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Abstract

Background The majority of prolactinomas respond to dopa-
mine agonist therapy, but a proportion are resistant, requiring
other treatments including surgery and/or radiotherapy. Tem-
ozolomide is an oral chemotherapy agent, which has been used
as a salvage therapy to treat aggressive pituitary adenomas and
carcinomas, including prolactinomas, unresponsive to all con-
ventional treatment.

Case Series We report three patients where temozolomide was
used in the treatment of refractory prolactinomas. Case 1
describes a patient with a highly invasive prolactinoma, resistant
to all conventional therapy, which responded dramatically to
temozolomide used as a salvage treatment. In case 2, temozolo-
mide was used after incomplete surgical resection to relieve chi-
asmal compression and avoid chiasm exposure to radiotherapy.
In case 3, temozolomide enabled radiotherapy to be deferred in
a 16-year old with a resistant prolactinoma. In all three cases,
the tumours were negative by immunostaining for methylgua-
nine methyltransferase (MGMT).

Literature Review and Discussion A review of the published
literature reveals 51 reported cases of temozolomide treatment
for pituitary tumours, including 20 prolactinomas. Fifteen of the
20 prolactinomas showed a good response to temozolomide.
Our analysis demonstrates a strong association between MGMT-
negative staining and a good response to temozolomide (OR
9-35, P = 0-0030). Current clinical practice is to use temozolo-
mide as a salvage therapy after all conventional modalities of
treatment have failed. We suggest that, in selected cases, consid-
eration should be given to using temozolomide earlier in the
treatment algorithm.
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Background

Dopamine agonists are first-line treatment for prolactin mac-
roadenoma, leading to normalization of serum prolactin, reduc-
tion in tumour size and in many cases to restoration of pituitary
function.! Approximately 11% of prolactinomas are resistant to
dopamine agonist therapy, despite maximal dose titration, and
these tumours are typically treated with surgery. Radiotherapy
is frequently also required as about 40% of macroadenomas
will not be cured by surgery, although this depends on tumour
anatomy.k5

A ‘refractory’ prolactinoma can be defined as a tumour in which
dopamine agonist therapy is ineffective and where surgical resec-
tion is either unsuccessful or where early recurrence occurs after
surgery or radiotherapy.® Such tumours can often behave aggres-
sively, and some may ultimately metastasize. The most common
clinical features associated with aggressive behaviour are early
recurrence and rapid local growth after surgery.”

Temozolomide is an oral cytotoxic agent that crosses the blood
—brain barrier and which has an established role in treating high-
grade gliomas. The first report of temozolomide use as a salvage
therapy to treat aggressive pituitary carcinomas appeared in
2004.® The 2011 Endocrine Society Clinical Guidelines on the
management of hyperprolactinaemia now recommend consider-
ation of temozolomide treatment for malignant prolactinoma.’

Methylguanine methyltransferase (MGMT) is a DNA repair
enzyme, which counteracts the chemotherapeutic effect of tem-
ozolomide. There is an association between low tumour levels of
MGMT and a favourable response to temozolomide in the treat-
ment of glioma,'® and this association has also been suggested, in
previous publications, to hold for pituitary tumours.'">'?

In this article, we report three consecutive patients from one
institution, in whom temozolomide was used to treat refractory
prolactinomas. In two of these subjects, temozolomide was used
as a third-line agent prior to radiotherapy, to either avoid or to
defer radiotherapy.
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Case reports

Case 1

A 34-year-old man, resident in India, presented in 2003 with
bitemporal hemianopia. He was found to have a large sellar and
suprasellar pituitary adenoma with an elevated serum prolactin
of 148 751 mU/l. He was treated with trans-sphenoidal surgery
and dopamine agonist therapy (initially bromocriptine, later
cabergoline). Despite this, there was progression of the tumour,
and in August 2005, he underwent a right fronto-temporal
craniotomy and subsequent fractionated radiotherapy. By May
2008, prolactin had fallen to 9050 mU/]l with a 10 mm suprasel-
lar residual tumour.

In 2008, he moved to the UK, and over the following year,
neuroimaging demonstrated radiological progression despite
high-dose cabergoline (4 mg/week). By May 2009, the patient
had worsening headaches and bitemporal visual field loss
extending across the midline. A further craniotomy and tumour
decompression was performed in May 2009 without significant
improvement in visual fields. Histology demonstrated a prolacti-
noma with a high proliferative index (Ki67 = 15%). MGMT
immunostaining was negative (<5%), and PCR analysis demon-
strated an unmethylated MGMT promoter.

He developed further visual loss, with almost complete loss of
vision in the left eye, painful left proptosis and bilateral sixth
nerve palsies. MRI scan showed further rapid tumour progres-
sion, at that point 6 cm in maximal diameter, with extension
into both orbits more markedly the left (Fig. 1a). Prolactin was
90 000 mU/L

In July 2009, the patient was commenced on temozolomide
(200 mg/m?, 5 days every 28 days). After 2 weeks, there was sig-
nificant visual improvement. After two cycles, there was further
improvement in vision with resolution of the pain, proptosis and
sixth nerve palsies, and dramatic tumour regression on MRI.
Temozolomide was well tolerated and six cycles of therapy were
completed in total. Prolactin fell from 90 000 to 3222 mIU/I at
the end of therapy and continued to fall 18 months after cessa-
tion of therapy (Fig. 2). The most recent prolactin level was
730 mIU/], almost in the normal range (<510 mIU/l). MRI scans
show minimal residual tumour (Fig. 1b).

Case 2

A 32-year-old man presented in May 2009 with a 2 year history
of headaches and upper temporal quadrantanopia. MRI demon-
strated a sellar and suprasellar mass with compression of the
optic chiasm, parasellar extension to the trigeminal cistern and
posterior extension to abut the basilar artery. Serum prolactin
was elevated at 22 000 mU/l. Cabergoline was commenced but
was poorly tolerated with side effects of nightmares and clumsi-
ness. After 3 months, cabergoline was discontinued, serum pro-
lactin had fallen to 13 000 mU/l but there was no change in
vision and no radiological response. Trans-sphenoidal surgery
was performed in October 2009. Histology demonstrated a pro-
lactin staining pituitary adenoma, high Ki67 labelling index of

8% and negative MGMT immunostaining. Postoperative MRI
scans demonstrated residual tumour with persistent displace-
ment of the optic chiasm. Further trans-sphenoidal surgical
resection was performed in February 2010, but the procedure
was complicated by intraoperative haemorrhage and abandoned.
There were concerns about radiotherapy with continued chiasm
compression (see Fig. 1c). Temozolomide (200 mg/m? 5 days
every 28 days, six cycles) was therefore initiated in February
2010 to decompress the chiasm. Headaches resolved and there
was a significant improvement in visual fields. Serum prolactin
fell from 24 000 to 4540 mU/I at the end of therapy and has
continued to fall (Fig. 2). MRIs show substantial reduction in
tumour size with decompression of the optic chiasm (Fig. 1d).
As planned, he subsequently underwent external beam radiother-
apy, with continued tumour control.

Case 3

A 13-year-old boy presented in 2007 with left-sided headaches
and bitemporal hemianopia. Imaging demonstrated a sellar,
suprasellar and left parasellar tumour with serum prolactin
129 000 mU/l. He was initially treated with cabergoline (up to
1 mg/day) causing prolactin to fall to a nadir of 40 000 mU/L.
Despite an improvement in visual fields, neuroimaging showed
no significant change in tumour volume and headaches persisted.
Trans-sphenoidal surgery was performed in December 2007. His-
tology demonstrated a pituitary adenoma with positive prolactin
immunostaining, Ki67 labelling index was 4% and MGMT im-
munostaining was negative (<5%). Postoperatively, there was sig-
nificant residual suprasellar and parasellar tumour (Fig. le).
Over the next 2 years, the tumour remained stable radiologically,
but the serum prolactin rose from a nadir of 16 000 mIU/l to
49 000 mU/1 despite continued use of cabergoline 1 mg daily. He
also experienced worsening headaches causing unacceptable
absenteeism from school. Temozolomide chemotherapy was con-
sidered in preference to radiotherapy, as in paediatric practice, it
is well recognized that radiotherapy causes reduced cognitive
function and should be deferred as long as possible. Temozolo-
mide (200 mg/m?, 5 days every 28 days, 12 cycles) was com-
menced in January 2010. The prolactin level fell from 49 000 to
3515 mU/1 (Fig. 2), and MRI scan after 12 cycles showed a moder-
ate reduction in tumour volume (Fig. 1f). Importantly, headaches
completely resolved with no further school absences.

MGMT immunostaining methodology

The MGMT antibody (Millipore, Temecula, CA, USA) at a dilu-
tion of 1:75 was applied to 5 um paraffin sections of the tumour
on a Leica Bondmax Automated Immuno-stainer following
20 min pretreatment in Epitope Retrieval solution 1. The stain-
ing was compared with serial sections of the tumour stained for
the antibody CD45, so that any MGMT positivity on inflamma-
tory cells could be subtracted. On visualizing the sections, an
estimate of the percentage positivity for MGMT was made
counting approximately 500 cells. A score of <10% was consid-

ered negative and a score >50% positive."?

© 2012 Blackwell Publishing Ltd
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Fig. 1 Case 1: contrast enhanced axial T1 image (a) prior to temozolomide treatment demonstrates high volume, parasellar tumour recurrence with
invasion of the orbits anteriorly. Image (b) demonstrates a dramatic reduction in tumour volume 8 weeks following the commencement of
temozolomide. Case 2: contrast enhanced sagital T1 image (c) shows significant residual tumour, post surgery and prior to temozolomide therapy.
Image (d) demonstrates a significant reduction in tumour volume post temozolomide therapy. Case 3: Contrast enhanced coronal T1 image (e) shows
residual tumour prior to temozolomide treatment. Contrast enhanced coronal T1 image (f) demonstrates marginal reduction in volume of the residual

sellar and left parasellar tumour in response to 12 cycles of temozolomide.

Literature review — methods

A Medline literature search was undertaken using the following
terms in different combinations: temozolomide, pituitary, ade-
noma, carcinoma, neoplasm, prolactinoma, resistant and refrac-
tory. After evaluation of the abstracts, all relevant full articles
were retrieved and subsequent further examination of the refer-

© 2012 Blackwell Publishing Ltd
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ences was undertaken. Cases reported in abstract form only
without Medline citation were not included in this analysis.
From the publications, we extracted the following data: diagno-
sis, previous treatment, duration of treatment and response as
defined by radiological, biochemical and clinical criteria. From
the publication, we divided these into ‘good response’, ‘response
with early relapse’ and ‘poor response’ on the basis of
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radiological outcome. ‘Good response’ was defined as a significant
and sustained radiological response. ‘Response with early relapse’
was defined as an initial significant radiological response, with
relapse occurring within 18 months of commencing temozolo-
mide. We further documented where MGMT expression was
analysed by immunohistochemistry or methylation specific PCR.
MGMT staining was categorized according to the report into
‘negative/low’ (either negative or < 10% of cells from the publi-
cation) or ‘intermediate’ (described as 10-50%) or ‘high’
(>50%)."

We tabulated the results of each case in the literature divided
into histological diagnosis and further subdivided by tumour
response. To determine whether MGMT staining was associated
with outcome of temozolomide treatment, we categorized the
outcomes into good or poor/relapse response to establish a
2 x 2 contingency table. Fischer’s exact test was used to estab-
lish the probability of an association and the odds ratio that
MGMT staining predicted response. For the histological subtype
analysis (prolactinoma etc.), we used chi-squared testing and
also divided the groups into prolactinoma vs nonprolactinoma.
All analyses were conducted using GrapHPAD Prism v 4-00 for
Windows, GraphPad Software, San Diego, CA, USA.

Literature review — results

The literature includes 51 cases in total, including this series,
comprising 20 prolactinomas (P1-P20), details in Table 1; 18
corticotroph tumours (including functioning corticotroph ade-
nomas, silent corticotroph adenomas, carcinomas and Nelson’s
syndrome);'>'*?* 11 nonfunctioning tumours (including null

14,17,23-27
and

cell, immuno-negative and gonadotroph staining)
two somatotroph tumours.”®** The MGMT immunostaining
status has been determined in 37 of the 51 cases.

The radiological responses to temozolomide therapy are sum-
marized in Table 2. The proportion of patients with negative or
low MGMT immunostaining is shown, where this information
was available. Sixty-one percent (31/51) of all reported cases
show a good response to temozolomide. The response rate is
higher for adenomas (67%, 20/30), compared with carcinomas
(52%, 11/21), but the difference is not significant (P = 0-38).

All 20 prolactinomas had previously been treated with dopa-
mine agonist therapy and surgical intervention (median surgical
interventions = 2 range 1-7). Seventeen of 20 cases had received
either fractionated radiotherapy or gamma knife treatment or
both. In case P4 (Table 1), the tumour was felt to be too close to
the optic tract and brainstem for radiotherapy to be used with
impunity. The two other cases where radiotherapy was not used
are reported in this article (Case 2 and Case 3; P9 and P10). The
reasons to avoid or defer radiotherapy were proximity to the
optic apparatus; and to limit radiotherapy neurotoxicity in a
young patient. Seventy-five percent prolactinoma cases showed a
sustained response to temozolomide with tumour volume reduc-
tion, with a precipitous fall in serum prolactin and clinical
improvement in all cases. Two cases (10%) showed an initial
response with subsequent early relapse. The remaining three cases
showed no response.
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Fig. 2 Graphs demonstrating the rapid and sustained fall in serum
prolactin following temozolomide therapy in each of the reported cases.

The duration of treatment with temozolomide varies widely.
In cases where no response was seen, it was discontinued after 3
—8 months. In cases where there was a response, treatment dura-
tion was reported to be from 6 months to 26 months and
continuing. It is not possible to determine a progression-free
survival from the data.

Methylguanine methyltransferase status was assessed by direct
immunohistochemistry in 15 of the 20 prolactinoma cases. Ten
of 13 of the patients where MGMT expression was absent or
low (<10%) showed a good response to temozolomide (see
Table 2). In the two prolactinomas where MGMT staining was
intermediate or high, there was no response. MGMT status was
assessed by promoter methylation assessment in nine of the 20
prolactinomas. In theory, it would be expected that promoter

© 2012 Blackwell Publishing Ltd
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Table 2. Summary of objective radiological outcomes according to tumour category and MGMT staining, where available

Good response 7 (%)

Response, with early

relapse n (%) Poor response 1 (%)

Tumour type n Total MGMT—ve Total MGMT—ve Total MGMT—ve
Prolactinoma 20 15 (75%) 10/10 2 (10%) 212 3 (15%) 1/3
Corticotroph 18 10 (56%) 6/7 3 (17%) 0/2 5 (28%) 1/4
Nonfunctioning 11 6 (55%) 1/4 0 0/0 5 (45%) 1/4
Somatotroph 2 0 0 0 0 2 (100%) 0/1

Total 51 31 (61%) 5 (10%) 15 (29%)

MGMT, methylguanine methyltransferase.

methylation should be accompanied by suppressed expression
and staining of MGMT. In this series, promotor methylation
status did not correlate with clinical response to temozolomide.

Amongst the corticotroph (18), somatotroph (two) and non-
functioning (11), tumours surgery and radiotherapy had been
undertaken in almost all patients. Somatostatin analogues were
used in the two somatotroph tumours and in a further nine
subjects with other histological diagnoses.

Corticotroph tumours showed a radiological response to tem-
ozolomide in 56% of cases (Table 2), mostly accompanied by
biochemical improvement, with falls in ACTH typically 80-90%
in the responders (data not shown). MGMT was similarly pre-
dictive with a response in six of seven patients with negative/low
MGMT (Table 2) In contrast, amongst the nonfunctioning
tumours, although there was a response rate of 55%, there
seemed little correlation with MGMT status, although the num-
bers are smaller. No conclusions can be drawn from the two
somatotroph tumours.

The clinical response to temozolomide therapy, categorized by
MGMT immuno-histochemistry status, is shown in Table 3.
This shows that 17 of 22 tumours (77%) with a low/negative
MGMT status showed a good response. Three of three tumours
(100%) with a high MGMT status showed a poor response.

To determine the strength of association between MGMT stain-
ing and response to temozolomide, we derived a 2 x 2 contin-
gency table, combining the data to include radiological response
(good vs relapsed/poor response) and MGMT positivity (low/neg-
ative vs intermediate/high) (see Table 4). MGMT-negative staining
was strongly associated with a good radiological outcome to tem-
ozolomide, with an odds ratio = 9-35 (CI 2:05-42-66) P = 0-0030.

In contrast, when we examined for a direct association
between tumour subtype (prolactinoma, corticotroph, etc.), we
found no significant difference between the groups in the likeli-
hood of response, either using chi-squared analysis with each
tumour group or comparing prolactinomas with other tumours
in a 2 x 2 contingency table (P = 0-14 Fisher’s exact) (see
Table 4). Overall, MGMT staining was a strong predictor of out-
come, whereas the increased response rate amongst the prolacti-
nomas was largely a function of the increased proportion that
were MGMT negative.

There are 14 published cases of pituitary tumour treated with
temozolomide in the context of an unknown MGMT status. Ten

© 2012 Blackwell Publishing Ltd
Clinical Endocrinology (2012), 76, 877-886

Table 3. Detailed summary of clinical response of the 37 tumours
assessed for MGMT status

Low/negative  Intermediate ~ High
MGMT MGMT MGMT  Total
Good response 17 4 0 21
Response 2 2 0 4
with early relapse
Poor response 3 6 3 12
Total 22 12 3 37

MGMT, methylguanine methyltransferase.

Table 4. Clinical response and its association with MGMT status and
tumour type

Poor response or Good
response/relapse response
Tumours with known MGMT
status (n = 37)
MGMT positive (inter/high) 11 4
MGMT negative (low/negative) 5 17
All tumours (n = 51)
Prolactinoma 5 15
Other tumour 15 16

MGMT, methylguanine methyltransferase.

of the 14 (71%) show a good response, which is not statistically
different from the response rate for all published tumours.

Discussion

Patients who are intolerant or resistant to one or more dopa-
mine agonists normally proceed to second-line treatment with
surgery and frequently to radiotherapy, in line with recommen-
dations recently published in the Endocrine Society Clinical
Guidelines.” We report three cases of temozolomide used in the
treatment of refractory prolactinomas. The first case describes an
excellent clinical, radiological and biochemical response to tem-
ozolomide used as a salvage therapy in a highly aggressive pro-
lactinoma. Interestingly, the prolactin level has continued to fall



for at least 18 months after cessation of therapy with a near
complete radiological response. The second case illustrates an
excellent response to temozolomide used as a third-line therapy
prior to radiotherapy being administered. In this prolactinoma,
the elevated Ki67 and negative MGMT staining were considered
to be sufficient grounds to use temozolomide to reduce
tumour volume and relieve compression of the optic chiasm.
The third case describes a good clinical and partial radiological
response to temozolomide used as a third line to reduce mass
effect and prevent progression in a young patient with the aim
of deferring radiotherapy to limit neurotoxicity. The cases are
the first three consecutive patients treated at our institution with
temozolomide.

There is one previous report of a prolactinoma treated with
temozolomide without prior use of radiotherapy®® (Table 1, case
P4). In that case, radiotherapy was not used because of tumour
proximity to the optic chiasm; the response to temozolomide
was good. There are four case reports of nonfunctioning
tumours being treated with temozolomide prior to radiother-
apy'*'”?® with two patients demonstrating a good response.
Although the numbers are small, prior radiotherapy does not
seem to be a prerequisite for temozolomide response.

From the literature, there are two potential factors that might
predict a response to temozolomide in pituitary tumours: histo-
logical type, that is, prolactinoma, and low or negative MGMT
staining. Temozolomide acts as an alkylating agent at specific
guanine residues, leading to the activation of the mismatch
repair system and tumour cell apoptosis.®® The repair enzyme
MGMT may be able to correct the DNA damage, and therefore
rescue the tumour cell from apoptosis. Our analysis demon-
strates a strong association between MGMT-negative immuno-
staining and a good response to temozolomide (OR 9-35,
P = 0-0030). In contrast, specific diagnosis was not a significant
predictor of response, although 87% (13/15) of prolactinomas
had either low or negative MGMT staining, and therefore they
may be more likely to respond for this reason. Although previ-
ous reviews have not formally analysed the data, other authors
have also noted a higher response rate amongst prolactinomas
and attributed this to the higher proportion of MGMT-negative
tumours.' !

The isolated analysis of two small series concluded that
MGMT status does not predict clinical outcome in pituitary
tumours.'®'” The authors are correct to conclude that the pre-
dictive value of MGMT is less than perfect, but they ignore the
fact that MGMT can be a very useful guide. Analysis of the data
in Table 2 shows that there are no case reports of a sustained
clinical response to temozolomide, in a tumour with MGMT
staining of >50%. However, in tumours with MGMT < 10%,
the sustained response rate is 77% (17/22).

A fall in endocrine tumour markers (Prolactin or ACTH),
often precipitous, was seen in the vast majority of patients in
the literature who demonstrated a response to treatment. In addi-
tion, radiological responses are usually seen in the first 3 months.
Both the endocrine response and the radiological response at
3 months may prove to be a useful means of assessing response
and limiting the use of temozolomide if it is not effective.

We used the standard dosing regime of 200 mg/m? adminis-
tered daily for 5 days every 28 days, although alternative dosing
regimes have also been used.'”* Temozolomide is normally well
tolerated, and studies have shown no detrimental effects on quality
of life associated with its use.”®> Nausea is common but normally
controlled with appropriate antiemetics. Thrombocytopenia
occurs in 7-17% of subjects, and leucopenia is reported in about
4% of subjects.’® This leads to a risk of opportunistic infections
including PCP, CMV and varicella. Septrin prophylaxis is rec-
ommended by some authors.>**> There are some case reports of
haematological malignancies occurring after temozolomide
use.*®”” Other alkylating agents are associated with an increased
risk of secondary malignancies. It is not currently known
whether this increased risk also applies to temozolomide.”® The
long-term effects of temozolomide on fertility are unknown,
with some reports of treated patients achieving pregnancy.’
Temozolomide can be safely and effectively used by an endocri-
nology multidisciplinary team, experienced in the multimodal
treatment of aggressive pituitary tumours. Oncology advice and
support must also be available.

Current guidelines recommend radiotherapy as the third-line
treatment for resistant prolactinomas."! However radiotherapy
works slowly, tumour volume control is ineffective in an esti-

mated 10% of cases,***!

and biochemical control may only be
achieved in 50-70%.** Radiotherapy may be relatively contra-
indicated if the tumour is distorting the optic chiasm or with
persistent visual field defect. Radiotherapy has a number of pos-
sible complications including the risk of hypopituitarism, optic
nerve damage and secondary malignancy.*>** In paediatric prac-
tice, there is a correlation between the age at which radiotherapy
was administered and cognitive deficit*>

There are undoubted limitations from an analysis of the pub-
lished series. There is the potential for ascertainment bias
because institutions are more likely to publish successful treat-
ment reports. The ascertainment bias is likely to be less in publi-
cations stated to be consecutive series* or drawn from a
comprehensive clinical network.'® The regimen of temozolomide
administration was relatively uniform, with the exception of one
series.!” However, the duration of treatment and follow-up are
variable. The MGMT staining methods will have differed and
were not analysed by a central laboratory. The definitions of a
response are subjective and not blinded. Nevertheless, in advance
of more formal prospective studies, the efficacy of temozolomide
is hard to challenge amongst the reported cases.

Temozolomide is the latest new agent to emerge in the man-
agement of prolactinoma, and therefore its place in the treat-
ment algorithm remains to be defined. In most patients
identified in the literature, it has been used after medical treat-
ment, surgery and radiotherapy. A review article, published by
Syro et al.** concluded that temozolomide was indicated for
aggressive prolactinomas resistant to dopamine agonist therapy,
which continue to grow despite surgery and radiotherapy. The
review by McCormack et al.'' emphasizes that better prospective
and longer-term data are required to determine when temozolo-



noma. A response can be predicted from MGMT immunohisto-
chemistry; it is well tolerated in the short term with few side
effects and offers no risk to the optic apparatus or normal pitui-
tary. The responsiveness of the tumour is seen earlier than with
radiotherapy, allowing early cessation of treatment if ineffective.
It will be important to gather longer-term data to assess the
potential for secondary malignancy, noting that this is also a
small but significant risk amongst individuals undergoing radio-
therapy.

Current clinical practice supports the use of temozolomide as a
salvage therapy for malignant and highly aggressive prolactino-
mas, which have failed to respond to dopamine agonist therapy,
multiple surgical interventions and radiotherapy. We acknowl-
edge that the long-term side effects of temozolomide are still
being evaluated, and, nevertheless, suggest that, in selected cases,
consideration should also be given to using temozolomide earlier
in the treatment algorithm, to achieve a cyto-reductive effect or
to defer or even avoid potential complications of radiotherapy.
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