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Metaplastic carcinoma of the breast: report of two cases
in clinical, mammographic, and sonographic findings
with histopathological correlation
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ABSTRACT

M etaplastic breast carcinoma is a very rare breast malignancy. It regards as ductal carci-
nomas that undergo metaplasia into nonglandular mesenchymal tissue, consisting with
squamous, spindle cell, chondroid (cartilaginous) or osseous differentiation. The clinical presenta-
tion is usually a palpable mass. Axillary lymph node metastasis is infrequent. No specific
mammographic features are found. The mass often shows high density. The borders vary from
well-circumscribed to speculated margins. Associated microcalcifications are uncommon. On
sonographic examination, complex echogenicity with solid and cystic components may be seen and
is highly suggestive of metaplastic breast carcinoma. It relates to necrosis and cystic degeneration
found histopathologically. Excisional biopsy is preferred for tissue diagnosis because asplratlon

cytology or core-needle biopsy may miss the metaplastic component.
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INTRODUCTION
Metaplasia is a process in which glandu-
lar epithelium differentiates into nonglandular

mesenchymal tissue.

Metaplastic carcinoma
of the breast is an overt infiltrating ductal
carcinoma with extensive squamous differen-
tiation and/or spindle cell proliferation, chon-
droid (cartilaginous) or osseous heterologous
elements. ® It is a very rare breast neoplasm
accounting for less than 1 % of all breast

malignancies. ©

Differentiating metaplastic
breast carcinoma from breast sarcoma is
important because the natural history, surgical
treatment, chemotherapy regimen and progno-
sis differ.® To our knowledge, according to
the rarity of this type of breast neoplasm, little
has been reported on the radiologic findings
in metaplastic carcinoma, especially the
sonographic findings. **"

The purpose of this study was to
describe the mammographic and sonographic
findings of metaplastic carcinoma of the breast
and to correlate the radiologic features with

clinical and histopathologic findings.

MATERIALS AND METHODS

A retrospective review of the pathologi-
cal data of 3,531 histopathologically proven
breast cancer cases diagnosed at Ramathibodi
hospital during January 1992 to September
2004 revealed 6 cases of metaplastic carci-
noma. Three cases were excluded from
the study because no imaging was obtained.
Another case was excluded because the

mammogram was destroyed. The history,

physical examination, mammographic and
sonographic findings were reviewed for the
remaining two cases.

Mammography by routine craniocaudal
and mediolateral oblique views was performed
including spot compression magnification view
to verify the lesion. Our breast diagnostic center
has two mammographic machines, Lorad M-IV
(TREX Medical corporation, Lorad division,
Danbury, CT, U.S.A.) and Sonographe DMR+
(General electric medical systems, Waukesha,
WI, US.A.) The mammograms were retro-
spectively reviewed by three radiologists who
were specialists in breast imaging. The evalua-
tion was performed as consensus interpretations.

Each mammographic lesion was charac-
terized according to size (measured as the
maximum dimension on mammogram), mass
characteristics (shape, margin, density and loca-
tion), presence and type of microcalcifications,
architectural distortion and other associated
findings present such as skin change or nipple
retraction. Breast compositions were catego-
rized as almost entirely fat, scattered fibroglan-
dular densities, heterogeneously dense and
extremely dense using the American College of
Radiology’s Breast Imaging Reporting and
Data System (BI-RADS) ©

Sonography was performed with high-
resolution (Linear array L12-5 50 mm.)
sonographic equipment (HDI 5000; Philips
ultrasound, Bothell, WA, U.S.A.). The sono-
graphic films of each patient were reviewed
after the mammograms and were assessed

for lesion shape, margin, echogenicity and
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posterior acoustic patterns.

Microscopic slides of the patients were
reviewed by a pathologist who was breast
pathology specialist. The specific metaplastic

components were identified.

CASE REPORT
Case 1

A b4-year-old postmenopausal woman
presented with a 4-cm mass in the right axilla
for 3 weeks. An excisional biopsy was done at
a community hospital. The pathology disclosed
metastatic carcinoma. She was referred to

Ramathibodi Hospital for further management.

No family history of breast cancer was existed.
No palpable mass was detected on the physical
examination. The mammogram revealed a
1.4-cm, lobular mass with partially indistinct
border located at the lower-inner quadrant of
the right breast. It had high density compared
to the glandular tissue. (Figure 1a, b and c¢) No
microcalcification, architectural distortion or
skin change was associated. The breast
composition was heterogeneously dense. On
ultrasound, this mass appeared as a circum-
scribed, lobular hypoechoic mass with small
internal cystic space. Mild posterior acoustic

enhancement was noted. (Figure 2)

Fig 1: Mammography in (a) craniocaudal, (b) mediolateral oblique and (c) spot compression
magnification views demonstrate a 1.4-cm, high-density, lobular mass with partially indistinct
border at the lower-inner quadrant of the right breast (arrows)

Fig 2: Sonography shows a circumscribed,
lobular hypoechoic mass with small internal
cystic spaces.



Core needle biopsy using a 14-gauge
needle was performed under ultrasound guidance.
The pathology was carcinoma with squamous
metaplasia. (Figure 3a and b) Definite surgical
treatment was planned, but the patient lost

follow-up since December 2000.

Fig 3: (a) Photomicrography shows invasive
carcinoma cells with intense lymphocytic infiltra-
tion in the stroma. (Hematoxylin and eosin stain
x 100).
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(b) There is nest of squamous metaplastic
cells (area within the arrows) (Hematoxylin and
eosin stain x 200)
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Case 2

A 43—year;old female presented with
a rapidly growing lump in her left breast
for 1 month. She was surgically menopau-
sal after total hysterectomy due to myoma
uteri 4 years ago. No family history of
breast cancer was noted. Physical examina-
tion revealed a 4-cm circumscribed, move-
able mass with smooth surface and firm
consistency at the upper-outer quadrant of
the left breast. There was a 2-cm moveable
left axillary lymph node as well. Mammo-
gram showed a round, high-density mass with
indistinct border at the upper-outer quadrant
of the left breast. Its maximum diameter
was 4.5 cm. No associated microcalcification,
architectural distortion or skin change
was noted. (Figure 4 a and b) The breast
composition was dense. The corresponding
ultrasound revealed a partially ill—defined,
lobular mass with hypoechogenity and
internal cystic space. Strong posterior acoustic

enhancement was observed. (Figure 5)
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Fig 4: Mammography in (a) craniocaudal and (b) mediolateral oblique views show a 4.5-cm,
high-density mass with indistinct border at the upper-outer quadrant of the left breast (arrows)

Fig 5: The corresponding sonogram reveals a partially ill-defined lobular mass with hypoechogenicity

and internal cystic spaces.

The patient was undergone core needle
biopsy under ultrasound guidance. The initial
pathology reported medullary carcinoma. No
distant metastasis was detected. Modified radi-
cal mastectomy was performed, followed by
immediate breast reconstruction using transverse
The final

pathology was invasive ductal carcinoma grade

rectus abdominis muscle flap.

IIT with two components of metaplasia, which
were cartilaginous and spindle cell. (Figure 6 a,
b and c) The pathological tumor size was 4.5
cm. Deep surgical margin was 2 mm. One of
eleven axillary lymph nodes contained meta-
static foci. Estrogen and progesterone receptors
including HER 2/neu were negative. Adjuvant

chemotherapy was started. The regimen



12 5 amasananfedinenaznsSeinewisusaalve 97 10 atiudl 13 ansau-Suanan 2547

composed of cyclophosphamide, doxorubicin
and 5-FU. Radiation therapy was given with
a total tumor dose of 4,500 cGy over 6 weeks.

The patient was well and no recurrent disease

was noted on her last follow-up with the medi-

cal oncologist on 30" August 2004.

Fig 6: (a) The photomicrograph shows invasive carcinoma cells admixture with cartilaginous
tissue (arrows) (Hematoxylin and eosin stain x 40)

DISCUSSION

Metaplasia is defined as the transforma-
tion of one form of tissue into another form.
Metaplastic breast carcinomas are regarded as
ductal carcinomas that undergo metaplasia into

nonglandular mesenchymal tissue. ™® The

contributing factor in this process is not well
understood. ® The degree of differentiation varies
from small foci to complete glandular replace-
ment. ®® Associated ductal carcinoma in situ

might be present in 50% of cases.® The
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morphologies of metaplastic breast carcinomas
are heterogeneous, consisting with ductal
adenocarcinoma with squamous differentiation,
a spindle-cell pattern of growth, and/or heter-
ologous mesenchymal elements. “” The most
frequently encountered subtype reported in
literatures is squamous metaplasia.® Bellino
et al. ” reported eleven cases of metaplastic
breast carcinomas. Six cases showed chondroid
metaplasia, three cases were spindle cell carci-
noma and two cases were metaplastic squamous
carcinoma. The six cases treated in Ramathibodi
hospital consisted of 4 cases of squamaous meta-
plasia, one case of spindle cell type and one
case of mixed cartilaginous and spindle cell
metaplasia.

Clinically, metaplastic carcinomas are
usually seen in women with a median age of
50 years old. " '**® The age of our patients
were 54 and 43 years old. The presenting
symptom is usually a palpable mass **®, which

(2,3

is rapidly growing. ®*® The size of the lesions

range from 1.6-18 cm. ®* ¥ The median

. N
size is about 3-4 cm, ®5111%

Axillary lymph
node metastasis is infrequent, not exceeding
25-30%. "**  An exception is the series of
Chao et al. (“’, which reports seven out of
fourteen patients (50%) had axillary lymph node
metastases at the time of diagnosis. Nodal
metastases are not as commonly seen with
metaplastic breast carcinomas as with non-meta-
plastic carcinomas of the same size but are
definitely more common with metaplastic breast
carcinomas than with sarcomas. ®* Both

patients in our series had axillary lymph node

(e

metastases. However, the number of our
patients is too few to accurately determine the
frequency of lymph node involvement.

The mammographic appearance of meta-
plastic breast carcinoma has been described in
case reports or in small series “**” There are
no known specific radiological features. "? The
density of the mass is usually high compared to
the surrounding glandular tissue. "? The masses
in our series also showed high density. The
borders vary from well-circumscribed to spicu-

1,3-7)

lated margins. Most studies do not find

(1,3,5)

associated microcalcifications and architec-

tural distortion, 4*°

" However, Park et al.
finds a high rate of associated architectural
distortion. Gunhan-Bilgen et al."”’ concludes
that a high-density mass without associated
microcalcifications might be useful in suggest-
ing the diagnosis.

On sonographic examination, many
studies describe the complex internal echo-
genicity with solid and cystic components, which
was consistent with necrosis and cystic de-
generation on pathologic examination. %%
Our two cases showed internal cystic spaces as
well. We suggested that metaplastic carcinoma,
although a rare tumor, should be considered in
the differential diagnosis of breast masses with
solid and cystic components.

The diagnosis of metaplastic breast carci-
noma may be made with aspiration cytology
or core-needle biopsy, but excisional biopsy
is preferred because diagnostic errors resulting
from inadequate samples are avoided,

especially in cases of associated necrosis or



hemorrhage. " In one case of our series, the
patient was initially diagnosed with medullary
carcinoma from core-needle biopsy. It might
be explained by the sampling tissue retrieved
only the epithelial part. Several studies stated
that the distinction between metaplastic breast
cancer and sarcoma is important because the

surgical treatment, chemotherapy regimens, and

metastatic pathways are different. **

The determination of prognosis for

metaplastic breast carcinoma is limited by

the uncommon occurrence of this cancer.

Survival most likely depends on tumor size,
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Modern Brachytherapy

B rachytherapy has undergone dramatic
evolution changes during the last

several decades, being used in new ways, utiliz-
ing new isotopes and demonstrating improved
outcomes with decreased toxicity profiles.
Brachytherapy has rapidly become a popular
and effective treatment intervention for
prostate and breast cancer. Gynecological
malignancy and head and neck tumors repre-
sent a classical site in which new brachytherapy
techniques are evolving, promising to.improve
outcomes and enhance the accuracy of therapy.
Whereas tumor assessment often remains based
on clinical examination and various imaging
methods, ongoing developments are successfully
integrating 3D image based information into
treatment planning systems. Cross-sectional
images from CT-scan, ultrasound and MRI,
taken within context of brachytherapy, can pro-
vide reliable and objective information on tumor
topography, extension and configuration. These
images allow a valid 3D delineation of critical
organ, too. Accuracy delineation of tumor and
critical organs enables individual adaptation of
dose distribution which becomes more easily

possible with implementation of stepping source

B weunndeina milsiianseal
mheSidsnyuasnz5ome
mAINFIdmen aazuwnemans umendeisealny

technology, either with high dose rate or pulse
dose rate, or, to lesser extent, with low dose rate
brachytherapy. The increasing availability of 3D
images in brachytherapy will inevitably trans-
form brachytherapy into more comprehensive
conformal approach. As in most all tumors and
organ at risk a dose effect relationship has been
demonstrated, a more appropriate adaptation to
defined volumes (gross tumor volume (GTV),
clinical target volume (CTV), organ at risk
(OAR) leads to improvement of therapeutic ratio
and enables dose escalation which represents an
exciting challenge for the future of brachytherapy.
This potential benefit will likely be increased
when additional use of metabolic irﬁaging
becomes more widespread. One of the major
future issues is the analysis and exploitation of
all material provided by the new information
technologies. Dose volume histogram evalua-
tion of GTV, CTV and OAR provides a
large amount of data which require common
concepts, definitions and terminology for
appropriate use in both clinical practice and
scientific discussion.

A comprehensive knowledge of normal

and pathological radiological anatomy and
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topography is a first step to better define
different targets. Such knowledge limits
inter-observer variation in volume delineation
(GTV, CTV, OAR), which represents a crucial

issue in brachytherapy, mostly because of the
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steep dose gradient. A second step is to try to
come to a concensus in concepts and terms
for volume definition and for dose volume
assessment, considering GTV, CTV, and organ

at risk.
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ABSTRACT
Objective:
To evaluate the efficacy and late complication of conventional external beam radiation therapy

(EBRT) in the management of patients with pituitary adenoma.

Materials and Methods:

The study involved a retrospective review of 22 patients with pituitary adenoma treated at the
Radiotherapy Unit in Ramathibodi hospital during September 1990 to December 2000. Of these
22 patients, 21 had received postoperative radiotherapy, and 1 had received radiotherapy alone.
The median total dose was 54 (46-60) Gy. After treatment the patient were evaluated periodically
by physical examination, imaging, and endocrine testing. The local control rate, overall survival and

side effects were analyzed.

Result:

Median follow-up time was 4.6 (0.6-9.7) years. Tumor control was achieved in 21 patients (95%).
In 1 patient, recurrence of disease was diagnosed 6 years after radiotherapy and was salvaged
by surgery. There were 2 deaths, 1 from CA head of pancreas and another from CVA. The 10 year
overall survival rate was 91%. Hypopituitarism requiring hormonal replacement was observed in
55% of the patients and all except one had hypopituitarism since prior to radiation. In 1 patient
receiving radiation alone, hypopituitarism was developed and hormonal replacement was started
at 6 months after radiation. There was no brain necrosis, optic neuropathy or radiation induce

secondary tumor in this study.

Conclusion: :
Conventional external radiotherapy was effective in long-term control of the pituitary adenoma and
produced acceptably low complication rates.

Key word: Pituitary adenoma, Radiotherapy



INTRODUCTION

Pituitary adenomas are the most
common neoplasm near the sella and comprise
about 10- 15 % of primary intracranial tumor
in the neurosurgical series. However, reports
of the frequency of the pituitary neoplasm vary
greatly by the type of epidemiologic survey
methods used. Population studies such as that
by Annegers and associations @ reported an
increasing incidence of pituitary adenomas, from
8.2 to 14.7 per 100,000 populations in women.
There was a high prevalence of pituitary
adenomas as noted in radiologic and autopsy
series. Most were asymptomatic and remained
undetected. Faglia ® estimated that only 1 in
5000 pituitary adenomas became symptomatic.
These data suggested that pituitary adenomas
developed fairly commonly but for the most
part they were asymptomatic and did not cause
clinical, endocrine, or neurologic dysfunctions.
From Ramathibodi Cancer Registry 2001 ©,
there were 4 and 14 new male and female
cases.

The aim of treatment of pituitary
adenoma included removal or destruction of
the tumor, control of hypersecretion, reversal
of functional deficits (such as visual disturbance),
and prevention of recurrence. Ideally, these treat-
ment aims should be achieved with minimal
damage to surrounding normal tissue, and with
preservation of anterior pituitary function. There
were many therapeutic options including
surgery, radiotherapy, and medical treatment.
Radiation therapy was selectively used as post-

operative treatment after subtotal removal of
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the pituitary adenoma, in recurrent tumor after
surgical treatment, and as primary treatment when
surgery was contraindicated or when macro
adenoma was inoperable.

In Ramathibodi hospital, there were
various radiation techniques in treating
pituitary adenoma including the use of
conventional external beam radiation
(EBRT), 3-dimension conformal radiotherapy
(8D-CRT), and stereotactic radiosurgery (SRS)
or stereotactic radiotherapy (SRT). Recently
the SRS/SRT has been used in the treatment
of selected patients with pituitary adenoma.
An advantage of 3D-CRT,SRS, or SRT over
conventional EBRT was that these techniques
might minimize the dose of radiation to the
adjacent normal tissue with the possibility of
increasing the dose to the tumor, but at the
expense of more resources. This study was
conducted to assess the efficacy and complica-
tions of conventional radiation therapy. If
conventional radiation therapy was effective
and safe, it might be more cost-effective
compared with the advance techniques.

The purpose of this study was to evaluate
the local control, overall survival, and late
complication rates of conventional external
radiation in the management of pituitary

adenoma.

MATERIALS AND METHODS

Hospital charts and radiotherapy records
of patients with a pathologically-confirmed
pituitary adenoma treated with conventional
EBRT in Ramathibodi hospital during
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September 1990 to December 2000 were
reviewed retrospectively. For patients who did
not come for follow up, the data was obtained
from the interview of the the patients or the
patients relatives by telephone.

Conventional EBRT. was given by the
Linac system (6 or 10 MV CLINAC 2100C,
Varian Medical system, Palo Alto, CA, USA)
or by the Cobalt 60 system (Theratron 780C,
Atomic Energy of Canada Limited, Ottawa,
Canada). Radiation techniques varied among

physicians and the patients’s status.

Statistical Consideration

Epidata version 2.0 program was used
for data entry. STATA software version 7.0
was used for survival analysis.

Discrete variables were described by
proportions and continuous variables were
described by mean, standard deviation, or
median where appropriate.

Overall survival and the local control rate
was determined by Kaplan and Meier method
reference. Log-rank test was used to assess
the statistical significance of specific patient
subsets (p < 0.05).

The late complication rates were described

by proportions (%).

RESULTS
General Information

From September 1990 to December
2000, 148 pituitary adenoma patients attended
Ramathibodi hospital, 22 patients were treated

with radiation therapy. Baseline characteristics

of 22 patients were detailed in table 1.
The median follow up time was 4.6 (0.6-9.7)
years. Only 1 patient was lost to follow-up
at 10 months with no recurrence or complica-
tion detected at the time of last follow-up.
There were 14 female patients (64%) and 8
male patients (36%). The median age was 37.5
(16-66) years. Endocrinological test revealed
that 11 patients (50%) had secreting adenomas
(2 had growth-hormone-secreting adenomas,
6 had prolactinomas, and 3 had cortisol secret-
ing adenoma). Presenting symptoms included
visual disturbance in 15 (53%) and hormonal
distrubanced in 5 patients (17%) , 2 had
acromegaly, 2 had Cushing’s disease and 1
had Nelson’s syndrome. Pituitary adenoma was
found incidentally in 1 patient (3%).

Treatment consisted of surgery,
radiotherapyand medication Table 2 showed
details of treatment éccording to the tumor type.
Post-operative radiotherapy was given to 21
patients (95%), 17 patients (80%) received
postoperative RT immediately after the first
partial tumor removal, 2 patients(10%) were
irradiated after repeated second surgery and
2 patients(10%) were irradiated after the
third surgery. One patient (5%) who was poor
surgical candidate underwent radiotherapy alone.
Surgical technique involved a transphenoidal
approach in 11 patients (50%) and a crani-
otomy approach in 10 patients (45%) . Five of
6 patients with prolactinoma underwent
bromocriptine therapy in 1 patient the drug
was not continued due to gastrointestinal side
effects.
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Characteristic

Gender
Male
Female

Age : median (range)

Histology
Adenoma, unclassified

Performance status
100

90

80

Type of tumor
Nonsecreting adenoma
Growth hormone secreting
Prolactin secreting
ACTH secreting

Presenting symptom
Visual disturbance
Headache

Hormonal disturbance
Incidental finding
Any mass effect

Patient (n=22) N (%)

8 (36)
14(64)

37.5 (16-66)

22 (100)

2 (9)
16 (73)
4 (18)

11 (50)
2 (9)

6 (27)
3 (14)

Table 1. Baseline characteristic of patients

with pituitary adenoma
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All patients were treated with conven-
tional external radiotherapy (1.8-2 Gy/fraction,
5 fractions consecutively per week). Radiation
therapy took 5-19 weeks (median = 7 weeks).
Radiation machine varied, with cobalt 60 in 2
patients (9%), 6-MV X-ray in 5 patients (23%)
and 10MV X-ray in 15 patients (68%). As for
radiation technique, 9 patients (41%) were
treated with bilateral irradiation and 13 patients
(569%) were treated with 3-field technique. The
median tumor dose was 54 (46-60) Gy in 30
(23-33) fractions. In one patient treated with

radiotherapy alone dose 60 Gy was given.

Treatment Patients(n=22) | Patients with Patient with secreting adenoma (n=11)
aonsecreling Growth | Prolactinoma | Cushing’s
adenoma hormone (n=6) disease(n=3)
(n=11) Adenoma
(n=2)
Surgical procedure
Craniotomy 10 6 1 4
Transphenoidal 11 4 1 2 3
Number of surgery
1 17 9 2 5 2
2 2 1 1
3 2 1 1
Extension of surgery
Partial surgery 21 11 6 3
Postoperative RT 21 10 6 3
RT alone 1 1
Bromocriptine 5 5

Table 2. Detail of treatment according to type of tumor
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Overall Survival

The 10-year overall survival was 91% of pancreas. No patient died because of tumor
(Fig 1) there are 2 deaths, 1 from cerebrovas- progression. The detail of the 2 patients was
cular accident and another from CA head shown in table 3.

Kaplan-Meier survival estimate

e

1.00

4
analysis time
(year)

Fig 1. Overall survival for the 22 patients with pituitary adenoma

Kaplan-Meier survival estimate
7 |

1.00

0.75

0.50

0.25

0.00

4
analysis time
(year)

Fig 2. The tumor control rate for the 22 patients with pituitary adenoma

Local Control Rate

Figure 2 showed the local control rate. after salvage surgery). In 1 patient who re-
There was 1 tumor recurrence from 22 cases. ceived RT alone tumor control was achieved
The local control was achieved in 95%. The with no complication after RT. The details of
time to recurrence was 6 years after radiation 1 patient with recurrence and 1 patient who
and was salvaged by surgery. The tumor was received RT alone was shown in table 3.

still controlled at the last follow up (24 months
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Analysis of Endocrine Response

Among the 11 patients with secreting
adenomas (2 GH, 6 PRL and 3 cortisol secret-
ing tumor), the response of GH, prolactin and
cortisol level was displayed in Fig 3, 4 and 5.
The hormonal level was obtained intermittently
in most patients, so the time to normalization
probably did not reflect the true history of the
tumor. The 3-year hormonal control were
achieved in 8 patients (72%) and 10-year
hormonal control was 100% . Serum GH and
cortisol levels were normalized in 3 years after
radiation and nobody recurred since normaliza-
tion. Six patients had hyperprolactinemia and
5 received bromocriptine following RT. In
1 patient bromocriptine was not used due to
gastrointestinal side effects. Serum prolactin level
achieved normalization over a period of 3 to
7 years. One patient recurred after 7 years

because of the tapering of bromocriptine.

35
30 -

25

GH (ng/ml)

Complications of Treatment

Acute toxicity of radiation therapy was
minor. No patient had deterioration during or
after RT. Transient side effects consisted mild
skin reaction, temporal hair loss, and otitis
media in a few patients.

For patients treated by surgery and post-
operative radiation, long term hormonal effect
were noted in 57% (11 of 21 patients). In
these 11 patients hypopituitarism developed due
to surgery prior to radiation. All of these
patients required hormonal supplement. In
1 patient who received radiation alone, hypopi-
tuitarism developed and the patient received
hormonal replacement at 6 months after
radiation. No significant differences in the
incidence of hypopituitarism across various dose
range in the post-operative radiotherapy group
was observed (p>0.05). No other late compli-

cation or second tumor was noted in this study.

Fig 3. The response of GH level to radiation
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Fig 4. The response of hyperprolactinemia to radiation

Fig 5. The response of cortisol level to radiation

DISCUSSION
From September 1990 to December
2000, there were 22 pituitary adenoma cases
with slightly more female patients (female: male
ratio = 1.75:1), with median age of 37.5 yr.
The median follow up time was 4.6
(0.6-9.7) years. Only 1 patient was loss to

follow-up at 10 months with no recurrence
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or complication detected at the time of last
follow-up. -

The majority of our patients (68%) had
visual field defects before surgery. Surgical
decompression, preferably via a trans-sphenoidal
approach, was the most effective way to restore

vision. However, residual disease was often
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present after tumor removal. Therefore, these
patients were at a significant risk for tumor
regrowth if no further therapy was given.
Patients treated with surgery alone had been
documented to have recurrence rates ranging
from 21%-86% “.

Series of patients who received post-
operative RT had reported a local tumor
control rate of 85-90% at 10 years ®'”. Grigsby
et al® showed a 89% local control rate in 121
patients, Flickinger et al ™ reported a 89%
local control rate in 112 patients, McCollough
et al® documented a 92% local control rate
in 76 patients, all treated with surgery and post-
operative RT and Sasaki et al ™" concluded
that conventional radiotherapy with 50 Gy was
safe and 10- year local control rates were 98%,
85%, 83% and 67% for non-secreting adenoma,
growth hormone secreting, prolactinoma, and
cushing’s disease.

The postoperative radiotherapy group in
our series consisted predominantly of patients
with macroadenoma and extrasellar extension
and the majority presenting with mass effects.
The local control (with salvage surgery) and
overall survival in this group was 95% and
91% , which was rather similar to the results
of other series. In the literature review, several
investigators had documented a dose-response
relationship between radiation dose and tumor
control ®*"****®_Grigbys et al® analyzed the
dose-response data and founded that the most
consequential and the only statistically signifi-
cant prognostic factor for recurrence was

irradiation dose. Analysis data revealed

increasing control rate for patients receiving
dose from < 30 Gy to 54 Gy. Sasaki et al "
believed that high total radiation doses may
contributed to the better local control, in their
series, all patients received more than 60 Gy
dose of radiation. In our series the median
dose of radiation was 54 Gy (46-60 Gy). In
1 patient who had recurrence after postopera-
tive RT it was found that she received 46 Gy
of radiation. The lower dose of radiation in this
patient might be one reason for recurrence.

Radiotherapy can control endocrine
hypersecretion. In our series, all 5 patients
who had symptoms caused by endocrine hyper-
secretion showed improvement in symptoms
after radiation. The 3- year hormonal control
were achieved in 8 patients (72%) and
10- year hormonal control was 100%. We did
not see clear-cut difference in functional
response between the different tumor types,
probably due to the low number of cases.
In the literature review, rate of normalization
of serum GH level ranged from 69% to
100% "**?, and prolactin levels ranged from
12%-50% "' but in our study, hormonal
levels were obtained intermittently in most
patients, so the time to normalization in them
probably did not reflect the true history of
their tumors.

Because of better results achieved
with combined treatment, radiotherapy as a
primary and sole treatment is rarely indicated.
However, radiotherapy as primary treatment for
inoperable macroadenomas and for patients who

refused or were unsuitable for surgery without
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visual symptoms was widely accepted ®”. The
status of visual fields at diagnosis seemed to be
important ®®. Grigsby showed in 70 patients
who received radiotherapy alone that response

t® In

was better without visual field defec
our study, we had only 1 patient, who was
unsuitable for surgery, treated with radiation
therapy alone. The tumor control was achieved
with no visual disturbance in this patient.

There were relatively few reports
concerning prognostic factors in pituitary
adenoma. Grigsby et al ® reported that the
total radiation dose was the only significant
factor, and that age, gender, tumor bulk, visual
field symptoms, disease type, and surgical
approach were not of prognostic significance.
Tsang et al " founded age and field size were
significant prognostic factors. In our study,
the univariated analysis of patient who had
recurrence after postoperative RT did not
show any significant association between the
prognostic factor and tumor recurrence. When
analysis in 1 patient, who had recurrence, we
founded that she received 46 Gy of radiation.
The lower dose of radiation may be one reason
for recurrence.

In regard to toxicity, we had documented
a moderate risk of therapy induced hypo-
pituitarism. This probably reflected the fact
that many of our patients had large tumors
resulting in compromised anterior pituitary
function or demanding an aggressive surgical
approach. Treatment related hypopituitarism
was reported in 34% of radiotherapy alone and

74% of postoperative radiotherapy patients i

The rate of therapy induced hypopituitarism
in our series was about 55%, comparable to
that reported by Snyder et al®”. In our series,
hormonal replacement was required for most
patients. Significant complications of treatment
other than hypopituitarism was rare with
modern radiotherapy treatment. There was no
case of radiation-induced optic neuropathy,
brain necrosis or secondary tumor in our study.

There were 2 deaths, 1 from CVA
and another from CA head of pancreas. Brada
et al®™ founded that patients with pituitary
adenoma treated with surgery and postoperative
radiation had a significant increased risk in
CVA comparison to the general population.
The relative risk of CVA compared to the
general population in the UK was 4.1. Radio-
therapy was probably implicated in our 1
patient developing cerebrovascular accident.
In another patient who died from CA head of
pancreas it was suspected to be the multiple
endocrine neoplasia type I (MEN-1) syndrome.
This syndrome had an autosomal dominant
condition characterized by the development
of tumors of the pituitary gland, parathyroid

glands, and pancreatic islet cell ®°.

CONCLUSION

Conventional external radiotherapy for
pituitary adenomas was effective in long term
control in the postoperative radiotherapy group
and the radiotherapy alone, the local control
rate was satisfactory and the incidence of side

effects was low.
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ABSTRACT

Objective:
To evaluate efficacy of concurrent chemoradiation between cisplatin and carboplatin in naso-

pharyngeal carcinoma.

Method:

151 patients were enrolled in this study. They were randomized to treat with concurrent chemo-
radiation in two arms; arm I: cisplatin 100 mg/m® concurrent in day 1, 22, 43 of radiation therapy
70Gy and adjuvant cisplatin 80 mg/m®+ 5 -FU 1000 mg/m” continuous infusion in 4 day monthly
for 3 cycles, arm II: carboplatin 100 mg/m® weekly concurrent with radiation therapy 70Gy and
adjuvant chemotherapy carboplatin AUC5 + 5-FU 1000 mg/m® continuous infusion in 4 day
for 3 cycles monthly. Overall survival and disease-free survival rate were evaluated by Kaplan-

Meier method.

Result:

At median time of follow up 24.5 months (range 3 to 60). Seventy-one patients (47.0%) and
Eighty patients (53.0%) were randomized in arm I and II, respectively. The Median age of patients
was 49 years (range 16 to 70). The 3-yr disease-free survival were 68.7% in arm I and 65.1%
in arm II (p=0.9). Carboplatin had lower nephrotoxicity than cisplatin but higher hematologic
toxicity especially thrombocytopenia.

Conclusion:
The results of two arms is not significant in term of disease-free survival and overall survival.

Carboplatin has lower toxicity than cisplatin.
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INTRODUCTION

The Intergroup study 0099, the first
randomized study that reported a survival
benefit with the addition of chemotherapy to
RT in nasopharyngeal carcinoma . In that
study, a significant difference in the 3-yr
survival rates was observed, favoring the CRT
arm (76% vs. 46%) (p<0.001) with fewer
locoregional failures and distant metastases in
the study arm. The progression-free survival
rate was 24% in the radiotherapy arm versus
69% in the chemoradiotherapy arm (p<0.01)

Unfortunately, there are some patients
who suffered from toxicities of cisplatin, for
example; Nephrotoxicity, severe emesis, and
ototoxicity @.

Carboplatin, another platinum-analogue,
has been shown to have similar radiosensitizing
properties to those of cisplatin and it is
typically associated with less renal and gastro-
intestinal toxicities “.

The study of carboplatin in advanced head
and neck cancers indicated that the dose of 100
mg/m”/week of carboplatin was reasonably
well tolerated and all treatment could be given
without significant delays or dosage reduction ®.

K. Tsuchiya et al. reported in ASCO 2003
(abstract) in result of cisplatin vs. carboplatin
in concomitant chemoradiotherapy for head
and neck cancers. One hundred and twenty-six
patients were included in protocol. In median
follow up of 34 months, there was no statisti-
cally significant difference in both 4-yr overall
survival (64% vs. 64%) and disease-free

survival rates (73% vs. 75%) between the two

AP

arms. However, 4-year local control rates were
statistically different between the two arms:
31% for CDDP and 0.54 for CBCDA
(p = 0.0145, log-rank test). Concomitant
chemoradiotherapy with weekly CBCDA
gives a better local control rate for laryngeal
carcinoma than that with low dose daily CDDP
especially for supraglottic carcinoma in their
protocol setting (31% vs. 68%, p = 0.0027) ©.
So we conducted trial to compare efﬁcacy of
carboplatin with cisplatin in locally advanced

nasopharyngeal cancer.

OBJECTIVE

@ To compare the efficacy of carboplatin with
cisplatin in locally advanced nasopharyngeal
carcinoma in term of disease-free survival
(DES).

® To assess overall survival (OS), toxicity
and compliance rate of the two chemotherapy
regimen in locally advanced nasopharyngeal

cancer.

MATERIALS AND METHODS

Eligibility criteria

m Age 16- 70 years

B Biopsy proven nasopharyngeal carcinoma:
WHO type II or type III

B Locally advanced (T2a or more ) and /or
regionally advanced (N1) by AJCC 5"
edition (see Appendix 1)

B Multiple lymphadenopathies or single
lymphadenopathy size > 3 cm

B No evidence of systemic metastasis



B ECOG status 0-2 ( see Appendix A)
B Adequate bone marrow, renal and liver
function

E Able to follow up

Exclusion criteria

@ Prior treatment with chemotherapy and/or
radiotherapy

@ Poor performance status

. ® Have any serious intercurrent diSease,

active uncontrolled infection

® Have evidence of distant metastasis

Treatment scheme:
Chemotherapy schedule:

Patients were randomized to

Arm I: Cisplatin 100mg/m® at day 1,
22, 43 concurrent with Radiotherapy then
adjuvant cisplatin 80 mg/m” on day 71, 99,
127 plus 5-FU infusion 1000 mg/m* on day
71-74, 99-102, 127-130

Arm II : Carboplatin 100 mg/m” at day
1, 8,15, 22, 19, 36 concurrent with Radio-
therapy then adjuvant carboplatin at AUC 5 on
day 71, 99, 127 plus 5-FU infusion 1000 mg/
m® on day 71-74, 99-102, 127-130

Follow up after completion of therapy

m ECOG performance status and clinical
examination at 3-4 months interval for
the first 2 years, 6 months interval for the
3-5 years.

B Time of disease progression and site of

disease progression must be recorded.

B Record late toxicity using RTOG/EORTC

(see Appendix C) toxicity criteria.

Statistical analysis

@ The intent-to-treat patients was all eligible
patients who was included in this study

@ Treatment response, disease-free survival and
overall survival was evaluated by Kaplan-
Meier methods .

@ The significant of difference between the
survival curve was calculated by using the
log-rank test and a P-value of < 0.05
(statistically significant) .

@ Late effects were recorded if they occurred
or persisted for more than 6 months after
complete chemo-radiation and were graded
by RTOG/EORTC criteria.

RESULTS

From August 1999 to January 2003,
151 patients were enrolled in this study. The
detail of patient characteristics were listed in
Table 1. Patients who were treated with
chemoradiotherapy were averaged 44 years
(range 16 to 69) in cisplatin arm and 50 years
(range 16 to 70) in carboplatin arm. Eight
patients were excluded from treatment due to
reject treatment during radiation therapy. Then
143 patients can be evaluated. 67.5% were
male. 27.8% had WHO 1II, 72.2% had WHO
II.
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Characteristic Cisplatin Carboplatin
Total patients 71 (41.0%) 80 (53.0%)
Median age 44 (16-69) 50 (16-70)
Sex
Male 43 59
Female 28 21
ECOG
0 43 54
1 27 26
2 1 0
T stage
T1 7 25
T2a 9 4
T2b 13 17
T3 16 6
T4 26 28
N stage
NO 12 13
N1 25 21
N2 20 . 21
N3a 6 15
N3b 8 10

Table 1. Patients characteristic (N = 151)

Efficacy:

After completion of concurrent chemo-
radiation and adjuvant chemotherapy the median
follow-up was 24.4 months (range : 3 to 60).
© 100 Patients had no evidence of disease at

the point of analysis (cisplatin arm : 46
(70.8%), carboplatin arm: 54 (69.2%))
® 20 Patients died during follow up (cisplatin
arm: 9 (13.8%), carboplatin arm: 11 (14.1%)
@ 10 Patients had local recurrence (cisplatin
arm: 2 (3.1%), carboplatin arm: 8 (10.3%))
® 15 Patients had distant metastasis (cisplatin
arm: 7 (10.8%), carboplatin arm : 8 (10.3%)
® One patient in cisplatin arm died during
radiation therapy due to side effect (severe

mucositis and fatigue).

Treatment time:

® 143 patients received protocol specified
radiation dose of tumor at 70Gy.

@ the median treatment time 49 days (range
45 to 85).
in cisplatin arm 50 day.

in carboplatin arm 49 day.

Toxicity and compliance
ACUTE TOXICITY
In cisplatin arm:

The most common non-hematologic
toxicities in patients receiving chemoradiotherapy
were mucositis and emesis. One patients (1.5%)
had grade 3 mucositis and 18 patients (27.7%)
had grade 2 emesis. Three patients (4.6%) had
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grade 3-4 nephrotoxicity. Two hematologic
toxicity emerged in cisplatin arm. There was 1
patient (1.5%) developing grade 3 leukopenia.
No grade 3-4 thrombocytopenia occurred. Grade

3-4 anemia was shown in 6 patients (9.2%).

In carboplatin arm:

Non-hematologic toxicities in patients
receiving chemoradiotherapy were mucositis
and emesis. There was 3 patients (3.8%) expe-
riencing grade 3 mucositis. No patients had grade
3-4 nephrotoxicity. Grade 2 nausea/vomiting
was 14.1% in this arm. Grade 3 leukopenia
was found in 5 patients (6.4%). Grade 3-4
thrombocytopenia was occured in 3 patients
(8.9%). Two patients (2.6%) developed grade

3 anemia.

Late toxicity

In cisplatin arm : Grade 3-4 skin compli-
cation had not found. One patients (1.3%)
developed grade 3-4 xerostomia. No patients
developed grade 3 skin fibrosis. Two patients
(8.1%) experienced grade 3 subcutaneous
complication. No patient had grade 3-4 laryn-
geal toxicity. Two patients (3.1%) had grade 2
pharyngeal complication.

In carboplatin arm : Grade 3-4 skin
complication were not found. No patients
developed grade 3-4 xerostomia. One patients
developed grade 3-4 skin fibrosis. One patients
(1.3%) experienced grade 3 subcutaneous
complication. No patient developed grade 3-4
laryngeal toxicity. No one had grade 3-4
pharyngeal complication.

Compliance

During concurrent chemoradiation course

O 38 patients (58.5%) completed 3 courses
of treatment in cisplatin arm.

O 60 patients (76.9%) completed 6 courses
of treatment in carboplatin arm.

During adjuvant chemotherapy course

O 21 patients (32.3%) complete 3 courses of
treatment in cisplatin arm.

O 51 patients (65.4%) complete 3 courses of

treatment in carboplatin arm.

In concurrent chemoradioatherapy course:
many patients could not completed treatment
because of nephrotoxicity causing delayed
chemotherapy schedule.

In adjuvant course: patients could not
finished treatment due to nephrotoxicity and
loss follow up.

When we considered patients who
finished all treatment scheme, we found 72
patients could completed. There were 21 patients
(32.3%) in cisplatin arm and 51 patients
(65.3%) in carboplatin arm.

Disease-free survival
In all patients, the 3-year intent- to-treat
disease free survival rate were 63.9% in cisplatin

arm versus 69.4% in carboplatin arm (p=0.91).
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In all patients, the 3-year intent-to-treat
overall survival rate were 78.6% in cisplatin
arm and 80.6% in carboplatin arm (p = 0.96)
Seventy-two patients could complete all
schedules of treatment (21 patients (32.8%) in
cisplatin arm and 51 patients (65.3%) in

36 48 60

months

carboplaltin arm). The 3-year disease free
survival were 73.7% in cisplatin arm and
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CONCLUSIONS:

From this prospective randomized study,
there was 151 locally advanced nasopharyn-
geal carcinoma patients was included for
survival analysis. Follow-up time ranged from

3 to 60 months (median time 24.5 months).

1. The efficacy of cisplatin versus
carboplatin
O 100 patients had no evidence of
disease at point of analysis (70.8%
of cisplatin, 69.2% of carboplatin).
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20 patients died during follow up
(13.8% of cisplatin, 14.1% of
carboplatin).

10 patients had local recurrence (3.1%
in cisplaitn, 10.8% in carboplatin).
15 patients had distant metastasis
(10.8% in cisplatin, 10.3% in
carboplatin

One patient died during due to side
effects.

The 3-year disease free survival rate
were 68.5% in cisplatin arm and
68.4% in carboplatin arm (p=0.72).
The 3-year overall survival rate were
78.5% in cisplatin arm and 81.6%
in carboplatin arm (p=0.81).

Results of the chemoradiotherapy
was not significant different between
the two treatment groups.
Carboplatin had lower toxicity than
cisplatin which caused higher
compliance rate. However, carboplatin
had higher thrombocytopenia than
cisplatin.
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ABSTRACT
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F I | hermoluminescence dosemeters (TLD300) were implanted with 20 keV boron-10 ions, in

order to enhance their thermal neutron sensitivity. Photon emission spectra of the TL.Ds were

studied before and after implantation. The gamma sensitivity of the TLDs were also analyzed.

It was found that the implantation slightly reduces the gamma sensitivity. The emission spectra of

TLDs, however, did not change due to the implantation. It was concluded that except some crystal

damage the basic thermoluminescence dosimetric properties were not effected by ions implantation.

The implanted TLD can be used as a more sensitivity radiation detector.

INTRODUCTION
Thermoluminescence Dosimeter (TLD)

Thermoluminescence dosemeters are
widely used in gamma dosimetry because of
their high sensitivity, small size, high dose range
(10 UGy - 10* Gy), dose linearity, fast analysis
and the possibility to use them in vivo. They
have been continuously used in mixed field
dosimetry to measure both gamma dose and
neutron dose. For their small dimensions and
their tissue equivalence for most radiation, TLDs
give good support in the mapping of radiation
fields. In fact, they allow three dimensional
determination of absorbed dose with good
spatial resolution.

TLD300 has a specific TL characteristic
appropriate for mixed n-Y field dosimetry.

It’s glow curve has two well separable peaks

which allow to determine dose and high LET
dose simultaneously. Hoffmann and Songsiri-
ritthigul (1992) used TLD300 to measure dose
in a fast neutron field from a DT generator.
They compared their measurement result with
TE ionization chamber, GM counter measure-
ment and Monte Carlo calculations (MORSE-
CG code). They achieved £5% accuracy for
TLD300 measurement for both gamma and
neutron dose which is similar to the accuracy
of TE chamber and GM counter measurements.
With special glow curve analysis techniques
it is also possible to determine the radiation
quality in high LET fields or mixed (n-) fields.
In particular CaF :Tm (TLD300) exhibits two
well separated glow peaks, their peak height

ratio gives the information about the ratio of

This work was supported by Thailand Research Fund (TRF).
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the fast neutron to the gamma dose. In addition
the thermal neutron dose can be determined
either with °LiF (TLD600) or possibly
with a B implanted TLD300 dosemeter.
Therefore in principle it should be possible to
measure all dose components of a mixed field
such as BNCT with a few TLDs. We propose
to implant the CaF :Tm. TLD with '°B and
measure its thermoluminescence dosimetry

characteristics before and after the implantation.

Thermoluminescence emission spectrum

The TL effect can generally be described
as a two step process: Ionization of electrons
followed by trapping at defect sites and sub-

sequent recombination during heating at TL

centers causing photon emission. The study of

glow curves and optical absorption measure-
ment give some information on the nature of
the trapping configuration, but in order to under-
stand the configuration of the TL centers and
the light emission process it is necessary to meas-
ure the spectral distribution of the emitted light.

Spectral measurements on CaF,:'Tm
were performed by Prodhan and Bhatt at
wavelengths between 300 and 500 nm. They
found peaks at 345, 445 and 470 nm and
observed a shifting ratio of the 445 to 470 nm
peaks with temperature. Later Jacob found a
strong infrared emission near 800 nm, which
was 14 times higher than the visible light for
the 140°C peak and 6 times higher for the
240°C peak. They proposed to use this emis-
sion for the recording of glow curves with IR

showing broad IR peaks at 6560 and 795 nm
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but did not show details of the line shape due
to insufficient wavelength resolution.

Through recent developments in highly
sensitive charge couple devices (CCD), optical
spectrometers have become available, which
allow, without using any expensive image
intensifiers, spectra to be taken from TL, chips
(83 mm x 3 mm x 0.9 mm) irradiated at
moderate dose levels around 10 Gy with a
wavelength resolution of 1nm. The sampling
time can be as low as 0.1 s allowing tempera-
ture steps of 1°C even at high heating rates of
10°C.s™. Now, very high resolution spectra

can be taken at relatively simple instrument.

MATERIALS AND METHODS

CaF : Tm thermoluminescence dosemeter
CaF :Tm dosemeter obtained as single
crystals, extruded rods and hot pressed chips.
The conventional chips of size 3x 3x 0.9 mm’®
were used. The glow curve for CaF2:Tm
consists of several overlapping peaks, with a
low temperature peak near 140°C (peak 1) and
a higher temperature complex of peaks near
240°C (peak 2). The glow curve for this material
has been subject of several efforts to obtain
kinetic pararheters for the individual TL peaks

and deconvolution program are now available.

Implantation

An ion implanter with a hot cathode
Neilson ion source was used for '°B implanta-
tion. BF3 gas was feed into ion source chamber
which electrons from a hot cathode oscillating

under magnetic and electric field causing
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discharge of BF, gas in low pressure chamber.
The ion beam from Neilson ion source was
extracted by a 20 kV extraction voltage. The
BF ion current was measured by a Faraday
cup. The implanting current was 2-4 LA at
20 keV kinetic energy.

The implanting dose varied from 10"
ions/TLD to 10" ions/TLD. The implanted

current and ions dose were shown in Table 1.

TLD300 | BF current ([LA) |Implant dose (ions)

#1 0.8 4x10'°
# 08 9x10"
#3 3.8 2x10"7

Table 1. "BF beam current and ion implant
dose for each TLD300 chips.

Gamma calibration

The "°B implanted TLDs were exposed
in Cobalt-60 gamma field with doses of about
40-60 Gy. The emission spectra were taken

using the in house high resolution spectrometer
which constructed by M.W .Rhodes [2000].
The high resolution spectrometer, using low
cost CCD arrays, makes it possible to identify
line of different width with a resolution of

1.3 nm.

RESULTS
Sensitivity of implanted TLDs

Before implantation the TLD300 chips
were exposed with 39.3 cGy in a *°CO field.
Their glow curves were read out using a
Harshaw TL reader. The height of peak1 and
peak2 were recorded. Then the TLDs were im-

. planted with 20 keV "BF ions dose range

4x10" to 2x10" ions/TLD. Recalibration with
39.3 ¢Gy in “CO field, the height of peakl
and peak2 were recorded again. From peak
height of the glow curve we found the sensiti-
vity of implanted TLDs were reduced to about
91% of the pre-implant value (Table 2).

Gamma Before implantation. After implantation.
TLD300
dose (cGy) Peak1(nA) | Peak2 (nA) | Peakl (nA) | Peak2 (nA)
#1 39.3 1.744 567.6 1.545 544.60
#2 39.3 1.543 508.1 1.388 471.00
#3 39.3 1.535 514.5 1.303 478.00

Table 2. Peak height signal of TLDs before and after implantation.

TL emission Spectra

After the gamma calibration measure-
ment, the implanted TLDs were exposed
with doses of about 40-60 Gy in the *°CO
field. The emission spectra were read out

using the high resolution spectrometer. The

resulting spectra are shown in Fig.l and Fig 2.
The emission spectra clearly show that the
material characteristics, spectral peak position
and peak width, were not effected by the

implantation procedure.
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Fig 1. TLD300 (without "B ion implanted) wavelength spectrum at 140°C.

Figure 1 show spectra of the non implanted TLD taken at the temperatures corresponding to

the first dosimetric peak (at 140 °C). The main spectral peaks show up at 356 nm, 455 nm,

482 nm, 650 nm and 795 nm.
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Fig 2. TLD300 (with 2x10"" "BF ions implanted) wavelength spectrum at 140°C.

Figure 2 show spectra of implanted TLD
taken at the same temperatures as non implanted
TLD (Fig 2). The luminescence spectral peaks
of the implanted TLD show up at the same
position as the non implanted TLD. The '’BF
implantation does not affect the luminescence

characteristics of the dosemeters.

CONCLUSION
Ion implanting techniques can be used to
modify solid state dosemeters. The implanta-

tion damages some luminescence structures and

slightly reduces the radiation sensitivity of
implanted TLDs. The emission spectra of the
crystal dosemeter show that the light emitting
process in the crystal is not affected. Therefore
in principle it is possible to use the implanted

TLD for fast and thermal neutron measurements.
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ABSTRACT

Purpose:
This study was initiated to evaluate the effect of topical vitamin E on the reduction of ionizing
radiation induced skin reaction in head and neck cancer patients compared to placebo and the

reliability of the application in clinical practice.

Setting:
Division of Radiation Oncology, Department of Radiology, King Chulalongkorn Memorial Hospital

Research design:

Prospective randomized controlled trial

Patients and Methods:
The study started from December 1, 2002 to July 31, 2003. There were 29 eligible patients.
The applications of vitamin E cream and placebo were done in the same patients on each side of the
face and neck areas that were irradiated, left / right. The application of both cream were randomized
and without naming the drugs on the tube, colored tape were used to suggest the drug applications
for preventing any bias. The drug applications have been done starting from the 1" week of the
initiation of radiation, applied everyday, 2 times per day until the radiation dose reached 50 Gy .
The skin was evaluated by the same person in the 1% week of radiation and then weekly

during irradiation period until the dose of radiation reached 50 Gy.

Results:
The results show no significant statistical difference of the skin reaction to ionizing radiation of
irradiated areas that were applied with topical vitamin E compared to placebo, evaluated under the

same clinical criteria (CTC version 2.0) (p = 1.00)

Conclusion:

From the data, it cannot be concluded whether or not the anti-free radical effect of vitamin E can
reduce tissue injury from ionizing radiation. However, from the clinical criteria, it may be initially
concluded that the topical vitamin E cream does not make any difference of skin alteration caused
by ionizing radiation when compared to the placebo; and there is no benefit of topical vitamin E

applications in clinical practice.
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INTRODUCTION

The collected data show that from the
year 1998 to 2002, there was a rise in number
of cancer patients treated at the Division of
Radiation Therapy, Department of Radiation,
King Chulalongkorn Memorial Hospital. The
incidence is about 250 to 400 patients per year
with an increasing annual trend.

Recently, there are many therapeutic
options for cancer treatment such as surgery,
radiation, chemotherapy or combined modalities
of treatments. For head and neck cancer,
we use the high radiation dose to control the
disease in the curative condition. However, the
higher the radiat:10n dose is used, the more
radiation side effects occur.

From basic radiation biology, we know
that water is the most abundant substance in
irradiated tissue. And water is the substance
with which an ejected electron is most likely to
interact. The interaction causes the formation
of reactive oxygen species such as superoxide
radical (02), hydroxyl radical (HO’), hydro-
gen peroxide (H O,) etc. These molecules carry
an unpaired orbital electron in the outer shell,
and they are therefore very reactive. These free
radicals cause tissue damage especially for rapid
dividing tissue such as the skin more than slowly
dividing tissue.”

When the skin is irradiated, the ionizing
radiation injures and kills actively proliferating
cells in the basal cell layer of the epidermis.
These differentiated basal cells are no longer
dividing and the remaining basal cells undergo

cornification and shed at an increased rate. The

non-proliferating basal cells are stimulated and
their cell cycles are shortened. Subsequence
peeling of the skin is defined as dry desquama-
tion. If the basal layer has been repaired prior
to desquamation, the skin surface remains dry
and the patients may experience dry, flaking
skin and pruritus in the treated area. If new cell
proliferation does not occur and the basal cell
does not recover, moist desquamation with
exposed dermis and oozing of serum occurs.""
This side effect increases the risk of infection,
discomfort, and pain. Without proper manage-
ment, the complication possibly necessitated
the interruption of treatment plan to allow for
healing. This can compromise the final out-
come of cancer therapy.

Regarding the skin care during the radia-
tion treatment, various topical agents were used
to reduce skin reaction such as aloe vera, corn
starch, steroid cream, etc. %811 +14:18.16.17.18,19)
But no definite conclusion that which agents
should be used as the standard of care for
reducing skin damage from ionizing radiation.
This study is performed with the purpose to
find topical agent that can solve this problem.

Vitamin E acts as a free radical scaven-
gers that prevents tissue damage from excessive
free radical molecules. In the past, many
studies tried to evaluate this effect of topical
vitamin E and its efficacy in reducing skin
hyperpigmentation from sunlight (ultraviolet
radiation). The results suggested that topical
vitamin E can reduce hyperpigmentation of the
skin from ultraviolet radiation. No study about

the effect of this agent in related to ionizing
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radiation. However, from basic radiation
biology, both the ultraviolet and ionizing
radiations can cause free-radical formations, so
this study hypothesized that topical vitamin E
may reduce tissue injury from ionizing radia-
tion as it acted in the ultraviolet trials.

In the concern of the safety dose of
vitamin E, the Academy of Sciences reported
that, the daily tolerable upper intake level for
adult is 1,000 mg of vitamin E (1,500 IU of
natural vitamin E or 1,000 IU of synthetic
vitamin E). However, no information about the
upper most concentration of topical vitamin E
is suggested. “® But the collected data from
the topical vitamin E in the ultraviolet trials,
5% tocopheral acetate are effective and cause
no serious side effects. ©”

The reported side effect of topical vitamin
E preparation is contact dermatitis which may
be directly from vitamin E or other ingredients
in the cream base, for example moisturizer or

preservative agents. ¥

POPULATIONS AND METHODS:

From December 1, 2002 to July 31,
2003 we included 32 head and neck cancer
patients who were treated at The Division of
Radiation therapy, Department of Radiation,
King Chulalongkorn Memorial Hospital that met
the inclusion criteria. These patients had been
proven to have cancer by biopsy without
previous surgical treatment on the head and
neck regions. The patients were planned to be
treated with radiation, with or without mask.

The radiation therapy was given alone or

G

combined with chemotherapy. The total radia-
tion dose must be at least 50 Gy. Also, the
patients had to have good performance status
(EGOG 0,1 or 2). There must be no skin rash
or ulcer at the irradiated areas. The cancer had
no involvement of the skin of the irradiated
regions. The patients were mature and could
decide to enter the study by themselves. Their
informed-consents were completely written. The
exclusion criteria were that the patients who
had cancer other than head and neck region.
The patients who had inflammatory or connec-

tive tissue disorder of the skin or the ones with

complicated medical disease were excluded.

Patients with mental incompetence or psycho-
logical disorder must be excluded.

Radiation therapy Equipment: The used
radiation machine was Linear Accelerator with
6&10 MV photon energy or Cobalt-60
machine. Electron beam therapy may be used
for posterior aspect of the treatment field to
limit the dose to the spinal cord. Selection of
appropriate electron energy will depends on the
thickness of the neck and the depth of the
disease. Brachytherapy was not permitted in the
study. Treatment distance minimum 80 SSD/
SAD was allowed. Immobilization devices such
as plastic mask could be used. Simmulation of
the initial field and any planned boost fields
were required. Appropriate immobilization
devices should be used. Conventional fraction-
ation was used. Radiation treatment was
continued until the dose reached 50 Gy.

Drug therapy: The drugs used in this study

were produced in cream base form: vitamin E
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cream and placebo. Both of them contained
almost the same ingredients which were
moisturizers that protect skin hydration and
reduce transepidermal water loss, except
vitamin E that was not contained in
the placebo. The production of the drug
was controlled by the pharmacist of the
Drug Production Division, Department of
Pharmaceutical King Chulalongkorn Memorial
Hospital:

Treatment: The applications of vitamin E cream
and placebo were done in the same patients
by divided their face and neck areas that were
irradiated into 2 sides, left / right. The drug
applications were done during the 1% week of
the initiation of radiation, they were applied
every day, 2 times per day until the radiation
dose reached 50 Gy . The application of both
creams were randomized without naming the
drugs on the tubes. Colored tapes were used to
suggest the drug applications for preventing bias.
Regarding the out-patients, the drugs were
applied by the patients themselves. For the
admitted cases, the nurses in the admission units
applied the drugs for them. Both groups of the
patients were randomized with the same blind
technique.

The skin evaluation was done by the same
person from the 1% week of treatment and then
weekly until the 5" week of irradiation (total
dose 50 Gy). The skin was evaluated using
the common toxicity criteria version 2.0, the
standard criteria for evaluation of the side

effects caused by radiation treatment.

Common toxicity criteria version 2.0

Grade 0| Normal skin
Grade 1 | Faint erythema or dry desquamation

Grade 2 | Moderate to brisk erythema
orpatchy moist desquamation,
mostly confined to skin folds and

skin crease, moderate edema

Grade 3 | Confluent moist desquamation,
1.5 cm.diameter; not confined to

skin folds, pitting edema

Grade 4 | Skin necrosis or ulceration of
full thickness dermis; may include
bleeding not induced by minor

trauma

* The test for the agreement of skin evalu-
ation between the two observers, and analyzed
by SPSS program version 2.0 was done. The
results show that for the interobserver test,
the agreement was moderate; however for
intraobserver test there was a good agreement.

The final outcome was analyzed: the
degree of skin change between the irradiated
skin that applied with vitamin E cream versus
the area applied by the placebo. The compari-
son was done during each week and between
the weeks of radiation treatment.

The treatment was stopped when the
patients wanted to withdraw or stop radiation
treatment due to any cause such as severe
medical or surgical conditions. If the patients
had an allergy to the topical drugs (vitamin E
cream or placebo) they were not allowed to
continue using that drugs and were given proper
treatment.



Journal of Thai Society of Therapeutic Radiology and Oncology Vol.10 No.1-3 January-December 2004 ‘

RESULTS:

I. Characteristics of the patients: 32 patients
were recruited. Three of them were withdrew
from the study (2 from the patients’ prefer-
ence, 1 because of drug allergy). (Table 1 and
Figure 1). The remaining 29 patients received
complete treatment, 8 were admitted patients

and 11 were out patients. (Table 2)

ety
Rt

ECOG Number of patients
0 0
1 7
2 22
3 0
4 0
Total 29

Table 3: ECOG performance of the patients

Treatment Number of the
H&N cancer patients

Complete treatment 29

Withdraw 3

Total 32

Table 1: The number of head and neck cancer
patients recruited in the study

Ocomplete
H withdraw

Figure 1: The number of head and neck
cancer patients recruited in the study

Patients Number of patients
Admitted cases 18
OPD cases 11

Table 2: The number of head and neck cancer

patients who received complete treatment

II. Characteristics of the head and neck cancer
patients who received complete treatment:
21 male and 8 female patients were recruited;
their age ranged from 20 to 80 years. The
patients had good performance status. Most
patients had stage 3 and 4 disease. Their most

common histology was squamous cell carcinoma.

Stage | Number of patients | Percentage (%)
1 3 10.35 -
2 3 10.35
3 11 37.29
4 12 41.38
Total 29 100.00

Table 4: Stage of the head and neck cancer
patients who received complete treatment

Histology of patients | Percentage(%)

SCCA

- well diff. 6 20.96
: moderate diff 5 17.24
: poorly diff. 2 6.90
: ot specific 4 13.79
Undifferentiated 10 34.48
Lymphoma 1 3.45
Sarcoma 1 3.45
Total 29 100.00

Table 5: Histology of cancer
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Clinical evaluation of radiation dermatitis and statistical analysis

: Comparison in each week: There was no : Comparison between each week: There was
difference of skin alterations between the irra- no difference of skin alterations between the
diated skin that applied with vitamin E-crearn irradiated skin that applied with vitamin E cream
versus those applied with placebo (Table 6). versus those applied with placebo (Table 7).
The data were analyzed by Non-parametric test The data were analyzed by Non-parametric test

(Wilcoxon Signed Rank Test) p = 1.00 (Friedman Test) p = 1.00
Patients’ number Grading of RT dermatitis
Wk1 Wk2 Wk3 Wk4 Wkb

L R I; R L R L R I R
1 0 0 0 0 1 1 1 1 2 2
2 0 0 0 0 1 1 1 1 2 2
3 0 0 0 0 1 1 1 1 2 2
4 0 0 0 0 0 0 1 1 2 2
5 0 0 1 1 1 1 2 2 2 2
6 0 0 0 0 1 1 1 1 2 2
7 0 0 0 0 1 1 1 1 2 2
8 0 0 0 0 0 0 1 1 2 2
9 0 0 0 0 1 1 2 2 2 2
10 0 0 0 0 1 1 1 1 2 2
11 0 0 0 0 1 1 1 1 2 2
12 0 0 0 0 1 1 2 2 2 2
13 0 0 0 0 1 1 2 2 2 2
14 0 0 0 0 1 1 1 1 2 2
15 0 0 0 0 1 1 1 1 2 2
16 0 0 0, =0 1 1 1 1 2 2
17 0 0 0 0 1 1 2 2 3 3
18 0 0 0 0 1 1l 1 1 2 2
19 0 0 1 1 1 1 2 2 2 2
20 0 0 1 1 1 1 2 2 2 2
21 0 0 0 0 1 1 1 1 2 2
2 0 0 1 1 1 1 1 1 2 2
23 0 0 0 0 1 1 1 1 2 2
24 0 0 0 0 1 1 1 il 2 2
25 0 0 0 0 1 1 1 1 2 2
26 0 0 0 0 1 1 1 1 2 2
27 0 0 0 0 1 1 1 1 2 2
28 0 0 1 1 1 1 1 1 2 2
29 0 0 0 0 1 1 2 2 3 3

Table 6: Grading of skin alteration from ionizing radiation in each week
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Figure 2: Grading of skin alteration from ionizing radiation in each week
H & N cancer Patient Difference of grading of radiation dermatitis
Week1 Week 2 Week 3 Week 4 Week 5
1 0 0 0 0
2 0 0 0 0 0
3 0 0 0 0 0
4 0 0 0 0 0
5 0 0 0 0 0
6 0 0 0 0 0
7 0 0 0 0 0
8 0 0 0 0 0
9 0 0 0 0 0
10 0 0 0 0 0
11 0 0 0 0 0
12 0 0 0 0 0
13 0 0 0 0 0
14 0 0 0 0 0
15 0 0 0 0 0
16 0 0 0 0 0
17 0 0 0 0 0
18 0 0 0 0 0
19 0 0 0 0 0
20 0 0 0 0 0
21 0 0 0 0 0
22 0 0 0 0 0
23 0 0 0 0 0
24 0 0 0 0 0
25 0 0 0 0 0
26 0 0 0 0 0
27 0 0 0 0 0
28 0 0 0 0 0
29 0 0 0 0 0

Table 7: The difference of grading of skin alteration from ionizing radiation between 1" to 5" weeks
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Complication of drug applications:

There was no serious complication from
the applications of vitamin E cream and
placebo in this study. There was only 1 patient
who had mild skin rash which improved when

the drug application was stopped.

Discussions:

The severity of skin alteration from
ionizing radiation depends on many factors such
as total dose of ionizing radiation, condition of
skin of each patients, the surgical treatment that
disrupts the blood supply of the irradiated skin
or combination chemotherapy etc. If the skin
damage is severe, it increases the risk of
infection, discomfort, and pain to the patient
and possibly necessitate the interruption of
treatment plan to allow for healing. This can
compromise the final outcome of cancer therapy.
Therefore, the most effective treatment with
the least complication is the mainstay of
treatment. So this study was initiated to find
out the effective topical agent that can reduce
the severity of skin damage from ionizing
radiation, the common complication of radia-
tion treatment, especially in the head and neck
cancer that require high radiation dose to
control the disease for curative aim.

The comparison of the irradiated areas in
the same patient lets the homogeneity of the
studied regions and decreases factors that may
affect the skin reaction to radiation. So, any
difference that occurs should be the true
difference and reliable.

This study used the clinical criteria (CTC

version 2.0) for evaluation of the severity of
skin change. This clinical criteria are the
standard criteria, accepted among the radiation
oncologist to evaluate the skin complication
from ionizing radiation. The criteria are graded
into 5 levels, O to 4, depending on the findings.
The evaluation was made by looking and
touching. We did not use a colorimeter, the
equipment that is used by dermatologists
to evaluate the skin color. Technically, a color-
imeter reports the level of skin color by number.
So the difference can be sensitively demon-
strated and may detect the difference that
cannot be demonstrated by the use of clinical
criteria. The reason that we did not use this
equipment is, if the difference was detected by
the colorimeter it did not make any clinical
difference, since it has no clinical importance
and made no difference for treatment.
Therefore, in clinical practice, a radiation
oncologist uses the clinical criteria which are
easy, comfortable and give accurate information
for evaluating the skin complication that is
caused from radiation treatment.

The results of this study show that the
skin reaction, evaluated by clinical criteria
(CTC version 2.0) comparing the areas applied
with vitamin E cream vs. placebo, had no
statistical significant difference by Non
parametric test (Wilcoxon Sign Rank Test
and Friedman Test), p = 1.00.

From the data, it cannot be concluded
whether the anti-free radical effect of vitamin
E can reduce tissue injury from ionizing

radiation or not. But from the clinical criteria,
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it may be initially concluded that topical
vitamin E cream cannot make the difference
of skin alteration caused by ionizing radiation
when compared with the placebo and there
is no benefit of topical vitamin E applications

in clinical practice.

Limitation of the study: _
~ This study excluded patients who were
previously treated by surgical treatment to
prepare the most homogeneity of the study area.
Because the blood supply of surgical regions
will be disrupted, causing the difference of the
skin at this area from the normal skin that may
cause the false positive result. So, the number
of recruited patients was small when compared
with the incidence of the head and neck cancer
patients. This small number of cases might have
prevented the difference to be demonstrated.
The one factor that affected the relia-
bility of this study is the right of drug applica-
tions. We tried to control this factor in the
admitted cases that the nurse would apply the
drug for the patients and the close observation
could be done. But for the OPD cases, the
reliability mainly depended on the compliance
of the patients and we tried to control the
reliability by close follow-up.
-The follow-ups were made until the

radiation dose reached 50 Gy. Higher

SrY
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radiation dose may demonstrate the clearer
differences, but at the radiation level higher
than 50 Gy different radiation technique is
used because of the difference in disease
extension. This would make the difference in
the study area. Therefore, this study was
limited the skin evaluation at the radiation
dose of 50 Gy.

Suggestion for further work:

Although this study cannot demonstrate
the difference of skin alteration from ionizing
radiation between the areas applied by vitamin
E cream versus placebo, we observed that
the degree of skin change was not severe. Most
of the skin changes were grade 1 and 2.
Few cases had grade 3 skin complication.
No serious complication was demonstrated. From
the data, we hypothesized that moisturizing
agent that was the ingredients of cream base of
both drugs might decreasé the severity of skin
damage, probably by reducing the transepidermal
water loss or from other mechanism. Therefore,
the study compared the application of this
moisturizer versus no topical treatment on the
irradiated skin could prove this hypothesis. If
the hypothesis is proved true, we can find the
effective, cheap and easily produced topical

agents that can be used in clinical practice.
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