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Pseudoprogression of malignant gliomain

* ¢ Chinese patients receiving concomitant

chemoradiotherapy

Objectives

Design
Setting

Patients

Results

Conclusions

To investigate the frequency of pseudoprogression of
glioblastoma in Chinese patients receiving concomitant
chemoradiotherapy and investigate its association with
pseudoprogression and tumour molecular marker O°-
methylguanine-DNA methyltransferase promoter methylation
status.

Case series with internal comparisons.
University teaching hospital, Hong Kong.

Patients with glioblastoma treated with concomitant
chemoradiotherapy during April 2005 to June 2010 were
reviewed. Magnetic resonance imaging brain scans, pre-
and post-concomitant chemoradiotherapy and 3-monthly
thereafter were reviewed by an independent neuroradiologist
according to Macdonald’s criteria. Relevant patient information
(clinical condition, performance score, development of new
neurological deficits, use of steroids, and survival) was retrieved.
For each patient, O°-methylguanine-DNA methyltransferase
methylation status was investigated with genomic DNA from
formalin-fixed or paraffin-embedded sections of tumour tissues
by methylation-specific polymerase chain reaction.

During the study period, 28 primary glioblastoma patients
underwent concomitant chemoradiotherapy. The mean age
of the patients was 48 (range, 16-71) years. Thirteen patients
(13/28, 46%) developed early radiological progression of the
tumour after completion of concomitant chemoradiotherapy,
of whom five (39%) were subsequently found to have had
pseudoprogression. Patients with pseudoprogression showed a
trend towards longer survival (22 months in pseudoprogression
vs 17 months in all others vs 11 months in those with
genuine progression). Among the 27 patients tested for O°-
methylguanine-DNA methyltransferase promoter status, 12
(44%) were methylated. Two (2/12, 17%) in the methylated
group had pseudoprogression, while three (3/15, 20%) in the
unmethylated group had pseudoprogression.

Nearly half of all patients (46%) developed early radiological
progression (within 3 months of completing concomitant
chemoradiotherapy). Moreover, about one in three of such
patients had pseudoprogression. Pseudoprogression is an
important clinical condition to be aware of to prevent premature
termination of an effective treatment.

* Inlocal Chinese patients with glioblastomas, tumour pseudoprogression is a common
treatment response (one in six) after concomitant chemoradiotherapy.

* Nearly half of all patients (46%) developed early radiological tumour progression (within 3
months of completion of concomitant chemoradiotherapy), of whom about one in three had

pseudoprogression.

* Tumour pseudoprogression is an important clinical response to be aware of to prevent
premature termination of an effective treatment.
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shows that 20 to 30% of patients receiving CCRT
develop tumour pseudoprogression. Awareness
of this phenomenon has a major bearing on the

B REESRASAKRENESE ST BERE] avoidance of premature termination of an effective
BENEE RSB ERENERMEO-FEaE chemotherapy. However, the frequency of this
- DNABE®EBIER (MGMT) BEE/VEHE - phenomenon in the Chinese is unknown.
et ARHANIRLLBIRGIRE) This study aimed to investigate the frequency
o . . of early pseudoprogression in Chinese glioblastoma
R BE-AREARER - patientyspreceivipnggconcomitant chem%)-irradiation
BE [EIRE2005F4H822010F6 AMERIEBEREBIEE  and to investigate any possible association between
ROERBERI AT CRENCE - —RBILMKE pseudoprogression and the tumour molecular
KGR B ERBEMacdonal CEAIRTAAEZFZY  marker Of-methylguanine-DNA methyltransferase
(EREERIE » IERB=E R ETHISHE IR AR 7N (MGMT) promoter methylation status.
OB BREHBARIR © REFTD ~ HKIIBERIBAIR
& AEENERAREFHNER - KAFRER(SE
HBATBRE  ERENEEENAKaeEga Methods
BEAMMEERMEADNA » KIRREMGMTRE/L Patients diagnosed with primary glioblastoma who
M5 had completed CCRT in the period of April 2005
R R 2sgBREEEEES RS LHE » M to June 2010 were recruited. Patients unable to
EHER48E (NF16E715% ) © 28%1F » 134 complete the 6-week CCRT or who did not follow
(46%) =HREISAER LB G FHWEEER the pre-planned scanning schedule were excluded.
Hohsfl (39%) HERBABMER - BIEERESE  Regarding their radiotherapy, there was a consistent
EEWENARED (BUERSE 2288 ; 4= protocol with either conformal radiotherapy or
= 17EP  BEEERSEE  11ER) 27852 intensity-modulated radiotherapy that delivered 54
MGMTHIENEED » 126 (44% ) BREIRK - to 59.4 Gy (median, 59.4 Gy) over 30 to 33 fractions
B2 (17%) ABMER - EAEIIER156 (median, 33 fractions) in 6 weeks to the surgical bed
o 360 (20%) ABIEER as well as the gross residual disease (as seen on pre-
W BF—MEE (46%) ERESLREN3E R RS and post-operative imaging). The chemotherapy
B FEEER  EEEE - SIAFEIAS regimen followed that described by Stupp et al' using
1E§ |“$L§ BHERS  ERESMERICT  BA temozolomide at 75 mg/m*day during radiotherapy,
B 615 B s A AR BT R TA R o and 150 to 200 mg/m%*day on days 1-5 every 4 weeks
for 6 cycles. None of the patients received other
treatments, such as gliadel wafer implants or anti-
angiogenesis agents. Patients were subjected to
a scanning schedule with a magnetic resonance
imaging (MRI) scan on day 1 after the operation, 2
. weeks after completing CCRT, and every 3 months
Introduction thereafter (Fig 1). Radiographic progression was
With the introduction of the oral chemotherapeutic determined by an independent neuroradiologist
agent, temozolomide, it is now standard practice to according to the Macdonald’s response criteria?
offer concomitant chemoradiotherapy (CCRT) to to quantify the changes in enhancing lesions on
patients with histologically confirmed glioblastoma the scans. Patients were seen every 4 weeks during
multiforme. More and more evidence in Caucasians the course of chemotherapy. Each patient’s clinical
[Surgery] |Assessment| Assessment Adjuvant chemotherapy |Assessment| |Assessment
Concomitant
2 2 radiation & chemotherapy |
4— Weeks —Pj4— Weeks +— Woeks > vl " vl ¥
! | 6 Weeks | ‘ | ‘
? T T 250 M th M th T
MR IIRI IIRI
Discharge| [RT planning] MR MR MRI

FIG I. Scanning schedule
MRI denotes magnetic resonance imaging, and RT radiotherapy
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condition, performance score, use of steroids, and
development of new neurological deficits were
noted.

Early disease progression was defined as an
increase of 25% or more of contrast enhancement
in the largest cross-sectional area on the post-CCRT
contrast brain scan, with or without neurological
deterioration. Real disease progression was
defined and documented when the patients with
early disease progression developed additional
disease progression within the following 6 months.
Pseudoprogression was defined if patients with
early disease progression showed a more than
50% decrease in enhancing cross-sectional area
in the subsequent scan or remained clinically and
radiologically stable for at least 6 months without any
further treatment (other than adjuvant cycles of the
Stupp’s regimen).’

Clinical features of patients with real
progression and pseudoprogression were compared.
Their MGMT methylation status was investigated
with genomic DNA from formalin-fixed or paraffin-
embedded sections of tumour tissues by methylation-
specific polymerase chain reaction, which was
a method described by our group.® Association
between MGMT methylation status and occurrence
of pseudoprogression was assessed. Overall survival
was defined as the period from the date of the first
operation to death. Kaplan-Meier survival curves
were used to analyse survival of the two groups.

Results

From April 2005 to June 2010, there were 95 potential
primary glioblastoma patients, of whom 67 were
excluded: 45 had not received chemotherapy and
22 did not conform to the scanning schedule. In all,
28 patients underwent CCRT (Stupp’s regimen). The
mean age of the latter patients was 48 (range, 16-71)
years. In all, 13/28 (46%) developed early radiological
tumour progression evident in the MRI 2 weeks
post-CCRT. Two patients underwent re-operation

TABLE. Data on the five patients with pseudoprogression”

& Malignant glioma patients receiving chemoradiotherapy

for debulking and pathology confirmed tumour
recurrence. The remainder continued to follow the
treatment policy and follow-up schedule. All patients
had events (progression) assessed, mostly till they
died. Their median overall survival was 16 months.

Regarding the 13 early progression patients,
five (39%) had pseudoprogression (Table), whilst
the other eight had genuine progression. Based on
the log-rank test, patients with pseudoprogression
showed a trend towards longer median survival
(22 months in pseudoprogression vs 17 months
in all others vs 11 months in those with genuine
progression; Fig 2). So the overall pseudoprogression
frequency among our local Chinese glioblastoma
patients receiving the CCRT was 18% (5/28).
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FIG 2. Survival curves

Overall = all cases (16 months); PsPD = pseudoprogression (22 months); PD =
progressive disease (I | months); Others = cases without PD or PsPD (17 months)

Patient EOR at post-op Steroid use (dexamethasone mg/day)t PFS
No. MRI (day 1-3) Post-CCRT Post 3 months  Post 6 months (months)
1 >95% PD: 4 mg/day x 4 weeks PR: no steroid SD: no steroid 17

2 >95% PD: no steroid PR: no steroid SD: no steroid 23

3 60-70% PD: 8 mg/day x 4 weeks, then 4 mg/day x 2 weeks, then stopped PR: no steroid SD: no steroid 15

4 80-90% PD: 4 mg/day x 2 weeks, then 2 mg/day x 2 weeks, then 2 mg/ SD: no steroid SD: no steroid 10

day x 2 weeks, then stopped
5 >95% PD: 2 mg/daily x 2 weeks SD: no steroid SD: no steroid 10

* EOR denotes extent of resection, MRl magnetic resonance imaging, CCRT concomitant chemoradiotherapy, and PFS progression-free survival

t

enhancing cross-sectional area), and SD stable disease (between PD and PR)
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PD denotes progressive disease (increase of =25% of contrast enhancement in largest cross-sectional area), PR partial response (showed a >50% decrease in
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Postoperative day | MRI:
Residual tumour with
contrast enhancement
over the deep and
posterior margin

[ MRI | | MRI | | MRI |

(b)

MRI after 2 weeks after
chemo-irradiation:
Increased contrast
enhancement >25% of area
and increased oedema

I I Iu."

[ MRI | | MRI | | MRI |

MRI after 3 cycles of
chemotherapy:

Decreased 50% enhancement
area and oedema

[ MR | | MRI | | MRI | | MRI

FIG 3. Magnetic resonance imaging (MRI) scans (a) on postoperative day |, (b) at 2
weeks after chemo-irradiation, and (c) after three cycles of chemotherapy
CCRT denotes concomitant chemoradiotherapy
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Among the 27 patients tested for MGMT
promoter status, 12 (44%) were methylated. Two
(2112; 17%) with pseudoprogression were in the
methylated group while three (3/15; 20%) were in the
unmethylated group.

Among the early progression group (13
patients), two out of the five with pseudoprogression
were MGMT-methylated, while only two out of eight
with real progression were MGMT-methylated. There
was no association between MGMT methylation
status and the development of pseudoprogression
(P=0.2929 by Fisher’s exact test).

Discussion

Since the introduction of CCRT as the standard
of care for patients with glioblastoma, there has
been increasing awareness of the phenomenon
of pseudoprogression.*” This is believed to be a
treatment effect instead of tumour progression.*® It
occurred in 20 to 40% of patients immediately after
the end of CCRT.>® Patients often remain clinically
asymptomatic or only mildly disturbed clinically,
despite  radiologically  evident progression.
In subsequent scans, the lesions decrease or
stabilise in size without additional treatment (Fig
3). This phenomenon is believed to result from
CCRT (temozolomide—an alkylating agent and
radiotherapy) giving rise to a higher degree of
tumour cell killing and endothelial cell injury,
leading to secondary oedema and abnormal vessel
permeability, mimicking tumour progression.*>8 Qur
series showed that pseudoprogression occurred
in 18% of our local Chinese glioblastoma patients.
Concerns about progression occurred in almost half
(46%) of our patients receiving CCRT, of whom onein
three actually had pseudoprogression. Termination
of adjuvant chemotherapy at this point of time
would have deprived the patients of an effective
treatment, and any subsequent salvage therapy
might have been falsely assessed as effective.*® We
encountered a low frequency of pseudoprogression
(18%) whilst it was reported to be up to 50% in the
literature,”® possibly because our criteria were
more stringent than those used by others. Notably,
most reports defined pseudoprogression within
3 months of CCRT,>® whereas we defined it as
radiological and clinical improvement or stability
for 6 months. In a series of 86 patients, 36 developed
early progression 4 weeks after CCRT,’ of whom
50% (18/36) had pseudoprogression, whereas 36%
(13/36) were only biopsy-proven (based on a large
residual tumour bulk for CCRT). A large proportion
(19/36) of their patients were scanned by computed
tomography after CCRT and then followed up by
MRI. In our series, only 3/28 (11%) of the patients
had a biopsy. We followed up our patients with an
earlier MRI scan, which was 2 weeks after the CCRT.



All these differences may have contributed to the
low frequency we noted.

Soasto reliably assess radiological progression,
a scanning schedule should be used with CCRT
and adjuvant chemotherapy (Stupp’s regimen); our
schedule is shown in Figure 1 and started on the day
after surgery. Assessment of the extent of resection
by contrast enhancement (MRI-T1) is confounded
by postoperative changes 72 hours after surgery.
Thus, early postoperative scans serve two purposes,
namely: (1) accurate assessment of the extent of
glioma resection, and (2) provision of a baseline
for comparison with subsequent scans. It is at such
second scans that early radiological progression
is detected. In recognition of pseudoprogression,
it is recommended that adjuvant chemotherapy
(temozolomide) be continued unless real
progression is suspected and clinical deterioration is
significant. In which case, surgical biopsy (or excision
if feasible) should be performed. If the biopsy
mainly shows necrosis, chemotherapy should be
continued. Subsequent 3-monthly scans may confirm
pseudoprogression or real progression.

The molecular marker MGMT promoter of
methylation status was reported to be an important
prognostic factor in glioblastoma.® The 2-year
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premature termination of an effective treatment.
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