free survival in patients with NPC. Our findings suggested
that patients with MPR or high MI may be considered at
increased risk of failure and may benefit from more
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aggressive treatment, for instance, higher radiation dose or
combined more aggressive chemotherapy, and conse-
quently improve treatment efficiency.
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