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9. Emergence and discharge

i) After the completion of surgery, discontinue
sedatives and analgesics.

ii) Confirm emergence and the return of spon-
taneous respiration, remove the LMA if used, and
transfer the patient to the intensive care unit.

[Commentary]

Follow the regular procedures for neurosurgical
anesthetic management of emergence and dis-
charge. ‘

III. LANGUAGE ASSESSMENT DURING AWAKE CRANIOTOMY

1. Methods of language mapping by cortical elec-
trical stimulation during awake craniotomy
[Recommendation]

Indications: Patients with lesions around the
perisylvian language areas of the dominant
hemisphere. Patients without apparent aphasia who
are able to fully understand the language tasks and
cooperate with them.

Preoperative preparation: Set language tasks that
can easily be performed by patients and fully
familiarize them with the tasks.

Electrical stimulation: A stronger stimulus inten-
sity (6-12 mA) and longer duration (2-4 sec) are re-
quired than for motor and sensory mapping. Initiate
electrical stimulation immediately before presenting
the language stimulus (line drawing or question) and
continue it during presentation.

Language tasks: Perform counting, visual naming,
and listening comprehension tasks for cortical map-
ping. If electrical stimulation reveals any dysfunc-
tion, assess reproducibility. Monitor language func-
tions primarily on the basis of spontaneous speech
during resection. If an abnormality is suspected,
perform language mapping with visual naming
and/or listening comprehension.

[Commentary]

Purpose: The purpose of language mapping is to
identify the language areas and to avoid postopera-
tive aphasia by preserving these areas. Because the
extent of the language areas varies among individ-
uals and it is difficult to accurately identify them
anatomically, the areas should be determined for
each individual.® If language areas are identified
outside the resection zone and language functions
are confirmed to be localized away from the lesion
to be resected, the neurosurgeon can resect the le-
sion with confidence.

Indications: Because patients must have full un-
derstanding and good cooperation to perform lan-
guage mapping, we should consider the preopera-
tive cognitive level and mental maturity of the
patient. Because some patients cannot adapt to the
special circumstances of the operating room en-
vironment, after providing sufficient explanation

and practice of the tasks, determine whether they
are suitable candidates for awake surgery or not. Be
especially careful with young and elderly persons.
Children and patients with obvious aphasia before
surgery are not suitable for language mapping.
Patients showing slight anomia or word finding
difficulty (poor word production by category or ini-
tial phonemes) during preoperative examination
may attempt language mapping, but their language
function can become worse than preoperatively be-
cause of drowsiness, which can make language map-
ping difficult.

Preoperative preparation: Examination: Perform
neurological and neuropsychological testing. Ex-
planation: Fully explain the language tasks that will
be used for mapping. Establishment of tasks: After
performing the standard tasks once, exclude stimuli
that evoke unstable responses, leaving only the
stimuli for which the patient can definitely provide
correct answers. Determine the rate of presenting
line drawings at which the patient can answer com-
fortably (2-5 sec intervals). Practice: The selected
tasks should be practiced several times until the
patient can answer with confidence. If examination
reveals suspected decrease of language function,
perform the standard aphasia tests to measure the
severity of aphasia. Identification of language-relat-
ed sites by fMRI might be useful to limit the area that
has to be explored by intraoperative mapping.?

Electrical stimulation: Follow the usual standards,
but remember that stronger and longer stimulation
is required for language mapping. Employ a stimu-
lus intensity of 6~12mA if no afterdischarge is
evoked. Because electrical stimulation is initiated
immediately before presenting a line drawing or
question and is continued during presentation,
stimulation needs to be applied for between 3 and 4
seconds (Fig. 5). It is desirable to present the lan-
guage tasks at regular intervals so that the neurosur-
geons get used to the timing of electrical stimulation.
Also, adjust the location of the screen so the sur-
geons are able to monitor stimulation during the lan-
guage tasks.

Language tasks: Language tasks to be performed:
For all areas to be tested, counting and visual nam-
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Fig. 5 Flow chart of language tasks. Initiate electrical stimulation before presenting the language tasks.

ing should be performed. With counting, check
speech arrest and delay. Confirm that the site of
speech arrest does not correspond to the negative
motor area. During the visual naming task (picture
naming), record slips of the tongue (errors), delayed
responses, or no response. Words for the naming
task are selected from among high-frequency words,
such as cat, knife, desk etc. For the temporal lobe,
also perform auditory comprehension. Frequency:
Stimulate each site twice or more with the maximum
current to check whether a language abnormality is
detected. If any language abnormality is detected,
stimulate the site twice or more again to check re-
producibility. Interpretation of results: If three
stimuli induce at least two incorrect responses, the
site should be designated as a language-related site
(Fig. 5). .

Cortical mapping: Counting (from 1 to 30): Per-
form electrical stimulation while asking the patient
to count from 1 to 30 at approximately one number
per second. After the patient reaches 30, helshe
starts from 1 again. Identify the sites where stimula-
tion leads to abnormalities of speech (arrest, delay,
dysarthria). Regarding the sites associated with
these abnormalities, ask about the patient’s subjec-
tive symptoms (e.g., inability to move the tongue).
Then, assess whether or not the sites are primary
motor areas or negative motor areas related to ar-
ticulation. Visual naming”: Present line drawings
(on paper or a monitor) at the interval predeter-
mined for each patient and instruct the patient to
name them using a carrier phrase like “This is...”.
Anomia or paraphasia: After saying ‘“This is” fluent-
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ly, patients cannot recall the name or substitute one
word for another. Speech arrest: The patient cannot
say “This is”’. Auditory comprehension: The patient
answers an easy question with a single word. Be-
cause this involves both word recall and listening
comprehension, electrical stimulation at sites differ-
ent from those related to visual naming induces ab-
normalities.” Language mapping is based on the
above three tasks. If time permits, other language
tasks can be added as required.

Subcortical mapping: This is required if nerve
fibers immediately below or adjacent to the language
areas are to be resected. Continue conversation be-
tween the patient and examiner during resection
and perform mapping with electrical stimulation at
the sites with possible abnormalities. Use visual
naming and, for the posterior language areas, listen-
ing comprehension as well. The intensity of electri-
cal stimulation should be equal to or slightly greater
than that for cortical stimulation. Identification of
nerve fascicles by preoperative tractography might
be useful to determine the sites for subcortical map-
ping.124)
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Table 1 Examples of line drawings used in the visual naming task

Grape Ear Ant Potato Train Strawberry  Eye Cat Truck Rabbit
Bus Scissors Patrol car Carrot Plane Chicken Pencil Motorcycle  Apple Cup

Words are selected from among high-frequency words in the vocabulary test for aphasia and color drawings without
copyright are used.

46: 927-934, 2008

Tabl 1 f ti d t i
3) Hamberger M], Seidel WT: Auditory and visual nam- able 2~ Examples of questions used to test auditory

. . . comprehension

ing tests: normative and patient data for accuracy,

response time, and tip-of-the-tongue. | Int Neuropsy- 1. What is your name?

chol Soc 9: 479-489, 2003 2. What color is snow?
4) Henry RG, Berman JI, Nagarajan SS, Mukherjee P, 3. What color is a sunflower?

Berger MS: Subcortical pathways serving cortical lan- 4. What color is a crow?

guage sites: initial experience with diffusion tensor 5. What color is a banana?

imaging fiber tracking combined with intraoperative 6. What color is a fire truck?

language mapping. Neuroimage 21: 616-622, 2004 7. How many days are there in a week?
5) Ojemann G, Ojemann ], Lettich E, Berger M: Cortical 8. How many minutes are there in an hour?

’ ’ ’ ) 9. How many legs has a dog?

language localization in left, dominant hemisphere.
An electrical stimulation mapping investigation in 117

[
[=]

. What day is after Tuesday?

11. What season is after spring?
patients. I NeurOSUI‘g 108: 411-421, 2008 12. What month is New Year’s Day in?
6) Rutten GJ, Ramsey NF, van Rijen PC, Noordmans HJ, 13. What month is the Bon Festival in?
van Veelen CW: Development of a functional magne- 14. Which direction the sun sets in?
tic resonance imaging protocol for intraoperative 15. What is the offspring of a frog called?
localization of critical temporoparietal language 18. What is the offspring of a chicken called?
areas. Ann Neurol 51: 350-360, 2002 17. A mother is a woman. What is a father?
7) Sanai N, Mirzadeh Z, Berger MS: Functional outcome 18. A brother 1s @ man. What is a S_ISter?
ing f i . 19. The sun shines during the daytime. When do the stars come
after language mapping for glioma resection. N Engl J out?
Med 358: 18-27, 2008 20. Cherry blossom is seen in spring. How about red leaves?
21. Where do you buy postage stamps?
2. Task details 22. What do you use to cut vegetables?

. . . . ?
Examples of line drawings used in the visual nam-  23- What do you use to cut paper?
24. What do you use to tell the time?

ing task. and questions l:lsed to treat auditory com- 25 Hot water is hot. How about ice?
prehension are shown in Tables 1 and 2, respec- 26. Tron is heavy. How about feathers?

tively. 27. The sea is deep. How about mountains?
28. You wear clothes. How about shoes?
29. Birds fly. How about fish?
30. You listen to music. How about paintings?

Questions that can be answered within approximately 2
seconds are prepared based on the Wechsler Intelligence
Scale for Children-Revised, Illinois Test of Psycholinguis-
tic Abilities, Western Aphasia Battery test, etc.
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Abstract

The present retrospective study evaluated the recurrence patterns after aggressive surgical removal of
intracranial glioblastomas in 43 consecutive adult patients. The resection rate of the enhanced lesion on
magnetic resonance imaging was 100% and 95-99% in 22 and 21 cases, respectively. All patients
received postoperative fractionated radiotherapy (60 Gy in 30 fractions) with additional chemotherapy
{25 cases) or vaccine therapy (18 cases). During follow-up (median 17 months), tumor recurrence was
identified in 33 patients, most frequently regional within the wall of the resection cavity (20 cases). No
clinical factor differed significantly between the groups of patients with regional or marginal tumor
progression (N = 22) and patients with distant or multiple recurrences (N = 8). Progression-free sur-
vival did not differ significantly between these two groups (p = 0.27). However, overall survival was
significantly longer (p = 0.04) in patients with regional or marginal tumor progression, and constituted
90% and 54% at 1 and 2 years after surgery, respectively, compared to 75% and 0% in patients with dis-
tant or multiple recurrences. Aggressive surgical resection and adjuvant management of intracranial
glioblastoma may change its recurrence pattern. Tumor progression appears in the wall of the resection

cavity or within 2 cm from its margin in approximately half of patients.

Key words: glioblastoma, gross total resection,

Introduction

Glioblastoma is the most common primary brain
tumor in adults and carries an extremely grim prog-
nosis. Management usually includes surgical resec-
tion followed by postoperative fractionated radio-
therapy (FRT) as well as concomitant and adjuvant
chemotherapy. Nevertheless, the incidences of re-
currence, regrowth, and dissemination of the tumor
are very high due to the well-known infiltrative
extension far beyond the boundaries of the localized
lesion identifiable with neurcimaging,#20:33,37.48)
The progression of glioblastoma after treatment in
up to 97% of cases occurs either from the bulk of the
mass or within 20 mm from the border of its en-
hanced part identifiable on T;-weighted magnetic
resonance (MR) imaging, and the presence of such
local recurrence may be associated with impaired
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prognosis.?31213,23.25.52,34,35.43,4454 Therefore, various
methods for improvement of tumor control at the
time of both initial and salvage treatment have been
proposed, such as inclusion of the marginal brain
tissue in the high dose area during FRT,17:20,26,31-33,
35.49.50]  additional dose boost with stereotactic
radiosurgery,'41841) brachytherapy,!0%.43) implanta-
tion of Gliadel wafers (Guilford Pharmaceuticals
Inc., Baltimore, Maryland, USA),5¥ or various types
of intralesional immunotherapy.”#?

The majority of studies on progression of in-
tracranial gliomas after initial treatment have in-
cluded many cases with incomplete surgical tumor
removal. Contemporary advances in neurosurgical
technique and introduction of modern intraopera-
tive technologies now permit attain gross total resec-
tion of the brain tumor in many cases,16:19.24,28,30,39,45)
Surgical treatment in the vast majority of gliomas
could not be considered as curative, but more com-
plete removal of the localized part of the neoplasm
may change the dynamics of further growth and
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related prognosis.1131

The present retrospective analysis tried to evalu-
ate the recurrence patterns of intracranial ghob-
lastomas after aggressive surgery.

Materials and Methods

This retrospective study was initiated in September
2009. There were two initial selection criteria: sur-
gery for newly diagnosed glioma performed in the
intelligent operating theater of Tokyo Women’s
Medical University with the use of intraoperative
MR (iMR) imaging; and final histopathological diag-
nosis of glioblastoma. Retrospective backward selec-
tion of cases from the constantly maintained com-
puter database was started from June 2008 to allow a
minimum of 12-month follow up after completion of
postoperative FRT in surviving patients. Case selec-
tion was limited to the beginning of 2004, since the
initial period after installation of iMR imaging in
our clinic (2000) was completed by this time, sig-
nificant improvement of the intraoperative image
quality had succeeded, and the surgical algorithm of
glioma treatment in this facility was fully estab-
lished.1627.28.300 A]l selected cases were checked for
resection rate. The established cut-off level of 95% or
greater tumor removal was chosen, because this
value corresponds to the grading of resection of
malignant gliomas used by The Committee of Brain
Tumor Registry of Japan.®
A total of 65 consecutive patients underwent
craniotomy and removal of the newly diagnosed in-
tracranial glioblastoma in the intelligent operating
theater of the Tokyo Women’s Medical University
from January 2004 to June 2008. Resection of 95% or
greater was attained in 47 patients. Four patients
from this cohort were excluded from further analy-
sis due to omission of postoperative FRT. The
remaining 43 patients were included in the present
study. The 29 men and 14 women were aged from 18
to 79 years (median 43 years). Eighteen patients
were less than 50 years old. Karnofsky performance
scale (KPS) score before surgery was 100-80 in 31
patients, 70-60 in 6, and 50 or less in 6. The tumor
was predominantly located within the frontal (19
cases), temporal (12 cases), parietal (7 cases), and oc-
cipital (3 cases) lobes. Other locations were encoun-
" tered in only 2 patients. The left hemisphere was af-
fected slightly more often than right (23 vs. 20 cases).
According to recursive partitioning analysis classifi-
cation® 12 patients had class I1I, 21 had class IV, and
10 had class V.
Tumor removal was performed according to our
concept of information-guided surgery'”2%39 with
the use of iMR imaging, updated neuronavigation,

comprehensive neurophysiological monitoring, neu-
rochemical monitoring with 5-aminolevulinic acid
(5-ALA), and histopathological monitoring with mul-
tiple microscopic investigations of the resected tis-
sue using frozen sections. Awake craniotomy and/or
intraoperative cortical and subcortical brain map-
ping were performed if indicated. The main goal of
surgery was defined as maximum possible removal
of the contrast-enhanced area identified on preoper-
ative T;-weighted MR imaging without the risk of
postoperative major permanent neurological mor-
bidity. The final histopathological diagnosis of gliob-
lastoma was established according to the current
World Health Organization criteria®! using paraffin-
embedded tissue sections stained with hematoxylin
and eosin and appropriate antibodies for immuno-
histochemistry.

Evaluation of the resection rate was based on
visual side-by-side comparison of the preoperative
and postoperative MR images obtained within 3
days after the surgery, using a 1.5 T clinical scanner
(ExcellArt; Toshiba Medical Systems, Tokyo). Any
contrast-enhanced area on T,;-weighted images was
considered to be residual tumor.?) In the analyzed
cohort, the resection rate was 100% in 22 patients,
and between 95% and 99% in the other 21 patients.

All patients underwent postoperative FRT, which
was initiated within 2 to 3 weeks after surgical
removal of the tumor. The treatment protocol was
based on the three-dimensional planning system.
The total dose was 60 Gy delivered in 30 fractions (2
Gy per fraction) in all cases. During the initial 25
fractions (up to 50 Gy of irradiation), the clinical tar-
get volume (CTV) was defined as the hyperintense
area on T,-weighted MR images and the 15 mm mar-
ginal area of the adjacent cerebral tissue. From 26 to
30 fractions (from 52 to 60 Gy of irradiation), the
CTV was reduced to the resection cavity and the 15
mm marginal area of the adjacent cerebral tissue.
Any contrast-enhanced area on T;-weighted MR im-
ages was always included in the irradiation field.
Concomitant and adjuvant chemotherapy was ad-
ministered in 25 patients according to the standard
protocols for nimustine (ACNU)*48 (9 cases) or
temozolomide?®®%) (16 cases). Chemotherapy was
omitted in 18 patients, but treatment with autolo-
gous formalin-fixed tumor vaccine (AFTV) con-
comitant with FRT was performed.??

Follow-up evaluations were performed by the at-
tending neurosurgeon, starting 2 weeks after com-
pletion of FRT, and scheduled every 2-3 months
thereafter. Additional examinations were done if re-
quired by the clinical condition of the patient. The
regular investigations included physical testing with
evaluation of KPS score and determination of the
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Medical Research Council neurological functional
grade, blood and urinary tests, and brain MR imag-
ing with contrast medium. Other investigations
were not performed unless were clinically indicated.
The length of follow up varied from 3 to 71 months
(median 17 months).

The diagnosis of tumor recurrence was based on
the joint opinions of the neurosurgeon and neu-
roradiologist, and was defined as appearance of new
contrast-enhanced lesion(s) on T,-weighted MR im-
ages, or 25% or more increase of the volume of the
previous enhanced lesion(s). Patterns of recurrence
were considered as regional (in the wall of the resec-
tion cavity), marginal (within 20 mm from the mar-
gin of the resection cavity), distant (more than 20
mm from the margin of the resection cavity), multi-
ple (several recurrences in various brain areas), and
subarachnoid dissemination (Fig. 1). At the time of
tumor recurrence the patients usually underwent
salvage treatment, which included re-resection of
the tumor, stereotactic radiosurgery, chemotherapy,
vaccine therapy, or various combinations.

Clinical factors in the defined groups of patients
were compared with the chi-square test or Mann-
Whitney test. Overall (OS) and progression-free sur-
vival (PFS) were evaluated from the day of surgery
and were compared with the log-rank test after con-
struction of the Kaplan-Meier curves.

Fig. 1 T,-weighred magnetic resonance images with
contrast medium illustrating the patterns of glioblasto-
ma recurrence (arrows and circles) after aggressive sur-

gery and adjuvant management. A: regional, in the
wall of the resection cavity; B: marginal, within 20 mm
from the margin of the resection cavity; C: distant, more
than 20 mm from the margin of the resection cavity; D:
multiple, several recurrences in various brain areas; and
E: subarachnoid dissemination.
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Resulis

Tumor recurrence was observed during the follow-
up period in 33 of 43 patients. Incidences of various
recurrence patterns are presented in Table 1. Over-
all tumor progression within the wall of the resec-
tion cavity or within 20 mm from the margin ac-
counted for 51% of cases. Subarachnoid dissemina-
tion was evident in 5 patients and was isolated pat-
tern of recurrence in 3 of them. It was identified in 3
of 25 cases when the cerebral ventricle was opened
during surgery, and in 2 of 18 cases when this was
not done (p = 0.78). Spinal dissemination was evi-
dent in 1 patient, and no case of glioblastoma
metastasis outside the central nervous system was
identified.

PFS did not differ significantly between patients
with regional or marginal progression of glioblasto-
ma (22 cases) and patients with distant or multiple
recurrences (8 cases), as shown in Fig. 2. Compari-
son of the investigated clinical factors did not differ

Table 1 Incidence of various recurrence patterns after
aggressive surgery and adjuvant management of in-
tracranial glioblastoma

Recurrence pattern No. of cases™

Regional (in the wall of the resection cavity) 20 (46.5%)
Marginal (within 20 mm from the margin of the 2 (4.7%)
resection cavity) e
Distant (more than 20 mm from the margin of the 4(9.3%)
resection cavity) e
Multiple (several recurrences in various brain areas) 4 (9.3%)
Subarachnoid dissemination 3 (6.9%)

*In 10 cases, recurrence of the tumor was not observed
during follow-up period.

—— regional/marginal
-# - distant/multiple

Progression-free survival

0 10 20 30 40 50 60
Time (mos)

Fig. 2 Comparison of progression-free survival from
the time of surgery in patients with different recurrence
patterns of intracranial glioblastoma. There is no sig-
nificant difference (p = 0.27).
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Table 2 Comparison of clinical factors and outcome
variables in patients with different recurrence patterns
of intracranial glioblastoma

Patients with  Patients with

Clinical factors regional or distant or
and outcome marginal multiple p Value
variables progression recurrences
(N = 22) (N = 8)
Sex 0.35"
men 15 5
women 7 3
Age 0.70*
<50 yrs 10 3
=50 yrs 12 5
Median age (range), yrs 52 (18-68) 56 (36-79) 0.16**
KPS score 0.21*
80-100 18 4
60-70 1 2
<50 3 2
Tumor location 0.24*
frontal 11 2
temporal 6 4
parietal 2 2
occipital 1 0
other 2 0
Tumor side 0.23*
left 12 2
right 10 6
RPA class 0.29*
I 7 2
v 11 2
\" 4 4
Resection rate 0.41*
100% 10 5
95-99% 12 3
Adjuvant treatment 0.70*
chemotherapy (ACNU 10 3
or TMZ)
vaccine therapy 12 5
Salvage treatment
any 14 6 0.56*
re-resection 0 0.05*
semma Joife :
chemotherapy (TMZ) 13 6 0.42*
vaccine therapy 1 0 0.54*
Outcome 0.29*
dead 15 7
alive 7 1
Overall survival 0.04%**
median (range), mos 27 (3-57) 14 (6-23)

actuarial 1-yr rate
(95% CI)

actuarial 2-yr rate
(95% CI)

Progression-free survival
median (range), mos

actuarial 1-yr rate
(95% CI)

actuarial 2-yr rate
(95% CI)

90% (78-100%) 75% (45-100%)

54% (32-76%) 0%

0.27***
10 (2-41) 8 (4-20)

36% (16-56%) 25% (0-55%)

14% (0-28%) 0%

According to *chi-square test, **Mann-Whitney test, and
***log-rank test. ACNU: nimustine, CI: confidence in-
terval, KPS: Karnofsky performance status, RPA: recur-
sive partitioning analysis, TMZ: temozolomide.

significantly between the two defined groups (Table
2). No correlation between tumor location and
recurrence pattern was found, but the recurrent
tumor affected genu of the corpus callosum in all 4
patients with glioblastoma initially located in the
prefrontal region (Fig. 3). In contrast, no neoplasm
located in the parietal and/or occipital lobes
recurred in the splenium of the corpus callosum.

Salvage treatment was performed in 14 of 22
patients with regional or marginal tumor progres-
sion and in 6 of 8 patients with distant or multiple
recurrences (p = 0.56). However, re-craniotomy and
additional lesion resection were done only in 8 cases
of the former group (p = 0.05). Histopathological in-
vestigation revealed pure recurrence of the ne-
oplasm in 6 cases, and intermixture with radiation
necrosis in 2. Patients with regional or marginal
progression of glioblastoma, who underwent re-
resection of the neoplasm, had a mild tendency to
better OS (median 13 vs. 10 months after diagnosis
of recurrence), but the difference did not reach
statistical significance (Fig. 4).

At the time of data analysis, 18 patients remained
alive, whereas 25 had died, all of the intracranial
tumor. OS was longer in patients with regional or
marginal progression of glioblastoma compared to
patients with distant or multiple recurrences (p =
0.04), as shown in Fig. 5.

Discussion

The conventional objectives of resective surgery for
malignant glioma include relief of compression of
the tumor bulk on the surrounding brain (important
for neurological improvement), reduction of the
volume of the neoplasm (increases the efficacy of ad-
juvant postoperative treatment), and establishment
of the precise histopathological diagnosis (required
for choice of the appropriate therapy, optimal follow
up, and prediction of prognosis).!) Additionally, ex-
tensive removal of the neoplasm may positively in-
fluence the survival. While the latter has not been
formally proved to date,®® there is a growing agree-
ment that total resection of the lesion is associated
with better long-term outcome. Adjustment for
biases of age and eloquent area location in the
dataset of randomized study on use of neurochemi-
cal navigation with 5-ALA during resection of gliob-
lastoma found that median OS after complete
removal of the enhanced lesion was significantly
longer compared to cases with incomplete resection
(17 months vs. 12 months).*® In concordance, the
report on European Organisation for Research and
Treatment of Cancer randomized trial of combined
chemotherapy for anaplastic gliomas showed the OS

Neurol Med Chir (Tokyo) 52, August, 2012
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Fig. 3 Follow-up images in 4 patients with glioblastoma initially located in the prefrontal region showing the recur-
rent tumor affected the genu of the corpus callosum (arrows).

—— re-resection
~-+- NO re-resection

Overall survival

0 10 20 30 40 50 60
Time (mos)

Fig. 4 Comparison of the overall survival from the
time of regional or marginal tumor progression relative
to re-resection. There is no significant difference (p =
0.20).

® 0.7

—o— regional/marginal
--»-- distant/multiple

Overall survivi

0 10 20 30
Time (mos)
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Fig. 5 Comparison of the overall survival from the
time of surgery in patients with different recurrence pat-
terns of intracranial glioblastema. There is a significant
difference (p = 0.04).

Neurol Med Chir (Tokyo) 52, August, 2012

was better after complete tumor removal compared
to partial removal or biopsy.5! Resection of 98% or
more of glioblastoma is associated with significant
improvement of the long-term outcome,!® whereas
the same trend was recently revealed even at 78%
resection rate.?® Concordant results were reported
by The Committee of Brain Tumor Registry of Japan:
analysis of 5,328 cases of glioblastoma showed that
more than 95% tumor removal is associated with
survival advantage, but such resection rate was at-
tained in only 31.4% of cases.” In our series, 95%
and more resection was achieved in 47 of 65 con-
secutive patients (72%). After aggressive surgery and
adjuvant management 23% of patients remained free
of tumor progression within the median follow-up
period of 17 months. Such beneficial resulis may
reflect the advantages of our treatment concept of
information-guided surgery for brain tumors based
on the constant use of advanced intraoperative tech-
nologies.17,28:30)

Our surgical strategy for information-guided
management of intracranial gliomas with the use
of iMR imaging has been described in detail else-
where.?”+28:39 It is based on the integration of various
intraoperative anatomical, functional, and histologi-
cal data to attain maximal surgical resection of the
tumor with minimal risk of postoperative neurologi-
cal morbidity. It should be specifically emphasized
that complete removal is highly desirable, but is not
the ultimate goal of surgery for glioma. In our prac-
tice, the procedure is usually directed to the max-
imal possible resection of the enhanced area in cases
of high-grade glioma, which might be radiologically
total as well as subtotal, leaving the residual lesion
within the functioning eloquent brain structures
identified with neurophysiological monitoring
and/or brain mapping.?’:2830)

In the majority of reported series, local progres-
sion of intracranial glioblastoma after initial
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Table 3 Recurrence rates of intracranial glioblastoma after treatment

No. of Length of Total Local
Author (Year) analyzed Cohort characterization follow-up recurrence recurrence
cases (mos) rate rate
Hochberg and 42 CT-based delineation of the tumor recurrence after ND ND 80%
Pruitt (1980)'2) irradiation and/or chemotherapy (CCNU);
Anaplastic astrocytomas might be included
Nagashima et al. 48 Comparison of 3 FRT techniques with irradiation dose ND 100% 85%
(1989)%2 >45 Gy in each case: WBRT, generous local
irradiation (complete coverage of the area of
hypodensity on CT), and restricted local irradiation
(within 2 cm of the CT-defined tumor margin)
Sneed et al. 25 Surgery, FRT (59.4~-60 Gy) with concomitant oral ND 88% 68%
(1994)® hydroxyurea followed by brachytherapy with
high-activity (50 Gy) iodine-125 sources and 6 cycles
of chemotherapy (procarbazine, lomustine, and
vincristine)
Nakagawa et al. 38 Surgical resection or biopsy in all cases (gross total ND 84% 53%
(1998)33 resection 8%), followed by FRT (60-90 Gy in 20
cases and =90 Gy in 16) concurrent with
chemotherapy (ACNU and vincristine)
Oppitz et al. 34 CT-based analysis of recurrence after FRT (range of ND 100%* 97%
(19999 total doses 45~68 Gy, median 60 Gy) )
Wick et al. 63 Comparison of recurrence patterns in only radiotherapy ND 100%* 80%
(2008)4 group (33 cases) and TMZ-based chemoradiotherapy
group (30 cases);
“Debulking surgery” was done in 37 patients
Brandes et al. 95 Total or subtotal surgical resection followed by median 18.9; 83% 72%
(2009)% TMZ-based chemoradiotherapy (irradiation dose 60 range 6.6-44.8
Gy)
Milano et al. 54 Surgical resection or biopsy (gross total resection 31%), median 17 72% 67%
(2010)) followed by TMZ-based chemoradiotherapy
(irradiation dose 60 Gy);
Additional SRS boost in 3 patients
Chamberlain 70 Initial treatment with FRT with concurrent and adjuvant ND 100%* 80%
(2011)® TMZ followed by bevacizumab at first recurrence
McDonald et al. 62 Evaluation of the limited margin FRT (total dose 60 median 12; 69% 68%
(2011)3) Gy); maximal 28
Gross total tumor resection in 45% of patients;
Concurrent and adjuvant chemotherapy with TMZ (97%
of patients) or concurrent arsenic trioxide (3% of
patients)
Oh et al. (20113 67 Evaluation of recurrence patterns after TMZ-based ND 100%* 87%
chemoradiotherapy;
Tumor ‘“‘resection” in 13% of patients
Murakami et al. 138 Maximal possible tumor removal (gross total resection ND 96% 88%
(201230 in 28% of patients) followed by FRT (dose 60 Gy)
with concurrent and adjuvant chemotherapy
Pan et al. (in 31 Overall 10 patients underwent total surgical resection; median 12.6; 100% 52%
pressy® In 10 cases maximal tumor removal followed by FRT range 3.5-50.6
(59.4-60.0 Gy) with concurrent and adjuvant TMZ )
was done;
12 patients were treated with intracavitary
brachytherapy after maximal surgical debulking
followed by FRT (45 Gy) with concurrent and
adjuvant TMZ;
9 patients had unresectable disease and underwent
hypofractionated radiotherapy (50-66 Gy in 10
fractions) followed by adjuvant TMZ or bevacizumab
Present series 43 > 95% surgical resection in all cases (total resection median 17; 77% 51%
51%) followed by FRT (60 Gy) with chemotherapy range 3-71

{(ACNU or TMZ) or vaccine therapy

*Series included only cases with recurrences. ACNU: nimustine, CT: computed tomography, CCNU: lomustine, FRT:
fractionated radiotherapy, ND: no data, SRS: stereotactic radiosurgery, TMZ: temozolomide, WBRT: whole brain radia-

tion therapy.

management was encountered in 67% to 97% of surgical tumor removal, postoperative surveillance,
cases (Table 3),2:3:1223,25,31,32,34,35.43,54) hut comparison length of follow-up, as well as definition and
of different studies is difficult due to differences in categorization of the tumor progression. Neverthe-
treatment strategy, proportion of patients with total less, aggressive resection of the neoplasm may
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change its recurrence pattern.!**V In a recent study,
regional re-growth of glioblastoma after surgery and
chemoradiotherapy was noted in 100% of biopsied
and 97% of partially removed lesions, but in just
62% of lesions after gross total resection.’!
Moreover, in 10% of the latter cases, PFS for more
than 24 months was marked, which is more or less
comparable to the present results. We were able to
identify two other series which demonstrated simi-
lar outcomes. High-dose FRT (from 60 to more than
90 Gy) concurrent with chemotherapy (ACNU, vin-
cristine) resulted in 53% local recurrence rate.?¥ In
another series aggressive management, including
total tumor removal (32% of cases), brachytherapy,
and hypofractionated radiotherapy, resulted in 52%
local tumor progression within a median follow up
of 12.6 months.*®) Based on these findings, we sug-
gest that aggressive management with gross total
resection and/or high dose irradiation may result in
improvement of local control of intracranial gliob-
lastoma.

In cases of malignant glioma infiltration of the
tumor cells can be identified far beyond the local-
ized contrast-enhanced area identifiable on MR im-
aging. Therefore, comprehensive evaluation of the
distant spread of neoplasm is necessary in each in-
dividual case,?® and can be possibly attained with
detailed analysis of fluid-attenuated inversion recov-
ery or T,-weighted MR images, as well as functional
and metabolic information obtained with perfusion-
weighted, diffusion-weighted, and diffusion tensor
imaging, or with TH-MR spectroscopy.'**% Such dis-
tant tumor spread may vary from one patient to
another, and aggressive local management, includ-
ing surgery and irradiation, can be expected to have
greater efficacy for more localized disease. Corre-
spondingly, regional or marginal tumor progression
after initial total or nearly total resection of gliob-
lastoma followed by postoperative FRT should ap-
pear later compared to distant recurrences, which
are affected only by systemic therapy. However, this
was not confirmed in the present study, since PFS
did not differ significantly between the two groups
of patients. Previously, similar PFS was found in
patients with local and distant recurrences of gliob-
lastoma,?¥ whereas some series demonstrated that
time to regional tumor progression might be even
shorter compared to distant failure.2531:38)

At present, the standard management of gliob-
lastoma includes chemotherapy with temozolomide
concomitant and adjuvant to FRT.%4) This treat-
ment is not complication-free,'® which is enforcing
the search for novel therapeutic options for malig-
nant gliomas. Interest is growing in modalities
based on tumor-specific immune reactions, which

Neurol Med Chir (Tokyo) 52, August, 2012

have potentially high benefit-to-risk ratio. Our recent
prospective study on the use of AFTV concomitant
with FRT for management of newly diagnosed gliob-
lastoma showed very promising results.?® In the
present analysis, the recurrence patterns did not
differ between patients, who underwent chemother-
apy or vaccine therapy, so both types of adjuvant
management may have comparable efficacy in con-
trol of the tumor progression after initial treatment.
However, systemic therapy in general may have
rather limited effect on the recurrence pattern of
glioblastoma, as distant failure was noted in 18% of
patients in the temozolomide-based chemoradiother-
apy group, and 23% of those ones in FRT only
group.’¥

The present study did not identify any clinical fac-
tor associated with specific recurrence patterns of
intracranial glioblastoma. However, all tumors ini-
tially located in the prefrontal region at the time of
further progression invariably affect the genu of the
corpus callosum. Therefore, routine inclusion of
this area into the irradiation field after total or near
total surgical resection of such neoplasms might be
reasonable. Several previous studies found that local
recurrence of glioblastoma was associated with im-
paired prognosis.>122544 In particular, the median
survival was 17.3, 14.8, and 26.1 months in patients
with recurrence inside, at the margin, and outside
the irradiation field.? In contrast, our 22 patients
with regional or marginal progression of the tumor
had significantly longer (p = 0.04) OS compared to
patients with distant or multiple recurrences. Corre-
sponding OS rates were 90% vs. 75% at 1 year and
54% vs. 0% at 2 years after surgery. Such trends
might reflect selection bias with more aggressive sal-
vage treatment, particularly re-resection, or inclu-
sion of some cases with pseudoprogression errone-
ously interpreted as local recurrence, which might
result in survival advantage.

Modifications of clinical practice during the study
period represent unavoidable pitfall of any retro-
spective investigation, but seemingly did not affect
the results of the present study. On the other hand,
absence of volumetric tumor assessment might lead
to somewhat inaccurate estimation of the resection
rate. Nevertheless, the criteria for total removal
were rather strict, since any contrast-enhanced area
on postoperative MR imaging obtained within 3
days after surgery was considered to be residual ne-
oplasm.¥ In fact, visual side-by-side comparison of
MR images still represents a rather common method
for the evaluation of treated intracranial tumors, but
is less accurate compared to more sophisticated
tools.®) According to recent recommendations of the
Response Assessment in Neuro-Oncology Working
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Group, volumetric methods for postoperative evalu-
ation of gliomas are not ultimately required at
present and still considered as a field of major
research.?252)

In conclusion, aggressive surgical resection and
adjuvant management of intracranial glioblastoma
may change its recurrence patterns. Further tumor
progression appears in the wall of the resection cavi-
ty or within 2 cm from its margin in approximately
half of such patients. This group has a trend for lon-
ger OS compared to patients with distant or multiple
recurrences.
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TH-MRS-Guided Stereotactic Brain Biopsy

Mikhail Chernov, Yoshihiro Muragaki, Takaomi Taira, Hiroshi Iseki

Faculty of Advanced Techno-Surgery and Department of
Neurosurgery, Tokyo Women’s Medical University, Tokyo, Japan

The recently published article by Frati et al. [1] regarding frame-
less stereotactic brain biopsy was read with great interest. One of
the objectives of that study was the evaluation of the usefulness of
proton magnetic resonance spectroscopy ("H-MRS) for guidance
of tissue sampling in 296 brain lesions, including 211 gliomas. In
37 cases, contrast enhancement of the mass was absent. Before the
stereotactic procedure, a multivoxel spectroscopic examination
was performed, metabolic data were incorporated into the neuro-
navigation system and fused with the structural MR images, and a
target was selected in the area of the lesion corresponding to the
highest value of the choline-containing compounds to N-acetylas-
partate (Cho/NAA) ratio, which was identified on the visualized
grid of the spectroscopic voxels showing automatically calculated
numerical values. Three targets were used in each case, and the
number of obtained tissue specimens varied from 4 to 12 (average,
6). Overall, a diagnosis was established in all but one case (diagnos-
tic yield 99.7%). It was found that histopathological grades within
the tissue samples taken from the same tumor are well associated
with the values of Cho/NAA ratios (p < 0.01). Regrettably, no re-
sults are presented on the correlation of the metabolic data with the
MIB-1 index, while immunostaining for Ki-67 was regularly done.
However, the authors concluded that spectroscopic guidance may
be very useful for appropriate targeting of the stereotactic brain
biopsy, particularly in cases of nonenhancing lesions.

Certainly, the use of metabolic and functional data for target
selection during both frame-based and frameless stereotactic tis-
sue sampling seems very promising. The application of chemical
shift imaging is especially attractive, because it can be easily at-
tained at the time of routine MR, is fully noninvasive and highly
sensitive to the presence of pathology. Indeed, the reported diag-
nostic yield of "H-MRS-guided brain biopsy typically attains
100% [2-5]. Moreover, according to our own experience, spectro-
scopic support may facilitate histopathological diagnosis both on
frozen and permanent tissue sections [5]. However, we were not
able to demonstrate a greater diagnostic yield of "H-MRS-guided
procedures (100% in 30 patients) compared to MRI-based ones
(90% in 39 patients), seemingly due to a relatively small sample
size of our series [5). In fact, a subsequent analysis revealed that
with the same parameters of the study, it would be necessary to
have 85 and 111 patients in the case and control groups, respec-
tively, to prove the presence of a difference in the diagnostic yield
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with a power of 0.8 and type I error probability of 0.05. Anyway,
in our opinion, metabolic guidance may be rather useful during
stereotactic biopsy of parenchymal brain tumors, and may be es-
pecially recommended for recurrent, particularly previously ir-
radiated, neoplasms, or for sampling of the highly vascular lesions
since in the latter cases, detection of the spectroscopic abnormal-
ities outside the contrast-enhanced area may permit a surgeon to
obtain a representative tissue specimen with reduced risk of hem-
orrhagic complications [6].

On the other hand, it is clear that just a confirmation of the
presence of glioma with stereotactic biopsy is not sufficient
enough for modern treatment objectives. These neoplasms are
well known for their heterogeneity; therefore, the main require-
ment for tissue sampling in such cases is detailed characterization
of the tumor type and histopathological grade. However, in the
series of the MD Anderson Cancer Center, 63% of gliomas desig-
nated after stereotactic biopsy as being of low or intermediate
grade and 60% of anaplastic astrocytomas were found to be more
malignant after open surgery (7]. In our analysis, just 36% of the
patients diagnosed as having low-grade glioma after stereotactic
biopsy had complete diagnostic agreement in tumor typing and
grading compared to subsequent resection [8]. Certainly, the di-
agnostic accuracy of the stereotactic procedure may be improved
by multiple tissue sampling; however, it is not clear, whether or
not metabolic guidance may also be helpful. Unfortunately, the
referenced study by Frati et al. [1] does not provide reliable infor-
mation on this issue. From our experience, addition of spectro-
scopic support with targeting the area of the lesion characterized
by the lowest NAA/Cho ratio did not result in improved diagnos-
tic accuracy of the stereotactic procedures [5]. Major diagnostic
disagreement between biopsy and subsequent surgical resection
was observed in 6 out of 18 cases and was most frequently related
to initial undergrading of the nonenhancing WHO grade I11 glio-
mas [5]. Others demonstrated that the direction of tissue sam-
pling on the area with the lowest NA A/Cho ratio may lead to er-
roneous diagnosis of anaplastic astrocytoma in cases of glioblas-
toma [9].

The NAA/Choratio is widely recognized as a marker of glioma
presence, proliferative activity, and growth characteristics, but it
seems that stereotactic targeting of the tumor area with its lowest
value does not necessarily result in the precise determination of
the histopathological grade. Further studies are needed to iden-
tify the optimal metabolic target during spectroscopy-guided ste-
reotactic procedures. Presence and distribution of other metab-
olites, particularly lactate and mobile lipids [9], should also be
taken into consideration (fig. 1). "H-MRS is intrinsically a multi-
parameter investigation and limitation of its evaluation to only
one metabolite content or single ratio does not seem reasonable.
Therefore, at present, during the evaluation of the spectroscopic
data in addition to calculation of the various metabolite contents
and ratios, we are constantly performing pattern analysis of the
whole pathological '"H-MR spectrum as well (fig. 2).



Fig. 1. Slightly different 'H-MR spectra in
the various parts of glioblastoma. The area
of the tumor corresponding to the spec-
trum with the moderate elevation of mo-
bile lipids (Lip) seems most suitable for bi-
opsy targeting (lower left). Cr = Creatine;
Lac = lactate. Automatically calculated
values of the NAA/Cho ratio are present-
ed. Figures on the horizontal axes corre-
spond to resonance frequency.

Fig. 2. Classification of the pathological
'H-MR spectra based on determination of
the main metabolites, namely NA A, Cho,
lactate (Lac), and mobile lipids (Lip). Types
I C and II C are further subdivided in cas-
eswith mild and moderate elevation of Lip.
From Chernov et al. [10].
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Objective: The aim of this study was to identify clinicopathological variables associated with
the clinical outcomes of patients with lymph node metastasis-positive urothelial bladder car-
cinoma after radical cystectomy.

Methods: Forty-six patients who underwent radical cystectomy without preoperative chemo-
therapy and had histologically proven nodal metastasis were included in the study. The status
of lymph nodes and primary lesion was analyzed in terms of disease-specific survival and re-
currence-free survival.

Results: The 5-year disease-specific survival and recurrence-free survival for the 46 patients
overall were 41.3 and 32.2%, respectively. Univariate analysis showed that pN status, the
total number of involved lymph nodes, lymph node density and extranodal invasion were stat-
istically significant variables predictive of disease-specific survival. Multivariate analysis
revealed that the total number of involved lymph nodes, extranodal invasion and diameter of
the metastatic lesion were statistically significant variables predictive of disease-specific sur-
vival. Interestingly, the diameter of metastatic lesions was inversely correlated with poorer
survival. Patients with large (>10 mm) metastatic lesions and no extranodal invasion (expan-
sive growth) had significantly better disease-specific survival than those with multiple small
(<10 mm) metastatic lesions and no extranodal invasion (highly spreading) (P = 0.0156) or
those with extranodal invasion (infiltrative growth) (P = 0.0181).

Conclusions: Our data indicate that the clinical outcome of node-positive patients is not only
stratified according to the tumor burden reflected in the total number of involved lymph nodes,
but also affected by tumor biology including invasiveness and potential for metastasis, which
is reflected in pathological characteristics such as extranodal invasion and the diameter of
metastatic lesions.

Key words: bladder cancer — extranodal invasion — lymph node — metastasis — radical cystectomy

INTRODUCTION

Radical cystectomy with pelvic lymph node (LN) dissection
is a gold standard treatment for muscle-invasive bladder
cancer (1); 18—28% of the patients who undergo radical
cystectomy are found to have LN metastases upon histo-
logical examination of their surgically resected specimens
(1). The 5-year overall survival and recurrence-free survival
(RFS) of patients with LN metastases (pN1-3) are reported

to be 25-31 and 20—35%, respectively (2), and their clinical
outcomes are highly variable.

Several clinicopathological factors that can further stratify
the risk of recurrence and death in node-positive patients
have been identified: the number of LNs involved with the
tumor (3—7), the number of LNs removed (5,7), the ratio
(percentage) of the number of involved nodes divided by the
total number of nodes removed (LN density) (4,5,8—11),
primary pathological stage (pT) (3—5), extranodal invasion
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(ENI) of LN metastases (12—14) and the use of adjuvant
chemotherapy (6,15).

Among these variables, the significance of the total
number of LNs involved with the tumor and LN density
have been well examined and are becoming accepted as
prognostic variables, although the use of LN density in a
practical setting is still debatable (16).

On the other hand, the significance of the diameter of
metastatic lesions in LNs and ENI for survival prediction
remains to be clarified. Although Mills et al. (12) reported
that metastatic lesions in LNs <<0.5 cm in diameter were
associated with better clinical outcome, no subsequent
studies have validated such an association. Moreover, the
conclusions of previous studies that examined the signifi-
cance of ENI for predicting the survival of patients with
bladder cancer were inconsistent. Although three papers
from a single center (the University of Bern, Switzerland)
have suggested that ENI is the strongest independent prog-
nostic factor for disease-specific survival (DSS) (12—14),
Kassouf et al. (15) reported that ENI was associated with
neither DSS nor RFS.

The aim of this study was to assess the significance of
several clinicopathological variables including ENI and the
diameter of metastatic lesions for the prediction of outcome
in patients with LN metastasis-positive urothelial carcinoma
of the urinary bladder after cystectomy.

PATIENTS AND METHODS

We retrospectively reviewed the medical records of 611 con-
secutive patients who underwent radical cystectomy and
pelvic LN dissection for invasive bladder cancer with cura-
tive intent at the National Cancer Center Hospital between
January 1986 and April 2008. During this period, radical
cystectomy was abandoned in 25 patients intraoperatively
due to advanced local disease. Patients included in the study
were those for whom LN metastases were confirmed histolo-
gically in their surgically resected specimens. Patients were
excluded if they had received neoadjuvant chemotherapy
before surgery, had pure non-urothelial carcinomas histologi-
cally (i.e. squamous cell carcinoma and adenocarcinoma),
had remote metastases at the time of surgery or had syn-
chronous or metachronous invasive upper urinary tract
cancers. On this basis, 46 patients were included in the
present study, which comprised 7.5% of the 611 patients
who underwent radical cystectomy. This study was approved
for analysis by the institutional review board.

All cystectomy specimens were subjected to routine patho-
logical examination. The LN specimen from each anatomical
location was separately examined visually and by manual
palpation without fat clearing solution, and all macroscopic-
ally detected LNs were completely embedded. One
hematoxylin- and eosin-stained section was taken per tissue
block, and no immunostains were routinely performed.
A single pathologist (Y.K.) reviewed the specimens

Jpn J Clin Oncol 2012;42(11)

microscopically for this study in a blinded manner. The
primary tumors and LNs were staged based on the 2009
UICC TNM system (17) and were evaluated for the diameter
of metastatic lesions in the LNs, and the presence or absence
of ENI. ENI was defined as obvious disruption of the micro-
scopically visible LN capsule by tumor cells infiltrating into
the perinodal tissue (Fig. 1).

All patients were followed routinely after surgery every 3
months in the first year, at 3- to 6-month intervals in years
2-3, every 6 months in years 4—5 and annually thereafter.
Follow-up consisted of physical examination, serum bio-
chemical profile, urine cytology, chest X-ray or computed
tomography (CT) imaging of the chest and CT imaging of
the abdomen—pelvis.

Survival data were analyzed using the Kaplan—Meier
method, and log-rank tests were used to evaluate associations
between survival and the variables studied. The duration of
follow-up was calculated from the date of surgery to the date
of death or last follow-up. Univariate and multivariate Cox

A

Figure 1. A rcpresentative photograph of lymph node (LN) mectastasis with
cxtranodal invasion. LN capsule is disrupted by tumor cells infiltrating into
the perinodal tissue (arrows). (A) Scanning magnification. (B) Higher mag-
nification of the boxed area in (A) (reduced from % 200).
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proportional hazard models were employed to assess which
clinicopathological features were associated with death due
to, or recurrence of, bladder cancers. The relationships
between the clinicopathological features studied and
outcome were summarized in terms of risk ratios and 95%
confidence intervals (95% CI). Differences with P values of
<<0.05 were considered significant.

RESULTS

The clinicopathological features of the 46 patients included
in the study are shown in Table 1. There were 37 male and 9
female patients, with a median age of 66 (range: 46—83)
years at the time of surgery. The median follow-up duration
was 32 (range: 3—272) months for the patients as a whole
and 110.5 (range: 26—272) months for the 14 patients who
were alive at the final follow-up.

Thirty-three patients suffered from disease recurrence, and
28 of them died of metastatic bladder cancer during follow-
up. The 5-year DSS and RFS for the 46 patients overall were
41.3 and 32.2%, respectively (Fig. 2). The median DSS and
RFS were 34 (95% Cl: 25—154) and 11.5 (95% CI: 10—46)
months, respectively (Fig. 2).

Due to the retrospective nature of this study, the extent of
LN dissection was variable; 36 patients underwent limited
pelvic lymphadenectomy below the bifurcation of common
iliac arteries, whereas 7 and 3 cases up to the level of aortic
bifurcation and inferior mesenteric artery, respectively.

Adjuvant systemic chemotherapy was considered for all
cases with LN metastasis. However, it was not administered
in 28 patients because of impaired performance status and/or
high age, or no consent from the patients. The regimens of
chemotherapy were two courses of MVAC (methotrexate,
vinblastine, doxorubicin and cisplatin) in 16 cases, MEP
(methotrexate, etoposide and cisplatin) in 1 and CAP (cyclo-
phosphamide, doxorubicin and cisplatin) in 1.

The results of univariate analysis to examine the contribu-
tion of each clinicopathological factor to DSS and RFS are
shown in Table 2. Whereas pT3—4 tumors did not show sig-
nificant difference compared with pT2 tumors in terms of
DSS and RFS, several LN-related variables were found to be
significantly associated with patient prognosis. Therefore,
further analyses focused on these LN-related variables. pN
status according to the TNM classification, the total number
of involved LNs, LN density and ENI were statistically sig-
nificant variables predictive of DSS, and the total number of
involved LNs and LN density were significant variables pre-
dictive of RFS. Figure 3 shows DSS of the patients with or
without ENI and of the patients with less than five involved
LNs or with five or more, analyzed using the Kaplan—Meier
method.

Multivariate analysis revealed that the total number of
involved LNs, ENI and the diameter of the metastatic lesion

Table 1. Clinicopathological characteristics of the 46 patients with lymph

node metastasis at radical cystectomy

Sex
Male
Female
Age
Median
Range
Extent of LN dissection
Bclow bifurcation of CIA
Up to aortic bifurcation
Up to the level of IMA
Histological type
uc

UC with other components (i.c. squamous ccll
carcinoma and adenocarcinoma)

Nuclear grade
G3
pT stage
pT2
pT3
pT4
pN stage
pNI
pN2
pN3
Total number of involved LNs
Median
Range
Number of LNs resected
Mcdian
Range
LN density
Median
Range
Maximum diameter of metastatic lesions in LNs
Median
Range
ENI of LN mctastases
Negative
Positive
Adjuvant chemotherapy
No
Yes

37 (80.4%)
9 (19.6%)

66
46—83

36 (78.3%)
7(15.2%)
3 (6.5%)

38 (82.6%)
8 (17.4%)

46 (100%)

6 (13.0%)
26 (56.5%)
14 (30.5%)

16 (34.8%)

25 (54.3%)

5 (10.9%)

1-13

12.5
4-36

17%
3-67

9 mm

1-28

27 (58.7%)
19 (41.3%)

28 (60.9%)
18 (39.1%)

LN, Iymph node; CIA, common iliac artery; IMA, inferior mesenteric

artery; UC, urothelial carcinoma; ENI, extranodal invasion.
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