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BACKGROUND AND PURPOSE: Perfusion CT (PCT) provides a rapid, reliable, and non-invasive technique
for assessing tumor vascularity. The purpose of this study was to assess whether pretreatment
dynamic perfusion CT (PCT) may predict response to induction chemotherapy and midterm progres-
sion-free survival (PFS) in advanced oropharynx squamous cell carcinoma (SCCA) and to compare the
results with those derived by tumor volume measurements.

MATERIALS AND METHODS: Nineteen patients underwent routine contrast-enhanced CT (CECT), pre-
treatment PCT, and conventional endoscopy. Tumor response was determined according to radiologic
(RECIST) criteria. The PCT parameters, tumor volume, radiologic response, and PFS were analyzed
with use of Cox-proportional hazards model, receiver operating characteristic (ROC), and Kaplan-Meier
analysis.

RESULTS: The baseline blood flow (BF), blood volume (BV), and permeability surface area product (PS)
were significantly higher, whereas mean transit time (MTT) was significantly lower in the responders
than in the nonresponders (P � .002). BV showed 100% sensitivity, MTT and PS had the highest
specificity (100%), and BF showed 84.2% sensitivity and 66.7% specificity for prediction of tumor
response after induction chemotherapy. The pretreatment tumor volume correlated with PFS in the
pooled patients group (r � 0.4; P � .0001), whereas postinduction tumor volume correlated signifi-
cantly with PFS in the responders and nonresponders (r � 0.22–0.64; P � .006). Pretreatment tumor
volume (P � .0001) and BF (P � .001) were significant predictors for PFS.

CONCLUSIONS: Pretreatment PCT parameters may predict response after induction chemotherapy.
Tumor volume and BF values may predict PFS in patients with advanced oropharyngeal SCCA.

Advances in both surgical and nonsurgical therapeutics
have led to increased local tumor control of head and neck

squamous cell carcinoma (SCCA) in recent years. However,
overall mortality rates have not improved because of local re-
currence and distant metastases. This motivates the search of
factors with prognostic relevance to better tailor the individual
management of patients with SCCA. To affect the survival of
these patients, we investigated radiologic, molecular, and his-
tologic markers that will help target tumors with a propensity
for poor response, high rates of recurrence, and metastatic
spread.1-5

Cross-sectional imaging is widely used for the detection
and staging of SCCA. The value of CT before and after radia-
tion therapy as well as in surgically treated patients for pre-
dicting tumor control has been discussed by several authors.6-9

MR imaging has also been used for prediction of local out-
come with use of tumor characteristics and tumor vol-
ume.10-12 Oxygenation and perfusion of neoplasms may
significantly affect their response to radiation therapy, and

hypoxia has been associated with a more malignant phenotype
with increased metastatic potential.13,14 Perfusion CT (PCT)
and perfusion MR imaging are noninvasive techniques for the
evaluation of functional neoplastic characteristics, and initial
evidence has suggested that perfusion parameters may be used
for treatment stratification and as independent factors of local
response.12,15-18 PCT, more widely available and more robust
compared with perfusion MR imaging, allows quantification
of blood flow (BF), blood volume (BV), mean transit time
(MTT), and permeability surface area product (PS) of SCCA
and the associated lymph nodes.19-22

The primary objective of our study was to evaluate pro-
spectively collected PCT data of SCCA in the oropharynx, with
a hypothesis that it will have a predictive value for induction
chemotherapy response and for midterm locoregional out-
come (in progression-free survival). The secondary objective
was to compare volumetric and PCT data as independent pre-
dictive factors for induction chemotherapy response and mid-
term locoregional tumor control.

Materials and Methods

Patient Population
Patients with SCCA of the upper aerodigestive tract were enrolled in a

prospective trial in which response to neoadjuvant chemotherapy was

assessed. Inclusion criteria for the study were as follows: All patients

had to be older than 18 years old with T stage III-IV SCCA of the head

and neck (TNM staging). Exclusion criteria were a previous head or

neck malignant tumor, a history of head or neck irradiation, previous

chemotherapy, previous surgical intervention (excluding biopsy), a
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second malignant tumor or a distant metastasis (distant metastases

were excluded with positron-emission tomography/CT, CT, or MR

examinations), and known allergy to iodinated contrast agent. The

local ethics committee approved the study, we informed all patients of

the investigational nature of the study, and the patients signed an

informed written consent for participation in the trial.

Nineteen patients (17 men, 2 women) with oropharynx SCCA

were included in our study. The mean patient age was 55.6 � 9.2

years. The tumors were staged according to the TNM staging system

(Table 1). All patients were examined before chemotherapy and dur-

ing follow-up with routine contrast-enhanced CT (CECT) scans of

the neck. The PCT studies of the neck were performed at the time of

the baseline CECT examination. Figure 1 shows an illustrative exam-

ple of the perfusion parametric maps in a patient with advanced

SCCA in oropharynx and oral cavity. The patients underwent endos-

copy (if needed, with biopsy) after the baseline CT examination (be-

fore induction chemotherapy); at the time of the second examination

(after the induction chemotherapy); and during the routine fol-

low-up control, which (according to our protocol) was performed

every 3 months for the first year, followed by every 4 months in the

second year or on symptom deterioration. Baseline CECT and PCT

studies were performed 1.4 � 0.5 days (95% confidence interval [CI],

1.1–1.6 days) before baseline endoscopy. The mean time between the

baseline radiologic examination and the first CECT scan after the

completion of the induction chemotherapy was 76.0 � 4.6 days (95%

CI, 68.9 – 83.1 days).

Induction chemotherapy consisted of docetaxel (75 mg/m2) on

day 1, cisplatin (100 mg/m2) on day 1, and 5-fluorouracil (1000 mg/

m2) on days 1 through 4 (total dose, 4000 mg/m2) by continuous

intravenous infusion with normal saline. The chemotherapy regimen

was repeated every 21 days for a maximum of 3 cycles. Subsequent

chemoradiation, according to an organ preservation protocol, was

planned for all patients with complete response or partial response

after 3 cycles of induction chemotherapy and was started 15.1 � 4.5

days (95% CI, 10.1–21.9 days) after the last cycle of induction chemo-

therapy. The response status was determined by endoscopic exami-

nation. The total radiation dose to the primary tumor and clinically

positive lymph nodes was 70 Gy, given in 35 fractions of 2 Gy during

a 7-week period. In addition, all patients received cisplatin on days 1,

22, and 43 of radiation therapy. Treatment was discontinued imme-

diately on evidence of tumor progression or major toxicity. Patients

with stable disease or progressive disease after induction chemother-

apy underwent salvage operation. Surgical resection was also per-

formed in 2 patients with partial response.

Imaging Protocol
We obtained routine head and neck studies as well as perfusion stud-

ies using a 16-row multisection CT scanner (Somatom 16; Siemens,

Erlangen, Germany). In all patients, the PCT scan region was based on

the clinical information and the area with anatomic distortion on the

routine CECT images. The scanned region with PCT consisted of 4

adjacent 6-mm-thick sections. For lesions larger than 24 mm in di-

ameter, the levels with the largest tumor portions were selected.

The contrast agent for the perfusion imaging (40 mL of 400-

mg/dL nonionic iodinated contrast agent) was injected at a rate of 6

mL/s with a power injector and a 16-G antecubital cannula. PCT

scanning (100 mAs, 120 kV) was initiated 6 s after the injection start

and lasted 55 s (4 sections acquisition in 1 s). The contrast agent

administration was followed by a power-injection of 20-mL saline at

the same injection rate. In all patients, after the PCT, a routine CT

examination (180 mAs, 120 kV) was performed after injection of 90

mL of 400 mg/dL of the same nonionic iodinated contrast agent

(Imeron 400, Altana, Germany) with an injection rate of 2.5 mL/s and

a delay of 70 s. The images were primarily reconstructed in 3-mm

section thickness for diagnostic purposes and subsequently were re-

constructed in 1.25-mm sections for tumor volume measurements.

We performed multiplanar reconstructions in the sagittal and coronal

planes to aid the diagnosis. The mean effective dose for the combined

PCT and routine CT protocol was 9.2 � 1.8 millisievert (mSv).

Postprocessing of the Perfusion Data and Image Analysis
The perfusion data were transferred for postprocessing to a worksta-

tion (Advantage Windows 4.2; GE Medical Systems, Milwaukee, Wis)

running commercially available software on the basis of the deconvo-

lution technique (Perfusion 3; GE Medical Systems). Two experi-

enced readers performed the postprocessing in consensus. The ac-

quired perfusion maps represented BF (in mL/100 g tissue/min), BV

(in mL/100 g), MTT (in s), and PS (in mL/100 g/min). We defined the

extent of the pathologic lesions by using freehand drawn regions of

interest in every level. We calculated the mean BF, BV, MTT, and PS

values from the tumor sites and the lymph nodes by averaging the

mean extracted values for the 4 sections.

The tumor volume (in mL) measurement was based on freehand

drawn regions of interest encompassing the tumor, performed on

axial CECT images by the same radiologists in consensus. We evalu-

ated the CT images by using a fixed window level and width values (95

and 230 HU, respectively) for all patients. Also available were 3D

multiplanar reconstructions. We measured the area of the tumor sec-

tion by section by using manual segmentation with the standard

workstation software. The total volume was calculated with use of the

summation-of-areas technique.23

Reference Examination Technique, Therapy Response
Criteria, Survival Data Parameters, and Examined
Response Predictors
The endoscopy (with biopsy, when required) served as the reference

standard in diagnosis of the primary disease and detection of recur-

Table 1: Demographic and clinical data

Pt No.
Age (y)/

Sex
TNM

Staging
Tumor

Response PFS
1 40/M T3N2aM0 PR 6
2 34/M T4N2cM0 PR 14
3 57/M T4N1M0 SD 6
4 59/M T4N2cM0 SD 12
5 45/M T4N3M0 PR 11
6 55/F T4N2bM0 PR 24
7 59/M T4N3M0 SD 4
8 62/M T4N2cM0 SD 24
9 61/M T4N3M0 SD 14
10 47/M T4N2cM0 PR 15
11 72/M T4N3M0 PR 6
12 49/M T4N2cM0 SD 8
13 57/M T4N2cM0 PR 8
14 64/M T4N1M0 PR 4
15 53/M T4N2cM0 SD 11
16 56/M T4N3M0 SD 5
17 62/F T4N2cM0 PR 10
18 65/M T4N3M0 PR 13
19 59/M T4N2cM0 PR 12

Note:—TNM indicates tumors, nodes, and metastasis; PR indicates partial response; SD,
stable disease; PFS, progression-free survival (in months).
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rent disease during follow-up. The clinical endoscopic evaluation was

performed by a single head and neck surgeon with 12 years’ experi-

ence in head and neck surgery, who was blinded to the results of PCT

and CT volumetric measurement. Progression-free survival (PFS),

defined as the probability that a patient will remain alive and without

disease progression, was recorded. Complete response, partial re-

sponse, stable disease, and progressive disease after induction chemo-

therapy were defined according to radiologic criteria (RECIST crite-

ria) on the basis of tumor volume. Patients with complete response

and partial response were classified as responders.

Statistical Analysis
All continuous variables are presented as mean � SD (95% CIs). To

determine a statistically significant difference in PCT parameters be-

tween responders and nonresponders, we performed parametric tests

after evaluation for data normality (Kolmogorov-Smirnov test). Cor-

relation coefficient analysis (Pearson rho) was also performed.

Cox-proportional hazards model analysis was used to identify the

potential predicted value of all available baseline parameters. Pre-

treatment tumor volume, BF, BV, MTT, and PS were the examined

predictors of response to induction chemotherapy as well as for PFS.

Receiver operating characteristic (ROC) curves were also conducted

for the continuous variables (pretreatment tumor volume, BF, BV,

MTT, and PS) to identify their predictive value for response to induc-

tion chemotherapy.

We used the bootstrap method to obtain more reliable estimates

of the standard errors of our estimated odds ratios and their 95% CIs;

for this, we drew 500 bootstrap samples of size 19 with replacement.

Bootstrapping is the method by which a repeated number of random

samples are drawn with replacement of the observed samples to ob-

tain a more reliable estimate of the standard error of the estimated

odds ratio of the predictor variable.24

All reported P values are based on 2-sided tests and are compared

with a significance level of 5%. SPSS 16.0 for Windows (SPSS, Chi-

cago, Ill) and MedCalc 9.4.2.0 (MedCalc Software, Mariakerke, Bel-

gium) for Windows were used for all calculations.

Results

CECT and Baseline PCT Examinations
The average tumor volume in the baseline CECTs was 74.9 �
13.5 mL (95% CI, 68.7– 81.1). The postinduction chemother-
apy tumor volume was 38.0 � 17.3 mL (95% CI, 34.4 – 41.5).
Eleven patients were classified as responders (all with partial
response [PR]), and 8 patients were nonresponders (all with
SD; Table 1).

All acquired perfusion studies were free of significant
movement artifacts and were suitable for additional postpro-
cessing. The baseline mean BF for the 19 subjects was 72.3 �
32.0 mL/min/100 g (95% CI, 69.5–75). The baseline BF in the
nonresponders group was 69.4 � 31.6 mL/min/100 g (95% CI,
66 –72.3). The baseline BF in the responders group was 77 �
32.05 mL/min/100 g (95% CI, 72.5– 81.4). There was a statis-
tically significant difference between the responder and non-
responder groups (P � .002).

The pooled baseline BV was 5.5 � 2.5 mL/100 g (95% CI,
5.3–5.7). The baseline BV in the responder group was 6.3 �
2.7 mL/100 g (95% CI, 6 –72.6). The baseline BV in the non-

Fig 1. CECT (A) and PCT parametric maps (B-E) of a male patient with SCCA carcinoma in the oropharynx and oral cavity (arrows) as well as enlarged lymph nodes (arrowheads) in Levels
I and II on both sides. B, BF map. C, BV map. D, MTT. E, PS map.
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responder group was 4.1 � 1 mL/100 g (95% CI, 4 –72.3).
There was a statistically significant difference between the re-
sponders and nonresponders groups (P � .00001).

The initial pooled MTT was 7.3 � 2.3 s (95% CI, 7.1–7.5).
The baseline MTT in the responders group was 5.5 � 2 s (95%
CI, 5.2–5.7). The baseline MTT in the nonresponders group
was 8.4 � 1.7 s (95% CI, 8.2– 8.6). The difference between the
responders and nonresponders groups was statistically signif-
icant (P � .00001).

The initial average PS in all subjects was 10.8 � 0.3 mL/
min/100 g (95% CI, 10.5–11). The baseline PS in the respond-
ers group was 12.6 � 1.7 mL/min/100 g (95% CI, 12.3–12.8).
The baseline PS in the nonresponders group was 9.8 � 3.1
mL/min/100 g (95% CI, 9.5–10.1). There was a statistically
significant difference between the 2 groups (P � .0001).

Correlations were found between pretreatment tumor vol-
ume and baseline BF (r � 0.33; P � .001) as well as between
pretreatment tumor volume and baseline MTT (r � �0.41;
P � .001). Other PCT parameters had low correlation coeffi-
cients: 0.1 for PS (P � .06) and 0.15 for BV (P � .7). A weak
significant correlation was also found between postinduction
tumor volume and baseline BV (r � 0.2; P � .001). Initial BF,
MTT, and PS had a stronger correlation with postinduction
tumor volume (r � 0.82; P � .0001; r � �0.48; P � .001; r �
0.46; P � .001).

Survival and ROC Curve Analysis
Recurrence developed in 4 patients (2 patients with SD and 2
patients with partial response). One responder and 3 nonre-
sponders died. The PFS (in months) in the pooled patient
group was 10.9 � 5.8 (95% CI, 8.1–13.7). In the group of
responders, the PFS was 11.2 � 5.5 (95% CI, 7.5–14.9),
whereas in the group of nonresponders the PFS was 10.5 � 6.5

(95% CI, 5.1–15.9). There was not a statistical significance
between the 2 subgroups (P � .8).

A correlation was revealed between PFS and radiologic re-
sponse (complete response, partial response, stable disease,
and progressive disease) (r � 0.47; P � .001) for all patients. In
the responder subgroup, the correlation was stronger (r �
0.48; P � .001) than in the nonresponder group (r � 0.34; P �
.001). The PCT parameters had significant correlations with
the PFS for all patients as follows: BF (r � 0.68; P � .0001), BV
(r � 0.59; P � .001), MTT (r � �0.35; P � .001), and PS (r �
0.61; P � .001). A significant correlation was revealed between
pretreatment tumor volume and radiologic response (r �
0.27; P � .0001). The pretreatment tumor volume also corre-
lated with the PFS for all patients (r � 0.4; P � .0001), whereas
postinduction tumor volume correlated significantly with the
PFS in the responder group (r � 0.64; P � .0001) and in the
nonresponder group (r � 0.22; P � .006).

The Cox proportional hazards model for the pooled pa-
tients showed that predictors of the PFS on the baseline exam-
ination were only pretreatment tumor volume (P � .0001)
and BF (P � .001). The Kaplan-Meier analysis for these vari-
ables is shown in Fig 2. In Fig 3, the increase in sensitivity
(coupled with a decrease in specificity) for the prediction of
recurrence and treatment response is plotted for the increas-
ing BF values in the general population. The slope of the sen-
sitivity curve is steep in the midportion of the graph, meaning
that with the difference between 30% sensitivity and that of
100% sensitivity on the basis of pretreatment BF is approxi-
mately 10 mL/min/100 g, which implies that its usefulness is at
the extremes of the graph.

The results of the ROC analysis to predict response after
induction chemotherapy are summarized in Table 2. Pretreat-
ment tumor volume and BV showed a 100% sensitivity,

Fig 2. Kaplan-Meier survival analysis showing the predictive value of tumor volume (A) and BF (B ) values for progression-free survival.

Fig 3. ROC analysis of BF measurements vs recurrence (A) and induction chemotherapy response (B ).
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which, however, was statistically significant only for the BV.
MTT and PS parameters had the highest specificity (100%;
P � .0001). BF showed satisfactory sensitivity and specificity
(84.2% and 66.7%, respectively; P � .0001). The slope of the
sensitivity curve for the prediction of response in the midpor-
tion of the graph shows that the difference between 20% sen-
sitivity and that of 90% sensitivity on the basis of pretreatment
BF is approximately 40 mL/min/100 g, which implies that its
clinical usefulness may be at this region (Fig 3B). Further Cox
proportional hazards model analysis for the predictive value of
the baseline PCT parameters in the responder group after the
induction chemotherapy and the postinduction tumor vol-
ume did not reveal any statistically significant results.

Discussion
Previous studies have shown that the pretreatment CT-based
tumor volume has a predictive role for the local control of
SCCA at different head and neck sites after treatment with
nonsurgical organ preservation.25-28 The likelihood of local
recurrence is higher in large-volume tumors than in small-
volume lesions arising in the larynx, hypopharynx, and naso-
pharynx. On the other hand, in the oropharynx, the tumor
volume does not seem to be predictive of local control in T2– 4
stages in both surgical and nonsurgical series.27,29,30 PCT stud-
ies in large patient cohorts showed significantly elevated BF,
BV, and PS values as well as shorter MTT values in the SCCAs
compared with the healthy tissue.19,22 On this base, it was pos-
tulated that PCT measurements would be valuable as outcome
predictors. It is interesting to note some studies showed that
PCT measurements may have prognostic value for response to
radiation therapy16,18 as well as to induction chemothera-
py.15,17 The theory behind these findings is that oxygenation,
which is an important predictor of tumor response to radia-
tion in vitro (and maybe in vivo)31 and may also influence the
efficacy of chemotherapy agents, particularly those affecting
cell cycling and free-radical formation,32 is closely associated
with perfusion parameters. We sought to compare the role of
PCT with that of the pretreatment CT tumor volume and to
assess the role of PCT measurements to predict the PFS and
local tumor control.

Our study of advanced oropharyngeal SCCA showed sig-
nificant (though weak) pretreatment tumor volume correla-
tion with the radiologic response grade, suggesting a role for
tumor volume to predict PFS in these patients. The predictive
value of tumor volume is maintained after the neoadjuvant
chemotherapy and is more pronounced in patients undergo-
ing organ preservation protocols than in those undergoing
surgical excision. However, perilesional edema and inflamma-
tory treatment response surrounding the lesion as well as fi-

brotic changes in the posttreatment regimen may affect accu-
rate tumor delineation and volumetric on follow-up scans;
thus, the precise predictive value of baseline tumor volume
may be limited.

The tumor volume (and, indirectly, the T stage of the tu-
mor) correlated weakly with the BF. This finding is in contrast
with a study in which no correlation was found between PCT
parameters and T stage.19 The major difference between this
study and our study is that our patient population consisted
exclusively of those with T3 and T4 tumors. Moreover, the
correlation coefficient between BF and tumor volume was not
high, which may reflect the fact that T3/T4 tumors may have a
mixed pattern of microscopic necrotic parts and highly angio-
genic foci that may result in variable (predominantly low)
mean PCT measurements. Although an exclusion of the gross
necrotic parts may seem feasible during the region-of-interest
analysis, the detection of the microscopic necrotic sites in the
perfusion and cross-sectional images is not possible; thus, they
represent a cofounding factor in the correlation between prac-
tically any perfusion-associated parameter and the tumor
volumetric. This also may be the reason for the lack of any
significant correlation between tumor volume and BV or PS.
MTT correlated negatively with the tumor volume, indicating
that large tumors may have more extensive arteriovenous
shunts and/or leaky vessels, which result in faster BF.

One important finding in our study was that there was no
statistically significant difference in the PFS between the re-
sponders and nonresponders after induction chemotherapy.
One possible explanation may be the small number of pa-
tients. Nevertheless, this finding implies that tumor volume
and T stage may not be the only criterion for including pa-
tients in neoadjuvant therapy and highlights the importance
of a careful patient selection on the basis of functional tumor
parameters. Such an approach may maximize the therapeutic
response and save time for the nonresponders. PCT perfusion
parameters seemed to outperform the morphologic character-
istics, being significantly different between responders and
nonresponders with high BF, BV, PS, and low MTT favoring a
tumor response, presumably reflecting better tumor oxygen-
ation. BF was also a significant predictive factor in the Cox
proportional hazards model, which is in concordance with the
work of Hermans et al,16 and all PCT parameters showed sig-
nificant sensitivity and specificity rates to predict the tumor
response to neoadjuvant radiochemotherapy. Reinforcing the
initial evidence that patients receiving adjuvant chemotherapy
may benefit from elevated tumor BV values, our study showed
that higher BV may predict tumor response, but the sensitivity
and specificity rates and the area under the curve (AUC) were
not as high as those in the work of Zima et al.15 We believe that

Table 2: ROC curve analysis results for the prediction of response to induction chemotherapy based on the pretreatment tumor volume and
the perfusion-associated parameters*

Response Cutoff Value Sensitivity (%) Specificity (%) AUC P Value
Pretreatment tumor volume (mL) �15.3 100 (99.1–100) 33.3 (26.5–40.7) 0.50 .84
Blood flow (mL/100 g/min) �66.2 84.2 (79.8–89.7) 66.7 (59.3–73.5) 0.63 .0001
Blood volume (mL/100 g) �7.4 100 (98.9–100) 30.6 (23.9–37.8) 0.59 .0005
Mean transit time (s) �8.5 43.7 (38.4–49.1) 100 (98–100) 0.62 .0001
Permeability (mL/100 g/min) �8.6 65.4 (60.1–70.4) 100 (98–100) 0.78 .0001

Note:—AUC indicates area under the curve.
* The values (95% CI) represent thresholds above or below of which the patients will show a response.
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the reasons for this discrepancy are slightly different patient
populations and different baseline BF, BV, MTT, and PS val-
ues, especially in the responders group. However, BV in both
studies showed higher sensitivity than specificity, highlighting
its potential as a stratification variable before the start of neo-
adjuvant chemotherapy. Compared with BV, BF showed more
acceptable sensitivity and specificity rates as well as AUC, and
its predictive value for PFS in the pooled patients group makes
it a more appropriate variable for clinical application.

With extension of the reported evidence about pretreat-
ment PS values,17 higher PS values were a positive response
predictor in our study. We assume that the higher PS values
are coupled with the increased BF and BV and indicate an
increased angiogenesis and/or vessel leakiness, which in turn
allow better tumor oxygenation. Considering the impact of PS
in the measurement of the BF, it needs to be mentioned that
use of our software requires certain simplifications in the ap-
plied tracer kinetic analysis (eg, assuming uniform and instan-
taneous mixing of contrast in the vascular or extravascular
compartment), which may mask significant predicting factors
or more pronounced P values in the significantly related pa-
rameters.33 It is possible that the application of more realistic
tracer kinetic models34 with new perfusion-associated param-
eters (eg, extravascular extracellular BV) may provide addi-
tional information.

The failure of PCT measurements to predict the patients’
survival in the responders group after postinduction chemo-
therapy may be because of the altered tumor perfusion after
the neoadjuvant chemotherapy. Thus, the baseline perfusion
values did not reflect the true tumor hemodynamics after the
completion of the radiochemotherapy. This may be addressed
by a second PCT examination in which the new perfusion
values would be used as input data for the prediction of recur-
rence and the estimation of cutoff values. Assuming that the
BF (like BV and PS) will become lower after successful induc-
tion chemotherapy, as described by Gandhi et al17 in a small
population, the new BF threshold may be lower than 66.2 mL/
100 g/min (as indicated in our ROC curve analysis), and this
may improve the sensitivity and specificity of the method. It is
also possible that serial PCT measurements after each induc-
tion chemotherapy cycle might reveal alterations of the func-
tional parameters that could revise the initial treatment plan
and, thus, predict the response in our patients. However, our
study design did not allow for such measurements, which
would demand a very high patient compliance.

Our analysis was based on the baseline and postinduction
morphologic CT as well as on the baseline PCT parameters,
with a goal of assessing their contribution in treatment re-
sponse prediction models. The results of may serve to build 2
robust models: 1) a model that will estimate the PFS according
to the initial tumor volume and the BF value, and 2) a model
that will identify patients who have a high probability of re-
sponding to induction chemotherapy. The first model will
give a rough estimation of survival according to the demon-
strated Kaplan-Meier graphs (Fig 2). For instance, a patient
with pretreatment tumor volume greater than 37 mL and a BF
less than 64.8 mL/min/100 g would have an expected PFS less
than 15 months after an induction chemotherapy protocol
(regardless of salvage surgery or radiochemotherapy in the
postinduction phase). The second model may predict the re-

sponse to induction chemotherapy and thus allow for better
selection and reduction in number of patients with advanced
oropharyngeal SCCA who would undergo such treatment. For
instance, a patient with BV higher than 7.4 mL/100 g and PS
higher than 8.6 mL/min/100 g would be expected to show a
good treatment response to induction chemotherapy with
concurrent radiation.

Our study inevitably had some limitations. Our patient
population was too small to evaluate the predictive role of
baseline PCT-derived parameters for the early and short-term
outcome in patients with SCCA in the upper aerodigestive
tract. However, the compact study design including patients
with advanced SCCAs and the strong, statistically significant
results are very promising, and additional prospective studies
are required to confirm our results. Furthermore, our refer-
ence standard for classification of treatment response was the
CT-based volume measurement, which may be consistently
performed across different institutions; however, CT assess-
ment of the extent of remission after completion of neoadju-
vant radiochemotherapy may lead to false predictions in a
significant percentage of patients.35 The classification of the
patients as responders on the basis of the RECIST criteria in-
troduced a bias in favor of the CT volume measurements. The
ideal study design, as mentioned above, should include perfu-
sion estimation after the induction chemotherapy to evaluate
whether routine CT or PCT more reliably predicts PFS. Fi-
nally, the mean follow-up in our study was short term (ap-
proximately 11 months), and the 2-year as well as 5-year sur-
vival rates were not assessed. A prospective long-term
follow-up of our patients is the aim of our next study.

Conclusions
We demonstrated the predictive value of tumor volume and
PCT values for the PFS in patients with advanced oropharyn-
geal SCCA. Pretreatment PCT parameters could predict re-
sponse to induction radiochemotherapy, whereas they did not
have any predictive value for the postinduction local tumor
control in the responders. Our findings highlight the role of
the PCT tumor measurements as a noninvasive, inexpensive,
readily accessible tool that may allow prediction of midterm
PFS and lead to improved patient stratification in the organ
preservation protocols to maximize the therapeutic benefit.

References
1. Hitt R, Ciruelos E, Amador ML, et al. Prognostic value of the epidermal growth

factor receptor (EGRF) and p53 in advanced head and neck squamous cell
carcinoma patients treated with induction chemotherapy. Eur J Cancer
2005;41:453– 60

2. Shiga H, Heath EI, Rasmussen AA, et al. Prognostic value of p53, glutathione
S-transferase pi, and thymidylate synthase for neoadjuvant cisplatin-based
chemotherapy in head and neck cancer. Clin Cancer Res 1999;5:4097–104

3. Mendenhall WM, Morris CG, Amdur RJ, et al. Parameters that predict local
control after definitive radiotherapy for squamous cell carcinoma of the head
and neck. Head Neck 2003;25:535– 42

4. Massano J, Regateiro FS, Januario G, et al. Oral squamous cell carcinoma:
review of prognostic and predictive factors. Oral Surg Oral Med Oral Pathol
Oral Radiol Endod 2006;102:67–76

5. Marcus B, Arenberg D, Lee J, et al. Prognostic factors in oral cavity and oro-
pharyngeal squamous cell carcinoma. Cancer 2004;101:2779 – 87

6. Ojiri H, Mendenhall WM, Stringer SP, et al. Post-RT CT results as a predictive
model for the necessity of planned post-RT neck dissection in patients with
cervical metastatic disease from squamous cell carcinoma. Int J Radiat Oncol
Biol Phys 2002;52:420 –28

7. Mukherji SK, O’Brien SM, Gerstle RJ, et al. The ability of tumor volume to

798 Bisdas � AJNR 30 � Apr 2009 � www.ajnr.org



predict local control in surgically treated squamous cell carcinoma of the su-
praglottic larynx. Head Neck 2000;22:282– 87

8. Pameijer FA, Mancuso AA, Mendenhall WM, et al. Can pretreatment com-
puted tomography predict local control in T3 squamous cell carcinoma of the
glottic larynx treated with definitive radiotherapy? Int J Radiat Oncol Biol Phys
1997;37:1011–21

9. Plataniotis GA, Theofanopoulou ME, Kalogera-Fountzila A, et al. Prognostic
impact of tumor volumetry in patients with locally advanced head-and-neck
carcinoma (non-nasopharyngeal) treated by radiotherapy alone or combined
radiochemotherapy in a randomized trial. Int J Radiat Oncol Biol Phys
2004;59:1018 –26

10. Baghi M, Mack MG, Hambek M, et al. Usefulness of MRI volumetric evalua-
tion in patients with squamous cell cancer of the head and neck treated with
neoadjuvant chemotherapy. Head Neck 2007;29:104 – 08

11. Ljumanovic R, Langendijk JA, Schenk B, et al. Supraglottic carcinoma treated
with curative radiation therapy: identification of prognostic groups with MR
imaging. Radiology 2004;232:440 – 48

12. Schmitt P, Kotas M, Tobermann A, et al. Quantitative tissue perfusion mea-
surements in head and neck carcinoma patients before and during radiation
therapy with a non-invasive MR imaging spin-labeling technique. Radiother
Oncol 2003;67:27–34

13. Nordsmark M, Overgaard J. A confirmatory prognostic study on oxygenation
status and loco-regional control in advanced head and neck squamous cell
carcinoma treated by radiation therapy. Radiother Oncol 2000;57:39 – 43

14. Wouters BG, Weppler SA, Koritzinsky M, et al. Hypoxia as a target for com-
bined modality treatments. Eur J Cancer 2002;38:240 –57

15. Zima A, Carlos R, Gandhi D, et al. Can pretreatment CT perfusion predict
response of advanced squamous cell carcinoma of the upper aerodigestive
tract treated with induction chemotherapy? AJNR Am J Neuroradiol
2007;28:328 –34

16. Hermans R, Meijerink M, Van den Bogaert W, et al. Tumor perfusion rate
determined noninvasively by dynamic computed tomography predicts out-
come in head-and-neck cancer after radiotherapy. Int J Radiat Oncol Biol Phys
2003;57:1351–56

17. Gandhi D, Chepeha DB, Miller T, et al. Correlation between initial and early
follow-up CT perfusion parameters with endoscopic tumor response in pa-
tients with advanced squamous cell carcinomas of the oropharynx treated
with organ-preservation therapy. AJNR Am J Neuroradiol 2006;27:101– 06

18. Hoskin PJ, Saunders MI, Goodchild K, et al. Dynamic contrast enhanced mag-
netic resonance scanning as a predictor of response to accelerated radiother-
apy for advanced head and neck cancer. Br J Radiol 1999;72:1093–98

19. Bisdas S, Baghi M, Smolarz A, et al. Quantitative measurements of perfusion
and permeability of oropharyngeal and oral cavity cancer, recurrent disease,
and associated lymph nodes using first-pass contrast-enhanced computed to-
mography. Studies Invest Radiol 2007;42:172–79

20. Gandhi D, Hoeffner EG, Carlos RC, et al. Computed tomography perfusion of

squamous cell carcinoma of the upper aerodigestive tract. Initial results.
J Comput Assist Tomogr 2003;27:687–93

21. Rumboldt Z, Al-Okaili R, Deveikis JP. Perfusion CT for head and neck tumors:
pilot study. AJNR Am J Neuroradiol 2005;26:1178 – 85

22. Hermans R, Lambin P, Van den Bogaert W, et al. Non-invasive tumour perfu-
sion measurement by dynamic CT: preliminary results. Radiother Oncol
1997;44:159 – 62

23. Breiman RS, Beck JW, Korobkin M, et al. Volume determinations using com-
puted tomography. AJR Am J Roentgenol 1982;138:329 –33

24. Walters SJ, Campbell MJ. The use of bootstrap methods for analysing Health-
Related Quality of Life outcomes (particularly the SF-36). Health Qual Life
Outcomes 2004;2:70

25. Mancuso AA, Mukherji SK, Schmalfuss I, et al. Preradiotherapy computed
tomography as a predictor of local control in supraglottic carcinoma. J Clin
Oncol 1999;17:631–37

26. Hermans R, Van den Bogaert W, Rijnders A, et al. Value of computed tomog-
raphy as outcome predictor of supraglottic squamous cell carcinoma treated
by definitive radiation therapy. Int J Radiat Oncol Biol Phys 1999;44:755– 65

27. Keberle M, Hoppe F, Dotzel S, et al. [Prognostic value of pretreatment CT
regarding local control in oropharyngeal cancer after primary surgical resec-
tion]. Rofo 2003;175:61– 66

28. Kurek R, Kalogera-Fountzila A, Muskalla K, et al. Usefulness of tumor volum-
etry as a prognostic factor of survival in head and neck cancer. Strahlenther
Onkol 2003;179:292–97

29. Hermans R, Op de beeck K, Van den Bogaert W, et al. The relation of CT-
determined tumor parameters and local and regional outcome of tonsillar
cancer after definitive radiation treatment. Int J Radiat Oncol Biol Phys
2001;50:37– 45

30. Nathu RM, Mancuso AA, Zhu TC, et al. The impact of primary tumor volume
on local control for oropharyngeal squamous cell carcinoma treated with ra-
diotherapy. Head Neck 2000;22:1–5

31. Nordsmark M, Overgaard M, Overgaard J. Pretreatment oxygenation predicts
radiation response in advanced squamous cell carcinoma of the head and
neck. Radiother Oncol 1996;41:31–39

32. Tannock IF. Experimental chemotherapy and concepts related to the cell cy-
cle. Int J Radiat Biol Relat Stud Phys Chem Med 1986;49:335–55

33. Bisdas S, Foo CZ, Thng CH, et al. Optimization of perfusion CT protocol for
imaging of extracranial head and neck tumors. J Digit Imaging 2008 May 3 [E
pub ahead of print]

34. Bisdas S, Konstantinou GN, Lee PS, et al. Dynamic contrast-enhanced CT of
head and neck tumors: perfusion measurements using a distributed-param-
eter tracer kinetic model. Initial results and comparison with deconvolution-
based analysis. Phys Med Biol 2007;52:6181–96

35. Klug C, Keszthelyi D, Ploder O, et al. Neoadjuvant radiochemotherapy of oral
cavity and oropharyngeal cancer: evaluation of tumor response by CT differs
from histopathologic response assessment in a significant fraction of pa-
tients. Head Neck 2004;26:224 –31

AJNR Am J Neuroradiol 30:793–99 � Apr 2009 � www.ajnr.org 799


