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ABSTRACT: Purpose: To review our experience with pre-radiation chemotherapy for malignant glioma. Methods: Consecutive adults
with newly diagnosed glioblastoma, anaplastic astrocytoma, anaplastic oligodendroglioma and anaplastic mixed glioma with a Kamofsky
Performance Score of 60 or greater were treated with one cycle of procarbazine, lomustine and vincristine or lomustine alone, prior to radia-
tion. Computed tomographic scans were obtained soon after surgery, eight weeks later, after radiation, and at regular intervals thereafter.
The effects of chemotherapy and subsequent radiation and durations of tumor control and survival were assessed in this single arm, single
center, prospective trial. Results: Thirty-seven patients started chemotherapy, 36 were rescanned eight weeks after diagnosis. Five patients
(16%) responded to the first cycle of chemotherapy, three had glioblastoma and two anaplastic oligodendroglioma. Seven (19%) progressed
during the first cycle, 6 had glioblastoma; with the addition of radiation one progressive case responded, three stabilized, and three contin-
ued to progress. Median times to progression and median durations of survival were 26 weeks and 60 weeks for the entire group, 24 weeks
and 44 weeks for glioblastoma, and greater than 104 weeks for anaplastic astrocytoma. Conclusions: Most patients with glioblastoma do
not respond to one cycle of nitrosourea-based chemotherapy given prior to radiation, but patients with anaplastic oligodendroglioma some-
times do. Patients with anaplastic astrocytoma may not respond to one cycle of chemotherapy, but often respond to subsequent radiation.
Judging by survival results, radiation can be delayed eight weeks without appearing to compromise patient outcome. Implications: Pre-radi-
ation chemotherapy with newer agents can be evaluated more fully in the future knowing that brief delays in radiation are unlikely to yield
substantially inferior results.

RESUME: Chimiothérapie suivie de radiothérapie dans les gliomes malins chez I'adulte. But: Revoir notre expérience avec la chimiothérapie
préirradiation dans les gliomes malins. Méthodes: Des adultes se présentant consécutivement avec un nouveau diagnostic de glioblastome, d'astrocy-
tome anaplasique, d'oligodendrogliome anaplasique et de gliome mixte anaplasique, avec un score de fonctionnement a l'échelle de Karnofsky de 60
ou plus, ont été traités avec un cycle de procarbazine, CCNU (lomustine) et vincristine [PCV], ou CCNU seul, avant la radiothérapie. Un CT scan a été
fait t6t apres la chirurgie, huit semaines plus tard, aprés la radiothérapie, et 4 intervalles réguliers par la suite. Les effets de la chimiothérapie et de la
radiothérapie subséquente, et la durée de contrdle de la tumeur et de la survie ont été évalués dans cette étude prospective d'un groupe unique, dans un
seul centre. Résultats: Trente-sept patients ont commencé la chimiothérapie, 36 ont subi un deuxiéme scan huit semaines apres le diagnostic. Cing
patients (16%) ont répondu au premier cycle de chimiothérapie, dont trois qui présentaient un glioblastome et deux un oligodendrogliome anaplasique.
Sept (19%) avaient progressé pendant le premier cycle, dont six avaient un glioblastome. Avec la radiothérapie subséquente, un cas qui avait progressé
a répondu, trois se sont stabilisés et trois ont continué a progresser. Les médianes pour la durée de la période stable et de la survie étaient de 26 et 60
semaines respectivement pour le groupe entier, de 24 et 44 semaines pour le glioblastome et de plus de 104 semaines pour 'astrocytome anaplasique.
Conclusions: La plupart des patients porteurs d'un astrocytome ne répondent pas a un cycle de chimiothérapie administré avant l'irradiation, mais les
patients atteints d'oligodendrogliome anaplasique y répondent parfois. Il arrive que les patients qui ont un astrocytome anaplasique ne répondent pas 2
un cycle de chimiothérapie, mais ils répondent souvent a la radiothérapie ultéricurement. Si on en juge d’aprés la survie, I'irradiation peut étre retardée
de huit semaines sans que le résultat du traitement ne s'en trouve compromis. Implications: La chimiothérapie au moyen des nouveaux produits,
administrée avant l'irradiation, pourra 2 l'avenir &tre mieux évaluée en sachant qu'un court délai dans 1'administration de la radiothérapie n'est pas sus-
ceptible de donner de moins bons résultats.

Can. J. Neurol. Sci. 1996; 23: 123-127

Increasingly, oncologists are prescribing chemotherapy prior to
radiation for brain cancers of children and adults. For infants and
young children, effective chemotherapy allows radiation, which is
toxic to the developing brain, to be delayed until the nervous sys-
tem matures more fully.! For older children, effective chemothera-
py, if it is to be administered in optimal doses, may require greater

chemotherapy is less clearly defined but indications are gradually
emerging as active drugs and regimens are identified.’ For
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bone marrow reserve than customarily remains following whole
neuraxis radiation, the single best treatment for many pediatric
brain tumor patients.? For adults, the rationale for pre-radiation
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example, patients with CNS lymphoma receive methotrexate
neoadjuvantly because methotrexate is safe and effective given
prior to radiation but neurotoxic afterwards.* In this context we
investigated the safety and efficacy of a single cycle of “stan-
dard” chemotherapy, usually procarbazine, CCNU (lomustine)
and vincristine (PCV) prior to radiation for patients with newly
diagnosed malignant glioma.

METHODS

Consecutive adult patients (age > 18 years) seen at the London
Regional Cancer Centre (January 1992 - June 1993) with newly
diagnosed malignant glioma, good neurologic function (Karnofsky
Performance Score (KPS) > 60) and no contraindication to cyto-
toxic therapy, received chemotherapy prior to standard limited
field full dose radiotherapy. [This treatment policy was adopted at
our center at a time when there were delays in starting radiation
treatment for many cancer patients. Glioma patients with poor per-
formance status (KPS < 60) were offered short course whole brain
radiation (3000 cGy in 10 fractions over two weeks) on lower
energy machines where treatment began within four weeks of
diagnosis. The following experience with good KPS patients did
not occur in the context of a formal trial.] All patients had a com-
puted tomographic (CT) scan prior to the fifth postoperative day to
image residual tumor and determine the extent of resection.’
Chemotherapy usually began within two weeks of surgery. Most
patients were treated with the dose-intensified PCV regimen (I-
PCV) described in Cairncross et al.,® although several received
standard dose PCV,” or CCNU as a single agent (130 mg/m? oral-
ly). When weekly blood counts or multiple visits to the Centre for
vincristine injections were problematic, standard dose PCV or
CCNU alone were prescribed in preference to intensive PCV.
Patients were rescanned six weeks later (eight weeks after surgery)
to assess response. Response to chemotherapy was based on a
measurable change in tumor size using criteria advocated by
Macdonald et al.® [Partial response — 50% or greater decrease in
maximum cross-sectional area, clinically stable or improved,
steroid dose stable or decreased; progressive disease — 25% or
greater increase in maximum cross-sectional area, clinically stable
or worse, steroid dose stable or increased.] Subsequently patients
with glioblastoma and anaplastic astrocytoma received local field
irradiation by conventional external beam (6000 cGy in 30 frac-
tions over six weeks) while continuing chemotherapy to a maxi-
mum of seven cycles or until the tumor progressed or toxicity
precluded further treatment. Patients were scanned again after radi-
ation (16-20 weeks after surgery) and then at three to four month
intervals, or as clinically indicated. Provided the tumor remained
under control and toxicity due to chemotherapy was acceptable,
patients with anaplastic oligodendroglioma and anaplastic mixed
glioma were treated with four cycles of chemotherapy, then irradi-
ated. Corticosteroids were used in the lowest doses required to
maintain neurologic function, tapered slowly, and not used as
antiemetics. Anticonvulsants were prescribed as required. Dates of
progression and death were recorded and median times to progres-
sion and death calculated. For this analysis, the date of progression
was the date the tumor was first noted to have progressed even
though stabilization may have occurred subsequently with the
addition of radiation. Salvage therapies were individualized and
included corticosteroids, re-operation, stereotactic radiosurgery,
and investigational chemotherapy.
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RESULTS

Clinical features and response to treatment by tumor type are
summarized in Tables 1-3. Thirty-seven patients [23 male, 14
female, ages 31-75 (mean 55), KPS 60-100 (mean 75)] received
pre-radiation chemotherapy. Thirty-two had measurable disease
after surgery (26 partial resections, six biopsies), five had com-
plete resections. Twenty-two patients had a glioblastoma, eight
anaplastic astrocytoma, five anaplastic oligodendroglioma and
two anaplastic mixed glioma. Twenty-seven were treated with I-
PCV, three modified I-PCV, two PCV and five CCNU alone.
Effectiveness of chemotherapy was assessable in 36, objective
response in 31; one patient with a glioblastoma developed medical
complications unrelated to chemotherapy, was not rescanned, and
died seven weeks after surgery. Overall, five patients (16%) had
a partial response to the first cycle of chemotherapy; three had
glioblastoma and two anaplastic oligodendroglioma. Only seven
patients (19%) progressed during the first cycle; with the addi-
tion of radiation one of them responded, three stabilized, and
three continued to progress. For the entire group the median
time to progression was 26 weeks and the median survival 60
weeks.

For glioblastoma (n = 21; 19 assessable for response),
three patients (16%) had a partial response to the first cycle of
chemotherapy (Figure), 10 had stable disease, six (29%) pro-
gressed, and two with complete resections did not progress.
With radiation one patient with progressive disease had a par-
tial response, three stabilized, and two continued to progress;
ten others were unchanged but one partial responder improved
further, one with stable disease had a partial response, and
three stable patients progressed. Median time to progression
was 24 weeks and median survival was 44 weeks. For
anaplastic astrocytoma (n = 8; 6 assessable for response), no
patient responded to the first cycle, five remained stable, one
progressed, and two with complete resections did not
progress. With radiation the progressive case continued to
progress, four were unchanged, and three stable patients with
measurable disease (50%) responded. Median time to progres-
sion and median survial have not been reached (median fol-
low-up 110 weeks). For anaplastic oligodendroglioma and
mixed glioma (n = 7), two patients had partial responses to
the first cycle, four stable disease, and one with a complete
resection did not progress (this patient was irradiated after
one cycle). With subsequent chemotherapy both partial
responders improved further (one achieved a complete
response, the other had a major partial response but was
beginning to progress at the end of the fourth cycle), and one
stable patient had a partial response. Two stable patients
developed hepatotoxicity due to chemotherapy and were irra-
diated prematurely (i.e., after one and two cycles, respective-
ly) and one remained stable through four cycles. Median time
to progression was 31 weeks and median survival will be at
least 90 weeks.

Nausea, anorexia, occasional vomiting, fatigue and myelo-
suppression were observed to varying degrees during pre-radia-
tion chemotherapy. There were no instances of neutropenic
sepsis, excessive bruising or bleeding, or toxic death, but one
patient with hepatotoxicity became profoundly jaundiced and
was hospitalized.
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Table 1: Glioblastoma Multiforme (n = 22)

Age Karnofsky Extent of Chemo After End of Weeks to Survival

Score Resection Regimen 1st Cycle Radiation Progression (wks)
34 100 subtotal 1-PCV partial response improved further 24 140+
34 90-100 total I-PCV no visible disease no change 74 116
68 60-70 subtotal CCNU progression cont’d progression* 6 13
62 70-80 subtotal I-PCV stable disease partial response 23 40
66 70 biopsy I-PCV progression stabilized* 8 52
53 70 subtotal CCNU progression stabilized* 8 26
66 70 subtotal CCNU stable disease no change 43 64
68 70 subtotal CCNU partial response no change 29 44
48 70-80 subtotal I-PCV progression cont’d progression* 6 9
44 70 total 1-PCV no visible disease no change 111+ 11+
59 70 subtotal I-PCV stable disease no change* 26 52
68 80 biopsy I-PCV stable disease progression 14 25
59 80 subtotal I-PCV progression stabilized* 8 37
71 80 subtotal I-PCV partial response no change 24 55
42 60 subtotal I-PCV progression partial response* 8 22
64 70 subtotal I-PCV stable disease progression 14 24
60 60-70 subtotal I-PCV stable disease progression 20 43
51 60 subtotal I-PCV stable disease no change 73 99
57 70 subtotal I-PCV stable disease no change* 54 72
59 80 subtotal I-PCV stable disease no change* 25 81+
62 70 subtotal I-PC not assessable not irradiated - 7
57 70 subtotal I-CV stable disease no change 26 47
*chemotherapy discontinued PC = procarbazine, CCNU CV = CCNU, vincristine

Table 2: Anaplastic Astrocytoma (n = 8)

Age Karnofsky Extent of Chemo After End of Weeks to Survival
Score Resection Regimen 1st Cycle Radiation Progression (wks)
73 60 biopsy CCNU progression cont’d progression* 5 15
49 100 total I-PCV no visible disease no change 131+ 131+
56 60-70 biopsy I-PCV stable disease partial response 122+ 122+
31 70 subtotal I-PCV stable disease partial response 110+ 110+
4] 90 subtotal I-PCV stable disease no change 23 120+
33 90 biopsy I-PCV stable disease partial response 103+ 103+
31 90 total I-PCV no visible disease no change 106+ 106+
70 80 biopsy I-PCV stable disease no change 104 120+

*chemotherapy discontinued

Table 3: Anaplastic Oligodendroglioma and Mixed Glioma (n = 7)

Age Karnofsky  Extent of Chemo Cycles After End of End of Weeks to  Survival
Score Resection Regimen  Pre-RT 1st Cycle Chemo Radiation Progression  (wks)
36 80 subtotal I-PCV 4 partial response progression partial response 31 86
70 60 subtotal PCV 4 stable disease partial response no change 100+ 100+
44 90 subtotal I-PCV 4 partial response  complete response no change 122+ 122+
58 70 subtotal I-PCV 1 stable disease - no change 22 44
75 90 subtotal I-PC 2 stable disease no change no change 22 39
60 80-90 total PCV 1 no visible disease - no change 28 90+
45 90-100 subtotal I-PCV 4 stable disease no change partial response 104+ 104+
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Figure: Contrast enhanced CT scans three days after partial resection of a left occipital glioblastoma (on the left) and eight weeks later (on the right)
demonstrating a partial response to I-PCV chemotherapy given prior to radiation.

DISCUSSION

A randomized controlled trial conducted twenty years ago by
the Brain Tumor Study Group demonstrated that radiation to the
whole brain in a dose of 5,000-6,000 ¢Gy (170-200 cGy frac-
tions over 5-7 weeks) and started within six weeks of diagnosis,
when compared to supportive care, prolonged survival for
patients with malignant glioma.’® Partial brain irradiation, as cur-
rently prescribed, is thought to confer a similar survival benefit
with less risk of intellectual decline in longterm survivors.'® We
took advantage of a radiation delivery problem at a Canadian
cancer center and evaluated the effects of standard chemotherapy
given prior to radiation seeking to answer the following ques-
tions: do malignant gliomas respond to pre-radiation chemother-
apy and can radiation, an unequivocally effective therapy for
malignant glioma, be safely delayed while other treatments are
evaluated first? Based on 37 consecutive patients with relatively
good postoperative function, we conclude that radiation can be
delayed at least eight weeks without compromising patient out-
come while a single cycle of nitrosourea-based chemotherapy is
administered and response assessed. The median times to pro-
gression and median durations of survival for the entire group
(26 weeks, 60 weeks), glioblastoma only (24 weeks, 44 weeks),
and anaplastic astrocytoma (> 104 weeks) were similar to those
of comparably selected groups of patients from this center'! and
elsewhere, but response rates were low.

Delaying radiation may not have adversely affected the out-
come of this group of patients with malignant glioma but did
this treatment approach compromise individual patients? This
is a more difficult question to answer. Seven patients (19%)
progressed early on, but four of them were “salvaged” by subse-
quent radiation. Those who continued to progress despite radia-
tion (8%) lived nine, 13 and 15 weeks from diagnosis; it is
questionable whether immediate radiation would have length-
ened their lives substantially. It is well known that some patients
with malignant glioma progress despite treatment; Gaspar et
al.!? gave immediate postoperative radiotherapy to patients with
malignant glioma (68% glioblastoma), performed end of
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treatment CT scans, and observed that 6% progressed during
radiation. If radiation can be delayed eight weeks, can it be
delayed longer? Once again the seven progressive cases are
instructive, six had glioblastoma and the patient with an
anaplastic astrocytoma was elderly, diagnosed by stereotactic
biopsy, and probably had a glioblastoma. Under-diagnosis is a
well recognized complication of biopsy procedures.'? Patients
with glioblastoma may or may not tolerate longer delays in radi-
ation, but it would appear from these data that delays in excess
of eight weeks are safe for patients with anaplastic astrocytoma,
anaplastic oligodendroglioma and anaplastic mixed glioma.

What can be said from this study about the efficacy of pre-
radiation chemotherapy for malignant glioma? We draw three
conclusions: first, some anaplastic oligodendrogliomas are suffi-
ciently chemosensitive that response is evident after the first
cycle of PCV; second, most patients with glioblastoma and
anaplastic astrocytoma do not respond to one cycle of PCV; and
third, provided corticosteroids are not tapered precipitously
thereby causing “false” worsening, early tumor progression is
readily apparent. More patients with glioblastoma and anaplastic
astrocytoma might have responded had we delayed radiation
another eight weeks and given a second cycle of PCV (tradition-
ally response to chemotherapy is assessed after two cycles), but
undoubtedly more would have progressed. Watne et al.' delayed
radiation and treated 19 patients with glioblastoma with two
cycles of PCV, 48% progressed within 16 weeks of diagnosis.
Due to delayed myelosuppression and long cycle times it may
take 12-18 weeks to deliver two cycles of PCV chemotherapy.
This lengthy interval is an obstacle to neoadjuvant chemotherapy
with nitrosourea-based regimens but should not deter future
studies of pre-radiation chemotherapy with cytotoxic drugs that
can be given every three to four weeks.

Three additional comments are warranted. First, three
patients with glioblastoma responded, but responders did not
have longer survival or longer durations of tumor control than
non-responders. Three responded, but were the responses gen-
uine? Accurate response evaluation following subtotal tumor
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resection can be difficult in some patients, a point emphasized
by Dropcho et al.'* Although it is conceivabie that spontaneous
resolution of surgical changes could have led to scan improve-
ments eight weeks later, mis-interpreted as “responses” to
chemotherapy, we minimized this possibility by obtaining early
postoperative CT scans on all patients to assess residual tumor.’
False-positive responses were unlikely to have occurred in
patients with anaplastic oligodendroglioma and mixed glioma
because we delayed chemotherapy until surgical changes sub-
sided and re-imaged them prior to treatment. Second, our expe-
rience with pre-radiation chemotherapy for malignant glioma is
remarkably similar to that of other groups. Recht et al.'¢ treated
27 patients (80% glioblastoma) with two cycles of intracarotid
cisplatin and one cycle of intravenous BCNU, 13% responded.
Dropcho et al.'’ treated 22 patients (60% glioblastorna) with two
cycles of intracarotid cisplatin, 14% responded and 27% pro-
gressed within ten weeks. Their definitions of response were
similar to our own. Third, patients with glioblastoma seldom
responded to radiation but patients with anaplastic astrocytoma,
oligodendroglioma, or mixed glioma often did. Gaspar et al.'?
made a similar observation with respect to the relative radiosen-
sitivities of glioblastoma and intermediate grade gliomas.

Cytotoxic drugs may be more effective given prior to radia-
tion, than after it,'7 but there are other reasons to pursue pre-
radiation chemotherapy for malignant glioma; if chemotherapy
is administered neoadjuvantly response can be assessed inde-
pendent of the effects of radiation. For both standard and inves-
tigational chemotherapy, an early assessment of efficacy is
beneficial: continuing effective treatment is desirable for obvi-
ous reasons (e.g., smaller radiation volumes, better tumor con-
trol, longer survival), but stopping ineffective treatment also has
important advantages, less toxicity and lower cost, to name but
two. Moreover, we think pre-radiation evaluation of investiga-
tional drugs in newly diagnosed patients may be an important
intermediate step in their assessment, particularly in view of
neuro-oncology’s “track record” of largely negative phase III
studies. Perhaps randomized trials of chemotherapy for malig-
nant glioma should be postponed until agents that appear
promising in phase II studies of recurrent disease also prove to
be effective when given prior to radiation. “Effective” in this
context would mean at least as effective as neoadjuvant PCV.
Several of the cooperative oncology groups are planning studies
of pre-radiation chemotherapy for malignant glioma; these trials
may be easier to interpret with our data in hand.
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