Clinical Implications of Tumor Volume in Patients with the Base of Tongue

Cancer Treated with Definitive Intensity-Modulated Radiotherapy Technique

Abstract
Purpose: To investigate the impact of tumor volume in patients with the base of tongue
(BOT) cancer treated with definitive intensity-modulated radiotherapy technique (IMRT).

Materials and Methods: From 2003 to 2009, 35 patients with stage I1-1V squamous cell

carcinoma of the (BOT) cancer receiving organ preservation scheme were enrolled in this
retrospective analysis. Radiotherapy was performed using a sequential IMRT. All patients
received 1.8 Gy daily up to a median total dose of 70.2 Gy to gross tumors and metastatic
lymph nodes, whereas the area harboring microscopic disease was prescribed with a median
dose of 50.4 Gy. Twenty-four patients had concurrent chemotherapy. The regimen consisted
of cisplatin (80—100 mg/m2 on Days 1, 22, 43). Primary tumor volume measurement was
derived using separate simulation images for the pretreatment gross tumor volume (pGTV)
and the interval gross tumor volume (iIGTV).

Results: With a median follow-up duration of 18 months, 24 patients (68.5 %) were found to
have locoregional failures. The 2-year cause-specific survival was for all patients was 24%
and this could be split into 25% for stage I1-111 disease, and 18% for stage 1V disease (p=0.29).
The 2-year primary relapse-free survival (PRFS) was 35 % for patients with T2-T3 disease,
and the curve dropped to zero for patients with T4 disease (p=0.01). The pGTV value ranged
from 8.1 to 165mL (median, 34.6 mL), whereas the iGTV ranged from 3.8 to 79.3 mL
(median, 19.4 mL)..Multivariate analysis showed that there were two predictors for the PRFS:
pGTV = 20ml (p=0.02, hazard ratio= 5.87, 95% CI 1.29-26.72) and volume reduction rate
(VRR) < 0.4 (p = 0.002, hazard ratio 4.33, 95% CI 1.71~10.99).

Conclusions: This preliminary study shows that IMRT outcome in the BOT cancer patients

was unsatisfactory. To optimize the treatment result, a dose-escalation scheme or combined



surgery should be considered for large pretreatment tumor burden or a VRR less than 0.4.

Keywords: Base of tongue cancer, Intensity-modulated radiotherapy technique, Prognostic

factor, Tumor volume.



Introduction

Traditionally, cancer of the base of the tongue (BOT) is classified as orophayngeal cancer.
Earlier, there were some debates about the treatment of choice for this aggressive tumor.
Generally, two major treatment options are usually recommended. One is surgery with or
without adjuvant therapy; the other is organ sparing scheme using radiotherapy (RT) or
concurrent chemoradiotherapy (CCRT). There were two large retrospective studies
investigating the treatment outcome with organ sparing scheme [7, 15]. One of the two studies
reported a comparable survival compared with previous surgical series [15], but the results
seemed inferior than the RT outcome reported in several tonsillar cancer studies [2, 5, 6, 11,
14]. Because organ sparing scheme in oropharyngeal cancer patients has become one of the
treatment of choice [14, 15], many physicians considered that resection of the large amount of
oropharyngeal structures might endanger speech and swallowing function with subsequent
jeopardizing patient’s quality of life. Recently, the treatment option for oropharngeal cancer
has shifted more toward organ preservation scheme with a popularity of intensity modulated
radiotherapy technique (IMRT) or CCRT.

In our previous studies investigating the efficacy of organ sparing scheme in patients
with tonsillar cancer [3, 13], a higher local recurrent rate was observed when compared to
other western reports [2, 5, 6, 11]. One plausible reason for the poor RT outcome might be
attributed to the lower prevalence of human papillomavirus (HPV)-related oropharyngeal
cancer in Asia [4, 12]. For patients with the BOT cancer, a clinical investigation is also
required to compare their outcome with the tonsillar analogue. In addition, a comprehensive
analysis for this patient cohort is important when determining a better patient selection or
performing a more aggressive combined modality treatment.

Tumor burden is a well known prognostic factor for head and neck patient treated by RT
[17, 19]. The aim of this retrospective study was to investigate the volumetric impact on

IMRT treatment outcome in patients with the BOT cancer. Furthermore, tumor volume



reduction rate (VRR) during RT has been reported to be a predictor of RT outcome for lung
and rectal cancers [10, 18]. From the radiobiologic point of view, VRR during irradiation
might relate to many factors, such as intrinsic radiosensitivity, tumor Kinetics, capacity for
tumor repopulation, and proportion of normal tissue in the tumor. When assessing local
control by RT, using a single biologic model to represent the final treatment outcome might
be problematic. Thus, the value of VRR is more important in definitive RT or CCRT for head
and neck cancer because surgical resection is not always planned after treatment. To test the
prognostic value of VRR in the BOT cancer during RT, the VRR was also analyzed when
determining more appropriate patient selection criteria for salvage treatment or a dose

escalation scheme.

Materials and methods
Patients

Between January 2003 to December 2009, 35 patients with stage 11-1V squamous cell
carcinoma of BOT patients, who were completed their allocated IMRT course for organ
preservation scheme at China Medical University Hospital, were included in this retrospective
study. All patients were staged after comprehensive physical examination, laryngoscopy,
tumor biopsy, chest radiograph, computed tomography (CT) of the neck, abdominal
ultrasonography and bone scan. None had distant metastasis after initial survey. There was no
intended combined surgery following definitive RT.

The age of the patients ranged from 39 to 77 years with a median of 55 years. The men
(n = 33) outnumbered the women (n = 2). The sites of tumor involvement were mainly based
on the findings of laryngoscopy and all of the involved sites were recorded. For tumors
involving both the BOT and the mobile tongue, the origins were determined by the amount of
tumor burden at two sites. Neck lymph nodes were considered pathologic when matching any

one of two criteria: 1) the shortest axis is larger than 0.8 cm; 2) multiple small lymph nodes



were in clusters. The patient characteristics and distribution of TNM classification are listed
in Tables 1. The staging system was according to American Joint Committee on Cancer
(AJCC) 6" edition staging system.
Treatment
A sequential intensity-modulated technique (IMRT) was given to all patients. They

received 1.8 Gy daily up to a total dose of 68.4 to 72.0 Gy (median 70.2 Gy). The gross tumor
volume (GTV) included the primary tumor and involved lymph nodes of more than 1-cm in
diameter on CT imaging. The clinical target volume (CTV) modeled regions were considered
two regions of different risks. The CTV1 encompassed the GTV and the regions adjacent to
the gross tumor. The CTV2 consisted of ipsilateral or contralateral elective nodal regions at
risk of harboring microscopic tumor. The planning target volume (PTV) consisted of a 3-mm
margin in all directions around the CTV. The dose delivered to the CTV1/CTV2 during the
first course was 50.4 Gy (1.8 Gy x 28 Fr) and the CTV1 was boosted a further 19.8 Gy (1.8
Gy x 11 Fr) during the second course. Thus, the cumulative dose to the CTV1/CTV2 was 70.2
Gy/50.4 Gy, respectively. The RT duration for all patients ranged from 43 to 77 days (median
56 days).

Twenty-four patients (68.6 %) received concurrent chemotherapy. The regimen consisted
of cisplatin (80—100 mg/m2 on Day 1, 22, 43), as described in the Intergroup study [1].
Target volume delineation

Pre-treatment contrast-enhanced head and neck CT were performed in all patients. CT
simulation was done with non-enhanced CT image with 3mm slice from orbital bone to 2 cm
below Louis’ angle. We co-registered the pre-treatment contrast-enhanced CT image and
non-contrast CT simulation image for target volume delineation.

Generally, at least two radiation oncologists delineated the pretreatment primary gross
tumor volume (pGTV). After 20 fractions of the first IMRT course, all patients underwent an

adaptive CT simulation. Interval primary gross tumor volume (iGTV) was defined as the



residual primary tumor volume which was contoured in the adaptive image. The iGTVs were
also determined with the same methods. The values of the pGTV and the iIGTV were
calculated automatically by the planning system (Eclipse Version 8.0). When the values
varied by less than 10 %, an average of two readings was used as the measured volume. When
the variation exceeded 10 %, another contouring and measurement was made for the
correction of the biases. The detail of tumor volume definition was reported in our previous
study [1]. Volume reduction rate (VRR) were calculated by the equation [VRR = (pGTV -
IGTV) / pGTV] as described by our preceding study [19].
Follow-up

After the completion of the treatment, all patients were followed up every 1 to 2 month
during the first 2 years, then every 3 to 4 months thereafter. Physical examination and
laryngoscopic exam were performed during each follow-up examination and a CT scan of the
neck was done every 4 to 6 months during the first 2 years. For the patients who survived, the
follow-up period ranged from 4 to 81 months (median 13 months). The definition of local
failure was based on the results of either the laryngoscopy or CT scan of the neck, or both.
When the patient had persistent tumor or locoregional recurrence following initial complete
remission, salvage surgery was suggested when technically feasible and the patient’s
condition allowed it.
Statistical analysis

Cause-specific survival (CSS), local relapse-free survival (LRFS) and primary
relapse-free survival (PRFS) were calculated using the Kaplan-Meier method. Salvage of the
recurrences was not taken into account in the evaluation of LRFS or PRFS. Significance
levels between the curves were calculated using the log-rank test. Multivariate analysis was
performed using Cox’s proportional hazards model. Student’s t test was used to assess the
statistical significance of volumetric parameters between primary relapse and primary

relapse-free groups. A p-value of less than 0.05 was considered statistically significant. All



calculations were performed with SPSS 13.0 for Windows (SPSS Inc, Chicago, IL, USA).

Statistical significance was determined as p <0.05, two-tailed.

Results

Complete remission was observed in 16 patients (45.7 %) when the treatment response
was assessed at one month after treatment. With a median follow-up duration of 18 months, 7
patients were alive without documented recurrent disease. Three patients experienced
locoregional relapse and were still alive after salvage or palliative treatment, one of them was
observed to have lung metastsis. Eighteen patients had died of cancer (6 in primary relapse;
12 in both primary and neck lymph node relapse). Four patients died of complication without
evidence of recurrent cancer. Three patients died due a metachronous or synchronous
secondary cancer without tumor relapse (2 in hepatocellular carcinoma; 1 in esophageal
cancer). Among the 21 patients with recurrent locoregional diseases, 7 have developed
primary tumor relapse, 1 had isolated neck LN recurrence and 13 experienced both events.
The outcome of all patients is listed in Table 2.

The 2-year CSS for all patients was 24% and this could be split into 25% for stage 1I-111
disease, and 18% for stage 1V disease (p=0.29). The 2-year LRFS was 30 % for patients with
stage II-111 disease, and 9 % for stage IV disease (p=0.13). The 2-year PRFS was 35 % for
patients with T2-T3 disease, and the curve dropped to zero for patients with T4 disease
(p=0.01), as depicted in Figure 1.

The pGTV value ranged from 8.1 to 165mL (mean, 47.1 mL; median, 34.6 mL), whereas
the iIGTV ranged from 3.8 to 79.3 mL (mean, 27.9 mL; median, 19.4 mL). The VRR value
ranged from -0.18 to 0.64 (mean, 0.39; median, 0.41). The distribution of tumor volume and
VRR respect to T stage is listed in Table 3. The correlation of volumetric parameters between
primary failure and primary relapse-free groups is given in Table 4. Tumor volume changes

according to primary relapse, were as followings: the mean pGTV in relapse-free patients was



31.73 mL(range, 8 to 73 mL) and , in patient who had primary relapse, 56.14 mL (range,
13-165 mL) (p=0.06). The mean iIGTV in relapse-free patients was 15.1 mL (range, 3.8 to 37
mL) and, in patient who had primary relapse, 35.5 ml (range, 10 to 79mL) (p= 0.006). The
mean VRR in relapse-free patients was 0.51 (range 0.28~0.6) and, in patients with relapse,
0.32 (range, -0.18~0.64) (p=0.008).

The impact of the tumors and the treatment-related parameters on the CSS and the PRFS
were analyzed by univariate and multivariate analysis, and the results are presented in Table 5.
Multivariate analysis showed two prognostic factors for the CSS: pGTV = 20 mL (p = 0.000,
hazard ratio= 16.83, 95% CI 3.5-75.1), VRR < 0.3 (p = 0.000, hazard ratio= 10, 95% ClI
3.1-31.3. There were two predictors for the PRFS: Multivariate analysis showed that there
were two predictors for the PRFS: pGTV = 20ml (p=0.02, hazard ratio= 5.87, 95% CI
1.29-26.72) and a VRR < 0.4 (p = 0.002, hazard ratio 4.33, 95% CI 1.71~10.99). The results
were not significant when the cutoff tumor volume or VRR was adjusted to other cutoff
values. Figures 2 and 3 depict the correlation of the PRFS curves with the pGTV and VRR.
The 2-year PRFS for pGTV <20 mL and pGTV = 20 mL were 77 % and 8.7 % (p=0.01),

whereas the curves for VRR > 0.4 and VRR = 0.4 were 37 % and 6 % (p=0.001).

Discussion

There was a rarity of the available IMRT studies exploring the treatment outcome
confining a single anatomic site of the BOT. Most reports used a pooling of data from all
oropharyngeal structures, including tonsillar fossa, soft palate and pharyngeal wall. To the
best of our knowledge, this study is the first Taiwanese investigation to explore the IMRT
outcome in patients with the BOT cancer. Also, this work is the first report examing the
impact of tumor volume on treatment out come in this cancer. When stratifying the stage and
the volumetric data which were reported in our previous studies [13, 19], the treatment

outcome was unsatisfactory compared to the tonsillar analogue. Thus, further optimization of



treatment modalities is required if the patient was planned to receive organ preservation
scheme.

In Taiwan, the prevalence of HPV—-related oropharyngeal cancers was less than 20 %,
which was far lower than that in the western countries [4]. Perhaps, this might be a plausible
explanation for the inferior outcome in our patients with the BOT cancer. However, it will be
essential to further recognize the reasons for the substantial difference of the survival curves
between the two cancers because the same RT strategy was taken in treating the tonsillar and
the BOT cancer. To answer the question, a molecular study is ongoing in our hospital to
identify the biomarkers other than HPV for the different oropharyngeal cancers.

Based on the results of our preliminary study, more efforts should be taken for
circumventing the higher local failures. To achieve this goal, there are several feasible
approaches. First, the median overall treatment duration was relatively longer because more
fraction numbers were used in the sequential IMRT compared with that in the simultaneous
integrated boost IMRT [2, 5, 6, 11]. Thus, it is essential to shorten the overall treatment time
by using a large fraction size. Second, more extensive use of CCRT is recommended for this
aggressive cancer because a phase I11 trial demonstrated the superiority of combined modality
[1].

In addition, a planned combined surgery or a dose escalation scheme should be
considered in those with large pGTV or small VRR. In particular, this study used a volumetric
data that derived from the BOT cancer. Despite the fact that pretreatment tumor volume can
be a predictive factor is not novel, treatment results might be optimized if volumetric data was
used to supplement the clinical stage. Because of diversity in the radiosensitivity between
tumors of different origins, the clinical implication of volumetric data seems to be limited if
the studied group includes heterogeneous tumor sites. In our previous study [19], the large
pretreatment tumor volume and the VRR less than 0.5 were two poor outcome predictors for

local control in patients with the tonsillar and the hypopharyngeal cancer treated in the IMRT
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era. This study demonstrated a similar finding that those with pGTVs more than 20 mL or
VRRs less than 0.4 did poor in PRFS. Thus, they should be considered for a salvage operation
or a dose-escalation scheme.

Cancers of the BOT tend to be infiltrative and more extensive than image or endoscopy
suggested. This makes it difficult for the surgeon to ensure if the resected tissue encompasses
all microscopic tumors [7]. Nonetheless, Robertson et al. conducted a phase |11 trial to
investigate the outcome in patients with advanced tongue and mouth floor cancers, treated by
surgery plus postoperative RT or definitive RT [16]. Their study was closed prematurely
because the authors found that the survival was substantially improved in the surgery plus
adjuvant RT arm after a median follow-up of 23 months. Accordingly, radical surgery plus
postoperative RT/ CCRT is probably an alternative way to achieve a better locoregional
control or survival in selective patients with the BOT cancer as the similar conclusion shown
in an another phase Il trial [8].

Furthermore, interstitial brachytherapy is another feasible way to improve local control.
It can be used to be a boost treatment combined with external beam radiation or as a single
modality for early tumors. For unresectable BOT cancers, Karakoyun-Celik Omur et al.
demonstrated a boost interstitial brachytherapy could achieve a 5-year local control and
overall survival of 62% and 78% [9]. In their study, 122 patients were treated with a median
external beam dose of 61.2Gy following by a brachytherapy boost of a median implant dose
of 17.4 Gy.

There were several limitations in our study. First, the patient number was quite small.
Second, the follow-up duration was not rather long. Because both factors could contribute
statistical bias in our study, a larger cohort with sufficient follow-up duration is required to
elucidate comprehensive outcome for the BOT cancer patients. Finally, the contouring
uncertainties might also affect the result of the VRRs, particularly in the interval GTV derived

from the adaptive image. The variations can be reduced with the use of contrast-enhanced CT
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during simulation.

In conclusion, our preliminary report showed that the IMRT outcome in the BOT cancer
patients was unsatisfactory. In those with pGTVs = 20 mL or VRRs < 0.4, a planned
combined surgery or a more aggressive RT scheme should be considered for optimizing the

treatment outcome in this highly aggressive cancer.
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Figures Legends

Figure 1. Primary tumor relapse-free survival curves according to T-stage for all patients.

Figure 2. Primary tumor relapse-free survival curves according to pretreatment GTV volume
for all patients (pGTV <20mlvs. = 20mL).

Figure 3. Primary tumor relapse-free survival curves according to volume reduction rate

(VRR) for all patients (VRR = 0.4 vs. VRR < 0.4)
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Tables

Table 1. Patient characteristics in base of tongue cancer (Total, 35 patient)

Table 2 Patient outcome in base of tongue cancer

Table 3. primary tumor volume and volume reduction rate vs. T stage

Table 4. Correlation between tumor volume parameters and primary tumor relapse
Table 5. Result of univariate and multivariate analysis for cause-specific survival and

primary tumor relapse-free survival
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Fig.2 PRFS_pGTV
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Fig. 3 PRFS_VRR
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Tables

Table 1. Patient characteristics in base of tongue cancer (Total, 35 patient)

Characteristic

Valuwe

Age (years)
Sex

Pathology

W-D/M-D squamous cell carcinoma

P-D squamous cell carcinoma
Unclassified
Others
AJCC Stage
Performous status
ECOG0-1/2
Tracheostomy
Negative / positive
Radiation dose (Gy)
Treatment duration
Concurrent chemotherapy
Yes
No

Follow up (months)

39-77 (median, 55)

Male 33, Female 2

15
3
10
7

:3 1:4 1Va:25 1Vb:3

33/2

2817
68.4 to 74.4 (median, 70.2)

43 to 77 (median, 56)

24
11

4-81 (median, 18)

Abbreviation: W-D = well-differentiated; M-D =moderately-differentiated; P-D =

poorly-differentiated; AJCC = American Joint Committee on Cancer; ECOG = Eastern

Cooperative Oncology Group.
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Table 2 Patient outcome in base of tongue cancer

Outcome

Patient number

Alive without evidence of recurrence
Alive with evidence of recurrence
Primary relapse and lung metastasis
Neck lymph node relapse
Primary + neck lymph node relapse
Died of cancer
Primary relapse
Primary and neck lymph node relapse
Died of complication without evidence of
recurrent cancer
Died of metachronous or synchrounous second

cancer without evidence of recurrent disease

18

12

18
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Table 3. primary tumor volume and volume reduction rate vs. T stage

No. of VRR
No.  Mean pGTV (ml) Mean iGTV (ml)  Mean VRR >06 >05 >04 >03
ALL | 35 47.1 (8.1~165) 27.9(3.8~79.3) | 0.39(-0.18~0.64) | 4 13 21 27
T2 16 28.5 (8.1~68.6) 15.7 (4.6~33.9) | 0.43(0.16~0.60) 2 7 11 14
T3 8 54.8 (18.2~125.9) 28.5(9.5~73.5) | 0.47 (0.3~0.61) 1 4 6 8
T4 11 70.2 (16.4~165.3) | 46.3(12.5~79.3) | 0.26(-0.18~0.64) | 1 2 4 5

Abbreviations: pGTV = pretreatment gross tumor volume; iGTV = interval gross tumor volume; VRR = volume

reduction rate.




Table 4. Correlation between tumor volume parameters and primary tumor relapse

20

Primary tumor relapse (+) (n=22)  Primary tumor relapse (-) (n=13) p-value
Mean pGTV(ml) £ SD 56.14 + 39.9 31.73 +22.69 0.06
Mean iGTV(ml) £ SD 35.51+22.78 15.09 £ 10.32 0.006*
Mean VRR £ SD 0.32+0.22 0.51+0.09 0.008*

Abbreviations: pGTV = pretreatment gross tumor volume; iGTV = interval gross tumor volume; VRR = volume

reduction rate; SD = standard deviation.



Table 5.

Result of univariate and multivariate analysis for cause-specific survival and

primary tumor relapse-free survival

Variables CSS CSS PRFS PRFS
Univariate Multivariate Univariate Multivariate
p-value p-value p-value p-value
Age <50vs. = 50 0.59 0.36 0.04 0.41
T2-T3vs. T4 0.008 0.73 0.01 0.46
Stage IlI-111 vs. Stage IV 0.29 0.67 0.22 0.79
NO vs. N1-3 0.70 0.31 0.7 0.23
Treatment duration < 60 days vs. 0.44 0.93 0.07 0.92
= 60 days
Smoking (+) vs. (-) 0.03 0.06 0.77 0.80
pGTV <30mLvs. = 30mL 0.07 0.34 0.17 0.64
pGTV < 25mlvs. = 25mL 0.006 0.05 0.02 0.66
pGTV< 20ml vs. = 20mL 0.13 0.02 0.01 0.02
pGTV<15vs. = 15mL 0.52 0.97 0.21 0.68
VRR = 0.6 vs. VRR < 0.6 0.36 0.88 0.38 0.7
VRR = 0.5vs. VRR<0.5 0.57 0.91 0.01 0.07
VRR = 0.4vs. VRR<0.4 0.04 0.44 0.001 0.002
VRR = 0.3vs. VRR<0.3 0.04 0.000 0.019 0.18
VRR = 0.2vs. VRR<0.2 0.12 0.78 0.04 0.01

Abbreviations: CSS = cause-specific survival; PRFS = primary tumor relapse-free survival; pGTV =

pretreatment gross tumor volume; VRR = volume reduction rate.
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3,3% © This article which pointed out the impact of pretreatment tumor
volume and volume reduction rate in patients with base of tongue cancer

treated with definitive IMRT 1s important for clinical use.
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% = 4% %2 Thus, it is essential to shorten the overall treatment
time.....” & Table5 &% 2 % & o
“Second, more extensive use of CCRT is recommended....” > ie A& 3 ¢ i
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