Lung Cancer Therapy in the Elderly

[9]. Elderly patients are less often included in clinical trials [10].
It is a well-known fact that patients treated according to a
protocol have a significant survival advantage over those treated
according to the free choice of the clinician [11].

Proper staging of the patients is mandatory. Stratification and
randomisation is obligatory for a balance in prognostic factors
and to exclude selection bias. Good definitions of what is
aggressive, what is conventional and what is gentle treatment
are needed. Is single drug treatment as effective as multiple drug
chemotherapy? Is oral treatment as effective as intravenous? Is
treatment in elderly patients more schedule dependent than in
younger patients? Is it possible to predict the haematological
reserve of these patients? Should haematopoietic growth factors
be given routinely or only on indication? How disturbing are
the concomitant illnesses these patients have, for a adequate
chemotherapy? Is the reponse similar to that seen in the younger
population?

These questions can only be answered in proper designed
phase I1I studies with a large enough number of patients to draw
valid conclusions. Only multicentre studies seem appropriate
for this. Treatment of elderly patients should be part of the
mainstream of oncological practice [12].
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Radiosurgery for Brain Tumours

THERE ARE many examples in medicine where advances in
treatment are led by technology and not by intellectually
satisfying pursuits. Nevertheless, the emergence of new tech-
niques does not guarantee progress and the indiscriminate use
of new and fashionable treatment methods has to be checked by
careful clinical evaluation. Stereotactic radiotherapy (SRT) (or
radiosurgery when in the hands of neurosurgeons) has hit
the headlines as a new hope for brain tumour patients. It is
undoubtedly a technologically advanced method of radiation
delivery, but is it the clinical breakthrough often claimed?

Whatis SRT?

The principle of SRT is simple. Itis a high precision technique
of localisation and delivery of external-beam radiotherapy at
present applicable to the treatment of intracranial lesions. Pati-
ents are immobilised in a neurosurgical-type stereotactic frame
which acts as a point of reference for three-dimensional localis-
ation on multimodality imaging. This allows for the precise
localisation of a region of interest.

Irradiation is highly focused by arranging sources of radiation
in a spherical distribution around the patient’s head converging

Received 14 Aug. 1991; accepted 18 Sep. 1991.

onto a small central point. This started life as “radiosurgery”
delivered by a dedicated multiheaded cobalt unit with focused
sources arranged in a hemisphere around a patient (so-called
gamma unit or knife) [1]. Similar high-precision delivery can be
achieved with a modern linear accelerator by multiple beams
either as multiple arcs of rotation {2-6] or multiple fixed non-
coplanar beams [7]. An alternative means of localised irradiation
utilises the property of Bragg peak of heavy particles as cyclotron
generated protons [8] or heavy charged particles [9]. All of
these techniques represent stereotactically guided, conformal
external-beam radiotherapy.

How does it help in practice? The high precision of tumour
localisation makes it possible to irradiate a smaller volume of
normal tissue with less margin for inaccuracy and highly focused
treatment delivery reduces the amount of radiation to normal
brain [7]. This may allow for a higher dose of radiation to the
target while reducing or maintaining the dose to the surrounding
normal tissue. Providing that the limitation of conventional
technique is the radiation tolerance of normal brain surrounding
the tumour, it may be possible with the use of SRT to give a
higher dose to the tumour without increasing damage to normal
brain. In any case this is the theory. In practice single-fraction
SRT/radiosurgery has been successfully developed for the treat-
ment of small inoperable intracranial arteriovenous malfor-
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mations (AVM). Certainly in this setting high radiation doses to
the AVM are effective and cause minimal toxicity [10].

STEREOTACTIC RADIOTHERAPY IN BRAIN
TUMOURS

The high precision of SRT is unquestionably a technological
advance in external-beam radiotherapy. However, with current
technology, the advantage over conventional treatment in terms
of normal tissue sparing is limited to smaller tumours [7]. At
present, SRT is also time-consuming and has been given either
as a high single dose of radiation or with unconventional
fractionation, situations in which both radiation tolerance and
“equivalence” in terms of tumour control are not clearly defined.
The enthusiastic initial application of SRT has been largely
limited to small lesions treated with single-fraction SRT/radio-
surgery. However, in tumours where conventional treatment is
known to produce excellent local control with little toxicity the
use of SRT is difficult to justify and has on occasions bordered
on unethical. It would therefore seem prudent to suggest that
the use of SRT, which may carry higher toxicity as well as
uncertainty in its efficacy, should not be guided simply by
tumour size. As any new therapy it should be assessed by its
potential for clinical benefit either as improved tumour control
(and hopefully survival) or as reduced toxicity, or preferably
both.

Undoubtedly, reducing toxicity by irradiating less normal
brain is a laudable objective but this is unlikely to be achieved
with single-fraction treatment which negates all the advantages
gained through fractionated radiotherapy. The advent of relocat-
able fixation devices [11-13] heralds a new era in SRT with
much wider application, combining the potential advantages of
fractionation as well as the increased precision of the technique.
However, even in its fractionated form, SRT should strive to
satisfy the criteria for clinical benefit.

Acoustic neuromas and meningiomas

Success with single-fraction radiosurgery (mostly with the
gamma knife) has been reported in over 80% of patients with
acoustic neuroma. However, computed tomography (CT) of 91
patients with unilateral acoustic neuroma treated with radiosurg-
ery showed a reduction in the size of the lesion in 49% of patients
and no change in 42% at an unspecified time [14]. The results
appear worse in bilateral acoustic neuromas [14]. A smaller
series of 40 patients with shorter follow-up suggests a reduction
in size in 55% and no change in 43% at a minimum follow-up of
1 year [15]. This treatment is not without complications. It
produces hearing loss [16] with more frequent deficit in larger
tumours [15] and it is debatable whether it provides any advan-
tage over conventional surgery.

A total of 67 patients with meningiomas treated with radios-
urgery have also been reported [17, 18]. The selection criteria
of these patients are not clear and there has been some mortality
associated with the high-dose single treatment in one centre
[17]. The good early results in terms of control rate are insuf-
ficient proof of effectiveness, as small meningiomas are indolent
tumours with a long natural history.

Solitary brain metastases

Single-fraction SRT can effectively control solitary brain
metastases [19] even after previous irradiation [20]. It is non-
invasive and at the doses studied carries little toxicity (19, 20].
Providing it can be shown to be as effective as excision [21],
SRT may become the future treatment of choice.
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Fig. 1. Stereotactic external beam radiotherapy - highly focused

irradiation of a small lesion is achieved by isocentric rotation of a

linear accelerator in number of arcs around a precisely localised

tumor. Patient is usually immobilised in a stereotactic fixation device
(not shown).

Piruitary tumours

Pituitary adenomas and small pineal tumours are examples of
localised small intracranial tumours which at first sight seem
ideal for SRT. The current results of conservative surgery and
radiotherapy in pituitary tumours are excellent with approxi-
mately 90% 10-year control rates [22, 23]. The toxicity of
conventional treatment includes optic nerve and chiasmal dam-
age, second intracranial tumours and late pituitary failure. The
risk of damage to the optic pathway is under 1% and is usually
associated with incorrect technique or fractionation. The risk of
second brain tumours (assumed to be radiation induced) is 1.3%
at 10 years, 1.9% at 20 years (our data). This is an approximately
10-fold increase in risk compared with the normal population.
With these figures in mind it is difficult to see how SRT could
improve tumour control and reduce toxicity. Unconventional
fractionation may increase the toxicity to the optic pathway,
particularly as the difficulty of controlling pituitary adenomas
largely relates to tumours with suprasellar extension, a situation
in which the optic chiasma is usually within or close to the mass.
A reduction in the dose and volume of normal brain irradiated
may reduce the risk of second tumours but a reduction of such
low risk events will be almost impossible to prove. Second
tumours have been reported within the pituitary fossa and it is
therefore unlikely that the risk will be completely eliminated. It
is also unlikely that SRT will avoid radiation induced late
pituitary failure.

The results of conventional radiotherapy in acromegaly and
pituitary Cushing’s disease uncontrolled with surgery and medi-
cal treatment are less than satisfactory. Although hormonal
control can be achieved, there is considerable delay in the
normalisation of hormone levels [24~26]. To assess the potential
benefit of SRT it is possible to draw on the experience of proton
therapy in acromegaly [27]. At first sight it would appear that
following proton therapy a higher proportion of patients reach
normal growth hormone (GH) levels earlier than with conven-
tional radiotherapy. Such results are entirely dependent on
pretreatment GH levels and there is no published data demon-
strating a faster decline in individual GH levels with protons. In
addition, recent evidence suggests that lower radiation doses
than conventionally used may be effective in the control of
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acromegaly [26]. Patients with pituitary Cushing’s disease have
been treated with radiosurgery [28, 29] and protons [8] but it is
difficult to prove that the results are superior to conventional
treatment.

At present, it is difficult to justify the routine use of single-
fraction SRT in the treatment of pituitary adenoma. However,
conventional methods, even though effective, are not ideal and
SRT technology continues to evolve. It is likely that in the future
the combination of high precision of stereotactic localisation,
delivery, conformal therapy and fractionation will be utilised to
treat suich localised tumours with higher accuracy and potentially
lower toxicity.

Pineal umours

The current results of conventional wide-field irradiation for
histologically verified pineal germinoma are extremely good with
a near 100% cure rate [30]. Although the toxicity of such
treatment could be reduced, this could be achieved by selectively
avoiding wide-field irradiation [31] and possibly by the use
of chemotherapy (e.g. in large tumours) [32, 33]. There is
uncertainty about the extent of tumour invasion around the
pineal region and the toxicity of the current treatment technique
is minimal. At present it would seem unwise to use SRT in
pineal germinoma.

The control rate of non-seminomatous pineal germ cell
tumours is poor with radiotherapy alone [30]. It can be envisaged
that residual masses in the pineal region following chemotherapy
and radiotherapy could be treated with an additional boost of
SRT to reduce the relatively high risk of recurrence at this site.
The role of SRT in rare pineal tumours such as pineocytoma is
difficult to define.

High-grade gliomas

Undoubtedly there is a need for improvement in the local
control of high grade astrocytomas [34] but few of these tumours
are small and there is considerable evidence of their infiltrative
potential [35]. Despite the theoretical objections to an aggressive
approach in the treatment of small recurrent gliomas, re-oper-
ation [36] or interstitial radiotherapy [37, 38] have resulted in
respectable survival of selected patients in a situation with
otherwise dire prognosis. Small series of patients with recurrent
high-grade gliomas have been treated with single fraction or
fractionated SRT and the reported results are similar to those
obtained with interstitial radiotherapy [2, 39-41]. The clear
advantage of SRT over interstitial radiotherapy is its non-
invasive nature and the possibility, if it is fractionated, of
avoiding the high risk of necrosis and the need for reoperation
associated with brachytherapy. At present it is not clear if the
encouraging results of high dose localised therapy are due to the
selection of patients with favourable prognosis and the results
have also not been compared with those of other salvage pro-
grammes.

High-dose irradiation is being incorporated as a boost in the
initial treatment of high-grade gliomas. Comparison of patients
treated with an interstitial boost with historical controls (which
may not be appropriate) suggests a survival advantage [42]. SRT
seems a reasonable alternative and, as in the case of interstitial
radiotherapy [38], it should be tested in a randomised prospec-
tive study. Such studies will not only have to show prolongation
of survival but also improvement in quality of life, particularly
as high-dose local treatment may result in localised neurological
damage and possible functional impairment.
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Low-grade gliomas

The role of localised treatment either in the form of surgery
or radiotherapy is as yet unproven in patients with low-grade
glioma and conventional radiotherapy is under investigation in
randomised studies of the EORTC, MRC and BTCG. In
addition few patients have localised disease of appropriate
size suitable for high-precision focal treatment. Nevertheless,
patients have been treated with either interstitial radiotherapy
[43] or with one or two fractions of SRT [44]. Although the

'results are reasonable, these patients are highly selected and

may fall into the best prognostic category of patients with low-
grade glioma who achieve excellent long-term local control and
survival with conventional treatment [45, 46]. Aggressive local
approaches in patients with such indolent disease will also have
to be tested in prospective randomised trials and the results of
uncontrolled series cannot be accepted as evidence of efficacy.

Other tumours

There are a number of intracranial tumours where the poor
results of conventional treatment are due to inadequate local
control. Clivus tumours (chordoma/chondrosarcoma) are one
example. Major advances in neurosurgery with skull-base
approaches have improved resection rates although small tumour
masses often remain and these may be amenable to treatment
with SRT. Results of fractionated proton therapy in skull-base
tumours would support such optimism [47]. Another example
is medulloblastoma where despite recent improvements 30--40%
of patients fail [48, 49] and the majority do so at the primary
site in the posterior fossa [50]. A stereotactically guided localised
boost of radiation away from sensitive structures in the brain
stem may further improve the control of incompletely excised
tumours beyond that achieved with adjuvant chemotherapy [48,
49, 51]. SRT may also be of value in patients with locally
recurrent medulloblastoma who are rarely salvaged with other
forms of therapy [52]. Undoubtedly there will be other potential
indications for SRT and they should be considered in an
impartial risk-benefit analysis.

CONCLUSION

Stereotactic radiotherapy is a major technological advance par-
ticularly when used in a fractionated form. It improves the
precision of radiotherapy and new developments in the tech-
nology, especially advances in conformal therapy, are likely to
widen its application. Prior to widespread use of SRT in neuro-
oncology, its role should be carefully studied in selected tumour
types so that it does not become discredited as a dangerous
radiotherapy toy.

Michael Brada

Neuro-oncology Unit and

CRC Academic Unit of Radiotherapy and Oncology
The Institute of Cancer Research and

The Royal Marsden Hospital

Downs Road

Sutton, Surrey SM2 SPT, U.K.

1. Leksell L. The stereotaxic method and radiosurgery of the brain.
Acta Chir Scand 1951, 102, 316-319.

2. Colombo F, Benedetti A, Pozza F, et al. External stereotactic
irradiation by linear accelerator. Neurosurgery 1985, 16, 154.

3. Hartmann G, Schlegel W, Sturm V, Kober B, Pastyr O, Lorenz
W. Cerebral radiation surgery using moving field irradiation at a
linear accelerator facility. Int ¥ Radiat Oncol Biol Phys 1985, 11,
1185-1192.



1548

10.

11.

12.

13.

14.
15.
16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

. Houdek P, Fayos J, Van-Buren J, Ginsberg M. Stereotaxic radio-

therapy technique for small intracranial lesions. Med Phys 1985,
12,469-472.

. Podgorsak E, Olivier A, Pla M, Lefebvre P, Hazel J. Dynamic

stereotactic radiosurgery. Int § Radiat Oncol Biol Phys 1988, 14,
115-126.

. Podgorsak E, Pike G, Olivier A, Pla M, Souhami L. Radiosurgery

with high energy photon beams: a comparison among techniques.
Int ¥ Radiat Oncol Biol Phys 1989, 16, 857-865.

. Graham J, Nahum A, Brada M. A comparison of techniques for

stereotactic external beam radiotherapy by linear accelerator based
on 3-dimensional dose distributions. Radiother Oncol 1991, 22,
29-35.

. Kjellberg R, Kliman B, Swisher B, Butler W. Proton beam therapy

of Cushing’s disease and Nelson’s syndrome. In: Black PM, ed.
Secretory Tumours of the Pituitary Gland, vol. 1. New York, Raven
Press, 1984, 295-307.

. Lyman J, Kanstein L, Yeater F, Fabrikant J, Frankel K. A helium-

ion beam for stereotactic radiosurgery of central nervous system
disorders. Med Phys 1986, 13, 695-699.

Ogilvy C. Radiation therapy for arteriovenous malformations: a
review. Neurosurgery 1990, 26, 725-735.

Hariz M, Henriksson R, Léfroth P, Laitinen L, Siterborg N. A
non-invasive method for fractionated stereotactic irradiation of
brain tumours with linear accelerator. Radiother Oncol 1990, 17,
57-72.

Gill S, Thomas D, Warrington A, Brada M. Relocatable frame for
stereotactic external beam radiotherapy. Int ¥ Radiat Oncol Biol
Phys 1991, 20, 599-603.

Graham J, Warrington A, Gill S, Brada M. A non-invasive, relocat-
able stereotactic frame for fractionated radiotherapy and multiple
imaging. Radiother Oncol 1991, 21, 60-62.

Leksell DG. Stereotactic radiosurgery—present status and future
trends. Neurol Res 1987, 9, 60—68.

Flickinger JC, Lunsford LD, Coffey R], er al. Radiosurgery of
acoustic neurinomas. Cancer 1991, 67, 345-353.

Hirsch A, Norén G. Audiological findings after stereotactic radios-
urgery in acoustic neurinomas. Acta Otolaryngol 1988,106, 244-251.
Engenhart R, Kimmig B, Héver K, ez al. Stereotactic single high
dose radiation therapy of benign intracranial meningiomas. Int ¥
Radiat Oncol Biol Phys 1990, 19, 1021-1026.

Kondziolka D, Lunsford L, Coffey R, Flickinger J. Stereotactic
radiosurgery of meningiomas. ¥ Neurosurg 1991, 74, 552-559.
Sturm V, Kober B, Héver K, et al. Stereotactic percutaneous single
dose irradiation of brain metastases with a linear accelerator. Int §
Radiat Oncol Biol Phys 1987, 13, 279-282.

Loeffler J, Kooy H, Wen P, et al. The treatment of recurrent brain
metastases with stereotactic radiosurgery. ¥ Clin Oncol 1990, 8,
576-582.

Patchell R, Tibbs P, Walsh ], et al. A randomised trial of surgery
in the treatment of single metastases to the brain. N Engl J Med
1990, 322, 494-500.

Flickinger J, Nelson P, Martinez A, Deutsch M, Taylor F. Radio-
therapy of nonfunctional adenomas of the pituitary gland. Cancer
1989, 63, 2409-2414.

Grigsby P, Simpson J, Emami B, Fineberg B, Schwartz H. Prognos-
tic factors and results of surgery and postoperative irradiation in
the management of pituitary adenomas. I'nt ¥ Radiat Oncol Biol
Phys 1989, 16, 1411-1417.

Feek C, McLelland ], Seth ], et al. How effective is external pituitary
irradiation for growth hormone-secreting pituitary tumours? Clin
Endocrinol 1984, 20, 401-408.

Ciccarelli E, Corsello S, Plowman P, Besser G, Wass ]J. Prolonged
lowering of growth hormone after radiotherapy in acromegalic
patients followed for over 15 years. Adv Biosci 1988, 69, 269-272.
Littley M, Shalet S, Swindell R, Beardwell C, Sutton M. Low-dose
pituitary irradiation for acromegaly. Clin Endocrinol 1990, 32,
261-270.

Kliman B, Kjellberg R, Swisher B, Butler W. Long-term effects of
proton beam therapy for acromegaly. In: Robbins RJMS, ed.
Acromegaly: a Century of Scientific and Clinical Progress. New York,
Plenum Press, 1987, 221-228.

Rihn T, Thorén M, Hall K, Backlund E. Stereotactic radiosurgery
in Cushing’s syndrome: acute radiation effects. Surg Neurol 1980,
14, 85-92.

Degerblad M, Rihn T, Bergstrand G, Thorén M. Long-term results

M. Brada

30.

31.

32.

33.

34,
35.

36.

37.

38.

39.

40.

41.

42.

43,

45.

46.

47.

48.

49.

50.

51.

52.

of stereotactic radiosurgery to the pituitary gland in Cushing’s
disease. Acta Endocrinol 1986, 112, 310-314.

Dearnaley D, A’Hern R, Whittaker S, Bloom H. Pineal and CNS
germ cell tumours: Royal Marsden Hospital experience 1962-1987.
Int ¥ Radiat Oncol Biol Phys 1990, 18, 773-781.

Brada M, Rajan B. Spinal seeding in cranial germinoma. Br J
Cancer 1990, 61, 339-340.

Allen J, Kim J, Packer R. Neoadjuvant chemotherapy for newly
diagnosed germ-cell tumours of the central nervous system. ¥
Neurosurg 1987, 67, 65-70.

Smith D, Newlands E, Begent R, Rustin G, Bagshawe K. Optimum
management of pineal germ cell tumours. Clin Oncol 1991, 3,
96-99.

Brada M. Back to the future—radiotherapy in high grade gliomas.
Br ¥ Cancer 1989, 60, 1-4.

Burger P, Heinz E, Shibata T, Kleihues P. Topographic anatomy
and CT correlations in the untreated glioblastoma multiforme. ¥
Neurosurg 1988, 68, 698.

Moser R. Surgery for glioma relapse: factors that influence a
favourable outcome. Cancer 1988, 62, 381.

Leibel S, Gutin P, Wara W, e al. Survival and quality of life
after interstitial implantation of removable high-activity Iodine-125
sources for the treatment of patients with recurrent malignant
gliomas. Int § Radiat Oncol Biol Phys 1989, 17, 1129-1139.
Bernstein M, Laperriere N, Leung P, McKenzie S. Interstitial
brachytherapy for malignant brain tumours: preliminary results.
Neurosurgery 1990, 26, 371-380.

Graham J, Warrington A, Laing R, Brada M. Fractionated stereot-
actic external beam radiotherapy for recurrent gliomas and solitary
brain metastases (phase I/II study). British Oncological Association
6th Annual Meeting. Bath, UK, 1991.

Laing R, Graham J, Warrington A, Brada M. The clinical appli-
cation and early treatment of fractionated stereotactic radiotherapy
for recurrent gliomas and solitary metastases. British Neuro-
oncology Group 11th Annual Meeting. Glasgow, UK, 1991.
Loeffler J, Alexander E III. Stereotactic radiosurgery for malignant
gliomas. Second International Neuro-oncology Conference. Lon-
don, 1991.

Loeffler ], Alexander E III, Wen P, et al. Results of stereotactic
brachytherapy used in the initial management of patients with
glioblastoma. ¥ Natl Cancer Inst 1990, 82, 1918-1921.

Ostertag C. Stereotactic insterstitial radiotherapy for brain tumours.
F Neurol Sci 1989, 33, 83-89.

. Pozza F, Colombo F, Chierego G, e al. Low-grade astrocytomas:

treatment with unconventionally fractionated external beam stereot-
actic radiation therapy. Radiology 1989, 171, 565-569.

Laws E, Taylor W, Clifton M, Okazaki H. Neurosurgical manage-
ment of low-grade astrocytoma of the cerebral hemispheres.
Neurosurg 1984, 61, 665-673.

North C, North R, Epstein J, Piantadose S, Wharam M. Low-
grade cerebral astrocytomas. Cancer 1990, 66, 6-14.
Austin-Seymour M, Munzenrider J, Goitein M, et al. Fractionated
proton radiation therapy of chordoma and low-grade chondrosar-
coma of the base of the skull. ¥ Neurosurg 1989, 70, 13-17.

Evans A, Jenkin D, Sposto R, et al. Results of a prospective
randomised trial of radiation therapy with and without CCNU,
vincristine and prednisone. ¥ Neurosurg 1990, 72, 572-582.

Tait D, Thornton— Jones H, Bloom H, Lemerle J, Morris-Jones P.
Adjuvant chemotherapy for medulloblastoma: the first multi-centre
control trial of the International Society of Paediatric Oncology
(SIOP I). Eur ¥ Cancer 1990, 26, 464—469.

Jenkin D, Goddard K, Armstrong D, et al. Posterior fossa medullob-
lastoma in childhood: treatment results and a proposal for a new
staging system. Int ¥ Radiat Oncol Biol Phys 1990, 19, 265-274.
Packer R, Sutton L, Goldwein ], et al. Improved survival with the
use of adjuvant chemotherapy in the treatment of medulloblastoma.
J Neurosurg 1991, 74, 433-440.

Lefkowitz I, Packer R, Siegel K, Sutton L, Schut L, Evans A.
Results of treatment of children with recurrent medulloblastoma/-
primitive neuroectodermal tumours with lomustine, cisplatin and
vincristine. Cancer 1990, 65, 412—-417.

Acknowledgements—The work of the Neuro-oncology Unit and the
Academic Unit of Radiotherapy and Oncology is supported by the
Cancer Research Campaign and the Royal Marsden Hospital. I am
grateful to Mrs Sally Crowley for her help in the preparation of this
manuscript and to Dr Malcolm Mason and Dr Robert Laing for helpful
comments.



