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Abstract

The study was undertaken in order to compare dose plans for intensity-modulated radiotherapy (IMRT) with 3D conformal
radiotherapy (3D-CRT) dose plans in patients with nasopharyngeal carcinoma (NPC). Clinical data from 20 consecutive
patients treated with IMRT are presented. For 11 patients 3D-CRT plans were made and compared to the IMRT plans with
respect to doses to the planning target volumes (PTVs) and to organs at risk (OARs). For comparison of the conformation of
dose to defined target volumes the conformity index (CI) was used. Target volume coverage and critical organ protection
were significantly improved with IMRT compared to 3D-CRT. One-year loco-regional control, distant metastasis-free
survival, and overall survival were 79%, 72%, and 80%. Two patients have had recurrence in the clinical target volume
(CTV) only and seven patients have relapsed in distant organs and/or in head-and-neck areas outside the target areas. The
study confirms that IMRT is superior to 3D-CRT in the treatment of NPC. As locoregional control of NPC improves we

are facing an increasing number of recurrences outside the irradiated area.

The incidence of NPC varies significantly from
less than 1 per 100000 person years in most
western countries and up to 25 per 100 000 person
years in Southeast Asia, Greenland and North
Africa [1]. This variation seems to be partly due
to early infection with Epstein-Barr virus in
genetically predisposed individuals, but chemical
carcinogens have also been associated with the
development of NPC [2]. Radiotherapy is the
most important treatment modality, and the prog-
nosis for patients with tumor localized in the
nasopharynx only (AJCC/UICC stage I) is excel-
lent [3], but unfortunately most patients ( ~90%)
have lymph node metastases and/or invasion in
adjacent structures at the time of diagnosis. The
superiority of combined chemo-radiotherapy over
radiotherapy alone has been demonstrated in
patients with stage III and IV disease and is now
standard treatment for these patients in most
radiotherapy centres [4].

Nasopharyngeal tumors are located at the base
of the skull in close proximity to several important
organs (e.g. eyes, optic nerves/chiasm, brain stem,
inner ear, and salivary glands) which may be
impossible to protect with 3D conformal radio-
therapy. CT/MR-guided intensity-modulated radio-
therapy (IMRT) seems to improve target coverage
and protect critical structures when applied to
patients with cancer of the nasopharynx [5,6].
At the Department of Oncology, The Finsen
Centre, Rigshospitalet, Copenhagen all patients
with NPC have been treated with IMRT since
2001. All treatment plans are based on fusions of
planning CT-scans with MR-scans and in some
cases also PET-scans. The present study was
undertaken in order to demonstrate the superiority
of IMRT compared with 3D conformal radio-
therapy regarding target volume coverage as well
as critical organ protection and to present survival
and recurrence data for 20 consecutive patients

Correspondence: Claus Andrup Kristensen, Department of Oncology 5073, Rigshospitalet, Blegdamsvej 9, DK-2100 Copenhagen, Denmark. Tel: +45 3545

8501. E-mail: andrup@rh.dk

(Received 20 November 2005; accepted 13 February 2006)

ISSN 0284-186X print/ISSN 1651-226X online © 2007 Taylor & Francis
DOI: 10.1080/02841860600635862



treated with IMRT between January 2001 and
March 2004.

Material and methods
Patients

Data from 20 consecutive patients (six female, 14
male), aged 14-78 years (median 47) treated
between January 2001 and March 2004 were
analyzed. Thirteen patients had undifferentiated
carcinoma, five patients had poorly differentiated
squamous cell carcinoma, one had intermediary
differentiated squamous cell carcinoma, and one
had adenoid cystic carcinoma. The distribution of
patients in T- and N-stages is given in Table I.
Median follow-up was 23 months (range 13-51).
All patients were treated with radiotherapy
(described in detail below) and the radiosensitizer
Nimorazol (Naxogin) 1200 mg/m? orally 90
minutes before each irradiation [7]. Weekly
concomitant cisplatin 40 mg/m? (max. 70 mg)
1.v. was introduced in our institution in 2003, and
only two of the 20 patients received concomitant
cisplatin.

Treatment planning

The patients were all treated on a carbon couch
positioned by an individual mask covering the
head and shoulders. The energy used for head
and neck treatments is 6 MV. In all patients,
treatment planning was based on fusion of
MRI performed routinely at the department of
Radiology and CT-scans performed as routine
therapy-planning CT-scans at the Department of
Oncology.

The lymph node levels were outlined according to
the guidelines of Gregoire et al. [8]. Target defini-
tions and dose specification were in accordance with
the recently developed guidelines for IMRT of head
and neck cancer developed by the Danish Head &
Neck Cancer Group (DAHANCA). Briefly, these
guidelines include the following:

Table I. Number of patients in the different T- and N-stages. The
distribution of patients in AJCC/UICC stages was: Stage I. 0
patients, stage II: 2 patients, stage III: 5 patients, and stage IV: 13
patients.

T-stage

N-stage 1 2 3 4

SV SR )
——-O O
—_ 0 = =
N = O O
QW N =

IMRT of nasopharyngeal carcinoma 215

Total radiation dose to the gross tumor volume
(GTV) (tumor and lymph node metastases): 68
Gy/34 fractions, 5 fractions per week.

Elective clinical target volume - high-risk
(CTVE-h) defined as areas close to the GTV
at high risk for microscopic disease (e.g. margins
around the primary, the whole lymph node level
in which lymph node metastases have been
found, possibly also the next lymph node level
below the level with metastases): Minimum dose
of 60 Gy.

Elective clinical target volume — low-risk
(CTVE-]) defined as volumes judged to be at
lower but still significant risk of microscopic
disease (uninvolved lymph node levels II, III, IV,
V, retropharyngeal): Minimum dose of 50 Gy.
Simultaneous integrated boost, minimum frac-
tion size for subclinical disease 1.5 Gy.
Maximum doses to specific organs at risk and to
the corresponding planning volumes (PRV) are
defined in Table II.

Dose limitations to other OARs: Parotid glands:
50% of the volume should be kept below 26 Gy.
Larynx: 67% of the volume should be kept
below 50 Gy.

IMRT plans were calculated using CadPlan or
Eclipse (both Varian Medical Systems). Planning
volumes were created by adding a margin of 4 mm
corresponding to our possible set-up error. Treat-
ments were delivered by Varian Clinac 2300 with
dynamic 120 leaf MLC. Seven gantry angles were
used (0, 51, 102, 154, 206, 258, 309); each
treatment field was normally split into two segments.

For 11 patients conventional 3D-CRT plans were
made retrospectively on CadPlan (owing to the lack
of electron calculation on our previous version of
Eclipse). The plans were made according to our
practice before the introduction of IMRT without
using the CTVs and PTVs. The traditional anterior-
posterior and cranial-caudal boundaries were used.
Primary fields to 46 Gy using 4-6 MV photons
included the spinal cord using two lateral opposed
fields with a half-beam technique and one anterior

Table II. Maximum prescribed doses to organs at risk (OARs)
and planning risk volumes (PRVs).

Organ Max. dose or OR  Dose ro PRV
Spinal cord 45 Gy 50 Gy
Brain stem 54 Gy 60 Gy
Optic chiasm 54 Gy 60 Gy
Optic nerves 54 Gy 60 Gy
Posterior part of eyes 45 Gy 50 Gy
Anterior part of eyes 30 Gy 35 Gy

Inner ears 54 Gy 60 Gy
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field inferiorly for the supra-clavicular area. Com-
pensation for inhomogeneity was used to obtain a
sagital midline dose of 2 Gy daily for the opposing
fields. From 46—68 Gy the fields were moved off the
spinal cord and if necessary, electron fields were
added to cover the involved lymph nodes close to the
spinal cord. Between 46 and 50 Gy was allowed to
the spinal cord and orbits were to be protected as
much as possible. No other OARs were taken into
consideration. The tumor+lymph nodes were to
receive 68 Gy (+5%). The 3D-CRT plans were
created by a highly experienced dose planner, in
order to compare the best possible conventional
plans with the IMRT plans.

Dose-volume histograms (DVHs) were calculated
for IMRT and 3D-CRT plans and maximum and
minimum doses extracted. Maximum dose was
defined as the dose received by 1% of the volume
in question and minimum dose was defined as the
dose received by 99% of the volume.

The ability to cover target volumes can be assessed
by the conformity index (CI), which estimates how
the 95% isodose level conforms to the PTV [6]:

Conformity Index = (Vpry/Vosy,) — (V _os0,/ Vo),

where Vpry =volume of PTV, Vys0, =volume en-
closed by the 95% isodose level, V _ 50, =volume of
PTV receiving dose <95% isodose level. The con-
formity index should ideally be 1. In situations where
the 95% isodose level does not exactly cover the
PTV, the CI decreases and may even become
negative.

Statistics

The Mann-Whitney U test was used for comparison
of minimum and maximum doses to target volumes
and organs at risk and for comparison of CIs. For
comparison of fractions of patients receiving doses
above/below the doses prescribed or allowed, Fish-
er’s exact test was applied. A two-sided p-value less
than 0.05 was considered significant.

Results

The distribution of maximum and minimum doses
to target volumes are shown in Figure 1. There were
no significant differences between IMRT and 3D-
CRT in maximum and minimum doses to PTV-T,
but the maximum doses to PTV-Eh and PTV-EI
were significantly lower with IMRT than with 3D-
CRT. In contrast, the minimum doses to PTV-Eh
and PTV-EI were significantly higher and varied less
with IMRT than with 3D-CRT. The IMRT doses
were generally more uniformly distributed around
and closer to the defined target dose of 60 Gy for
PTV-Eh and 50 Gy for PTV-El. A minimum dose of
95% (57 Gy) to the PTV-Eh was reached in 2/11
IMRT-plans vs. 0/11 3D-CRT plans (not signifi-
cant), but the volume of PTV-Eh receiving less than
57 Gy (5% less than the prescribed dose to CTV)
was significantly lower with IMRT (median 2%)
than with 3D-CRT (median 12%) (p <0.001). Five
of 10 patients received the 95% dose limit (47.5 Gy)
to all of the PTV-El with IMRT compared to 0/10
with 3D-CRT (p =0.03) and the median volume of
PTV-EI receiving less than 47.5 Gy was 0.25% and
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Figure 1. Doses to the planning target volumes. Maximum (received by 1% of the volume in question) and minimum (received by 99%)
target doses for PTV-T, PTV-Eh, and PTV-El with IMRT and 3D-CRT, respectively. Each dot represents the value obtained from
one patient; the small horizontal lines are medians. The large horizontal lines indicate 95% of the prescribed dose to the target volume.

*p <0.05.



14.5% for IMRT and 3D-CRT, respectively (p =
0.0002). These results translate into a significantly
improved conformity index of all PTVs by IMRT
compared to 3D-CRT dose planning (Figure 2).

Maximum doses to organs at risk (OARs) with
primary priority are shown in Figure 3. The max-
imum doses to the spinal cord and brain stem were
significantly lower with IMRT than with 3D-CRT.
Since the spinal cord was allowed to receive different
doses with IMRT (45 Gy) and 3D-CRT (46-50 Gy)
it was not possible to compare the maximum doses
to the spinal cord directly. In 9/11 IMRT plans
the dose to the spinal cord was kept at or below
45 Gy, whereas the dose limit of 50 Gy was exceeded
in 5/11 3D-CRT plans. The brain stem dose was
kept below 54 Gy in 8/11 IMRT plans but only in
1/11 3D-CRT plans. There were no differences in
organ protection or maximum doses to the optic
nerves, posterior/anterior eyes, or inner ears with
IMRT and 3D-CRT plans, respectively, although the
maximum dose to one or both inner ears could be
kept below the allowed 54 Gy in 8/11 patients with
IMRT compared to 3/11 patients with 3D-CRT
(p =0.08).

The entire volume of parotid glands received more
than 26 Gy in all 3D-CRT plans, whereas IMRT
allowed for protection of small areas of the parotid
gland in 9/11 cases (p <0.001), but only to a minor
extent (Figure 4). The median volume receiving less
than 26 Gy was 5% by IMRT (p =0.001). IMRT
was not superior to 3D-CRT with respect to larynx
or submandibular gland protection.

Of the 20 treated patients 11 are alive, eight
without recurrence. Nine patients have died, three
died without evidence of recurrent disease.

In total, nine patients of 20 treated had recur-
rences, seven of these with distant metastases. In
these seven patients, ten distant metastastic sites
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Figure 2. Comparison of IMRT and 3D-CRT conformity index
for PTV-T, PTV-Eh, and PTV-EL Each dot represents the value
obtained from one patient, the horizontal lines are medians.
*p <0.05.
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were identified (four hepatic, two subcutaneous, two
pulmonary, one osseous, and one inguinal). Two of
nine patients with recurrence had inoperable local
recurrence without evidence of distant metastases.

Four patients had distant metastases without
evidence of disease in the head and neck area. Until
now, five patients had recurrence in the GTV and
CTV. Median survival has not been reached at a
median follow-up of 23 months. One-year loco-
regional control, distant metastasis-free survival,
and overall survival were 79%, 72%, and 80%,
respectively.

Discussion

NPC is curable with combined chemo-radiotherapy
even in advanced stages without distant metastases.
Sufficiently high dose delivery to the PTV is crucial
for local tumor control and patient survival but with
conventional 3D-radiotherapy even treatment of
GTV to 66—-68 Gy occurs at the cost of considerable
morbidity [9]. The risk of severe side-effects (e.g.
radiation-induced myelopathy) has limited the ob-
tainable doses in 3D-CRT target volumes and led to
the introduction of IMRT in order to increase the
target dose with improved conformity and to reduce
the dose to organs at risk. There is a continuum
between conventional 3D-planning and IMRT; for-
ward 3D-planning can be sophisticated by attempt-
ing to cover the PTV-Eh and PTV-El to the
appropriate doses and multiple fields can be added
by forward planning or inverse 3D-CRT to approach
the dose distribution obtainable with IMRT [6,10].
We chose to compare the IMRT plans with our
previous practice of conventional 3D-CRT in order
to demonstrate what could be achieved by moving
directly to IMRT.

In the present study, the minimum dose to the
high- and low-risk elective target volumes was
significantly higher for the IMRT plans than for
3D-CRT (Figure 1). Furthermore, the CI was
significantly higher (closer to 1) for PTV-T, PTV-
Eh and PTV-El with IMRT than with 3D-CRT
(Figure 2). CI was originally introduced by Kno6s
et al. [11] as the degree to which the 95% isodose
curve covers the entire PTV (CI =PTV/Vgs¢,). Wu
et al. introduced an additional component to the
equation in order to lower CI in the situation where
PTV and Vs, are of the same size but not enclosing
exactly the same areas. In this case, the fraction of
PTYV receiving less than 95% of the prescribed dose
should be subtracted [6]. The results of our study
clearly demonstrate the superiority of IMRT in
conforming doses to given target volumes, which
should also be reflected in significant risk organ
protection. In fact, it was possible to decrease the
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Figure 3. Doses to risk organs of primary priority. Maximum doses received by 1% of the organ in question. Each dot represents the
value obtained from one patient; the small horizontal lines are medians. The large horizontal lines indicate the prescribed maximum dose.

*p <0.05.

maximum dose to the spinal cord and brain stem
and to induce significant parotid protection with
IMRT compared to 3D-CRT (Figures 3 and 4,
Table III). Corresponding results were reported in a
study of one patient with NPC by Xia et al. [12], and
Wu et al. found a significantly improved CI with
IMRT compared to 3D-CRT in 40 patients, but did
not report any data regarding doses to OARs [6].
Their mean CI of 0.59+0.07 with IMRT is very
close to our median value of 0.53 (range: 0.39-0.84)

——

even though our patients seem to have more
advanced disease stages, since the mean volume
and standard deviation of PTV-T in our series was
186493 cm’ compared to 69.0+34.7 cm? in the
study by Wu et al. [6].

The parotid glands could be protected to a minor
extent (median 5% of the parotid gland volume)
with IMRT, but not at all with 3D-CRT. However,
parotid gland volume receiving <26 Gy varied
considerably and was as high as 68.7% in one

h

100
90

¢

o 1'*.

80

70
60

50

Volume [%)

40
a0

20

10

Figure 4. Irradiated volumes in risk organs of secondary priority. Each dot represents the relative organ volume receiving more than the
prescribed maximum mean dose. The horizontal lines are medians. *p <0.05.
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Table III. Number of patients (n =11) in which the dose constraint was achieved with IMRT and 3D-CRT, respectively. Maximum dose
allowed to the spinal cord was 45 Gy for IMRT but in the 3D-CRT plans the spinal cord was treated to 46 Gy before field reduction.
Consequently, the dose limit was 45 Gy for IMRT and 50 Gy for 3D-CRT.

11 patients: Maximum doses or OR

Number succeeded IMRT

Number succeeded 3D-CRT

Spinal Cord 45/50 Gy 9 6
Brain stem 54 Gy 8% 1
Optical nerves 54 Gy 6 5
Ant. part of eye 30 Gy 7 8
Post. part of eye 45 Gy 8 8
Internal ear 54 Gy 1 0
Parotid glands 50% <26 Gy 1 0
Submand. glands 50% <26 Gy 1 0
Larynx 67% <50 Gy 1 5
*p <0.05.

patient (Figure 4). IMRT has been shown to
preserve the function of the salivary glands [13]
and a recent randomised trial has demonstrated a
significant preservation of parotid saliva flow rate
and a reduction of severe xerostomia from 86% to
46% already at six weeks after radiotherapy with
IMRT compared to 2D-CRT of 50 patients with
NPC [14].

Only two of our patients (10%) had recurrences
in the primary target volume without distant
metastases and seven patients (35%) developed
distant metastases. It is not possible to draw firm
conclusions regarding tumor control or patient
survival from the present study, but experience
with IMRT to NPCs was recently published from
the Memorial-Sloan Kettering Cancer Center,
New York [15] and from Prince of Wales Hospital,
Hong Kong [16]. Both centres had excellent
treatment results with a 3-year locoregional control
rate of 93% [15] and 3-year overall survival of
83% [15] and 90% [16] with improved normal-
tissue protection. These results seem better than
previous results with 3D-CRT, but as the loco-
regional control rate increases, the data presented
here and the results from both centers demonstrate
that distant metastases have become the predomi-
nant form of failure with 3-year metastasis free
survival rates of 78% [15] and 79% [16], respec-
tively. Concomitant chemotherapy was given to
93% of patients treated at Memorial Sloan-Ketter-
ing and 25% treated in Hong Kong. It is now part
of the standard treatment for most patients with
stage III-IV NPC, but the high incidence of
distant metastases in spite of concomitant che-
motherapy may suggest a role for neoadjuvant
chemotherapy in eradication of microscopic metas-
tases [4,17].

A multivariate analysis of the data from Hong
Kong showed dose escalation above 66 Gy to be a
favourable prognosticator, whereas the volume of

GTV was a significant adverse factor [16]. In our
study there was no obvious correlation between the
volume of PTV-T and CI, indicating that tumor
location (in close proximity to high risk organs) may
be as important for PTV coverage as tumor size.

Whether the demonstrated improved dose distri-
bution with IMRT leads to improved survival
remains to be proven. The excellent tumor control
and patient survival data from several other centres
using IMRT as standard treatment for patients with
NPC seem to diminish the need for randomized
trials, which would require the inclusion of several
hundred patients with this relatively rare type of
cancer. Even with multicenter collaborations it will
be almost impossible to recruit a sufficient number
of patients and the routine use of IMRT in most
large radiotherapy centres as standard treatment to
patients with NPC has made it difficult (and
unethical?) to convince patients to enrol in a trial
with a 50% chance of receiving a treatment with at
significantly increased toxicity and possibly reduced
effect compared to the standard IMRT treatment.
There are, however, several unresolved aspects of
IMRT. The distribution of lower doses of irradiation
to larger volumes of the patient may result in a
significant increase in the incidence of secondary
cancers and close follow-up and registration is
essential.

In conclusion, IMRT increased the conformity
index and the minimum dose to elective high- and
low-risk target volumes compared to 3D-CRT in
patients with NPC. IMRT also led to a decrease in
maximum dose to the spinal cord and brain stem
and enabled protection of a part of the parotid
glands. As concomitant chemo/radiotherapy im-
proves the loco-regional control, distant metastases
seem to emerge more frequently and neoadjuvant
chemotherapy may play an important role in early
eradication of metastatic cells.
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