Low-grade glial tumors in basal ganglia and thalams:
natural history and biological reappraisal.
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ABSTRACT~

THE NATURAL HISTORY of 70 patients affected by lowagle astrocytomas was recorded after the hist@bdiagnosis was
obtained by serial stereotactic biopsy. Forty-thpercent of these patients died within 3 years. idiee of cell kinetics assessment
at the time of stereotactic biopsy was investigad®d the labeling index percent may be considérednost accurate prognostic
factor in these histologically homogeneous astimogs. It has been confirmed that the young agetidmts predicts a more
favorable course, but the value of this also seéerbe linked to and dependent on cell kinetics.sEata are discussed in view of
the opportunity to perform more aggressive “cytoiive” treatments in deep brain tumors when ttiediees support an expected
poor prognosis.

Low-grade glial tumors within the basal ganglia @malamus are considered biologically similar tanfgpheric slow-growing
gliomas, but the surgical removal of these tumarmot be proposed as first-choice treatment, evaungh stereotactically guided
microsurgery was attempted in selected cak&s foreover, there are few data regarding the maahistory and prognosis of these
tumors in critical areas, first, because of diffims encountered in the past in obtaining theerhistological diagnosis and,
second, because of the unreliability of “blind"am@ents attempted in these patients without higicét diagnosis45). The current
use of serial stereotactic biopsy assesses thadgstal diagnosis3;11) and investigates the spatial growth modalitiethete
tumors (LO); however, it is well known that subgroups of tusimasked under the same histological diagnosisheajharacterized
by different behavior and prognosizy.

The aim of this report is to analyze the cell kicetand natural history in a series of 70 patiéaiboring solid, slow-growing glial
tumors located within the basal ganglia and thaamll patients had serial stereotactic biopsy withfurther antineoplastic
treatment. The “wait and see” strategy was chosealse of the diagnosis of mature astrocytomd patients. Patients who later
developed highly malignant tumors (30 patients)rditiundergo any further palliative treatment beeanf the rapid deterioration of
their neurological conditions and unfavorable gapgical and familial reasons. The evolution of éhasitreated” tumors was
carefully recorded by clinical and computed tompgiea (CT) serial examinations during a 3-year folopvperiod. This series may
be considered “historical” with regard to survival.

The prognostic value of the patient's age at the tf the onset of the diseage2(l), as well as other well-known prognostic factors
(29), was retrospectively investigated in this sesaied compared with cell kinetic data determinedhattime of the histological
diagnosis. The results are discussed in view oiffttiieations to apply more aggressive treatmentidse tumors showing sudden
growth, even in spite of the histological findingfsmature astrocytoma provided by serial steremtdibpsy.



PATIENTS AND METHODS *

Seventy patients observed between 1984 and 1983retospectively selected following these critetighistological diagnosis of
slow-growing, solid glial tumors (Grades | andWprld Health Organization)30) obtained by serial stereotactic biopsy and
supported by low or moderate cellular density, eacinonomorphism, slightly increased capillary dgnsith absence of loops of
proliferative vessels, scattered mitosis, and roases. Patients were withdrawn from the seriglsaf) had subependymal giant cell
astrocytomas?), oligodendrogliomas?(l), astrocytomas with gemistocytic celld), and pilocytic astrocytom&8) because of the
peculiar behavior of these neoplasms; 2) absenaayofreatment after the histological diagnosis @gltlkinetic assessment; 3)
clinical and neuroradiological follow-up availat3eyears after the stereotactic biopsy.

In this series, the age ranged between 11 and&8 yeean, 47 yr). Thirty-six were males. All theibns were supratentorial; 32
were seated in the thalamus and 38 in the basgligaiihe heralding symptomatology included epiepeizures (35%),
intracranial hypertension (25%), and focal defi¢#8%). The Karnofsky index score at the time aohadion was always over 70
(15).

The serial stereotactic biopsies were performetl Riechert, Brown-Roberts-Wells, Cosman-Roberts-Webdppélin, and Leksell
frames 8,11). The target point was determined by the mathamalatiansposition of the CT images in the sterematane (4) and,
after 1987, by tridimensional computerized recarditon of the lesioni(3). The Sedan or Nashold bioptic instrument was tsed
obtain tissue specimens from multiple differengéts (mean, three sites of tissue samplings) wittértumoral area along a single
biopsy trajectory40,26. The stereotactic procedure was performed thr@uglecoronaric approach, and in hypodense, poorly
defined lesions, the choice of sampling sites wadegl by impedance transtumoral monitorif the areas adjacent to the internal
capsula were necessarily avoided.

The samples of tissue used in determining theitatpéidex (L) were incubated in 2 ml of completedium with fH]thymidine at
37°C for 1 hour in a shaking water bath. After inatidin, the biopsy specimens were fixed in Bouialatfon for 1 hour, embedded
in paraffin, and sectioned at 4 pm for autoradipbie procedure. Deparaffined slides were harvelsyeithe use of a stripping film
technique and exposed at 4°C for 10 days. The siees developed in Kodak D 19b (Eastman Kodak, ReieheNY) for 5
minutes at 18°C, fixed, and stained with hematoxahd eosin at 4°C. Last, the slides were examinezpligal microscopy, and
1,000 to 10,000 cells were scored to count thé mataber of labeled cells, which represent the jiodthe S phase of the cell cycle
incorporating fH]thymidine in deoxyribonucleic acid. The LI wadmaated as the ratio percent between labeled aalistotal
cells. The highest value of LI percent among tHos@ serial samples within the same lesion wasrtaeethe representative LI
percent value of the tumotZ,27.

Each patient was followed up for a 3-year peridgdrdiistological diagnosis by serial CT scan andopiéal clinical reappraisal. In
conclusion, an analysis was carried out to asbesgredictive accuracy of LI percent versus wedlitified prognostic factors, such
as the age of the patient at the time of the aofsthie disease, the heralding symptomatology, the@&fern, and the volume and the
size of the tumor at the time of stereotactic byog$e survival rate at the 3-year follow-up wasegated as an independent variable
against five LI percent cutoff values accordingjtierature data and previous reported series af glimors investigated by cell
kinetics methodology2,12).

RESULTS

The mean LI percent value in our series was 4.8%b L4 percent values ranged between 0.3 and 1Mé#ality and permanent
morbidity from stereotactic biopsy were nil. Thid§70 patients affected by so-called “low-gradeaytomas” died within 3 years
of stereotactic biopsy (43% of the whole seriete Tortality rate was 100% in patients charactdrizean LI percent higher than
5, and it was 20% in patients with an LI percemidothan 5 fig. 1).
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Figure 1. Survival since stereotactic biopsy imstirowing glial tumors. One hundred percent mortatite at 3-year follow-up
resulted in an LI percent higher than five seriessus 20% mortality rate in an LI percent lowemntfige series. The overall
mortality rate in the whole series was 43%.

The range of well-known prognostic factors, as \aelage, was reviewed in the two groups of patigitksLI| percent scores at the
cutoff value of 5 ). The age of the patient at the time of the onféte disease was lower than 40 in 77% of theeptibelonging
to the series of lower LI percent astrocytomas,reag an age at the time of onset of lower thana®pvesent only in 25% of
patients belonging to the higher LI percent sefié®& volume of the lesions, as detected by CT amdégnetic resonance imaging
examinations, and the contrast enhancement oétliens did not correlate with the survival of difet LI percent populations in
those series when homogeneous enhancement or hoemgeipodensity was found.

As in previously reported studie$){in our series, the occurrence of epileptic seigas the first symptom of the disease was a
favorable prognostic factor Bt< 0.001 ([chif test); signs of intracranial hypertension weredjmtive of poor prognosis & < 0.001
([chi]? test, Fisher's exact test). No significative imtiicns may be derived when the heralding symptoimgydncludes just focal
deficits. The age at the time of the onset of tisease and cell kinetics data were significativelgted to the prognosisRt< 0.02
and atP < 0.001, respectivelyr@ble 9. The spatial reconstruction of gliomas as progdgeDaumas-Duport et all@) was
attempted, considering as “nodular” the tumors fmiclv the stereotactic transtumoral trajectory redcsound tissue or reactive
gliosis at the deepest target. Conversely, the tsiimowhich the so-called “brain adjacent tumor”sameted neoplastic cells labeled
by [*H]thymidine at the deepest estimated boundari¢seofesion were considered to be “diffuse.” Thewadand diffuse growth
modalities proved independent from tumor evolutod tumor proliferative activity.



No. of Subjects

Parameter P Value
Alive Dead
Age (yr)
<40 17 (24) 51(7) 0.02
=40 23 (33) 25 (36)
Heralding symptoms
Focal deficits 18(26) 20(29) 0.07
No focal deficits 2231 10014
Epilepsy 22(31) 2(3) <0.001
No epilepsy 18 (26) 28 (40)
Intracranial hypertension 1(1) 9(13) <0.001"

No intracranial hypertension 39 (56) 21 (30)
Labeling index %

<> 40 (57) 10(14) <0.001

=5 20 (29)

* A statistical level of P < 0.05 was considered significant. The y? test
was used.
b By Fisher’s exact test,

Table 1. Age, Heralding Symptoms, and Labeling
Index Percent Among 70 Patients, According to
Survival at 3 Years from Stereotactic Biopsy*

Table 1. Age, Heralding Symptoms, and Labeling ¥i@ercent Among 70 Patients, According to Survate8 Years from
Stereotactic Biopsy

CONCLUSION AND DISCUSSION?

From these data in histologically homogeneous sefislow-growing glial tumors, the following paininust be stressed: 1) 43% of
the so-called “slow-growing” glial tumor patient®d within 3 years of stereotactic biopsy. No clear biological index predicts
malignant evolution, but the LI percent determioatiepresents the most accurate prognostic fastwling patients with a 100%
expected mortality at a 3-year follow-up from patgewith 20% expected mortality during the sameetiifhe prognostic accuracy
of stereotactic biopsy was improved by LI percegtedmination; the bias as the result of glioma togieneity was significatively
lowered, and the risk of astrocytoma undergradingibrphological evaluation of small size samplestisssed?). The age of
patients at the time of diagnosis is proved todbated to survival, but it must be noted that agerélevant with respect to the
prognosis when the LI percent is higher than 5ti@ncontrary, age seems to play a dramatic ropafients with low LI percent
values Fig. 2); in fact, all survivors from the whole series egounger than 40 years and belonged to the grahythe LI percent
lower than 5. The relevant favorable prognosticigalf young age in the homogeneous low LI percemifgsuggests the presence
of a host-related mechanism fighting tumor-relatexthanisms expressed by the LI percent. In facdngrnthose tumors
characterized by an LI percent lower than 5, p&tiamo developed malignant evolution belonged ¢mihe older series, whereas,
in younger patients, there was 100% survival. Meeeoit must be noted that younger patients haderoba possibility of harboring
a tumor with a low LI percent value.
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Figure 2. Survival in patients harboring slow-growiglial tumors characterized by LI percent valloeger than 5. One hundred
percent of patients younger than 40 years welldigiilg at a 3-year follow-up, whereas 30% of patis older than 40 years of age
died, in spite of the favorable indications of drpkrcent lower than 5.

This study provides suggestions on how to undedstiaa potential evolution of so-called slow-growiglgal tumors. The
histological findings derived from stereotacticfisy may lead to the “wait-and-see” strategy, whschffected by a 43% mortality
rate at 3 years after diagnosis. Furthermore, thateoffer guidelines to establish indications tmedvaluate the results of
potentially therapeutic treatments such as radgesyr(l,9), interstitial irradiation £8), and guided microsurgical removaBbj.

In fact, literature data indicate that conventioraliation therapy in hemispheric low-grade asttogas is less effective than are
cytoreductive procedureg4). In our opinion, the long-term evaluation of diiént treatments performed in low-grade glial tusnor
must be strongly linked to the preoperative celekics assessment obtained fy]fhymidine, as in this series, or by different
methods that aim to measure the ratio betweenf@rating and resting cell pools in glial tumorsgiswas Ki-67 €) or
bromodeoxyuridinel(6).

In conclusion, it seems that more aggressive cgtaréve treatments are recommended in these tufmotdong-term results must
be evaluated in neoplasms with expected malignasitigon, in which the wait-and-see strategy letdhe so-called “secondary
glioblastoma” b). At present, the cell kinetics investigation sed¢mbe the most helpful guide in these fields.
ACKNOWLEDGMENTS 2

This work was partially supported by AssociazioRadlo Zorzi” for Neurosciences, Milan, Italy.

REFERENCES: (1-302~



1. Betti O, Derechinsky VE: Hyperselective encephaiiadiations with linear acceleratdcta Neurochir Suppl (Wien) 33:385-
390, 1984[Context Link]

2. Bookwalter JW lll, Selker RG, Schiffer L, Randall Mnnuzzi D, Kristofik M: Brain-tumor cell kinetiaorrelated with survival.
J Neurosurg 65:795—-798, 1986Context Link]

3. Broggi G, Franzini A: Value of serial stereotadiiopsy and impedance monitoring in the treatnoéieep brain tumors.
Neurol Neurosurg Psychiatry44:397—-401, 198Bibliographic Links [Context Link]

4. Broggi G, Franzini A, Ferraresi S, Sberna M, 8ovD, Cajola L, Allegranza A: Cell kinetics and riiododal prognostic
evaluation in glial tumors investigated by seriaksotactic biopsyActa Neurochir (Wien) 94:53-56, 1988ibliographic Links
[Context Link]

5. Burger PC, Vogel FS, Green SB, Strike TA: Glioldasd multiforme and anaplastic astrocytoma: Pathologteria and
prognostic implicationsgCancer 56:1106-1111, 198Ribliographic Links [Context Link]

6. Burger PC, Shibata T, Kleihues P: The use of theanlonal antibody Ki-67 in the identification ofgiferating cells:
Application to surgical neuropathologdm J Surg Pathol 10:611-617, 1986Context Link]

7. Burger PC, Green SB: Patient age, histologic featiand length of survival in patients with gligiitana multiformeCancer
59:1617-1625, 198Bibliographic Links [Context Link]

8. Chow CH, Klug GL, Lewis FA: Subependimal giant @strocytoma in children: An unusual discrepaneyneen histological
and clinical featuresl Neurosurg 68:880—883, 198gContext Link]

9. Colombo F, Benedetti A, Pozza F, Avanzo R, MarcletChierego G, Zanardo A: External stereotactidiation by linear
acceleratorNeurosurgery 16:154-160, 1985Context Link]

10. Daumas-Duport C, Monsaingeon V, Szenthe L, 8£&kISerial stereotactic biopsies: A double higfiwal code of gliomas
according to malignancy and 3D configuration, asidrto therapeutic decision and assessment dtseappl Neurophysiol
45:431-437, 1983Bibliographic Links [Context Link]

11. Franzini A, Allegranza A, Melcarne A, Giorgi Eerraresi S, Broggi G: Serial stereotactic bioplyrain stem expanding
lesions: Considerations on 45 consecutive casda. Neurochir Suppl (Wien) 42:170-176, 1988Context Link]

12. Franzini A, Ferraresi S, Giorgi C, Costa A, Atletza A, Broggi G: Cell kinetic investigations in ioreumors studied by serial
stereotactic biopsyl Neurooncol7:373-379, 198®Bibliographic Links [Context Link]

13. Giorgi C, Casolino SD, Franzini A, Servello DsBexini A, Broggi G, Pluchino F: Computer-assistiohping of stereotactic
neurosurgical procedureShild's Nerv Syst5:299-302, 198®Bibliographic Links [Context Link]

14. Gleason CA, Wise BL, Feinstein B: Stereotactialiaation (with computerized tomographic scannimgdpsy and
radiofrequency treatment of deep brain lesidteurosurgery 1:217-222, 197§Context Link]

15. Grieco A, Long CJ: Investigation of the Karngfglerformance status as a measure of qualityafHi¢alth Psychol3:129-142,
1984.[Context Link]

16. Hoshino T, Nagashima T, Murovic JA, Wilson CBwadds MS, Gutin PH, Davis RL, Dearmond SJ: In séll kinetics studies
on human neuroectodermal tumors with bromodeoxingithbeling.J Neurosurg 64:453-459, 1986Context Link]



17. Jaros E, Perry RH, Adam L, Kelly PJ, Crawfordkalbag RM, Mendelow AD, Sengupta RP, Pearson AdgiRostic
implications of p53 protein, epidermal growth faateceptor and Ki-67 labelling in brain tumoBs.J Cancer 66:373-385, 1992.
Bibliographic Links [Context Link]

18. Kelly PG, Kall BA, Goerss S, Earnest F IV: Congrtassisted stereotactic laser resection of estral brain neoplasms.
Neurosurg 64:427-439, 1986Context Link]

19. Krouwer HGJ, Davis RL, Silver P, Prados M: Geatgtic astrocytomas: A reappraisadlNeurosurg 74:399-406, 1991.
Bibliographic Links [Context Link]

20. Moinsangeon V, Daumas-Duport C, Mann M, Miyah@r Szikla G: Stereotactic sampling biopsiesserées of 268
consecutive cases—Validity and technical aspectth Bleeting European Soc. Stereotactic and Funatidleurosurgery, Rome
1983, in Gybels J (edfidvancesin Sereotactic and Functional Neurosurgery. Wien, Springer, 1984, vol 6, pp 193—188ontext
Link]

21. Mork SJ, Halvorsen TB, Lindegaard KF: Oligodergtioma: Histologic evaluation and prognosisNeuropathol Exp Neurol
45:65-78, 198@Buy Now Bibliographic Links [Context Link]

22. Nazzaro JM, Neuwelt EA: The role of surgeryhia management of supratentorial intermediate @gtddrade astrocytomas in
adults.J Neurosurg 73:331-344, 199(0Context Link]

23. Palma L, Guidetti B: Cystic pilocytic astrocytasra the cerebral hemispheres: Surgical experiitte51 cases and long-term
results.J Neurosurg 62:811-815, 1985Context Link]

24. Piepmeier JM: Observations on the currentrireat of low-grade astrocytic tumors of the cerehaahispheresl Neurosurg
67:177-181, 1987Context Link]

25. Scanlon PW, William FT: Radiotherapy of intrageh astrocytomas: Analysis of 417 cases treatah 1960 through 1969.
Neurosurgery 5:301-308, 1979Context Link]

26. Sedan R, Peragut JC, Vallincioni P: Présentakiam appareillage original pour biopsie cérébedleimorale en condition
stéréotactiques. Communication a la Societé de Nbirtogie de Langue Francaise. Paris, Décembre.1@8btext Link]

27. Silvestrini R, Daidone MG, Costa A, Sanfilippo Cell kinetics and in vitro chemosensitivity afal for improved
management of patientsur J Cancer Clin Oncol 21:371-378, 198®Bibliographic Links [Context Link]

28. Szikla G, Betti O, Szenthe L, Schlienger M: p@sience actuelle des irradiations stéréotaxigaes tk traitement des gliomas
hémispheriqueNeurochirurgie 27:295-298, 198Bibliographic Links [Context Link]

29. Wood JR, Green SB, Shapiro WR: The prognostic itapoe of tumor size in malignant gliomas: A conggLitomographic scan
study by the Brain Tumor Cooperative Grodflin Oncol 6:338-343, 198&ibliographic Links [Context Link]

30. World Health Organizatiomistological Classification of Tumors of the Nervous System. Geneva, 1979Context Link]

COMMENTS~

Virtually all reports of patients with supratentdriow-grade astrocytomas have noted findingsdhatimilar to the conclusions in
this report. Most notably, the inability to predibe natural history of a tumor on the basis ofirmuihistological examination has



been reported in other series of patients withlampiathology. In addition, the influence of patiage on prognosis is again
confirmed. It is unlikely that another series dfthize where no treatment was provided will balalike in the foreseeable future, so
this report is as close as we can get to examihiegatural history of these lesions.

The authors report a strong correlation betweertatheling index (LI) and prognosis. However, thghLls of some of these lesions
(as high as 17.5%) are compatible with highly nradigt tumors and are incompatible with the histalabfindings of a low-grade
lesion. The rapid progression of these tumors ltiagun death, is not surprising and supportsdbeclusion that histology can be
misleading. A glial tumor with an LI of 17.5% is aggressive tumor, regardless of the histologicade. Unfortunately, the authors
did not perform a multivariate analysis of theirdings, so it is not possible to determine thetiadamportance of the significant
variables such as age, epilepsy, intracranial hgpsion, or LI. This would have been helpful ireipireting their findings.

Joseph M. Piepmeier

New Haven, Connecticut

COMMENTS”?

Franzini et al. report a series of 70 patients wikp-seated “low-grade” gliomas. Thirty-two ofdhdesions were in the thalamus,
and 38 were in the basal ganglia. There appeag tavd groups of patients, young and “old.” As witlest gliomas, young patients
do better than older patients. Even more powehfahtage, the malignant potential of the tumor appeeaaffect long-term survival.
Most of us have now come to the conclusion thablugy alone does not necessarily correlate withignant potential and
prognosis in patients with low-grade gliomas.

These authors have attempted to assess malignamtipbby means of a simple and straightforwardhoe of determining the
thymidine labeling index. A simple labeling indextcgive us another parameter to look at when attegn predict survival for
patients and families and to help in therapeutaigien making.

The findings of their study are not surprising.ollabeling index is good (3-yr survival, 80%), antfligh labeling index is bad (3-
yr survival, 0%). In addition, more young patieh& low labeling index values than did older pase@ertainly, the prognosis of

patients with low-grade gliomas seems better ingamison with that of patients with malignant glisnbut a 57% 3-year survival
is not very good for a so-called “benign” tumor.

| think that the important message in this artislthat these tumors kill patients. They cannoblbserved; they won't go away. They
grow. We need to assess the role of radiation piyeralight of these biological parameters. | hae¢ been impressed with the
results of radiation therapy on these lesionsinktthat many of these deep-seated tumors cantemddsbe removed. Five-year
survival with stereotactically resected thalamioytic astrocytomas is 100%. Stereotactic volumegsection, as proposed by our
group (L-3), provides a method for achieving gross total rehof many of these lesions with low morbidity.

Patrick J. Kelly

New York, New York
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