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HYPERFRACTIONATED RADIOTHERAPY IN
MALIGNANT ASTROCYTOMAS
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ABSTRACT

Purpose: After conventional doses of 35
to 65 Gy of fractionated irradiation, anaplastic
astrocytoma  (AA)  and  glioblastoma
multiforme (GBM) usually recur at its orginal
location. The present study was designed to
determine whether hyperfractionated
radiotherapy (HFRT) would improve local
tumor control and patients™ survival. Also the
factars effecting the prognosis in high grade
agtrocytoma were detected.

Materials and Methods: Between
December 1994 and Janoary 1996, 24 patients
were enrolled to a prospective study. Patients
were histologically confirmed with AA und
GBEM and previcusly untreated. A tolal dese of
69.6 Gy was delivered in 1.2 Gy fractions
twice daily with an interval of 6 to 8 hours, 5
dayvs per week. Clinical Target Volume {(CTV)
was established as Gross Tumor Volume
(GTV) plus 2-2.5 cm and (.5 cm was added as
safely margin for Planning Target Volume
(PTV).

Results: The overall median survival was
51 weeks, 54 weeks for AA, 45 weeks for
GBM. Time to progression was 24 weeks.
Age, performance status and  histological
subtype were significant predictors on survival,
We did not observe any late toxicity depending
HERT.

Conclusion; Although we observed
profonged survival in our study compared with
the conventional radiotherapy results in the
literature, hard to say it is related 1w HFRT duoe
to small number of patients. Our study gives an
wdea that HFRT can be easily applied and side
effects are well tolerated,
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MALIGN ASTROSITOMLARDA Hi-
PERFRAKSIYONE RADYOTERAPI

OZET

Amag: Anaplastik astrositoma (AA) ve
glioblastome multiforme (GBM), 55-65 Gy
konvansiyonel radyoterapi sonrasy  orjinal
lokalizasyonunda yinelemektedir, Bu
calismada hiperfraksiyone radyoterapinin
(HFRT) lokal timor kontrolil ve safkahm
izerine etkisi aragtinlmigur. Ayrica yiiksek
grad astrositomalarda prognostic faktérier de
incelenmistir.

Gerey ve Yontemler: Aralik 1994- Ocak
1996 tarihleri arasinda daha once tedavi
almamis histolojik olarak AA veya GBM tamh
24 hasta gahismaya dahil edilmistic Gilnde 2
kez, 6-8 saat aralarla 1.2 Gy/fraksiyonlarda
toplam 69.6 Gy uygulanmstir. Klinik Hedef
Volliim, Gros TUmdér Hacmine 2-2.5 em
eklenerek hesaplanmastir,
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Bulgular: Ortalama sagkalim 51 hafta, AA
igin 54 hafta, GBM iginse 45 haftadir.
Progresyona kadar gegen sure 24 haftadir. Yas,
performans durumu  ve  histolojik alttip
safkalim igin  anlamli  belirteglerdir.
Calismamizda HFRT 've bagh gec van etki
giizlemlenmed:.

Sonug: Literatiirde konvansivonel RT
uygulanmis  ¢aligmalanin  sonuglan  ile
kargilagtimldigimda, bizim  calismamizdaki
sagkalin sireleri daha wrundur ancak hasta
suyrst az oldugu agin bu sonuglar HFRT ile
thigkilendirtlememisur.  Cahsmanizin
sonuglarma gore, HERT kolay uygulanabilen
ve yan etkileri ivi tolere edilebilen bir tedavi
seklidir.

Anahtar Kelimeler:
hiperfraksiyone: maling astrositom,

INTRODUCTION

Primary brain tumors account for one
percent of all types of cancers. They are more
common in man than woman with the ratio of
32 The frequency of intracranial wmors is
increasing with age.

Rudyoterapi,

Malign astrocylomas are primary  brain
tumors i adults. They have a well established
probensity for local invasiveness and tumor
recurrence at or adjacent to, their orginal
location. Median survival is generally less than
one year from the time of diagnosis, and even
in the favorable situations, most patients die
within two years (l). Standard therapy
consists of surgical resection to the extent that
is safely feasible, followed by radiotherapy.
Chemotherapy is added to the management in
some cases. Many approaches have been used
including different fractionation models (2.3)
radiosensitizers (4), interstitial brachitherapy
(3), radiosurgery (6), adjuvant, neocadjuvant
and concomitant chemotherapy (7,8.9),

HFRT involves the use of smaller than
standard fractions given several uimes per day.
Higher total doses are given in a similar overall
treatment lime as standard single fractionated
radiation. The theoretical benefits of HFRT
are; an increase tumor killing while late tissue
effects are equivalent, for lower RT fraction
sizes, oxygen enhancement ratio is lower so
reducing hypoxia to radioresistance and this
approach let the total dose mcrease, it doesn’t
cause additional toxicity (10,11). A strong
relationship appears to exist in central nervous
system (CNS) irradiation between RT fraction

size and the risk of the late CNS injury,
especially radiation necrosis (12). There are
both laboratory and clinical data demonstrated
a larger sparing of late CNS RT effects for the
same total dose when smaller fraction sizes are
utilized. Because of this reason, CNS  tumors
are relatively radioresistant lesions well suited
to use HFRT (11).

According to these informations, the
objective of this study is to evaluate the
tolerability of HFRT with higher biologically
effective doses (BED) in comparison with
conventional  radiotherapy and analyze the
prognostic factors in high grade astrocytomas.

MATERIAL AND METHOD

Twenty six patients diagnosed with AA
and GBM were enrolled to HFRT schedule,
Two of them died with another illness during
the therapy. Median follow-up period was 39.5
week., The median symptom period before
diagnosis was 32 days (3 days — 6 months).
Kamofsky Performans Status (KPS) was used
to appraise the performance of patients, where
it was between 80-100) in 6 (25%) cases and
T0-30m 18 (75%) cases.

Histopathologieal test results revealed that
12 {50%) cases had GBM and the other 2
(50%) had AA. Lesions were placed
infratentorial in 4 (16.6%) cases and
supratentorial in 20 (83 4% ) cases. 22 patients
(91.6%) underwent to surgery. Only 2 (8.4%)
of them had diagnosis with biopsy. In 7
(29.16%) patients 80-100% of tumor wis
removed and 79% or less in 17 (70.8%)
patients,

All cases had taken a local therapy.
Clinical Target Volume (CTV} was established
as Gross Tumor Volume (GTV) plus 2-2.5 cm
and 0.5 cm was added as safety margin for
Planning Target Volume (PTV). Twice daily
fractions of 1.2.Gy were delivered 5 days per
week up to a total dose of 69.6 Gy
radiotherapy was delivered with 6-8 hours
interval using gamma rays of Co 60 and
isocentric (SAD) technique. The biclogical
effective doses applied to tumor and normal
brain tissue was calculated according to Jinear
quadratic model.

For the purpose of evaluation of response
to RT, CT or magnetic response imaging
(MRI), are done before operation, pre-RT and
two months after RT. Before RT, patients
routinely underwent complete blood counts,
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biochemical tests and neurological lesting.
During RT, patients were to be seen every
week. After the end of RT, patients were seen
in the first month, Then, they were seen at 2-
mionth intervals during the first yvear,

Response criteria were as follows:
complete response (CR) was defined as the
disappearance of all enhancing tumors on CT
scans, off steroids and neurologically stable
Partial response (PR} was defined as 50% or
greater reduction in the size of the enhancing
tumor on CT scans. stable or reduced steroids
and neurologically stable. Progressive disease
(P was defined as 49% or less reduction n
ihe size of the enhancing tumor or
neurclogically worse,

Survival rates were determined with
Kaplan-Meier analysis dating from operation
date 1o last control date, and log-rank test was

1.4

used to determine the distinction between the
groups. A p value of less than 0.05 was
considered statistically significant.

RESULTS

HFRT was used for 24 patients with AA
and GBM. Median follow-up period was 39.5
weeks. Overall the median survival lime was
51 weeks and the expected survival ratio at
ong year was found as 52% (Fig. 1), Al two
months follow up control CT was asked for
every pattent and CR was observed in 10
patients (41.7 %) while PR in & (33.3 %) and
PD in 6 patients (25%). Complete and partial
response patients showed 523 weeks mediun
survival, while patients who had no response
showed 46 weeks. No significant differences in
these outcomes were [ound between the two
groups (p=0.05). Median time to progression
was 24 wieeks.
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Figure 1. Overall survival of all patients.
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Figure 3. survival according to KPS ( p< 0.05)
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We also immvestigated the effect of

no significant effect on median sarvival (Fig.

patients” age at diagnosis to the median period blo

lo progress and median survival, we found that The patients” characteristics and the
survival in younger than 40 vears old and older effects of prognostic [actors on median
patients than this were 58 weeks and 40 weeks, survival is shown in Table-[.

respectively (p<0.01) (Fig. 2}, Gender had no
meaningful effect on median period until

Tahle 1. Fatients” characteristic and analysis of

progression and survival (p=0.005). The prognostic factors
median period o progress in AA was 40 .y
weeks, compared with 20 weeks for the GBM, COYARIATE iNUMRER A2 MILEN
: P ; VALUE  SURYIVAL
which shows a significant difference between WEEK
the two histopatologic subtypes. Median AGE
survival in AA was 54 weeks, while 1t was 45 e ]'; s if;
3 - § 4-00 <L L
weeks in GBM (p<(.05). Patients were divided SEX
into two groups according to KPS values: In femate 9 495
the first group KP5 values were between 20- s i3 gl (15 5l
b : o EPs

100 and these in the second group had 30-70. il s 51
In the second group where KPS valoes were F0-30 i3 el 415
equill or less than 70. median survival was ;"f:ﬂ;
signifiqiantlyl shorter _lhan the first group VOLUME 1 015
{p=0.05) (Fig. 3). Tumor volume before =16 em_ 7 a1

sl was 9.6 ¢ an averase. There was <l o, 17 432
aperition wis 9.6 cm on an average TI: Ere was O o
no clear distinction between the patients with AA 12 44
lumor volume of <16 cm or >16em (p=(.005). GRM iz 45
The effect of surgery on prognosis was F:';E*';E’gf‘
evaluated and concluded that in cases with 80- RESECTION psti 05
L% of tumor removal median survival was Suhteta] 17 474
55.3 weeks, compared 1o 474 weeks in cases Grons total ! 554

with less than 80% removal. This finding
sugeests that surgical removal proportion had
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Alopecia and mild 1o moderate hyperemia
within the treatment volume were observed in
all patients. Also, there was dry desquamation
in 3 ( 12.5%) cases and wet desquamation at
retroauricular area in 1 (4.16%) patient. 4
(16.6%) patients suffered from nausea and
vomiting responded well to standard anti-
emetic treatmentl without any interruption.
1(4.16%) patient had high blood glucose level
because of steroid treatment and turned 10
normal levels with antidiabetics. Serous otitis
media was séen in 1{4.16%) case. There wis
brain edema in 1{4.16%) case, causing deferral
of RT Tor one week. Overall no patient showed
atrophy or brain necrosis in controls.

DISCUSSTON

High grade astrocytomas are the most
commaon brain tumors in adults. Bui according
o mimny studies their treatment results are not
successtul. Kernohan classification has been
used to classify malign gliomas for many
years. Grade 4 tumor prognosis i1s worse than
grade 3 tumor (13,14), Necrosis is accepted as
4 prognostic faclor in malign astrocylomas
Malign astrocytomas with necrosis are
assessed as GBM, while the other high grade
astrocytomas without necrosis are classified as
AA. Median survival in GBM and in AA has
been found 32 and 72 weeks respectively (15)
Since long term tumor control and survival
were not achieved with conventional BT in
high grade astrocytomas, in this current study,
HFRT was used to overcome the poor results
ol high grade astrocytomas and to evaluate the
tolerability or this altered fractionation
schedule. Walker et al. (16), showed that
increasing of total dose, resulted in survival
improvement in supratentorial malign
istrocytomas, HFRT involves the use of
smaller than standard fractions given more
than one times per dav. Higher total doses are
given in the same overall treatment time when
compared with conventional radiotherapy. This
schedule, reduces the risk of late radiation
injury while at the same time it increases the
chance for tumer cell killing (3). In HFRT #t is
possible to increase the effective dose applied
to tumor without exceeding the brain tolerance
dose.

Several studies have been reported using
different fraction schedule with concomitant
chemotherapy, In RTOG 83-02 study,
evaluating 64.8Gy, 720Gy, 76.8Gy and
814Gy using twice-daily fractions of 1.2 Gy

and all patients received adjuvant BCNU
chemotherapy. While 72 Gy tended to have
benefit in the beginning. it didn't show
survival advantage to 60 Gy standard RT (17).
In prospective phase Il study conducted by
EORTC included 66 patients, upplied
accelerated hyperfractionated RT. Total doses
used were 42 Gy, 48 Gy, 54 Gy, 60 Gy using 3
fractions per day of 2 Gy. Median survival was
determined as 8.7 months. Any of the proups
was not superior to the others and they didn't
overwhelm fractionated treatment scheme. It
was also suggested that tumor repopulition
was not a major factor in radioresistant
property of GBM (18),

In  patients  with malign  glioma
chemotherapy given as an adjunct to RT or
before RT for several years but sueh treatment
has had limited success. (19,20).

Stupp et al. (9)  had determined a
randomize prospective study, for newly
diagnosed and histologically confirmed
ghoblastoma. Patients were divided into two
groups. The control group received standart
local radiotherapy alone, the patients in the
other group were received standart
radiotherapy  plus  concomitant  daily
temozolomide, followed by adjuvant
temozolamide. According to this study,
addition of temozolomide to radiotherapy early
in  course of glioblastoma provides a
statistically significant and clinically
meaningful survival benefit.

In our study median survival was 31
weeks and median time to progression was 24
weeks. Median survival in GBM was 45
weeks, while it was 34 weeks in AA. We
conclude that HFRT might be the choice to
prefer. because the therapy was well tolerated
by the patient. The most common acule
toxicity n our study was skin reaction. There
was only one side effect to discontinue the
treatment and no additional late adverse
events.

In the present study, the most important
prognostic factor was age, histological subtype
and performance status as comfirmed in the
literature (21,22). The median survival in
patients, younger and older the age of 40 years,
are 58 and 40 weeks, respectively. There are
some studies in literature showing that the
older ages lower the life duration
(23,24 25 26Y,
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Whittle et al. (27) had demonstrated the
importance of preoperative clinical grade and
radiation treatment in determining outcomes in
patients over 60 years. KPS was also observed
as a prognostic factor effecting survival.
Brandes et al. (28) had determined in 4
prospective study for elderly patients with
good performance status definitive radiation
therapy and adjuvant chemetherapy with
temozolamide was advised.

There was no relationship between
preoperative tumor size and  prognosis.
Although Jonathan et al. (29) showed a strong
relationship between postoperative lumor size
and survival, we didn’t observe a meaningful
effect of surgical removal on survival.

In our study, median survival in patients
with complete and partial response was 52.3
weeks, while in patients with less than 50%

reduction in tumor or progression was 46
weeks but it was not statistically significant,
Andreou et al, (30) showed that the reduction
in tumor size after RT prolonged the survival,
in 115 cases. In another study. it was shown
that 50% or more reduction in tumor size after
RT prolonged survival (16).

In conclusion, although our results are
better than literature results, it 15 hard lo say
HFRT 1s superior, because of the small number
of patients. Our study gives an idea that HFRT
can be easily applied and side effects are well
tolerated. Considering the prognostic factors,
randomized studies with different fraction
models, radiosensitizers and newer
chemotherapy strategies are warranted to reach
clear results about survival and late side
effects.

REFERENCES
[, Buckner].C. Factors influencing survival in high grade gliomas. Semin Oncaol 30:Suppl 19:10-14, 2003,

2. leremic B, Grujicic I, Antunovie V. et al: Aceelerated hyperfractionated radiation therapy for malignant glioma,
A phase 2 study, Am J Clin Oncol (CCT) 18:449-453,1995.

3, Prados MD, Wara WM, Sneed PK ct al, Phase 3 trial of accelerated hyperfractionation with or withou
difluromethylornithine {DFMO) versus standard fractionsted radiotherapy with or without DFMO for newly diagnosed
paticnts with glioblastoma multiforme. Int J Radiat Oncel Biol Phys, 49: 71-72, 2001

4. Gofiman TE, Dachowski L1, Bobo H, et al: Long-term follow-up on National Cancer Institute Phase |/ 2 study of
glioblastoma multiforme treated with iododeoxyunidine and hyperfractionated irradiation. J Clin Oncol. 10: 264-268, 1992,

5. Sneed PK, Gutin PH, Larson DA, et al.: Patterns of recurrens of glioblastoma multiferme afier external irradiation
followed by implant boost. Int 1 Radiat Oncol Biol Phys., 29:719-727.1994.

6. Mehta MP, Masciopinto 1, Razental J, et al: Stereolzctic radiosurgery for glioblastoma multiforme; report of a
prospective study evaluating prognostic factors and analyzing long-term survival advantage, Int ] Radiat Oncol Biol Phys.,
30:541-549,1994,

7. leremic: B, Shibamote Y, Grujicic D, e al: Pre-irradiation carboplatin and etoposide and accelerated
hyperfractionated radiation therapy in patients with high grade astrocytomas. a phase 7 sudy. Radiother Oncol 51: 27-33,
1984,

§. Grossman SA, Wharam M, Sheidler V, et al: Phase 2 study of continuous infusion carmustine and cisplatin
followed by cranial irradiation in adulis with newly diagnosed high grade astreytoma. ] Clin Oneol, 15 2596- 26031 997,

9, Stupp R, Mason WP, Bent M1 et al.: Radiotherapy plus concomitant and adjuvant temozolomid for glioblastoma. N
Engl 1 Med, 352010): 987-096, 2005,

10, Thames HD, Withers HR. Peter L) and Fletcher GH.: Changes in early and late radiation responses with altered
fractionation: lmplications for dose-survival relationships. Int ) Radiat Oneol Biol Phys, 8:219-226, 1982,

1. Coughlin C, Scott C, Langer C et al.; Phase 2, twe- arm RTOG trial (94-11) of bischloroethyl-nitrosoures pls
accelerated hyperfractionated radiotherapy (64.0 or 70.4) based on tumor volume (> 20 or _ 20 em_, respectively) in the
treatment of newly diagnosed radiosurgery-mneligible ghoblastoma multifofme patients, Int I Radiat Oncol Biol Phys, 48
1351-1358 2000,



R

52 YILDIZ GUNEY-AYSE HICSOYLEMEZ-MELTEM NALCA ANDRIEU-AYSEN DIZMAN

12, Sheline G, Wara WM, Smith V. Therapeutic irradiation and brain injury. Imt J Radiat Oncol Biol Phys, &:1215-
| 228, 1480,

13 Rutien FHSM. Kuzem 1, Sloof JL, Walder AHD. Postoperatif radiation therapy in the management of hrain
astrocytoma-retrospective study of 142 patients Int ) Redist Oncol Biol Phys, T:191-1893. 193]

14, Copper 15, Borok TL, Ransehef J, Carella RJ.: Malignant glioma. Result of combined modality therapy J A Med
Ansoc,, 248 62-65, 1983,

1§ Nelson J5. Tsukada Y, Schonfeld D Mecrosis as a prognostic eriterion in malignant supratentarinl, astrogitic
plicomus. Cancer , §2:550-554, 1983

16, Walker MD, Strik TA, Sheline GE: An analysis of dose effect relationship in the rodiotherapy of malignant
gliomas, 1ot ) Radiat Oncol Biol Phys, 51725 1731, 1979

17, Murray KK, Nelson DF and Scon €, et al: Quabity adjusted sur peal analysis of malignant glioma. Patienats reated
with twice duily radiation and carmustine. A report of Radiation Oncology Group (RTOG) 8302 Int ) Radint Oncal Hiol
Phys, $1: 450-459, 1995,

I8, Gonzales I, Monta J, Bosch DA, et al.: Accelerated radiotherapy in glipblastoma multuforme: A dlose searching
prospective study, Radiother Oneol, 32:08- 105, 1994

19, Stupp B, Hegi ME. Recent developments in the management of malignant ghoma. In; Perry M, ed. ASCO 2003
cducations] book. Alexandrin, Va. American Society of Climeal Oncology 779 THE, 2000,

203, Shapiro WE. Chemothernpy of malignant ghiomas: studies ol the BTOG. Rev Neurol, 143:428-434 19492

21, Nelson DF, Nelson 15, Davis DR, et al; Survival and prognosis of patients with sstrocytamuas with alypical or
anaplustic features, J Neuro-Oneal, 3:99- 1(¥3. 1985,

32, Geiwe M, Zorlu AF. Atahan Il Accelerwted hyperfractionated radiotherapy 1 supratentorial malignant
astrocylomas Radiother Oneol, 56: 233238 2000

73, Bignardl M, Bertoni F: Radiation ireatment with twice a day fractionation versus conventional fractionation high
pradeastracyioma, Actn Oncologics, 26:441-445, 1987

%1 Shibometo V Vanashito T Takahashi M:: Supratenional malignant glioma: on analysis of radiation therapy i 178

caves. Radiother Oncol, 18:9-17, 1990

25, Keim H Pothoff PC, Schmidt K. Netss A Survival and quality of life after continous accelerated mdiotherapy of
glioblastomas. Radiother Oneal., :21-26, 1987,

26, Burger PC, Vogel J, Green SB. Suike TA: A prospective swudy on glioblastoma in the elderly. Cancer, 97:657-
B2 2003, |

77, Wiille IR, Basu N, Grant R.et al: Management of patients aged > 60 years with malignant glioma: good clinical
statis and radiotherapy determine cutcome. Br ] Neurosurg. 16:343-347, 2002,

2% Brandes AA, Vastola F, Bosso U, Borti F et al: A prospective study on glioblastoma in the elderly. Cancer,
Q7:657-662, 2003,

20, Jonathan BY, Wood R. Green SB.: The prognostuc importance of tumor size in malignant gliomas, 1 Clin Oncol,

6:338.343 1088,

0. Andreou I, George AE, Wise A CT prognostic enitena of survival after malignant glioma surgery. Am |
Neuroradiol, 4:488-490_ 1983,



